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PREFACE
Development of a strong seed industry is crucial to improve
delivery of good quality seed to farmers and for development of
horticulture in India. In any discussion on agricultural development
strategies, the subject of seed has a unique capacity to draw
attention and interest. Seed is the primordial input, the embodiment
of past harvests and a promise for future ones. It is not surprising
that seed is a prominent feature of many proposals for
programmes and projects concerning improvement of productivity of farmers with limited
resources. Horticulture which includes fruits, vegetables, tubers, ornamental crops,
medicinal and aromatic plants, spices, plantation crops has made rapid stride in last two
decades owing to technical inputs and incentives. However, non-availability of timely
and quality seed and planting material continues to be limiting factor. Indian Council of
Agricultural Research, through the network of its research institutes, has made significant
contribution by way of developing technologies for propagation/ seed production and
also disease diagnostics, which can facilitate production and availability of quality seed
and planting material. These technologies have been adopted in potato, citrus and banana
bringing about consciousness for quality planting material. One of the approaches is in
vitro production of plants, which has been successfully adopted in production of banana
plants. The Government also encourages policies for ensuring availability of quality seed
and planting material. In this context, “National Conference on Production of Quality
Seeds and Planting Material - Health Management in Horticultural Crops” was held
during March 11-14, 2010, at NAAS Complex, New Delhi. Research papers presented
in various technical sessions of this conference have been compiled and published as a
book which will be useful to all those who are engaged in horticultural research, teaching
and extension.
(A.S. Sidhu)
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About the Conference
The Society for Promotion of Horticulture (SPH), Bangalore, in association with Indian
Institute of Horticultural Research (IIHR), Bangalore, Confederation of Horticultural
Associations of India (CHAI), New Delhi under the aegis of Indian Council of Agricultural
Research (ICAR), New Delhi and Department of Agriculture and Cooperation, Government
of India, organized the “National Conference on Production of Quality Seeds and Planting
Material - Health Management in Horticultural Crops” during March 11-14, 2010 at National
Agricultural Science Centre Complex (NASC), New Delhi. The key partner of the
conference was National Horticulture Board (NHB), Gurgaon. The conference was
sponsored by Small Farmers’ AgriBusiness Consortium, New Delhi; Known You Seeds
(India) Pvt. Ltd, Pune; National Horticulture Mission, New Delhi; National Horticultural
Research and Development Foundation (NHRDF) Nasik; National Seed Corporation (NSC),
New Delhi; Technology Mission for Integrated Development of Horticulture in North Eastern
States, Sikkim, Uttaranchal and Jammu and Kashmir; Directorate of Areca nut and Spices
Development, Calicut and Bejo Sheetal, Jalna and co-sponsored by Directorate of Cashew
nut and Cocoa Development, Cochin and Chambal Agritech Ltd, Chandigarh. The conference
was attended by 411 delegates comprising scientists, technocrats and developmental
personnel, and policy makers, representatives from private and corporate bodies, students
and farmers.
The conference started with the inaugural function on 11th March, 2010 at 10 AM. Dr.
H.P. Singh, Deputy Director General Horticulture, ICAR and Chairman, Organizing
Committee of the Conference extended a warm welcome to Hon’ble Minister of State for
Agriculture, Government of India, Dr. K.V. Thomas, Dr. S. Ayyappan, Secretary, DARE,
Govt. of India and Director General, ICAR, Shri Ashish Bahuguna, Additional Secretary,
Department of Agriculture and Co-operation, Government of India, and several dignitaries
and delegates. Further, he briefly presented salient objectives of the conference. He outlined
various theme areas that the conference would deliberate upon.
The conference was inaugurated by Hon’ble Minister of State for Agriculture, Dr.
K.V. Thomas. In his inaugural address, he emphasized that horticulture had made rapid
strides in progress in our country in the last two decades through increased funding and
development of improved varieties and technologies resulting in enhanced production and
higher productivity. In spite of this ‘Golden Revolution’, availability of quality seeds and
disease-free planting material continued to be a constraint. Hence, Hon’ble Minister
emphasized the need for effective diagnostic techniques. He further suggested that as in the
case of banana, true potato seed and minitubers in potato, rapid and accurate methods of
detection of viruses and other pathogens need to be standardized for other vegetatively
propagated plants. He mooted establishment of nucleus gardens for producing disease-free
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planting material. He emphasized the need for private and public sectors to work together
for production and management of quality, to ensure higher replacement rates and achieve
targeted production, to meet the growing demand.
Dr. S. Ayyappan, Secretary, DARE (Govt. of India) and Director General of ICAR, in
his presidential address stated that inadequate availability of quality planting material was
the major constraint for realizing a sound horticulture industry in the country. He opined that
the existing infrastructure could meet only 30-40% of the demand for production of quality
planting material in this sector. In order to supply quality seed and planting material, ICAR
had undertaken crop-specific research for development of rapid diagnostic techniques. He
emphasized that horticulture was one of the harbingers of nutritional security, providing
sustainable income to farmers, generating employment, empowering farm women and earning
valuable foreign exchange through exports. He exhorted the scientists to address some of
the critical issues such as nursery standards, diagnostics, virus indexing, production of
pathogen-free clones, etc.
Shri. Ashish Bahuguna, Additional Secretary, Department of Agriculture and Cooperation, Government of India stated that seed was the most critical input in agriculture
production. He emphasized the need for supply of quality seed and planting material. Hon’ble
Minister of State for Agriculture, Government of India, Dr. K.V. Thomas released five
publications, namely: 1. Souvenir of the Conference; 2. Indian Horticulture (Special Issue);
3. Cashew – A Monograph – by K.V. Peter; 4. Challenges of climate changes – by H.P.
Singh, J.P. Singh and S.S. Lal; 5. Baagwani Faslen (Hindi) – by K.V. Peter.
Finally, Dr. A.S. Sidhu, Director, IIHR, and National Organizing Secretary of the
conference proposed a vote of thanks to all the dignitaries and distinguished delegates.
After the inaugural session, Dr R.S. Paroda, Former Secretary, DARE and Director General,
ICAR, inaugurated Horti Seed Expo-2010 put up by various ICAR institutes, private
seed/ pesticide companies and various developmental Departments from different states.
Fifteen Technical sessions, three workshops and a theme lecture were held on
the following topics:

Technical sessions
1.

Current status of Seeds and Planting Materials– National and International Scenario

2.

Technological development for production of vegetatively propagated plants

3.

Production of seeds of vegetables and seed spices crops

4.

Advances in Production and Management of Seeds

5.

System management in Production of Quality Planting Material

6.

Production of Quality Planting Material in Fruit Crops
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7.

Production of disease-free and quality planting material in potato, tuber crops and
mushrooms

8.

Production of Rootstocks, Seeds and Quality Planting Material

9.

Production of tissue culture plants and their management

10. Production of Quality planting material of Aromatic and Medicinal plants
11. Production of Quality Planting Material of Ornamental Crops
12. G.M. Seeds – Issues and Strategies
13. Production of Quality Planting Material of Plantation and Spices crops
14. Regulations, Policy Initiatives and Partnership for Enhanced Availability of Seed and
Planting Material
15. Labeling, grading, packing, storage and transport

Workshops
1.

Seed Laws & Policies

2.

Plant Health Management

3.

Hybrid Seed Production

Theme Lecture
“Dynamics of technologies and policies for ensuring availability, quality and health of
seeds and planting material in horticultural crops” by Dr. H.P. Singh, DDG (H) ICAR
Finally, all the delegates at the Conference took “Delhi Declaration” oath.
Delhi Declaration – 2010 “on production of Quality seeds and planting
material – Health management in horticultural crops”
The delegates from across the country, totaling over 500, represented
by scientists, experts, representative of Government, private sector and
farmers after four days of deliberations on “Quality seeds and planting material
– health management in horticultural crops” resolved and declared that
availability of quality seeds and healthy planting material is the key driver of
development in horticulture. A technology development is appreciable but
to address the challenges of future, concerted efforts are needed for
technology development and refinement which suits our needs. Therefore,
gains have to be sustained and utilized for the benefit of farmers through
effective technology, policy and delivery system. It needs more support for
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technology development, human resource and delivery system. Finally, we
declare that we will strive hard to achieve expected output for the
development of horticulture and also for business entrepreneurs in seeds
and planting material, both for domestic and export markets.

In conclusion, on behalf of the organizers, Dr. T.S. Aghora, General Secretary, Society
for Promotion of Horticulture and Principal Scientist, IIHR, Bangalore, proposed a formal
vote of thanks. He expressed sincere gratitude to the Honorable Minister of State for
Agriculture, Prof. K.V. Thomas for inaugurating the National conference on 11.03.2010.
He acknowledged with gratitude the encouragement from Dr. S. Ayyappan, DG (ICAR)
and Secretary DARE GOI, Prof. R.S. Paroda, Former DG (ICAR) and Secretary DARE
GOI, and several other dignitaries who whole-heartedly supported the conference. He
thanked honorable DDG (H) ICAR, Dr H P Singh for his untiring support, guidance and
meticulous planning and execution throughout the conference. He acknowledged with
gratitude the services of all the Chairmen, Co-Chairmen and Conveners of various sessions,
workshops and plenary lectures. Dr Aghora expressed heartfelt thanks to the speakers of
all plenary lectures, lead talks, invited presentations and panelists of various workshops for
their valuable contributions. He acknowledged with sincere gratitude the financial support
from ICAR, DAC, NHB, SFAC, Known You Seed (India ) Pvt Ltd., Bejo Sheetal, NHRDF,
NHM, NSC, Technology Mission for North East, Directorate of Areca nut and Spices
Development, Directorate of Cashew nut and Cocoa Development, Chambal Agritech and
various other organizations. The contributions of seed companies, input supply agencies
which had put up their stalls and advertisements were acknowledged. The services of press
and media who gave wide coverage to the conference were gratefully acknowledged. Finally,
he thanked the delegates and dignitaries who had come from across the country and all the
people who were actively involved in successful conduct of the conference.
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Recent initiatives in production of quality planting
material in temperate fruit crops
N. Ahmed1, J.I. Mir, S.R. Singh, K.K. Srivastava and M.A. Sheikh
Central Institute of Temperate Horticulture, Rangreth, Srinagar, J & K, India-190007
1

Corresponding author Email: cith@nic.in

Temperate fruit and nut crops are being cultivated in North Western Himalayan states
since centuries and most of the plantations grown are of seedling origin which have very
low productivity. Presently, the temperate fruits are grown in an area of 4.45 lakh hectares
with a production of 25.8 lakh tonnes and an average productivity of 6.8 t/ha as against
requirement of 44 lakh tones/year (http://faostat.fao.org/site/339/default.aspx). Among
temperate fruits, apple and walnut represent major crops, covering about 52% and 23% of
the total area and accounting for 79% and 5.44% of temperate fruit production. While other
fruits like pear, peach, plum, almond, apricot etc accounts for rest of the area. No doubt,
there has been manifold increase in area, production and productivity but when we compare
the productivity of developed countries for apple, walnut and almond our productivity is
very low mainly due to non availability of quality planting material and seeds; existence of
old unproductive seedling orchards, small and un-irrigated land holdings, use of inferior
genetic stocks/varieties/hybrids, poor management and non-adoption of package of practices,
high incidence of pest and diseases, heavy pre and post harvest losses, weak marketing and
processing and lack of trained human resource. With ever increasing population and
purchasing power, the demand for temperate fruits and nuts is going to increase to the tune
of 60 lakh tones by 2020. But to meet this increasing demand the productivity per unit area
per unit time and per unit investment has to be increased from limited land resources,
where production and supply of quality planting material of elite varieties grafted or budded
on clonal root stocks is one such important factor that can bring tremendous improvement
in production, productivity and higher economic returns to farmers.
The seedling trees have long juvenile period and start bearing after 7-8 years in
pome and stone fruits and 10-12 years in nuts with the result, growers have to wait for long
period for their commercial bearing. But during last 4-5 decades a good number of clonal
rootstocks have been identified and developed in advanced countries having very short
juvenile period (2-3 years) with resistant to biotic and abiotic stresses in various crops and
have been recommended for grafting and budding of elite varieties in place of traditional
seedling rootstocks. But in India they are yet to be exploited commercially. However, in the
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advance countries the grafted plants on clonal rootstocks have revolutionized the fruit
industry. In view of the importance of these clonal rootstocks and to commercialize their
use particularly for high density orcharding and for over coming biotic and abiotic stresses,
their multiplication and distribution has to been given a priority and need to be multiplied
both by Research Institutions and State Development Departments.
For area expansion programme in Horticulture and for replacement of senile old
orchards in a phased manner about 50 lakh plants of elite varieties preferably on clonal/
standard seedling root stocks is required in different Himalayan states like Jammu & Kashmir
(20.0 lakh), Himachal Pradesh (15.0 lakh), Uttarakhand (10.0 lakh), North Eastern States
(5.0 lakh).
In spite of presence of large number of public and private nurseries, only about 4050 percent of the requirement of planting material is met. Out of which SAU’s and ICAR
Institutes together produce about ten lakh plants contributing about 25-30 percent of the
plants produced while rest 70-75% is supplied through number of private nurseries whose
quality and genetic purity is a big question. Registration of nurseries and enforcement of
quality-standards and certification need to be made compulsory. The National Horticulture
Board has recently initiated recognition of nurseries by grading them on the basis of
production of quality planting-material and nursery-management practices. Trainings
imparted on nursery-management and planting-material production using low-cost
technologies to the unemployed youth and farmers, under HTM, has started paying dividends.

Recent initiatives in quality planting-material production
Besides traditional methods of propagation such as cutting, grafting, layering, stooling
and direct seeding, few innovative technologies in propagation (with higher percentage
success at-low cost) have been standardized for fast multiplication and adoption in different
temperate crops. In apple, rootstocks are playing a significant role in inducing precocity
and in providing resistance to biotic and abiotic stresses. For identifying suitable rootstocks
for different situations, as many as 21 species/ ecotypes of Malus (both indigenous and
exotic collections) were evaluated for vigour through leaf-stomatal distribution (Anonymous,
2001). The study showed considerable variations in stomatal distribution pattern on the
abaxial side of the leaf among all the rootstock species/ ecotypes studied. Stomatal number
(viewed under 40 X 10x and 100x) 10 X ranged in number from 8.8 - 95.3 in young leaves
and 6.3-85.8 in mature leaves. Based upon stomatal number, all 21 apple rootstocks were
calssified into four vigour groups, i.e., vigoruous, semi-vigorous, semi-dwarfing and neardwarfing. Malus baccata (Itanagar) was classified as vigorous (85.8, 95.3), M. baccata
(USA), M. sergents and Renetica purpuria were grouped as semi-vigorous; M. baccata
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Wilson, M. kindsomex, M. sikkimensis, M. horibunda, M. Micromalus, M. baccata
(Bhaowali), M. semcoe, M. purpuria, M. baccata (Kashmir), M. manchurica, M. species
(Dolgo), M. eseltine and M. prunifolia var. Ringo Assami, were all calssified as semidwarfing, whereas M. robusta, M. orientale, M. crimson brilliant and M. seiboldii were
near-dwarfing. For obtaining higher rooting in apple rootstock cuttings, various media (soil,
sand, cocopeat, and vermiculite), number of buds per cutting (5, 6 or 7) and concentration
of IBA (1500ppm, 2000ppm and 2500ppm) were tested on clonal rootstock (MM-106).
Results indicated that cocopeat + 7 buds/ cutting + 2500ppm IBA showed best rooting and
survival of cuttings, followed by cocopeat + 7 buds / cutting + 1500ppm IBA.
Micropropagation is an established method of producing millions of identical, diseasefree plants in developed countries, but this technique is yet to establish in temperate crops
in India. However, a protocol for micropropagation of apple rootstocks has been standardized
for large-scale production of clonal rootstocks like, MM-111, MM-106 and M-7, and a few
thousand plants have been produced at centres like TERI, UHF, Solan, SKUAST (K), etc.
But, this needs to be promoted at a very large-scale for meeting the increasing demand for
rootstocks for high-density plantation.
In walnut, plants are mostly raised from seeds and the crop comes to fruiting at the
age of 10-12 years. However, optimum production is not expected until plants reach an age
of 20-25 years. In the temperate region, these trees may continue to flower until they attain
the age of 100 years. To have uniformity and precocity, and to develop an efficient method
of propagation , three methods of budding, namely, annular, chip and patch; and two methods
of grafting, namely, wedge (or cleft) and tongue (or whip) grafting were studied, under
three environments (polyhouse, polytrench and open field) on five different dates under
Kashmir conditions (Anonymous, 2009). Results revealed that annular budding performed
between the last weeks of July to the first week of August gave highest success rate of
30.83 to 34.16 percent under open field conditions, followed by chip-budding during the
same period with a maximum budding success of 24.74 percent. Maximum grafting success
was recorded in wedge-grafts during March under polytrench, which gave a maximum
success of 75% and was thus found to be the most ideal condition, followed by 68.31%
under polyhouse conditions. This method was found superior and convenient to the costly
hot-cable callusing. For efficient germination, soaking walnuts for 24 hours in water and
treating with GA3 500ppm was found most effective and gave maximum seedling growth
(Anonymous, 2008). Micropropagation technique for clonal propagation of walnut has
also been studied and initial results are very promising for shoot multiplication. However,
further study on micropropagation is under progress. For obtaining higher grafting- and
budding-success under open field condition, further investigation is warranted. Identification
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of suitable rootstocks for raising uniform grafted / budded plants in the place of highly
variable seedling rootstocks, is an another priority of area research.
To produce quality virus free planting material, micropropagation (using meristems
as explants) was standardized for clonal rootstocks of cherry (‘Mazzard’ and ‘Mahaleb’).
Very good proliferation was obtained in both the cultivars. The best combination for meristem
establishment and proliferation in tissue culture was MS medium with 1 mg/l Benzyl Adenine
(BA), and for multiplication it was MS with 0.5mg/l IBA plus 1 mg/l BA. Rooting medium
was half-strength Murashige and Skoog medium containing 2.0 mg/l Indole Butyric Acid
(IBA). The rootstock Mazzard showed better response than did Mahaleb with respect to
shoot-length, number of shoots and leaf number per explant. Best multiple-shoot initiation
was obtained on MS medium supplemented with BA at 1 or 2 mg/l, respectively with
average shoot number of 5.7±1.02 and 5.2±1.00 in ‘Mazzard’ and 5.4±0.62 and 5.0±0.60
per explant, in Mahaleb, on 30th day of culture. Ready-made shoot multiplication media
also showed a good response of shoot multiplication, yielding 4.8±0.98 shoots per explant
in Mazzard, and 4.6±0.86 in Mahaleb rootstock (Mir, et al, 2010).
For proper feather development, hand-tipping, or chemical-tipping (through use of
cytolin, cyclanicide and maleic hydrazide) gave the best results. Only leaf removal at 2-3
intervals keeping the growing tip intact, was found effective in inducing laterals (which are
essential for moulding a tree under any training system) and advances training schedule by
one year.
Techniques for successful rooting of hard-to-root crops like pecan and hazel nut
using mist chamber and pre-conditioning of selected shoots by girdling and black polythene
forced etiolation before cutting, has also been standardized. In kiwifruit and olive, zeroenergy humidity trenches and treatment of hardwood stem cuttings with 500ppm IBA was
found very effective and gave very high rooting success.
Micrografting, a new technique which consists of grafting shoot meristem or shoot
tip (0.1–0.5mm), comprising 2 to 3 leaf primordia along with apical meristem, on in-vitro
raised rootstocks has great potential and has been standardized for large-scale production
of disease-free in-vitro grafted plants of temperate fruits on modified MS medium; but,
further investigation is needed before exploitation of this technique.

CONCLUSION
Testing of planting material for various diseases and pests to ensure supply of diseaseand-pest free planting material is required a work on micro-grafting, graft-compatibility,
identification and screening of rootstocks for various biotic and a-biotic stresses, refinement
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in micropropagation techniques in difficult-to-root crops, hardening, etc. For improving
availability of healthy and quality planting-material, the educated unemployed youths, private
nurseries and NGOs can also play a significant role through establishment of nurseries and
tissue culture units and, also, necessary infrastructure and human resource development is
required.
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Horticulture is an invaluable means of agricultural diversification, food & nutritional
security, as also economic security. Adoption of horticulture by the marginal and small
farmers too has brought prosperity in many parts of the country, of which, Maharashtra,
Karnataka, Andhra Pradesh and Kerala are prime examples. India is the second largest
producer of fruits and vegetables, with 10.9 and 11.9 per cent respective share in world
production. Potato is essentially a crop to help fight hunger and malnutrition. In world food
production, potato is exceeded only by rice, wheat and maize. In over five and half decades
(1949-50 to 2005-06), the production, area and average yield of potato has increased by
15.6, 5.6 and 2.7 times, respectively. Potato contributes effectively to the national economy
(CPRI Vision 2025). The varied agro-climates in the country are highly favourable for
growing a large number of horticultural (fruits, vegetables, root tubers, aromatic and
medicinal plants, and spices) and plantation crops (coconut, arecanut, cashew and cocoa).
Presently, these crops nearly occupy 13 per cent of the gross cropped area, yielding 207.01
million metric tonnes of horticultural produce (2007-08). Total production of fruits and
vegetables has been estimated at 63.50 and 125.89 million tones, respectively, from 5.78
and 7.80 million hectares (NHB Database, 2008).
India is the largest producer of mango, banana, sapota and acid lime and a major
producer of potato, onion, papaya, peas, coconut, cashew, tea and spices. About 39.5 per
cent of the world’s mangoes and 11 per cent of world’s bananas are produced in the country.
The highest productivity per unit area in grapes in the world is found in India. The country
is next only to China in area and production of vegetables and occupies prime position in
the production of cauliflower, second in onions and third in cabbage in the world. There is
noticeable advancement in production of flowers in the country. During 2006-07, India
produced 669000 metric tonnes of loose and 27.23 million cut flowers from 1.40 lakh
hectares. India is the largest producer, consumer and exporter of spices and spice products.
The total estimated production of spices during 2007-08 was 4.10 million metric tonnes
and the area covered was 3.95 million hectares. India is also the largest producer and
consumer of cashewnut. The total production of plantation crops during 2007-08 was around
12.04 million metric tonnes from 3.23 million hectares. India exported horticultural produce
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and products worth Rs. 5056 million during 2006-07. This includes floriculture and seeds,
fresh and processed fruits and vegetables (NHB Database, 2008).

Critical gaps
Emphasis in horticulture development in the country has been focused through
developmental programmes of the Government – National Horticulture Mission, Technology
Mission for Integrated Development of Horticulture in North-Eastern States, Jammu and
Kashmir, Himachal Pradesh and Uttarakhand; Development of Commercial Horticulture
and Capital Investment Subsidy Scheme of the National Horticulture Board (NHB);
Integrated Development of Coconut including Technology Mission on Coconut. State
Horticulture Missions are also contributing to efforts for holistic development of horticulture
sector in the country. Priority programmes include establishment of new nurseries, bringing
additional area under new orchards, rejuvenation of senile orchards, taking up organic
farming, promoting Integrated Pest Management (IPM), protected cultivation, strengthening
cold storage and market facilities. The Mission targets at doubling horticultural production
by the year 2011-2012. Accordingly, requirements for seed and planting material of
horticultural crops are likely to increase manifold in the years to come. Total additional
requirement of fruit plants in the country by the year 2011-2012 has been estimated at
1622.32 millions (Table 3).

Table 3. Planting material requirement estimated in fruit crops by 2011-12
Crop

Total area (ha) under
fruit plants in 2007-08

Apple
264,000
Banana
647,000
Citrus
843,000
Grapes
64,000
Guava
178,000
Litchi
69,000
Mango
2205,000
Papaya
80,000
Pineapple
80,000
Pomegranate
122,000
Sapota
150,000
Others
1071,000
Total
5775,000
Source: NHB Database, 2008

Targeted additional Area
(ha) by 2011-12

Projected requirement of
fruit plants for additional
area (million Nos.)

58750
141250
187250
16000
45500
15750
505250
18250
21250
29000
35000
304250
1377500

23.50
423.75
56.17
25.60
18.20
1.58
505.22
45.62
425.00
18.12
3.50
76.06
1622.32

8

According to Seed Association of India, total overall quantity of certified/quality
seed of vegetables has been estimated at 41700 tonnes and that of potato alone at 91100
tonnes at present, and projected requirement of seed for potato and other vegetables by
2020 has been estimated at 3.25 million tonnes and 68000 tonnes, respectively. The present
requirement and availability of vegetable seeds from different sectors in the country is
given in Table 4.

Table 4. Present scenario of vegetable seed requirement and production
(in tonnes) in India
Crop

Total
requirement

Production from
organized sector

Tomato

360

190

80

90

Brinjal

465

85

50

330

Chilli

200

68

80

52

Cauliflower

280

130

35

115

70

37

20

13

Muskmelon

110

37

40

33

Watermelon

320

135

100

95

Bottlegourd

615

105

100

410

Onion

1200

200

400

600

Okra

4250

1350

800

2200

Radish

650

300

200

150

Carrot

700

200

250

250

Beet root

400

100

120

180

6000

1500

2000

2500

200

80

60

60

15820

4517

4335

6968

Cucumber

Peas
Cabbage
Total

Source: Seed Association of India

Other
quality seeds

Seed
shortage
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The potato seed system developed by CPRI, Shimla (ICAR), covering nucleus,
breeder, foundation and certified seed chain, and seed plot technique, makes a unique success
story (Box I and II).

Box –I
Potato seed production- A success story
A well-organized scientific system of potato breeders’ seed production was
envisaged through clonal selection, tuber indexing and field multiplication of healthy
indexed tubers. In potato, seed health is the basic consideration and the system for seed
buildings varied fundamentally from the grain technology. Therefore, to get a sizeable
quantity, breeders’ seed production itself involved multiplication in four stages (Stage
I to Stage IV) under strict control to keep the material disease-free. The foundation
seed is also multiplied in two stages, i.e., Foundation I and Foundation II. Since potato
seed is multiplied by vegetative propagation, genetically pure, disease-free stock is to
be maintained (called “Nucleus Seed”). The health of the nucleus seed is maintained by
indexing. Indexing of tubers against contagious and insect transmitted viruses is done
by serological (PVX, PVS, PVM), biological (PVA, PVY) and histochemical (PLRV)
methods. Currently, more sensitive techniques like PCR, ELISA and ISEM have been
introduced to detect viruses in the nucleus and breeders’ seed. Thermo/chemotherapy
along with apical meristem-tip culture technique is used to obtain virus free plants
whenever the nucleus stock gets infected with viral and mycoplasmal diseases. With
standardization of “Seed Plot Technique”, disease-free seed production programme
was extended to the Indo-Gangetic plains. To fulfill high stringency of quality control
in potato seed production, the responsibility of breeders’ seed production is entrusted
to Central Potato Research Institute, Shimla. In 1960, Government of India suggested
formulation of a National Level Potato Seed Production and Development Committee,
with representatives from State Governments and National Seeds Corporation, for
planning of seed multiplication of popular cultivars Kufri Sindhuri and Kufri
Chandramukhi. The National Level Committee thereafter allotted breeder’s seed to
National Seed Corporation and State Potato Development Departments for further
multiplication as foundation or certified seed. Breeders’ seed produced by CPRI is
distributed by National Seed Distribution Committee of the Govt. of India twice to
allot the seed (in August for hill produce, and in January for plains’ produce). A successful
Revolving Fund Scheme (RFS) is being operated at CPRI, Shimla for production and
distribution of potato breeders’ seed. Presently, breeder’s seed production of around
30,000 q is achieved exclusively by CPRI.
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Box - II
True Potato Seed (TPS)
True Potato seed (TPS) is sexually-reproduced propagule of the potato and it
results from fertilization of ovules, which develop into tiny seeds inside the fruit, called
berry. The seed thus produced is called TPS or botanical seed, to distinguish it from the
conventional tuber-seed. True seeds have the potential to develop into full-grown plants
and these produce tubers free from tuber-transmitted viruses. A crop of potato using
TPS can be raised either through transplanting of seedlings in the field or by using
seedling-tubers as the planting material. In the first method, seed is sown in nursery
beds containing soil of proper physical structure, fertility and moisture, as practised for
seedling production in other vegetable crops. Seedlings at 4–5 leaf stage are transplanted
in the field to raise the crop. This method of raising a crop has been successful in Bihar,
Gujarat, the plateau region of Madhya Pradesh and Tripura where adverse temperatures
do not limit crop growth. In Punjab, Haryana and western Uttar Pradesh, this method is
not very successful owing to high temperatures in September and low temperatures
from November, which restrict crop growth, resulting in poor yield. In the second method,
with use of seedling-tubers as planting material, seedlings can be grown in nursery
beds till maturity, or can be transplanted in the field to produce tubers to be used as
seed for raising the commercial crop year. Crop production using seedling-tubers is
successful in all potato-growing regions of the country. Yields are also higher with
seedling tubers than in seedling transplanting method of propagation. This technology
is becoming popular in Bihar, Karnataka and Tripura.

Schematic diagram of seed plot technique showing various components
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Potato fruits (berries) and seeds (inset) inside the berries

Huge gaps also exist at present in production of seed and planting material of spice
crops, plantation crops, tuber crops, flower and ornamental crops. In order to bridge this
gap between demand and supply in the years to come, sincere efforts are needed for
production of quality seed and planting material in sufficient quantities. In recent years,
tissue culture techniques (micropropagation) are increasingly used for several economic
plants for rapid clonal multiplication, restoration of vigour and yield lost due to infection,
and for preservation of germplasm.

Establishment of fruit nurseries and quality control
To ensure production and sale of genuine planting material of improved fruit varieties
in quantities sufficient to meet future needs, there is an urgent need to modernize fruit
nurseries with effective quality control. Some states have their Fruit Nursery Act in force,
while others do not have any such system for regulating quality and sale of planting material.
Fruit plant nurseries should be located at sites, which have access to modern
communication and transport facilities, good water source, electricity, and availability of
skilled and unskilled labour throughout the season. Professionally qualified and competent
manpower must oversee production and quality control in fruit crop nurseries. Places with
mild climate, long growing-season, and even distribution of rainfall are most suitable for
planting material production, while areas with extremes of temperature or those commonly
subjected to dry winds, frequent flooding, hail storms or frost pockets may be avoided (as
these adversely affect quality of planting material). Soil should be preferably light to medium
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in texture, with good fertility, water-holding capacity and drainage, ideally in pH range of
6.0 to 7.0. Topography should preferably be plain, with a gentle slope (1 to 2 %); and in
undulating areas, terracing needs to be done. Proper nursery records must be maintained,
incorporating all information for monitoring quality control, including retrospective
identification of probable flaws in the programme (to rectify them subsequently). Continuous
and effective coordination and linkage with research organizations is required at each step,
for example to update information on latest technologies for nursery management and quality
control. Labeling of all planting material produced should be proper, with necessary details
such as crop, variety, rootstock used, date of production, name of the nursery, etc. Further,
each batch of labeled planting material may be certified by the competent authority, for
compliance with quality control programmes.
Bud-sticks/graftwood should always be taken from healthy and true-to-type progeny
trees of commercial/new varieties which are free from viruses, disease and pest occurrence.
A nurseryman should have progeny trees of all promising cultivars of fruits which can be
grown in that particular area.
Propagation structures: There are several kinds of structures for raising planting
materials. The most important ones are: greenhouse (glasshouse), hotbed, cold frame and
lath house. The first two structures are used mainly for providing controlled environment,
whereas the latter two structures are used for hardening of young plants before transplanting
to a permanent location.
Net-house is an excellent structure and very useful for many purposes such as raising
seedlings and cuttings and other propagational works. Nets of different shading intensities
are used in such structures. Like a glasshouse, the net-houses may be of different sizes and
may have beds of different sizes to meet requirements of the propagator. It is important to
have vegetable seedlings that are free of insect pests and disease problems. In this direction,
growing vegetable seedlings under cover, using insect-proof nylon net (40-50 mesh) is a
good practice. Casuarina or bamboo poles or GI pipe to support the net should be used by
small farmers. UV stabilized and well-stitched nylon nets last for 6-8 years.
Mist propagating beds are useful propagating units for rooting cuttings and for
propagation of fruit plants by cleft/wedge/softwood grafting round the year. Mist chambers
may be constructed as part of the greenhouse, or separately. Fine mist is sprayed over the
cuttings inter-mittently, as required. The mist unit can be set up in a glasshouse or in a
polythene tunnel. There must be continuous supply of water for misting. Installation of a
pressure-tank and pump ensures consistent pressure for misting. Water meant for misting
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should be clean and uncontaminated. Optimum pH of water for misting is 5.5 to 6.5. Hard
water or alkaline water is not suitable for misting, because build-up of alkalinity in the
rooting medium due to continuous use of hard water may inhibit root growth or prevent
regeneration, especially in sensitive plants. In hard-water areas, it is better to use rain water
or install water-treatment equipment to remove dissolved salts from water.
Use of bio-fertilizers in nursery management: Biofertilizers are natural fertilizers
containing carrier-based microorganisms which help enhance productivity by biological
nitrogen fixation or solubilization of insoluble phosphate or produce hormones, vitamins
and other growth factors required for plant growth. These are not alternatives to inorganic
fertilizers’ but are useful in increasing quality and yield of crops when used in a balanced
proportion in combination with organic manure and inorganic fertilizers. Biofertilizers
include Rhizobium, Azotobacter, Azospirillum, Blue Green Algae (BGA) and Phosphate
Solublizing Microorganisms (PSM). The first documented production of Rhizobium
biofertilizer in India was in 1934. During 1965-1990, around 30 biofertilizer production
laboratories were set up in the country to meet the demand. Already schemes were formulated
to popularize their use in different legume crops. Starting with a few tonnes, production
and consumption increased gradually and touched a moderate figure of 1000 MT by 198889. During the last decade (1990-2000), biofertilizers such as Azotobacter, Azospirillum,
PSM, etc. were added to the list, and total production jumped to well above 10,000 MT in
1999-00. As of now, India has more than 130 production units spread over 25 States and
Union Territories, having a total installed production capacity of 17,000 MT.
As regards use of biofertilizers in nursery, it is gaining popularity with promotion of
the concept of organic farming of horticultural crops. But, a lot of research input is needed
to commercialize biofertilizers for nursery and production of horticultural crops. These
offer an immense scope in organic vegetable farming.
High-Tech seedling production: Raising seedlings in polythene bags has gained
popularity in the country in States showing advancement in horticulture in the country.
Vegetable seedling production system has changed in recent years in some of the intensive
vegetables-growing areas, and seedling production as a specialized practice is fast catching
up. Seedling trays are also called pro-trays (propagation tray) or flats, plug trays or jiffy
trays. The dimensions of the trays generally are 54 cm length and 27 cm breadth with
cavity depth of 4 cm. These are made of polypropylene and are re-usable. Life of the tray
depends on handling. Seedling trays are designed in such a way that a sapling gets precalculated growth media and the right amount of moisture (as the trays have pre-punched
holes in each cavity for proper drainage of excess water and also have the right spacing).
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It is already a commercial venture to produce seedlings of papaya, tomato, capsicum,
cauliflower and cabbage hybrids using seedling trays and protective structures. Many
progressive farmers are coming forward to take up quality-seedling production using seedling
trays. Even in fruit crops like papaya, bigger-sized trays can be used for raising seedlings.
Since cost of F1 hybrid seeds is quite high, the seedling-tray method is mostly adopted for
propagating these. Vegetable seedlings are produced under protective structures such as
insect-proof nethouses, shadehouses and low-cost, naturally ventilated greenhouses.
Growth media and treatments: Several media are used by nurserymen in plant
propagation by seeds or cuttings, the common ones being soil, sand, vermiculite, Sphagnum
moss, leaf mold and cocopeat. A good medium should be (a) firm enough to hold seeds or
cuttings in place during germination or rooting, (b) able to retain and supply sufficient
moisture to seeds or cuttings, (c) porous enough to permit aeration and drain out excess
moisture, (d) free of high concentration of salts, and (e) free from weed seeds, harmful
diseases and nematodes.
For all propagation work, sanitation is necessary. If necessary sanitary precautions
are taken at the outset, there are fewer problems and it is relatively easy to manage. It is
necessary to use clean growth medium, sterile containers, a sanitized bench, and pathogenfree plant materials. Soil pathogens can contaminate the soil mixture even when all
precautions are taken. Small outbreaks of diseases can be controlled using appropriate
fungicides. Propagating media can easily be pasteurized by heat (electric or steam), chemicals
or solar radiation. Appropriate (expensive) equipment and training of personnel is necessary
for pasteurization or sterilization of propagating media. Temperature of about 71°C for 30
minutes may be sufficient to kill almost all disease producing organisms.
Solarization is a method for heating soil using sunlight, by covering it with a
transparent polythene sheet to control soil-borne diseases, including nematodes. This method
is used for disinfection of raised nursery beds in soil, to produce healthy seedlings of
vegetables. Other additional beneficial effects include control of weeds, insect pests and
release of plant nutrients resulting in increased crop growth. Solarization is a non-chemical
alternative for disease, insect-pest and weed control. In NRC for Citrus, Nagpur (ICAR),
the entire soil medium used for filling polybags for propagation is solarized for controlling
soil-borne pathogens.
Quality assurance mechanism: Sometimes, nurseries and propagating materials may
become potential sources for spread of dangerous diseases and pests. For example, the
‘bunchy top’ disease of banana was first noticed in Kerala, but now has spread to most of
the banana-growing areas of India, due to the use of suckers from infected plantations.
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Similarly, ‘apple mosaic’ virus, which was previously unknown in India, has been introduced
through imported varieties in apple-growing areas of northern India. Further, the role of
symptom-less carrier in introduction of diseases seems to be even more serious. For example,
dahlia bulbs infected with ‘tomato-spotted wilt’ virus may look apparently healthy, but
serve as a source for spread of this destructive disease of tomato in many countries.
Enforcement of control of movement of nursery plants in different parts of the country is
urgently required so as to prevent spread of new diseases or pests through planting materials.
There is a well defined system in the country to regulate the production and sale of
quality seed of seed propagated food crops, oilseed, pulses and vegetables, etc but there is
no such system for quality control of vegetatively propagated horticultural crops except
potato. Under such circumstances, spread of poor quality planting material through private
nurserymen poses great problems to horticulture industry. Quality standards of individual
horticultural crops are presently under development, which could be followed in the years
to come. At present, only a few states, such as Punjab, have Fruit Nursery Act in force, and
people in the state are required to obtain licence from the state government for establishment
of a fruit nursery.
Mandatory registration and the national register of seeds: The concept of mandatory
registration of all seeds for sale is envisaged to be introduced through revision of the seed
law. Thus, all seed and planting material for marketing, whether domestic or foreign, will
have to be registered. This is a significant change from the existing law which seeks to
regulate the quality of only a limited number of notified varieties. Similarly, all registered
varieties will be recorded in a National Register of Seeds database. Registration will be
granted for new varieties for a period of 15 years in the case of annual and biennial crops,
and 18 years for long-duration perennials. Seeds, including genetically modified seeds,
need to be correctly labeled on containers. Furthermore, seed producers, seed-processing
units, seed dealers and horticulture nurseries all have to be registered with the state
government where they operate.
Registration of horticulture nursery: Horticulture nursery will be registered under
the new Act (as and when revised). No person shall conduct or carry on the business of
horticulture nursery unless such nursery is registered with the State Government. Every
person, holder of a horticulture nursery registration, shall keep complete record of the
origin or source of every planting material and performance-record of mother trees in the
nursery; layout plan showing the position of rootstocks and scions used in raising the
horticulture plants; performance-record of mother trees in the nursery. He shall also keep
the nursery plants as well as the parent trees used for production or propagation of horticulture
plants free from infectious or contagious insects, pests or diseases affecting plants, and
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furnish such information to the State Government on production, stocks, sales and prices of
planting material in the nursery.
Standards for planting material of horticultural crops: Seed and planting material
quality control measures are stipulated to provide standards for certification and labeling
of the seed or planting material. Seed certification standards may refer to the field condition
or to the procedures in inspection of the harvested produce as well as the manner of
harvesting, transporting, processing and packing. Unless a seed certification agency keeps
track of harvested produce until it is packed and sealed, the identity of the lots cannot be
assured. ICAR has documented different cultivars of horticultural crops, and has also
developed quality standards for various horticultural crops such as fruit grafts, budlings,
rooted cuttings, seeds, tubers, seed-sprouts, etc.

New developments in propagation techniques
Plant propagation in fruit crops even how is being done by nurserymen using old,
labour-intensive and costly methods of propagation (e.g., inarching in mango). Softwood
or cleft or wedge grafting on polythene-raised rootstocks has almost revolutionized vegetative
propagation in many fruit crops. Some of the advanced techniques that need to be popularized
are:
Soft-wood grafting in tropical and subtropical fruit crops: This is being commercially
used throughout India for fast multiplication of a number of tropical and subtropical fruit
crops, such as mango, guava, aonla, bael, sapota, custard apple, tamarind, cashew nut, etc.
Newly-emerged stock shoots on six-month to one-year old rootstock seedlings are selected
for softwood/cleft/wedge grafting. Thickness of the stock shoots and scion sticks should
match. After grafting, union is secured firmly using 1.5 cm wide, and 15-20 cm long 200
gauge polythene strips. Scion is covered with 6-8 cm long polytubes and grafts are shifted
to a mist chamber/polyhouse followed by nethouse. Under controlled conditions, the
technique gives very high success. Even without any polyhouse/mist chamber, propagation
with this technique during spring gives very good success provided that grafts covered
with polytubes kept in shade for 20-25 days for sprouting.
Protected nursery for apple: Sub-zero winter temperature coupled with high wind
velocity often kills nursery stock under open conditions. To prolong growing season for
production of apple nursery and to provide congenial growing conditions, the polyhouse
technique is ideal, particularly in cold arid regions.
Stratified seeds are sown in well--prepared, sunken nursery beds in rows under
polyhouse during the first week of April. Ventilators, doors and fans are kept closed most
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of the time up to mid-May to maintain high temperatures (24°C-30°C) inside the polyhouse.
Seeds germinate within a month. Seedlings are maintained, and grafting is done the following
year during March-April (this otherwise takes 2-3 years under open conditions). For quick
production of nursery stock, this technique is very useful. Graftable seedlings from lower
areas are procured in February-March and directly planted in polyhouse at 15 cm distance
to avoid freezing injury. During March-end or April, these seedlings are grafted onto desirable
scion variety as and when the cell sap starts flowing. The grafted stock is maintained and
plants are ready for planting. Generally, tongue grafting performed mid-March to mid-April yields the best results. However, T-budding can also be performed in July--August.
Success in grafting largely depends upon de-shooting of unwanted sprouts arising
below the graft union, i.e. rootstock, to ensure better flow of metabolies directly to the
scion wood. Such sprouts are removed manually or with secateur. Emergence of such stock
usually occurs prior to sprouting in scion during April, to June. This is irrigated twice a
week during July-August (the hottest months) and once a week in the remaining months,
depending upon wind velocity and day temperatures. Sprinkler irrigation is best for good
growth and development of plants and ensures economic use of water. Nursery-beds are
planted only after thorough mixing of the well-rotted manure and chemical fertilizers in
soil. About 4 kg CAN, 4 kg SSP, 2 kg MOP and 100 kg farmyard manure/100 m2 floor area
is applied at the time of preparation of beds. In addition, split doses of CAN are applied at
monthly intervals up to September for growth of grafted plants. Under polyhouse conditions,
manual weeding and hoeing should be done to ensure better infiltration rate of irrigation
water; avoid disturbance to the grafted stock and ensure thorough mixing of split doses of
farmyard manure and N supplied during growing season.
Mini-sett technique for propagating tuber crops: Mini-sett technique is an effective,
viable and farmer-friendly technology. It has since been proved quite effective in rapidly
producing quality planting material of tuber crops.
Cassava (Manihot esculenta), popularly known as tapioca, is the most popular tuber
crop in Kerala. In the traditional system, cassava setts 20 cm long with 10-12 buds, are
used as planting material. However, out of 10 or 12 buds, only two buds are allowed to
sprout and are retained, while the rest are discarded. By the mini-sett technique (singlenode, double-node), it is possible to utilize the capability of every bud to sprout and grow
as a new plant, thus enhancing the multiplication ratio. Once the bud sprouts, roots develop
and start drawing nutrients from soil. Therefore, the size of planting material is not too
important as far as sprouting is concerned.
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The mini-sett technology has been successfully used for propagating yams, elephant
foot-yam, taro and tannia. In taro and tannia, mother corms are selected from healthy plants
at harvest. Selected mother corms are at first cut into cylindrical pieces, and then cut
horizontally into mini-setts of about 10 g weight (15 g for tannia). It is advisable to grow
mini-setts in the nursery simultaneously, so that gap-filling can be done effectively, if
required. If mini-setts are raised in a nursery, these could be transplanted in a month to
prepare the main field. A major advantage of mini-setts in taro and tannia is that cormels,
which are the economic part, can be fully marketed (since only corms would be required
for mini-sett multiplication). Even if cormel is to be used as planting material in taro, only
one-fourth of the conventional quantity needs to be stored as planting material.
Micropropagation in horticultural crops: Progress made in micropropagation of
horticultural crops in India has been impressive, with innumerable protocols developed by
public and private sectors. Though several important protocols have been developed by
public sector undertak-ings, very few commercial laboratories have been established with
indigenous know-how. The industry de-pends on foreign collaboration, mostly from the
Netherlands, Australia, Bel-gium, UK, France, etc. Apart from pioneers like A.V. Thomas
& Co., Indo-American Hybrid Seeds, Hindustan Lever Ltd. Unicorn Biotech, nearly 30
other commercial laboratories are actively involved in micropropagation of various crops.
About 14 units are engaged in micropropagation of fruit crops, 12 are producing banana, 5
are multiplying strawberry, while 3 each are engaged in papaya and pineapple production.
Nearly 24 units are concentrating on ornamental plants. The industry exports a sizeable
quantity of micropropagated plants either in the culture stage in test tubes, or in-vitro rooted
plants/hardened plants. Besides exports, large quan-tities of micropropagated plants are
sold in the domestic market. Various horticultural crops micropropagated in In-dia are listed
in table 5:

Table 5: Horticultural crops micropropagated in Indian laboratories
Fruit crops

Apple, Banana, Papaya, Strawberry

Vegetable crops

Asparagus, Tomato, Cauliflower, Cabbage, Brassica napus

Ornamental crops

Anthurium, Aglaonema, Ornamental foliage plants, Calathe,
Cordyline, Dieffenbachia, Ficus, Spathiphyllum, Orchids,
Roses, Chrysanthemum, Carnation, Calla lily

Spices

Cardamom, Black pepper, Turmeric, Ginger

Among fruit crops, banana and strawberry are propagated com-mercially on a large
scale. Grapes can be regenerated from axillary shoots, adventitious budding and via somatic
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embryogenesis, but none of these meth-ods as yet allows mass clonal propa-gation.
Pomegranate has been micropropagated through shoot-tip culture. Many reports have been
pub-lished on successful regeneration of kinnow from nucellus tissue but, till date, it has
not been propagated com-mercially. In banana, prevalence of disease problems and a need
for gen-erating clean planting-stock in large quantities has stimulated recent surge of interest
in production of banana clones through the aseptic micropropagation technique. Methods
have also been standardized for pro-duction of virus-free plantlets. Successful clonal
multiplication of papaya has been reported through tis-sue culture. However, success is dependent upon sex, clone and cultur-ing season. Though much work has been done to
micropropagate papaya, its commercial application is limited due to problems of bacterial
contami-nation, slow rate of proliferation, dif-ficulty in root induction and poor fieldestablishment. Mango is a difficult plant material with respect to tissue culture. In guava,
in-vitro plant regenera-tion and subsequent establishment and mass production of virusfree in strawberry plants by in- vitro culture methods has been reported. For citrus, quality
planting programme of NRC-Citrus, Nagpur (ICAR), including STG and budwood
certification system developed for Nagpur mandarin is a recent, significant development.
Micropropagation methods are available in major vegetable crops, most important
ones being tomato, onion, cantaloupe, cucumber, pea, bean, car-rot, garlic, eggplant and
pumpkin. However, only a few of these are com-mercially propagated through in-vitro
technology, and that too on a small scale. Triploid water-melon has been successfully regenerated from cotyledonary segments. In potato, use of tissue culture tech-nique of
micropropagation has played an important role in rapid multiplica-tion of elite genotypes.
Several in-vitro propagation methods using meristem tips, nodal cuttings and mi-cro-tubers
are reliable for main-taining genetic integrity of the clones multi-plied.
In view of the cumbersome produce of maintaining potato nucleus-stocks free from
viruses and other diseases, the new technology of tissue culture micropropagation and
production of microtubers and microplants has been introduced to supplement availability
of virus-free planting materials. In fact, CPRI has chalked out a programme to phase out
the technology of seed-indexing and exclusively produce breeders’ seed from tissue-culture
raised nucleus stock by 2012. Virus-free stock of each cultivar is raised by the meristem
culture technique. Mericlones are indexed/tested by ELISA and ISEM, and healthy plants
are sub-cultured 8-10 times to get desired number of healthy plants/microtubers for each
variety. These microtubers/microplants are used for producing minitubers inside a nethouse.
The minitubers are planted in fields the following years as Generation-1. The produce of
Generation-I is planted in Generation-2. The produce of Generation-2 is supplied to State
Agri/Horticulture Departments as breeder-seed. The procedure for production of potatotissue culture-raised minituber (PTCMT) and quality requirement has recently been
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standardized
by
Department
of
Biotechnology
,
GOI
(http://
www.dbtmicropropagation.nic.in/evnt-Potato.pdf). Extensive work on microtuber and
synthetic seed technology for potato minituber production has been carried out at CPRI,
Shimla. However, the most practical method for producing minitubers is by direct planting
of hardened microplants in the nethouse.
Ornamental plants are perhaps the largest chunk of plants that are clonally propagated
by tissue culture technology in India. Important orna-mental plants that are successfully
propagated include carnation, chry-santhemum, petunia, rose, orchids, anthurium, cactus
and bulbous plants like freesia, tulip and dahlia. Black pepper, cardamom, tur-meric, ginger
and 30 other spice crops are successfully micropropagated by tissue culture. Potential for
tissue culture propa-gation of oil palm exists. Similarly, initial success in tissue culture
propa-gation of date palm has been re-ported, but protocols to be explored commercially
are not yet available. The potential of micropropa-gation for mass propagation of disease-free planting material is not too well -known. Success has been achieved in several
horticultural crops but has been commercially exploited only in a few cases. In a number of
crops, namely, mango, litchi, jack fruit, walnut, coconut, oil palm and date palm,
micropropagation techniques are yet to be standardized.

Quality seed production in vegetables and spices
Quality-testing in seed crops: Four parameters are considered important in qualityseed production. These are physical purity, germinability, health and genetic purity. Physical
purity means that a seed sample should contain seeds of only a specific crop species and
not anything else (such as inert matter, weed seeds and other crop seeds). Germinability
indicates the capacity of seeds to germinate and emerge in the field as normal and vigorous
seedlings. Seed health is related to seed-borne diseases. The seed should be free from
diseases. Genetic purity means that all plants in a population of a variety be genetically
identical and the population homogeneous.
In fact the first and second parameters of quality-seed determine establishment of
plant-population per unit area. Poor physical purity and germinability directly affect
population establishment and, hence, the yield. Similarly, diseased seeds may also directly
affect plant population by causing disease in the field condition. The fourth parameter,
genetic purity is a necessary requirement to maximize the potential of improved varieties
and to prove effectiveness of the agriculture operation. In addition to above, quality-seed
should be uniform in size and should possess good lustre.
Quality control is an important component of a seed programme. In fact, the essence
of any seed programme lies in quality control. Seed-quality control is a system to govern
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the quality of the seed through checks, certification and official regulations (legislation)
for seed production. It is necessary that the quality of seed be of the highest possible
standards. In other words, it may be inferred that the seed handled within any seed programme
should be monitored to ensue that quality is maintained during the production processes in
such a way that a seed below certain acceptable standards in rejected. The seed qualitycontrol programme is essentially based on quality control of breeder seed, seed certification,
seed standards and seed testing.

Perspective
Emphasis on regulated seed production was laid mostly on food, oilseed and fibre
crops. Seed production in vegetables and flowers, and production of quality planting-material
in vegetatively propagated horticultural crops did not receive the attention it deserved.
Advancement in seed and planting material production technology, particularly tissue culture
techniques, true potato seed, coupled with investment-friendly environment have created
opportunities for entrepreneurs to produce disease-free and true-to-type saplings/seeds in a
big way. The technology has obvious benefits for farmers. As a result, a number of tissue
culture units have become operational in recent years in the country, producing diseasefree saplings of banana, sugarcane, strawberry, gerbera, carnations, roses, etc. True potato
seed production units have also become functional in some parts of the country. Quality
planting-material produced with these techniques should be made available to farmers to
the extent possible. A successful Revolving Fund Scheme (RFS) is being operated at CPRI,
Shimla, for production and distribution of potato breeders’ seed. Presently, breeder’s seed
production is on at five regional stations: Kufri (Himachal Pradesh) in the hills, and in
Indo-Gangetic plains at Jalandhar (Punjab), Modipuram (U.P.), Gwalior (M.P.) and Patna
(Bihar), with a targeted production of around 30,000 q.
Research in horticultural crops both in public and private sectors has how assumed
greater significance. A number of new hybrids and varieties are becoming available.
Systematic efforts would be needed to strengthen production chains in order to reach varieties
to the farmers in the shortest possible time. In spite of impressive growth in production,
there is considerable gap that remains to be bridged between actual yield obtained by the
farmer and potential yield.
Seed replacement rates for all crops will need to be stepped up. Special care will
need to be taken to see that certified-seed use spreads to remote areas too. Demand for
different varieties must be based on realistic assessment of desirable and achievable levels
of seed replacement rates (SRR). While projecting levels of SRRs to be achieved, there
must be a clear strategy and a package of measures worked out to reach desired levels of
SRRs separately for each crop for a State.
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Quality breeder-seed and planting materials production is the keystone for an entire
seed production programme. Though infrastructure for breeder-seed production has improved
significantly in recent years, there have been problems with quality of the breeder-seed
notwithstanding the monitoring mechanism in place. It should be ensured that breeder-seed
conforms to standards higher than those prescribed for foundation seed.
Cooperatives and non-Governmental organizations should be encouraged to take up
seed production particularly, in remote areas, and for this purpose subsidies available to
Public Sector Corporations and State Seed Farms should be made available to them. Special
production programmes have to be effectively monitored to ensure that demand for seeds
of these crops is met in the years to come. For horticulture crops, emphasis will have to be
laid on large-scale multiplication of planting material through tissue culture techniques.
The existing tissue culture units will have to attain economics of scale. It would also be
necessary to develop Minimum Seed Certification Standards for horticultural and plantation
crops to bring these under the purview of certification.
Seed Production has become a concentrated activity in many clusters. Seed production
by the farmer requires substantial investment and intensive management. It may be desirable
to introduce a pilot scheme for seed insurance. The GIC has already formulated a draft
scheme for seed insurance, and this could be the basis for the development of a new scheme.
By protecting farmers against losses due to natural calamities, seed insurance will encourage
more farmers to take up seed production. Crop insurance where the designated area is
treated as the unit for seed insurance, it may even be possible to treat individual holdings as
units. It may be important to give access to private seed enterprises to term-finance from
commercial banks for setting up seed production facilities. For this purpose, financing
norms suited for seed production need to be developed.
Some of the new techniques like embryo rescue in mango (IIHR), coconut (CTCRI);
STG in citrus (NRC-Citrus), micro-tuber - tuberlet in potato (CPRI) developed by ICAR
institutes; and some of the innovative initiatives like revolving-fund schemes resulting in
production of large quantity of planting materials (in cashew and mango by SAU, Dapoli;
potato by CPRI; and mandarin orange by NRC-Citrus) hold potential of their possible
spread on a commercial scale.

23

Demand and supply of quality planting material –
National scenario
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Indian Institute of Horticultural Research, Hesarghatta Lake Post, BANGALAORE – 560 089
E-mail: drgsprakash@gmail.com

In India, almost all types of horticultural crops can be grown. Horticulture, today, is
not merely a means for diversification but constitutes an integral part of food and nutritional
security. India is the second largest producer of fruits and vegetables in the world and,
hence, there is an urgent need for technology upgradation to meet international quality
standards as well as to meet domestic needs.
The changing scenario of Indian horticulture, particularly after inception of the WTO
regime, has completely revolutionized production of horticultural commodities. With this,
demand for genuine planting material and seed has increased tremendously, particularly
for fruit crops, vegetables and flower crops.

Past status
Indian nursery industry is more than 100 years old. It is believed that there are about
50,000 nurseries propagating various ornamental and fruit plants in India, spread over 26
states. Most of these nurseries (85%) are situated in and around cities like Bangalore in
Karnataka, Coimbatore and Ooty in Tamil Nadu, Trivandrum in Kerala, Pune in Maharashtra,
Rajahmundry in Andhra Pradesh, Pusa in Bihar, Chaubatia in Uttar Pradesh, Calcutta and
Darjeeling in West Bengal, Srinagar in Jammu and Kashmir, etc. These nurseries were
mainly engaged in multiplying ornamental plants and catering to the more affluent of the
society. Very little attention was paid to quality grafts of fruit plants like mango, guava,
sapota, etc. Most of the old orchards were seedling orchards. There were very few
professional modern nurseries, and the nurserymen were not conversant with varieties/
techniques of propagation, management techniques, health, hygiene and marketing. The
season available for multiplication through grafting or budding was also less as none of the
nurseries had polyhouses. The cumbersome procedure of approach-grafting in mango and
sapota required elaborate procedures of physically moving the stock plants to selected
trees. Many a time, platforms were erected to reach the top limbs, making watering of such
plants a difficult and laborious task leading at times, to high mortality rates.
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Present status
With a growing demand from semi-urban regions as well as the old traditional areas,
many new nurseries have mushroomed in the last 10 to 15 years. However, there has been
a mismatch in demand and supply. The problem is not only of numbers, but of known
quality and progeny.
From the statistics available, it is estimated that area under fruits has increased by
nearly 25% in the last 15-20 years. This stupendous increase has been largely contributed
by increased area under mango, where the estimated increase is upto 38%, followed by
13% increase in plantation crops, 11% increase in nut crops (cashew and walnut and about
15% increment in ornamental crops. Such a scenario naturally result in increased demand
for genuine and healthy planting material. Very few nurseries, if at all, have their own
progeny orchards to supply / supplement the scion material of true-to-type disease free
budwood.
In the last two decades, State Agricultural Universities and ICAR Research Institutes
dealing with horticultural commodities, private organizations and a few enterprising growers
have developed a good number of high-yielding, novel varieties and hybrids in various
horticultural crops. To cite a few examples; drought-and-salinity tolerant rootstock
‘Dogridge’ for grapes (introduced, evaluated and identified at IIHR, Bangalore) has brought
about a total revolution in the viticulture industry. Grape, which was hitherto easily multiplied
through cuttings, was never thought to require rootstock until this was demonstrated in the
grape-growing regions of Maharashtra. It took just five years for the technology of using
rootstock in grapes to be adopted in and another five years for the technology to spread in
the grape-growing regions, and all new plantations started employing ‘Dogridge’ as a
rootstock. With this, new nurseries took birth to cater to the ever-increasing demand for
healthy, rooted cuttings of ‘Dogridge’.
Another story of technology success was utilization of stone-grafting / softwood
grafting techniques in mango by Konkan Krishi Vidya Peeth, Dapoli, for Alphonso mango.
As mentioned earlier, mango was hitherto multiplied by approach-grafting, which was very
cumbersome. The new practice of softwood grafting revolutionized mango nursery industry.
The ever-increasing demand for genuine planting material has been largely met through
this practice.
Similar is the story of banana. The technological intervention of tissue culture
multiplication in ‘Robusta’ and ‘Grand Naine’ has brought about an impressive revolution
in the banana nursery industry which was hitherto depending upon old and traditional
multiplication through suckers. New and modern commercial tissue culture units have
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spruing up in banana-growing regions which are largely catering to the farmers with disease
free, uniform plantlets that are true-to-type.
In citrus-fruits, an important step forward in plant material production was shoot tip
grafting and production of disease free buddlings of Nagpur and Coorg mandarin. This
successful technological intervention has revolutioned plant material supply through National
Research Centre at Nagpur, Maharashtra and at Central Horticultural Experiment Station,
Chettalli in Karnataka.
A perusal of area expansion in just two years in major horticultural crops shows a
quantum increase in area planted. In fruits and spices, annual increase in area is nearly 5%,
whereas, in plantation crops, it is about 2%. Such increases, when translated into planting
material requirement in important commodities like mango (40% of total area under fruits),
Citrus (16%), banana (12%), sapota and guava (8%), apple (5%), etc., sums upto 180 lakh
grafts of mango, 560 lakh banana propagules and 115 lakh budlings of citrus, annually.
Such increasing demands need to be matched with supply of quality planting material.
Production of quality seeds and planting material of good health requires strict quality
control programmes at all stages of the production chain. There are many important variables
in the course of production of nursery plants, be it through tissue culture or conventional
methods, which need to be identified and suitably monitored; otherwise, quality would
suffer. Suitable checks need to be in place, whether authenticity, phyto-sanitary
considerations, substrate/media issues, uniformity of material, labeling, etc. However, very
little efforts have so far been made to rigorously check such quality measures, as the system
is itself not in place.

Problems associated with nurseries
As mentioned earlier, horticulture nurseries in the country settler from many in-built
lacunae which makes them qualitatively and quantitatively incompetent to meet the present
demand of the industry. Some of the problems are:
i)

Age-old practices of propagation – since most of these nurseries were involved in
multiplication of only ornamentals (which were largely multiplied by cuttings / seeds),
they had not upscaled their skills in the latest plant propagation techniques, especially
so in perennial fruit crops.

i)

Non-availability of skilled man-power - modern plant material require abundant skilled
man-power with knowledge of the latest tools of propagation. Sudden rise in demand
in the last 10-15 years has necessitated need for skilled man-power.
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iii)

In most of the nurseries, health and sanitary considerations are far from desirable.
Either these have not updated their knowledge based on issues, nor have felt the
need. Timely availability of healthy plant material should be the order of the day. If
health and phyto-sanitary considerations are not borne in mind, there is every
likelihood of the material getting infected in the nursery itself

iv)

Even today, there are very few nurseries having their progeny orchards. Today, it is
mandatory to have scion and rootstock banks as part of nursery activities. This
facilitates pedigree-assessment periodically and ascertains true-to-type nature of both
scion and stock material.

v)

Rootstock bank of a known variety is becoming the order of the day. In crops like
citrus, well defined rootstocks are in place where their mother plant blocks need to
be maintained. It is also mandatory to periodically ascertain clonal fidelity in these.
Similarly, in grapes, currently Dogridge is a widely employed rootstock in vineyards.
Even-though in-situ grafting is practised by all, a good mother plant block should be
maintained

vi)

Another important issue which is plaguing the nursery industry today is lack of proper
labelling and certification of planting material. Hardly are any nurseries today
correctly labeling and certifying plant materials that they are selling. There is no
mechanism in place to verify and trace the batches to their place of origin. Pedigree
of the perennial crop material purchased has no/improper labeling, many a time in
leading to mixed populations in orchards.

vii)

Today, in modern nurseries, quality inputs like UV-stabilized bags, good organic
substrates (media), soil solarizers, are all very essential. However, very few nurseries
can boast of having these inputs which can qualitatively improve plant health and
subsequent performance in the field.

viii) Most of the modern day nurseries operate from small units around cities; with the
result they do not have mother plant blocks which require large space. They depend
upon scion wood and stock plant supply either from other sources or their own facility
located far away.

Demand and supply
Demand for quality planting material today is huge. Among fruits, maximum demand
is for mango grafts. Growth rate here is highest among all fruits mainly due to area-expansion,
replanting, variety change, etc., with conventional planting density of 100 plants / ha. For
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an area of nearly 4 lakh ha. planting material required could be nearly 400 lakh grafts. This
demand can only be met by private nursery facilities, even-though public secotor
organizations too could chip in, with supply of small quantities.
In citrus fruits, virus diseases are an important issue. The highest demand is for
mandarin group consisting of Nagpur and Coorg mandarins. Both these clones are currently
grafted on either Rough Lemon or Rangpur Lime, with the scion wood drawn from diseasefree, elite clones maintained under nethouses. Presently, these facilities are available with
public sector research institutes like NRC for Citrus at Nagpur and CHES, Chettalli in
Coorg district. Many private nurseries are supplying seedlings (instead of budlings) grown
under open conditions, thereby increasing chances of early virus infection, thus
compromising the health and lifespan of orchards. There is a great demand for virus free
bud wood in sweet oranges as also in acid lime. It is estimated that the citrus industry
requires not less than 427 lakh budlings in the citrus group in the next five years.
A classic case of success in tissue culture multiplication in fruit crops which has
become a commercially viable proposition is banana. Tissue culture plants are the order of
the day. Mainly, Grand Naine and Robusta are multiplied. However, it is also required to
standardize viable protocols for ‘Ney Poovan’ (Elakki). Area under banana is estimated to
be increasing at the rate of 5%. At this rate, around three crore plants are required in the
next five years. More than 15 private tissue culture units in the states of Maharashtra,
Karnataka and Tamil Nadu are successfully operating in traditional banana-growing areas.
These units are the primary source of plant material in banana today.
Guava is another fruit which is gaining popularity, both as table fruit and for
processing. The demand for planting material of ‘Pink Flesh’ guava is huge, more so after
the success of high-density orcharding, which is gaining popularity day-by-day. There has
been a gradual shift from white-fleshed guavas to pink-fleshed ones. There is a huge demand
for plant material of ‘Lalith’ from CISH, Lucknow and ‘Arka Kiran’ from IIHR. Both these
hybrids are pink-fleshed and are good for processing as well as for table purposes. It is
estimated that nearly 129 lakh grafts are required in the next five years.
Sapota is a fruit crop with a very small variety-base and a single rootstock. ‘Khirni’
rootstock is available only in Gujarat and West Bengal. Even-though approach-grafting is
still practised by many nurseries, softwood grafting is becoming popular. It is estimated
that nearly 26 lakh grafts are required in the next five years.
Use of rootstock for grapes is now an accepted viticulture practice. Rooted cuttings
of ‘Dogridge’ are in great demand. Newer areas in Southern states are coming under grapes.
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Initially, Dogridge rootstock was used only in seedless grapes in areas prone to drought and
salinity. However, it is now being adopted in other areas too looking into other benefits.
Nearly 19 lakh rooted cuttings of Dogridge are required in the next five years.
Looking back at the rapid strides horticultural sector is making, both a huge
responsibility and an opportunity awaits both for the public sector agencies as well as
entrepreneurs involved in the business of plant material production.
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Our country has different agro-climatic conditions suitable for cultivation of a large
number of fruit crops. The past efforts in India proved beyond doubt that horticulture is the
best option to improve livelihood, food and nutritional security with enhanced employment
and increased income through value-addition. Due to climate change and increased
population pressure, arid and semi-arid regions of subtropical and tropical climate have a
critical role to play and their vast potential has to be harnessed by exploiting high-yielding
varieties of fruit crops that will not only ensure nutritional security but provide environmental
security too as an alternative to prevent and mitigate climate change. After the green
revolution in the sixties, it has become a reality that horticulture, especially fruit crops, has
an important role in upliftment of rural masses, including women, by providing employment,
crop diversification, efficient land-use and optimizing utilization of natural resources (soil,
water and environment). Consequently, significant progress has been made in area-expansion
and productivity of fruit crops, especially in Maharashtra, Karnataka and Andhra Pradesh.
But, further efforts are also needed to increase area of fruit crops in UP, Bihar and other
horticulturally developing states like Gujarat, MP, Rajasthan, Tamil Nadu, Punjab, Haryana,
Jammu and Kashmir, Uttarakhand, Himachal Pradesh, etc. Now, India has emerged as the
second largest producer of fruits and have even attained the first place in production of
mango, banana, papaya, pomegranate, sapota and aonla in the world.
The total area under fruit crops was 5.81 million ha (with production of 62.86 million
tonnes) in the country during 2008 (Singh, 2009). It is estimated that area under fruit crops
is growing at the rate of 2.3 lakh ha annually. Thus, the annual demand for quality planting
material of different fruit crops would be around 1546.63 lakh saplings (Table 1). This
huge, growing demand for the planting material for fruit industry will not be fulfilled unless
we have enough infrastructural facilities for production of healthy mother plants of improved
varieties. Fruit crops such as mango, grapes, pomegranate, sapota, citrus, guava, ber, aonla,
jamun, custard-apple, fig, etc. are of paramount significance in arid and semi-arid regions
of tropical and sub-tropical of India, and, their area expansion and productivity has to be
increased for which availability of region elite, quality planting-material is to be ensured to
the growers. Therefore, there is a need to establish healthy mother-plant blocks in government
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and private nurseries that can serve as a source for multiplication of elite planting materials
of promising varieties of fruit crops. Interestingly, the changing scenario encourages private
investment in horticulture sector. Consequently, horticulture has moved from the rural
confines to become a commercial venture, attracting the young generation, as, it has proved
to be intellectually satisfying and economically rewarding.

Table 1 Growth rate in fruit crops and requirement of planting material
Crop

Growth rate/year
(in lakh ha)

Planting material requirement/year
(in lakhs)

Mango

0.89

89.00

Apple

0.04

7.12

Banana

0.22

678.92

Citrus

0.42

116.76

Guava

0.03

8.34

Grape

0.03

66.66

Litchi

0.01

1.00

Papaya

0.02

55.56

Pineapple

0.01

315.00

Pomegranate

0.05

40.00

Sapota

0.11

17.63

Others

0.54

150.68

Total

2.33

1546.63

Establishment and maintenance of mother block
In fact, once an elite type of material has been identified by research organizations or
private sectors, it should be multiplied and maintained under conditions that prevent
recontamination and allow detection of any significant change from the original source.
From this, further stock is to be maintained permanently under strict supervision so that it
can be used as a primary source for all subsequent propagation. This is called a foundation
block (Fig 1). It will serve as primary the repository of true-to-type stock, and not as a
direct source of propagating material by itself. The planting stock maintained as a source

31

for commercial propagation is referred to as a mother-block. Hence, mother-block is
considered to be at the heart of the nursery, without which one cannot expect production of
quality planting material in fruit crops. Therefore, for preservation of disease-free planting
stock; proper isolation, sanitation, periodical inspection and testing and maintenance are
very essential (Hartmann et al, 2004). Even mother-block for rootstocks should be
established, from where regular multiplication by layering, stem cuttings, etc. can be done.
As far as possible, the mother-block should be in close proximity to the nursery. The scion
wood should be taken only from bearing plants. To ensure quality of planting material,
there is a need for quality and health management system to be in place so that increasing
demand for propagules can be met. There should be proper records and regular certification
of planting stock. Commercial planting stock can be referred to as certified stock if it is
grown under the supervision of a legally designated agency with prescribed regulations,
designed to maintain minimum standards developed for different fruit crops. These standards
should be effectively implemented to ensure quality production of planting material. For
improving nutrient and water use efficiency, the mother-block should have facilities like
micro-irrigation and fertigation/chemigation system. Demand for organically produced
planting material too is expected in the years to come so, organic farming practices may be
promoted in the mother-block. Ultimately, a healthy mother-block will help produce quality
planting material in fruit crops.
Mother blocks should be established according to climate and soil conditions,
topography and demand for planting materials. All the conditions required for establishment
of fruit orchards should be also looked into for establishment of mother-blocks. Especially,
irrigation facilities, electric supply, drainage, source of mother plants, etc. are of paramount
significance. Various farm-operations should be performed timely, in order to produce healthy
planting material. In general, 15-20% less-spacing as that recommended for establishment
of orchards should be followed for establishment of mother-blocks of different fruit crops.
However, preservation of disease-free planting stock, proper isolation, sanitation, periodical
inspection and testing and maintenance are very essential activities in maintenance of clonal
stocks. To ensure quality of planting material, there is a need for quality and health
management system so that increasing demand for propagules can be met.

Production and maintenance of clonal stock
Maintaining genetic purity: The production of clone needs to involve the procedures
that maintain the genetic purity, detect modifications or changes and exclude pathogens
infecting the stock. It is essential to maintain genetic purity in terms of name and truenessto-type. The cultivar should have no variation in the phenotype which may affect performance
and production in later stages (Sharma and Srivastava, 2004).
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Excluding pathogens and insect pests from the propagule: Fungi, bacteria, insects,
viruses or mycoplasma. deteriorate the clone. Thus, infected material should be removed
and controlled to get disease and insect pests free clonal stock for its further multiplication.

1.

Selection of true-to-type stock: The clonal stock should be taken from the plants
of known history and selected after inspection (viral or other infections).
i.

Selection of healthy plant parts: Some parts of the plants may be infected by a
pathogen. Thus, selecting unaffected plant part will eliminate the chances of
pathogen from a stock. In general, apical shoot meristems which have actively
growing and dividing cells are free from viral infection. Selecting this portion
will help in propagation of stocks free from viruses.

ii.

Follow shoot tip culture: Growing tips of plants are free from viral infection.
Following shoot tip culture under controlled and aseptic conditions will help in
production of virus free materials. Shoot tip culture protocols have been developed
for several crops, viz. apple, grape, citrus, pineapple, banana, stone fruits, etc.
Accordingly, disease-free plants can be multiplied.

iii. Thermotherapy: This technique can also exclude pathogens from the stock. In
this technique, plants or their parts are first preconditioned at high temperature
(38-400C) for 2-4 weeks or more, depending upon the species.
iv.

Heat treatment: In this method, the plant or its parts are subjected to heat treatment
with hot air or steam (43.5 -570C for ½-4 hrs).

v.

Micrografting: In some fruit crops micrografting techniques are used for production
of disease free planting material, e.g. citrus

vi.

Chemotherapy: In certain cases, chemicals are used to eradicate pathogens from
stock plants, e.g. sodium or calcium hypochlorite (2%), mercuric chloride (0.01%)
or ethanol (80-90%).
Use of apomictic seedlings: In citrus and apple, apomictic seedlings can be used
for production of virus-free clones.

Methods to detect pathogens in propagules
i.

Visual inspection: This is the best method to detect pathogens from the stock. Ring
spot virus in papaya, yellows in strawberry, necrotic ring spot in Prunus, express their
symptoms at cold temperature (220C) and their activity is suppressed at higher
temperatures.
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ii.

Culture indexing: In some cases, culture indexing techniques help in detection of
pathogens in the propagules. Small, sterilized plants are cultured on a nutrient medium
and pathogens growing on this media are identified by morphological features or
biochemical tests. Bacteria and fungi can be detected by this method.

iii. Virus-indexing: Scion varieties are budded or grafted onto susceptible (indicator) plants.
Based on development of clear-cut symptoms, one can detect different viruses,
especially in citrus (Kagazi lime and Mexican lime are indicators for Tristeza virus).
iv.

Serology: In serological tests, ELISA (enzyme linked immuno sorbent assay) is the
most common method to detect a pathogen on the basis of specific association of a
particular pathogen with a specific protein. Even commercial kits are available to
screen infected samples.

v.

Biochemical methods: Various biochemical methods, like polyacrylamide gel
electorphoresis, are used to detect viroids and replicated forms of RNA plant viruses.

2.

Maintenance of clonal stock
Once a true-to-type, specific-pathogen tested (SPT) stock has been obtained, it should
be multiplied and maintained under strict control so that no deterioration takes place.
For this, planting can be done in a greenhouse or orchard or field in which propagation
stock is maintained under control. For maintenance of the stock, proper isolation,
sanitation and periodic inspection are essential. The plants should be established in a
locality which is well away from infective agents like viruses or other pathogens.
Sanitation is essential to eliminate disease agents from the surroundings or from tools
and equipment. Similarly, periodic inspection is helpful to detect and eradicate “offtypes” if present in the population. Visual inspection can be used in combination with
indexing and other cultural methods.

3.

Distribution of stock
The main aim of the distributing agent or agency should be distribution of true-totype propagation material to the user. For this, distribution authorities design standards.
If different source materials are utilized and many source cultivars are propagated, the
propagator should maintain the identity of all the source cultivars, not only in the
nursery, but also during distribution to the users. There should be proper labeling
containing the name of the nursery, species, variety, etc. The propagators should have
a fair knowledge of quarantine rules and regulations, before selling the stock.
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Vegetative Propagation in Custand Apple
(Annona Squamosa L.) cv. Balanagar
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Custard apple (Annona squamosa L.) is emerging as one of the important fruit crops
owing to its attributes like drought hardiness, sweetness of fruit; nutritional medicinal value
and also in in preparation of ice cream. The plant is very hardy and mostly found growing
wildly in jungles, scrub jungles and hilly regions of our country. Because of emerging new
improved varieties it is of prime importance to standardize vegetative propagation methods.
Some work has been carried out by Rao, (1974) that crop can be successfully propagated
by cutting, shield budding and inarching. To standardize the propagation technique and
time involved for large-scale propagation of the popular variety, Balanagar, studies were
undertaken at Central Horticultural Experiment Station, Vejalpur.
An experiment was conducted to finding out the best method and time of propagation
in custard apple cv. Balanagar under semiarid climate. Four grafting technique viz. soft
wood grafting, budding, air layering and cutting in annona Cv. Balanagar. The study was
conducted in the first week of March, 1986. The experiment was laid out in randomized
block design replicated five times. Twenty plants, one year old of Local sitaphal (Annona
squamosa L.) rootstock were budded (patch budding), grafted (soft wood grafting), air
layered and Hard woodcuttings of 9-inch length in the second week of March when trees
started shedding leaves, and percent success was studied one month after the budding and
grafting operations.
Second experiment was carried out to know the best time for cv. Balanyar propagation.
On the basis of percent success in the earlier experiment, soft wood grafting and budding
were only studied for identifying best time for multiplication of custard apple under semiarid
conditions. The experiment was undertaken in randomized block design and replicated five
times. Twenty plants, one year old Local sitaphal rootstock were budded (patch budding),
grafted (soft wood grafting) at the monthly interval and percent success was recorded one
month after the budding, grafting, The growth parameters viz. plant height, stock, scion
diameter and leaf area / plant was recorded six months after propagation.
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It is evident from the Table 1 that soft wood grafting is the best method for large
scale propagation as it gave highest percent success (51.74 %), followed by budding (19.08
%), cutting (13.62%)and air layering (8.68%).Thus in the present study different methods
of propagation varied in their success. In Budding, air layering and cuttings the percent
success was low and was ranging from 8.68 to 19.08 percent, which is commercially not
profitable. Earlier workers have reported success in propagation by different methods,
Venkatraman (1955) reported success in grafting in annonas. Satyanarayan Swamy (1962)
reported that shield budding was successful. Samaddar and Yadav (1970) reported that
inarching is possible in custard apple. Rathore (1976) also reported that rooting in custard
apple branches was possible by stool layering. Venkataratnam (1955) reported very poor
(2-5%) rooting of cutting in custard apple. The most suitable period for grafting, budding
and to collect of cuttings was at the start of leaf fall.

Table 1. Effect of method of propagation on percent success in custard apple
cv. Balanagar
Method of grafting

Per cent success

Softwood grafting

51.74

Patch budding

33.54

Cutting

13.62

Air lay ring

8.68

SEM

14.09

CD 5%

58.57

Based on above results, the two most successful methods were compared for finding
out best time for propagation of Annona. In the present investigation the most suitable
period for grafting, budding was at the start of leaf fall. Maximum success in both soft
wood grafting and budding was observed in the month of March coinciding with the leaf
fall (Table 2). Rathore (1976) has also observed similar results. Highest success was recorded
in soft wood grafting (59.37%) followed by budding (41.20%) and hence softwood grafting
can be used for large-scale multiplication of custard apple under semiarid condition.
Data on growth parameters as presented in Table 3 revealed that maximum plant
growth was observed in softwood grafting compared to budding. Though growth parameters
were not influenced significantly. Softwood grafted plants recorded maximum plant height
(356.17cm), stock diameter (4.91 mm), scion diameter (4.80mm) and leaf area per plant
(311.18 cm2). It was least in budding (Table 3).
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Summary
Propagation studies were undertaken to study the bud take percentage and grafting
success in annona Cv. Balanagar.The rooting of cutting and air layering was studied in
custard apple (Annona squamosa L.). It was recorded that soft wood grafting was the most
successful method for commercial propagation of Annona. Maximum graft of 58.37
percentage was observed in CV. Balanagar in the month of March when the leaf fall starts.
It was least in air layering (8.68%). Soft wood grafted plants showed maximum increase in
the growth parameters compared to budded plants six months after grafting.

Table 2. Effect of time of grafting / budding on percent success in custard apple
cv. Balanagar
Percent success
Month
Softwood grafting

Budding

January

28.45

17.4

February

41.72

33.07

March

59.37

41.20

April

30.27

27.17

May

12.03

9.17

June

9.57

7.02

SEM

0.988

7.90

2.96

23.83

C.D. at 5%

Table 3. Effect of method of propagation on growth of custard apple
cv. Balanagar
Treatment

Plant height
(cm)

Stock
dia. (mm)

Scion
dia. (mm)

Leaf area/
plant (cm2)

Softwood Grafting

356.17

4.91

4.80

311.18

Budding

246.17

4.13

3.58

197.22

NS

NS

NS

NS

CD at 5%
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Propagation of quality planting material in pomegranate
Ram Chandra, Jyotsana Sharma and V.T. Jadhav
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E-mail : rcpnrc@yahoo.com, nrcpomegranate@indiatimes.com

Demand of quality planting materials of pomegranate is expected to increase not
only in India but also from abroad. Since air layering is a tedious method, some alternative
methods like stem cuttings, stool layering and tissue culture techniques have to be perfected
and popularized. Registration and monitoring system for private nurseries should be prompt
and full proof. In the present manuscript, multiplication through air layering, grafting and
stool layering has been envisaged.
Pomegranate (Punica granatum L.) is one of the most suitable fruit crops for arid
and semi-arid regions of the world including India. It is gaining popularity on marginal and
sub-marginal lands of tropical and subtropical regions, especially in Deccan Plateau of
India. For the last one decade, its area, production and export have increased tremendously
in India (Jadhav and Sharma 2007) and has occupied prime position globally. The demand
for its planting material is also increasing in major pomegranate growing parts of the world.
At present, its major commercial orchards in the world are established by stem cuttings
(Levin 2006a; Day and Wilkins 2009). Interestingly, air layered plants are still used in
Deccan Plateau of India (Chandra et al. 2008). Although stem cuttings are difficult to root,
use of growth regulators help inducing roots in the cuttings and also in the air-layers. Even,
certain micro-organisms like Azotobacter, Azospirillium, Trichoderma harzianum and
Pseudomonas have been reported to induce rooting in the stem cuttings. However, systematic
efforts are needed on its grafting technique and rootstock standardization to overcome wilt
and abiotic stresses.

Clonal propagation methods
Stem cutting: Pomegranate is considered to be difficult-to-root by cuttings but this is
most common method in the world. The maturity of wood used in making cuttings plays an
important role in the rooting. All types of stem cuttings viz. hardwood, semi-hardwood and
softwood are used for its multiplication. However, hardwood cutting found to give better
rooting success than semi-hard wood and soft wood. It has been observed that wood younger
than six months and older than eighteen months is unsuitable for cuttings and hardwood
lateral shoots which usually flower and fruit are unsuitable for propagation. Semi-hardwood
cuttings usually give high sprouting but fail to root and establish. Generally, 6-12mm thick
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stem cuttings found optimum for rooting. Different chemicals including growth regulators
and microbial formulations have been tried for inducing roots in the cuttings. Quick dip
method is mostly preferred over prolonged dip method (Panda and Das 1990; Sandhu et al.
1991; Dhillon and Sharma 2002) for treatment of the stem cuttings. In ‘Ganesh’,
indolebutyric acid (IBA) at 5000ppm with quick dip method (one minute dip) found to be
optimum for higher rooting (73.3%) and field survival (Panwar et al. 2001). However,
lower concentration of IBA (2500-3000ppm) also gave high (80-100%) rooting and survival
rate (Rajan and Markose 2007; Saroj et al. 2008). Even lower concentration of IBA (100ppm)
in prolonged dip method (24 hrs) with hardwood cuttings gave higher rooting success under
Punjab condition (Sandhu et al. 1991). However, certain microorganisms (Patil et al. 2001)
were also found to induce rooting in pomegranate stem cuttings. Rooting medium also
plays an important role in root proliferation and further growth of stem cuttings. River silt
medium gave quite encouraging result in Indian condition. Raising of the stem cuttings
under controlled environmental conditions found to be most suitable as compared to open
condition. Time of planting of stem cuttings in nursery and field conditions affects the
rooting and subsequent survival. July-August and January-March found to be congenial
period for propagation of pomegranate (Saroj 2008).

Air-layering
In major pomegranate growing areas of Deccan Plateau of India, air-layered plants
are used for its culture. Use of growth regulators and bio-agents has been reported to induce
rooting in air-layers similar to stem cuttings. Hegde and Sulikeri (1989) tested different
concentrations of IBA (250-1000ppm) for air-layering in pomegranate. And they noted that
rooting increased with increasing doses of IBA concentrations. Preparation of air-layers
from ringed and etiolated shoots treating with ethrel (1000ppm) + NAA (5000ppm) produced
the highest number of roots and longest roots per layer (Hore and Sen 1994). Interestingly,
highest survival percentage was observed in air-layers treated with ferulic acid (1000ppm)
+ NAA (2500ppm) or PHB (1000ppm) + NAA (10000ppm). Instead of IBA, application of
formulation of Pseudomonas fluroscence having 109 cfu/g at gridled portion of air-layers
proved beneficial in inducing roots in pomegranate. The type of media used for layering
has vital role in rooting and survival of layers in the nursery. In general, sphagnum moss is
used as substrate for air-layering in India (NRCP 2009), but soil, sand and cow dung manure
in 2:1:1 proportion was also reported as a suitable media for preparation of its air-layers
(Hore and Sen 1994). June-August found to be optimum time for air-layering with regard
to its rooting and survival. Generally, air-layering is most successful when relative humidity
is high in the atmosphere. Mostly 6–18 months old branches are used for the layering.
Selected branches are girdled (2-2.5cm) and covered with moist moss. Then it is wrapped
with transparent polythene strip. Rooting in air-layers usually starts within 25-30 days and
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rooted layers are ready for transplanting within 2-3 months. Branches Infected with bacterial
blight should be avoided for air-layers.

Stool layering
Propagation of this crop by stool layering is not a general practice. Recently, stool
layering in pomegranate cv. ‘Bhagawa’ was initiated in India taking six spacing treatments
from 0.5-1 m apart in different combinations. Shoot production per plot was higher (50.54
per m2) with 0.5x0.5 m spacing followed by 0.75x0.5 m (Table 1). Indeed, some more trials
under different agro-climatic conditions are needed for popularization of this technique for
fast multiplication of its quality planting material. Even management of planting material
would be easy in this method as compared to air layering.

Table 1. Effect of spacing on performance of stool layering
Treatment

Shoot
Shoot
Rooting
No. of
Average Survival
production/ production/
(%)
roots/plant root length
(%)
m2
plant
(cm)

T1(0.5x0.5m)

50.54

12.88

62.4

15.2

10.9

76.00

T2 (0.75x0.5m)

39.13

15.16

64.1

12.2

16.3

79.00

T3 (0.75 x0.75m)

21.42

16.06

62.6

23.1

13.1

85.00

T4(1 x 0.5m)

28.71

14.70

69.8

20.5

17.0

75.00

T5(1 x 0.75m)

15.75

12.27

75.2

26.9

13.2

86.00

T6 (1 x 1m)

15.17

15.16

76.9

15.8

17.6

73.00

Mean

28.45

14.37

68.50

18.95

14.68

79.00

---

2.97

11.28

5.61

3.97

---

CD (P=0.05)

Grafting
Grafting method of propagation in pomegranate has been reported (Asadov 1987;
Levin 2006), but systematic work on this aspect is meager. However, earlier Kar et al.
(1989) explored the possibility for topworking in wild pomegranate by budding and grafting
methods. They reported that May, June and July could be optimum time for top working.
Presently, wilt is an emerging threat to pomegranate industry in India (Sharma et al. 2006)
and without availability of standard grafting technique and tolerant rootstock, wilt problem
can not be solved. Wedge grafting (scion) on 30th January gave 85% graft success in cv.
Bhagawa as scion when one year old seedlings of cv. ‘Phule Arakata’ were used as rootstock
(Table 2). In general, scion sprouting started between 8 and 12 days after grafting. Grafted
plants during January had perfect union indicated better scion and rootstock compatibility.
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Table 2. Influence of grafting method and time on growth performance of grafted
plants
Graft success
at 90 DAG*
(%)

Treatment

Plant height
(cm)
180 DAG

Scion growth Scion diameter
(cm)
(cm) at 180 DAG
180 DAG
at union

Wedge grafting on December 15

63.33

69.40

52.53

1.23

Wedge grafting on December 30

26.67

82.47

58.53

1.26

Wedge grafting on January 15

35.00

76.07

55.87

1.23

Wedge grafting on January 30

85.00

72.27

49.33

0.96

Wedge grafting on February 15

56.67

56.33

50.13

0.90

Tongue grafting on December 15

30.00

72.73

53.33

1.12

Tongue grafting on December 30

18.33

72.29

55.28

1.13

Tongue grafting on January

18.33

53.43

42.63

1.15

Tongue grafting on January 30

60.00

58.33

47.27

1.03

Tongue grafting on February 15

36.67

54.27

49.40

0.83

Mean

43.00

66.75

51.43

1.08

CD (0.05)

14.38

12.36

8.82

0.17

15

* DAG: Days after grafting

Stem cutting and air-layering techniques are used for multiplication of quality planting
material of pomegranate. Besides, stool layering and wedge grafting methods have prospects
for clonal multiplication in future.
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Effect of benzyl amino purine (BAP) on growth, flowering
and corm multiplication in gladiolus var. Candyman
Rajiv Kumar1, Bidyut C. Deka and Vandana Verma Patel
Division of Horticulture, ICAR Research Complex for NEH Region,
Umiam 793 103, Meghalaya, India
E-mail: flori_rajiv@yahoo.co.in

Gladiolus is an excellent bulbous cut flower
belonging to the monocot family Iridaceae,
commercially grown under tropical, sub-tropical
and temperate regions. It is prized for its attractive
spike with dazzling colours, forms and long vase
life and is used for flower arrangement, bouquet
preparation and for exhibition. Now-a-days, its
cultivation is gaining popularity under sub-tropical
mid hills of Meghalaya, is grown on the hilly
terraces during winter and spring season. But
insufficient supply of good quality planting
material appears to be one of the major constraints.
Benzyl amino purine (BAP) is a cytokinin, a plant
growth regulator, which is reported to enhance cell
division and suppressing the apical dominance.
BAP is being commercially used under in vitro
Gladiolus Candyman
carnation, chrysanthemum etc. In general,
gladiolus is multiplied through corms and cormels. The rate of multiplication is very slow
under sub-tropical mid hills of Meghalaya. Considering the importance of crop, an
experiment was laid out to study the effect of Benzyl Amino Purine on growth, flowering
and corm multiplication of gladiolus ‘Candyman’.
The experiment was conducted during 2007-08 in the research farm of the division
of Horticulture, ICAR Research Complex for NEH Region, Umiam, Meghalaya on gladiolus
‘Candyman’. Healthy, sprouted and uniform corms (5.5-6.0 cm diameter) were soaked with
Benzyl Amino Purine (BAP) @ 25, 50, 75, 100 and 150 ppm and in tap water as control for
24 hours before planting. Ten corms/replication were planted on raised bed at 30cm x
30cm spacing, replicated four times in Randomized Block Design. Uniform package of
1

Present address: Division of Ornamental Crops, Indian Institute of Horticultural Research,
Hessaraghatta, Bangalore 560 089, Karnataka
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practices were followed throughout the experiment to grow a successful crop. Various
growth, flowering and corm production characters were periodically recorded and analyzed
statistically.

Vegetative growth
On the perusal of the data presented in Table 1 indicated significant effect of BAP on
vegetative growth of gladiolus ‘Candyman’. Soaking of corms with BAP significantly
reduced plant height, number of leaves/plant, leaf length, leaf breadth and plant girth at
base with increase of BAP concentration from 25 to 150 ppm. Maximum reduction in plant
height (93.72 cm) was observed in treatment BAP 150 ppm while it was highest under
control (134.80 cm). Significantly, least number of leaves per plant (7.52) was recorded
with BAP (150 ppm) while more number of leaves was recorded under control (8.40).
Similarly corm soaking with BAP from 25 to 150 ppm reduced leaf length and breadth in
comparison to control. Pal and Chowdhury (1998) also reported reduction in plant height,
leaf number and subsequently leaf area due to soaking of corms with Benzyl Adenine (BA)
in gladiolus cv. Tropic Sea, whereas Sharma et al. (2009) reported otherwise in two oriental
lily hybrids. It was interesting to note that corms treated with BAP increased the number of
shoots per plant from 1.85 (control) to 5.48 (BAP 150 ppm). Benzyl adenine influenced the
sprouting of corms (Muthoo and Maurya, 1993) and cormels (Rajaram et al., 2002), by
activating the dormant lateral buds of corms resulting into more number of shoots per
corm. Reduction in plant girth was also observed with increase of concentration of BAP
from 50 ppm to 150 ppm whereas more plant girth was recorded under control.

Table 1. Effect of benzyl amino purine (BAP) on vegetative growth in gladiolus
var Candyman
BAP Conco
(ppm)

Plant height No. of leaves/ Leaf length Leaf breadth
No. of
Plant girth
(cm)
plant
(cm)
(cm)
shoots/plant at base (mm)

25

128.52

8.35

49.92

5.55

2.85

18.05

50

104.32

7.85

47.75

2.82

5.46

15.66

75

104.45

7.85

47.70

2.57

5.20

15.21

100

96.40

8.15

43.45

2.35

5.73

14.91

150

93.72

7.52

42.52

3.17

5.48

13.71

134.80

8.40

53.95

4.04

1.85

16.73

SEm±

2.48

0.251

0.969

0.794

0.631

0.947

CD (P= 0.05)

5.30

0.535

2.06

1.692

1.34

2.01

Control
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Flowering and quality parameters
Data presented in Table 2 clearly indicated the significant effects of BAP on flowering
characters. Corms treated with BAP (25 to 150 ppm) results into delay in heading, first
flower showing colour, opening of first floret, opening of last floret and last floret wilting
in comparison to control. Delay in flowering in gladiolus due to corm soaking is also reported
by Pal and Chowdhury (1998). Delay in flowering may be attributed to more number of
shoots per corm which took more time for flower bud initiation and differentiation.
Benzyl amino purine treated corms significantly effected on flower quality characters
such as flower diameter, spike length, rachis length number of florets/spike etc. (Table 3).
Significantly reduction in diameter of first floret, spike length, spike diameter, number of
florets per spike, rachis length and diameter, internodal distance with increase of
concentration of BAP from 25 to 150 ppm in comparison to control. Reduction in number
of florets per spike with corm soaking with BA was also observed by Pal and Chowdhury
(1998). Reduction in number of florets per spike may be attributed to the shorter spikes
produced by corms treated BAP. However, more number of spikes per plant (1.45) was
recorded in the plants where corms were treated with BAP (25 and 50 ppm) whereas it was
least under control (1.05).

Table 2. Effect of benzyl amino purine (BAP) on flowering in gladiolus var
Candyman
BAP Conco
(ppm)

Days to
heading

Days to first
Days to
floret showing opening of
colour
first floret

Days to
last floret
opening

Days to
last floret
wilting

25

80.60

91.00

97.00

106.72

112.35

50

81.45

93.00

96.25

107.00

113.12

75

80.12

93.60

99.72

105.26

112.12

100

92.20

102.45

104.00

113.72

119.45

150

91.85

104.20

105.20

112.72

114.92

Control

78.20

89.72

94.25

105.60

113.80

SEm±

2.29

1.35

0.803

1.60

0.506

CD (P= 0.05)

8.44

2.88

1.71

3.41

1.07
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Table 3. Effect of benzyl amino purine (BAP) on quality in gladiolus var
Candyman
BAP Conco
(ppm)

Diameter No. of
of first spikes/
floret(cm) plant

Spike
length
(cm)

Spike
diameter
(mm)

No. of
florets/
spike

Rachis Rachis Internode
length diameter length
(cm)
(mm)
(cm)

25

10.39

1.45

107.20

9.83

9.20

38.06

6.37

5.18

50

9.81

1.45

81.85

9.55

6.66

25.60

6.39

4.54

75

9.59

1.25

81.80

8.02

6.40

24.53

5.76

4.27

100

9.58

1.12

71.20

7.93

6.33

20.53

5.96

4.08

150

9.76

1.25

72.00

7.80

5.13

21.26

5.49

4.04

Control

10.27

1.05

112.20

11.17

11.20

44.01

7.91

5.65

SEm±

0.076

0.092

3.31

0.220

0.603

1.670

0.232

0.145

CD (P= 0.05)

0.163

0.196

7.06

0.469

1.28

3.55

0.495

0.310

Table 4. Effect of benzyl amino purine (BAP) on corm and cormel production
in gladiolus var Candyman
BAP Conco
(ppm)

Corm
weight
(g)

Corm
No. of
No. of
No. of
diameter daughter contractile cormels/
(cm)
corms/plant roots/ plant plant

Cormel Propagation
weight/ coefficient
plant (g)
(%)

25

47.46

4.86

3.10

13.90

19.72

3.18

101.29

50

30.63

3.97

5.73

22.86

23.25

3.35

67.96

75

22.57

3.64

6.40

21.73

17.72

2.68

50.51

100

17.67

3.41

6.93

18.66

15.85

2.55

40.45

150

15.90

3.31

8.16

20.30

11.52

2.04

35.88

Control

93.50

6.84

1.53

8.33

37.25

4.19

195.38

SEm±

4.52

0.16

0.562

2.06

7.44

1.08

4.56

CD (P= 0.05)

9.64

0.34

1.198

4.40

15.85

NS

9.12

Corm and cormel production characters
Data presented in Table 4 revealed significant effects on corm and corm production
due to soaking of corms with BAP. Significantly reduction in corm weight from 47.46 g to
15.90 g (25 to 150 ppm BAP, respectively) was recorded where as heaviest corms were
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observed in control (93.50 g). Similarly corm soaking with BAP (25 to 150ppm) also reduced
the diameter of daughter corm (4.86 cm to 3.31 cm), but improved the number of daughter
corms per plant (3.10, 5.73, 6.40, 6.93, and 8.16, respectively) with the increase in BAP
concentration from 25 to 150 ppm, while control recorded least number of daughter corms
per plant (1.53). BAP (25 and 50 ppm) treated corms produced more daughter corms (3.10
and 5.73, respectively) with good marketable corms size (4.86 cm and 3.97 cm). BAP
treated corms produced more number of contractile roots/plant in comparison to control.
Further, reduction in number of cormels per plant and propagation coefficient was also
recorded with the increment of BAP from 25 to 150 ppm. In contrary, Baskaran et al.
(2009) reported increase in propagation co-efficient with spray of Benzyl Adenine (100
ppm) in gladiolus ‘Pusa Jyotsna’. Pal and Chowdhury (1998) found significant inhibition
in corm weight, diameter and volume of individual corm treated with Benzyl Adenine.
In conclusion, corm soaking with benzyl amino purine @ 25 or 50 ppm for 24 hours
before planting improved the multiplication of gladiolus ‘Candyman’. In addition, corm
soaked with BAP also produced short plant with more shoots per plant and delayed flowering.
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Development of molecular diagnostics for Phytophthora
and Citrus Greening Bacterium and its use in quality
planting material production in citrus
A.K. Das
Plant Pathology Laboratory
National Research Centre for Citrus, Amravati Road, Nagpur - 440010
E-mail: dasashiskumar@hotmail.com

The fungal pathogen, Phytophthora spp. and citrus greening bacterium (CGB),
“Candidatus Liberibacter asiaticus” are diseases prevalent widely in the citrus nurseries
and orchards causing considerable economic losses in India. Almost all the field nurseries
were found infested with these pathogens and were the primary source of spread of these
diseases to virgin areas. Hence production of pathogen-free nursery stock is mandatory for
a sound and productive citrus industry to avert decline and death of citrus plants in India.
Although these diseases cause some characteristic leaf and fruit symptoms, but very often
non-specific nature of the foliar symptoms make it easy to confuse them with nutrient
deficiencies and other stress - related factors. With the aim of developing a rapid, specific
and reliable method for identification of these pathogens, a PCR (polymerase chain reaction)based detection assay was worked out for large scale indexing of the planting materials.

Collection of isolates
Phytophthora spp. isolates (isolated on PARPH selective media and morphologically
identified through light microscopy) from root and soil samples collected from various
citrus orchards (Katol, Kalmeshwar & Narkhed area) of Vidarbha region of Maharashtra.
Three nos. each of representative P. nicotianae and P. palmivora isolates were used in the
study. Young leaf and twig samples showing characteristic symptoms of Greening disease
were collected from Mosambi sweet orange and Nagpur mandarin orchards situated at
Katol, Kondhali and Kalmeshwar area of Nagpur dist. Of Maharashtra

DNA extraction
DNA was extracted from greening infected leaf midribs of citrus plants using
DNeasyTM Plant Mini Kit (Qiagen, Gmbh, Germany). For Phytophthora, Whole genomic
DNA from ground mycelium and citrus rootlets was extracted using again a Qiagen
DNeasyTM Plant mini kit.

PCR based diagnosis:
Primers: Two sets of CGB- specific primers were designed for the amplification of
16 S rDNA (OI1/ OI2c) and ribosomal protein genes (A2 / J5). (Jagouiex et al., 1994,
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Hocquellet et al., 1999). For Phytophthora detection, PCR amplification of the ITS region
of the template DNA was performed using the primers ITS4 and ITS6 as described by
White et al., 1990 and Cooke et al., 2000.
PCR: PCR was conducted in 25 ml reaction mixtures (after optimizing the
concentrations of different reagents). The reaction was carried out in a MasterCycler
(Eppendorf, Germany) after optimizing the conditions (Das, 2004).
Electrophoresis: The amplified DNAs (PCR products) were analyzed on 1.2 % agarose
gel stained with Ehidium bromide.
Digest conditions: For Phytophthora detection, A 10 µl sample of the PCR product
(using ITS 4 and 6 primers) was digested with the restriction enzymes MspI and AluI, and
the restricted products were electrophoresed in 2.5% agarose gel.

Cloning, sequencing and BLAST analysis
In case of greening bacterium diagnosis, to ascertain the nature of the amplicon, the
amplified DNA fragment was purified from the agarose gel using QIAquick gel extraction
kit (Qiagen, Gmbh, Germany). The purified PCR product was cloned into the pGEM-TTM
easy vector (Promega Biosciences, Calif.) and sequenced at the commercially available
automated DNA sequencing facility (Genei, Bangalore). Search for homologies were carried
out @ http://www.ncbi.nlm.nih.gov.blast using the BLAST programme.
The results of RFLP analysis of the PCR products of all the isolates under study
revealed a difference in their restriction pattern. MspI digestions revealed 3 bands of 404,
390 (seen as one broad band of 400 bp on agarose gel) and 120 bp in isolate nos. 1-3
whereas 2 clear bands of 508 and 389 bp were observed in isolate nos. 4-6 (Fig. 1A).
Correspondingly, AluI digestion revealed 3 bands of 745, 117 and 52 bp in isolate
nos. 1-3 while 4 fragments of 501, 160,157(seen as one broad band of 160 bp), and 42 bp
were noticed in isolate nos. 4-6 (Fig. 1B).

Fig 1. RFLP profile of Phytophthora isolates using MspI (A) and AluI (B).
Lane 1-3: P. nicotianae and Lane 4-6: P. palmivora. M, 100 bp marker
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Comparative data of RFLP analysis published earlier by Cooke et al. (2000), also
available at www.phytid.org/list.asp suggest the isolates, 1-3 as Phytophthora nicotianae
and isolate nos. 3-6 as P. palmivora. This also confirms our non-molecular cultural and
morphological assessment.
PCR using primer pairs OI1/OI2c and A2/J5 produced an amplified fragment of
expected size (1160 bp and 703 bp respectively) – observed in citrus samples infected by
various isolates of CGB. No amplification was obtained from DNA extracted from healthy
citrus (Fig. 2 A and B).

Fig 2. Agarose gel electropheresis of DNA extracted from citrus leaf midribs amplified
with OI1/OI2c primers (A) and with A2/J5 primers (B). M: 1 Kb ladder lane 3,
extracts from healthy citrus; Lanes1, 2 and 4: extracts from Greening-infected citrus
plants
The determined sequences (through cloning and sequencing) of all the 3 amplified
fragments of 16S rDNA were found similar (1167 bp long). When these sequences were
compared with the known Liberibacter species available in the GenBank, homology was
observed higher with Ca. Liberibacter asiaticus (98.37 – 99.14%) than with Ca. Liberibacter
africanus (94.11 – 96.4%) or Ca. Liberibacter americanus (93.68%). The sequence homology
was found even higher when compared with the other members of a- proteobacteria. Similarly
the sequences of ribosomal protein genes were found similar (703 bp long) and again the
phylogenetic analysis showed that Nagpur CGB isolate clustered with Ca. L. asiaticus
isolates. 16S rRNA gene and ribosomal protein gene of CGB bacterium is highly conserved
and can be used for quick PCR-based detection of CGB bacterium for phytosanitary and
budwood certification programme.
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All these PCR- based diagnostic tools constitute a very important component of the
indexing programme for the production of pathogen-free propagative budwood of citrus.
Since year 2000, National Research center for Citrus, Nagpur is providing disease free
quality planting material to citrus growers at the national level.
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Guava (Psidium guajava L.) belongs to the family Myrataceae .It is considered as
the “poor man’s fruit” or apple of the tropics” and is a popular fruit tree of the sub continent.
It is native to the tropical America stretching from Mexico to Peru. Guava is presently
cultivated in every tropical and subtropical country around the world (Samson, 1986). Guava
is usually propagated by seeds (Zamir et al., 2003) which is relatively simple and cheap
(Ruehle, 1948), but plants raised from seeds are not true to type and evidently take longer
time to reach to bearing stage. Air layering reported to have yielded good results. Air layering
with the help of growth substances is more efficacious and to be the best method of vegetative
propagation of guava by Tingwa and Abbadi (1968) and Mujumdar and Mukherjee (1968).
Stool layering is the easiest and cheapest method of guava propagation and layering is
being commercially followed (Chadha, 2003). However, the percentage of establishment
and survival of rooted layers in open field nursery conditions is very poor (Singh, 1998)
and is not achieving up to an expectation of the demand at cheaper rate with high
establishment and survival percentage. Polyhouse technology has been in use for crop
production in many countries all over the world. Application of this technology is more
common for vegetable production and in India is a recent phenomenon but gaining important
these days. To facilitate better establishment and performance of rooted layers, a polyhouse
nursery condition is the alternative to an open nursery conditions.
The experiment was carried out at Fruit Research Station, Sangareddy, Medak district,
Andhra Pradesh on a Guava cv. L-49 orchard, planted at a spacing of 4 x4 m for air layering
and 1 X 2m for stool layering from 15th June to 31st December, 2008. The time of air
layering was thrice i.e. 15th June, 15th July, and 15th August with moist sphagnum moss as
rooting media and lanolin paste containing IBA at 4000 ppm as rooting promoting hormone.
In stool layering, the plant was sawed off on 15th May, 2008 and stooling was done on 15th
July, IBA at 7000 ppm was used in lanolin paste.
The selected plants were healthy, well matured, uniform and vigorous. These selected
plants were kept under ideal cultural practices, the flowers and fruits were frequently removed
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from the air layer shoots during the course of studies and the soil was light to medium in
texture (Sandy loam) locally called as ‘chalka’. The selected shoots were of pencil thickness
with the average length of 60cm and showing brown streaks on the bark. In a selected
shoot, a ring of bark about 2-2.5 cm was girdled carefully with the help of a sharp budding
knife, and exposed portion was rubbed with the blunt part of budding knife with out causing
any injury to the underlying wood, it was done just below the node by giving two circular
cuts about 45-60cm below the top end of a shoots (Mishra and Agarwal 1975). Lanolin
paste containing IBA 4000 pppm and 7000 ppm concentration for air and stool layering
respectively was applied evenly above the upper portion of the cut, with the help of glass
rod. A sleeve (15 X 20 cm) of black polythene (150 gauge) was then covered for air layer as
reported by Bid and Mukherkee (1969). In stool layering IBA was applied to the ringed
shoots, then mounded with moist soil up to a height of 10-15cm above the ringed shoots so
as to cover the basal portion of each shoot, followed by light irrigation and mulched with
dried straw to conserve soil moisture during hot summer months also to avoid washing of
soil due to heavy rain. Soil was kept sufficiently moist through out the stooling periods by
irrigating frequently and all precautions were taken against insects- pests and diseases.
These layers were detached from the parent plants 75 days after layering, half of the
successful rooted layers were transplanted under open field conditions, and remaining half
was transplanted under polyhouse to a polybag (10X15cm) containing Soil: Sand and FYM
in the ratio of 1:1:1, to observe their establishment. While detachmenting and transplanting,
care was taken not to injure the roots .Observations for rooting percentage and root characters
were taken at 75 days after layering, and for establishment percentage and other characters
at 45 days after transplanting .The data were analysed as per Panse and Sukhatme (1978).
Results (Table 1) revealed that stool layering was superior over air layering for rooting
percentage, number of primary and secondary roots irrespective of time of air layering.
Maximum rooting percentage (98.75 %), number of primary (24.95) and secondary (48.24)
roots was recorded in stool layering.
Data apparently showed significant differences on effect of nurserie conditions and
layering methods on establishment’ percentage, number of days taken for sprouting, and
number of leaves of rooted layers (Table 2). Among the Layering methods, Stool layering
recorded highest establishment (91.74%) followed by Airlayering 15th August (87.50%)
and the lowest was observed in Airlayering 15th June (79.16%). Layers raised in polyhouse
maximum establishment (90.10 %) among the nursery condition and minimum in open
field nursery conditions (80.93 %).
Layering methods and nursery condition interactions also significantly affect the
establishment percentage of rooted layers. The interaction studies showed highest
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establishment of rooted layers in Stool layering + Polyhouse (96.42%) which was
significantly superior over all other treatments and followed by L3 (15th August air layering)
+ Polyhouse (91.67%) and the lowest in L1 (15th June air layering) + open conditions
(75.50%). The maximum response of rooted stool layer to establishment under polyhouse
nursery conditions, might be due to more number of primary and secondary roots produced
by the stool layers and poly house nursery conditions gave maximum establishment
irrespective of layering methods might be due to the congenial micro-environmental
conditions, compared to harsh and uncontrolled climatic conditions of open field nursery.
This finding is in agreement with the results obtained by Ahmad et al. (2007) in patch
budding of walnut, Singh et al. (2007) on Wedge method of grafting in guava (Psidium
guajava) cultivars Allahabad Safeda and Sardar under greenhouse obtained higher successes
than in an opened conditions .
Days to sprouting significantly varied by method of layering and nursery conditions
(Table 2). Minimum of 7.67 days required for bud sprouting was observed in the stool
layers, which differed significantly from the other treatments and followed by 15th August
air layering (8.67days). The slowest sprouting was found in the 15th June Air layers (11.00
days). In case of nurseries conditions, minimum period of sprouting (8.83 days) was required
in the Polyhouse nursery and differed significantly to open field nursery, which gave the
slowest sprouting (9.83 days). The interaction effect of methods of layering and nursery
conditions on days to sprouting was statistically insignificant.
The stool layers, gave maximum number of leaves per plant (11.00) at 45 (DAT)
Days After Treatment and (15.17) at 60 DAT, which was significantly superior to all other
methods of layering, followed by 15th August Air layering with number of leaves (9.50) at
45 DAT and (13.83) at 60 DAT. The minimum number of leaves per plant (5.83) at 45 DAT
and (8.00) at 60 DAT was produced by 15th June Air layering. In respect of nursery conditions,
maximum number of leaves per plant (9.58) at 45 DAT and (13.08) at 60 DAT was produced
in the Polyhouse nursery conditions which was significantly superior over open field nursery
conditions. No significant variation in number of leaves was observed due to interaction
effect of different methods of layering and nursery conditions.
Stool layering and Polyhouse nursery conditions recorded minimum response to
number of days taken for sprouting and maximum number of leaves of rooted layers might
be due to better establishment percentage of rooted stool layers and polyhouse conditions
which provided a congenial and favourable environmental conditions.
It is concluded that Guava are more amenable to stool layering than air layering
regardless of time of air layering, and polyhouse is the most appropriate nursery conditions
for its establishments and growth.
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Table 1. Rooting percentage and number of primary secondary roots included using different

layering methods in guava
Method of
layering

Rooting
percentage

No. of
primary roots

No. of
secondary roots

Air layers of 15th June (L1)
Air layers of 15th July (L2)
Air layers of 15th August (L3)
Stool layers of 15th July (L4)
C.D. (0.05)
CV

82.22
84.00
86.00
98.75
0.44
0.25

8.13
9.67
10.80
24.95
0.05
0.18

17.73
19.13
20.67
48.40
0.42
0.78

Table 2. Effect of polyhouse and open-field nursery condition on establishment
percentage and number of days taken sprouting and average length of
sprout in rooted layers
Factor

Establishment
percentage

No. of days
to sprouting

Average numer of leaves at
45 DAT
60 DAT

L1
L2
L3
L4
O
90.10
Interaction
L1 O
L1 P
L2 O
L2 P
L3 O
L3 P
L4 O
L4 P
C.D. (0.05 )
L
N
LxN

79.16
83.61
87.50
91.74
80.93

11.00
10.00
8.67
7.67
9.83
8.83

5.83
8.00
9.50
11.00
7.58
9.58

8.00
13.00
13.83
15.17
11.92P
13.08

75.0
83.33
78.33
88.88
83.33
91.67
87.05
96.42

11.33
10.67
10.33
9.67
9.33
8.00
8.33
7.00

4.33
7.33
7.00
9.00
8.67
10.33
10.33
11.67

7.33
8.67
12.67
13.33
13.67
14.00
14.00
16.33

0.58
0.41
0.83

0.77
0.54
N.S.

0.77
0.54
N.S.

1.15
0.81
N.S.

DAT : Days after transplanting in the nursery
L : Layering method (L1, L2, L3 and L4)
N : Nursery condition (P : Polyhouse nursery condition and O : Open-field nursery condition)
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% Establishment

No. of days
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L
N
LxN
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80.93

11.00
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8.83
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9.58

8.00
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75.0
83.33
78.33
88.88
83.33
91.67
87.05
96.42

11.33
10.67
10.33
9.67
9.33
8.00
8.33
7.00

4.33
7.33
7.00
9.00
8.67
10.33
10.33
11.67

7.33
8.67
12.67
13.33
13.67
14.00
14.00
16.33

0.58
0.41
0.83

0.77
0.54
N.S.

0.77
0.54
N.S.

1.15
0.81
N.S.

DAT : Days after transplanting in the nursery
L : Layering method (L1, L2, L3 and L4)
N : Nursery condition (P : Polyhouse nursery condition and O : Open-field nursery condition)

59

REFERENCES
Ahmad, M.F., Iqbal, U. and Khan, A.A. 2007. Response of different environments and dates of
patch budding on success in walnut. Ind. J. Hort., 64:286-289
Bid, N.N. and Mukherjee, S.K. 1969. Varietal response to etiolation and growth regulator treatment
in air layering of mango (Mangifera indica L.) Ind. J. Agril. Sci., 39:1013-1019
Chadha, K.L. 2003. Handbook of horticulture. ICAR, New Delhi, p.191
Majumdar, P.K. and Mukherjee, S.K. 1968 Guava-a new vegetative propagation method. Indi. Hort.,
12:11-35
Mishra, R.C. and Agarwal, A.K. 1975. Root induction in air layer of kaghzikalan with special reference
to plant growth regulators. Prog. Hort., 7:81-86.
Panse, V.G. and Sukhatme, P.V. 1978. Statistical Methods for Agricultural Workers. ICAR,
New Delhi,. p.125-28
Samson, J.A. 1986. Tropical fruits, 2nd ed., Tropical Agriculture Series, Longman Scientific &
Technical, Longman Inc., New York
Singh, D. K. 1998. Regeneration of guava (Psidium guajava L.) cultivars by stooling with the aid of
Paclobutrazol. Ann. Agril. Res. 19:317-320
Singh, G., Gupta, S. Mishra, R. and Singh, A. 2007. Technique for rapid multiplication of guava
(Psidium guajava L.). Acta. Hort. 735:177-183
Ruehle, G.D. 1948. A Rapid Method of Propagating The Guava. California Avocado Society Yearbook,
33:108-112
Tingwa, P.O. and Addadi, S. 1968. The vegetative propagation of tropical guava (Psidium guajava
L.) in the Sudan. Sudan Agri. J., 3:12-20
Zamir, R., Khattak, G.S.S., Mohammad, T. and Ali, N. 2003. In vitro mutagenesis in guava (Psidium
guajava L.) Pak. J. Bot., 35:825-828

60

Identification of superior clones for production of quality
planting material of Coorg mandarin (Citrus reticulata
Blanco)
T. Sakthivel, H.Ravishankar1, M. Krishna Reddy2, D. K. Samuel2, G. K.
Pillai2, G. Karunakaran and H. B. Ragupathi2
Central Horticultural Experiment Station (CHES), IIHR,
Chettalli – 571 248, Kodagu, Karnataka, INDIA

Coorg mandarin is acclaimed for its exquisite taste, quality, distinct flavor and keeping
quality and thus conferred the status of Geographical Indicator (GI) during the year 2005.
Coorg mandarin (Citrus reticulata Blanco) is largely grown traditionally under humid
subtropical conditions in the states of Karnataka, Tamil Nadu and Kerala. It is endemic to
Coorg region of Karnataka where its culture is spontaneous dating back to more than a
century and characterized predominantly by extensive use of seedlings. The Coorg mandarin
growing agro-ecologies in these belts experience sub tropical climate with high rainfall
(1500- 2000mm) and low temperatures during winter months. Coorg mandarin in these
regions is mainly grown as an intercrop in the multi-tier coffee-based cropping system. In
1940, area under cultivation of this crop in Coorg, the home of this ecotype was just 9,494
acres, which steadily increased to 43,252 acres in 1970.Thereafter, the area slowly declined
and reached lowest level of about 15,000 acres in 1998 and is believed to have dwindled to
less than 1,000 acres at present. This reduction in area is mainly attributed to widespread
prevalence of “die back” or “decline” and different factors are found be associated with the
prevailing status viz., Phytophthora, Citrus Tristeza Virus (CTV) and Citrus Greening
Bacterium (CGB) being the predominant one’s at present. Approaches to rehabilitate Coorg
mandarin cultivation by CHES, Chettalli in these areas have primarily considered eradication
of affected plants and use of standard disease – free planting materials followed by vector
management. Genetically superior, disease-free propagating material is the foundation for
a successful scientific citrus nursery programme. Bud mutations have occurred fairly often
in the history of citriculture and instances of their commercial exploitation are well
documented (Chakrawar and Rene, 1997). In order to pursue this possibility, identification
and selection of superior clones was undertaken through targeted survey of traditional
growing regions and ensured their freedom from diseases through regular indexing to
facilitate production and supply of quality planting material of Coorg mandarin to the
growers.
Extensive survey was conducted to identify and select the superior clones of Coorg
mandarin in different Coorg mandarin growing regions of Karnataka during 2004-2007.
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The survey area was at a latitude 11º15´and 20º50´N and longitude 72º25´and 76º14´, in
the Western Ghats ecosystem receiving a mean annual rainfall of 1400mm. The criteria
outlined for clonal selection included : i)vigor and longevity of the tree, sufficient amounts
and regularity of the crop, ii) reduced tree size without reduction in yield, iii) acceptable
fruit shape, exterior appearance and flavor, iv) deep orange or red orange rind color, v)
fruits with smooth rinds and with or without stem end necks ,vi) higher ratio of soluble
solids to acid, vii) season of ripening (early / late), storage life and adaptability to specific
environments and viii) seedless / less seeded fruits. A sample of 50 mature fruits was collected
randomly and analyzed for proximate principles. The work on molecular indexing for Citrus
Greening Disease (CGD) was carried out by using the primers , CGB rpl A and CGB rpl
JA. Clonal variations were appraised through mean and analysis of variance.
Genetically superior and disease free propagating material is the foundation for a
successful scientific citrus nursery programme (Ravishankar, 2004). Seventeen clones were
selected based on vigor, yield, freedom from incidence of pests and diseases and proximate
analysis of fruits. All seventeen clones were found superior and high yielding with average
annual yield of 1500 fruits per tree. The data on proximate analysis of fruits of seventeen
clones indicated wide range of variability (Table 1). The average fruit weight ranged from
88.1g (C-14) to 128.0g (C-9). Maximum polar (21.5cm) and equatorial diameter (23.5cm)
was observed in C-9 whereas minimum polar (16.9cm) and equatorial diameter (19.0cm)
was in C-15 and C-3 respectively. Higher fruit volume (135.5cc) was recorded in C-9, and
it was least (90.0cc) in C-14. Number of segments per fruit also varied among the clones
being maximum (11.5) in C-1 and C-15, and minimum (8.8) in C-13. However this parameter
was found overlapping among various clones. A large variation was recorded for seeds per
fruit ranging from 8.5 (C-3) to 23 (C-11 and C-17). Seedlessness is a desirable attribute for
fresh market, but none of the clones under study had the seedless character, which emphasizes
for intensifying survey for this attribute in future. Juice percentage was highest (54.0) in C3 and lowest (34.3) in C-6. Clone -3 recorded lower mean fruit weight among the selections,
but due to its higher juice content can offer scope for exploiting for value addition .TSS
was highest (9.8oB) in C-8 while, it was the least (7.2oB) in C-3. Acidity percentage was
highest (0.42) in C-16 and minimum (0.32) in C-2 and C-5. Clone 2 and clone 5 could be
considered as early maturing, as they had very low acidity on the date of sampling, and
clone 16 as late maturing. The fruits of the clone 1 recorded the highest ascorbic acid
content of 45.76 mg per 100 ml of juice while clone 10 registered the minimum (12.32 mg/
100 ml). TSS/Acidity is a measurement of juice blend for which Coorg mandarin is much
valued, was the highest (28.82) in C-8 and lowest (18.33) in C-16, indicating that clone -8
could be a potential one. This clone had majority of the desirable attributes outlined, including
high TSS. In past superior clones were also identified in Acid lime (Bagde and Patil, 1989
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and in Nagpur mandarin (Awtar Singh, 2009). In the prevailing context it is important that
the Coorg mandarin clones become valid and sustainable only in cases where the trees are
free of CGD and CTV (Duleep Kumar Samuel et al., 2007 and Ravishankar et al, 2007)
infections. The work on molecular indexing for CGB indicated that all the seventeen clones
were found negative for Citrus Greening Disease (CGD) by using the primers of CGB rpl
A and CGB rpl JA. These clones are maintained under insect-proof conditions at CHES,
Chettalli with periodical evaluation for stability and indexing. These clones in due course
will be exploited for commercial cultivation by further identifying elite clones through
field evaluation and production of disease-free planting material for supply to the growers.
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Table 1: Proximate analysis of fruits in promising clones of Coorg mandarin
Clone
No.

Fruit
wt.
(g)

Polar Equatorial Fruit
No of
No of
diameter diameter volume Segments seeds
(cm)
(cm)
(cc)

Juice
(%)

TSS
(o B)

Acidity Vitamin C
(%) (mg/100ml)

TSS/
PCR
Acidity reaction
for CGB

C– 1

113.8 19.1 19.7

115.3 11.5

20.0 50.5

7.9 0.39 45.76 20.26 -ve

C– 2

112.5 19.1 19.6

116.3

9.5

13.0 48.4

7.8 0.31 36.08 25.16 -ve

C– 3 108.8 18.7 19.0

106.5

9.5

8.5 54.0

7.2 0.35 40.30 20.57 -ve

C– 4 109.3 19.7 20.3

110.0

9.8

22.5 37.8

9.0 0.36 30.80 25.00 -ve

C– 5 109.8 20.1 20.9

118.8

9.0

12.5 42.8

8.2 0.31 24.64 26.45 -ve

C– 6 126.7 19.4 20.8

123.3 10.5

14.0 34.3

7.8 0.36 29.04 21.67 -ve

C– 7 103.2 19.2 20.4

105.0 11.3

17.3 41.2

8.3 0.41 13.20 20.24 -ve

C– 8 121.6 21.1 21.8

126.8 10.5

16.3 39.9

9.8 0.34 29.92 28.82 -ve

C– 9 128.0 21.5 23.5

135.5 11.0

22.0 37.9

9.6 0.36 36.08 26.67 -ve

C–10 117.7 20.7 23.0

115.5 11.0

22.8 38.5

7.9 0.40 12.32 19.75 -ve

C–11 100.0 18.8 19.2

105.5 10.5

23.0 47.8

7.7 0.38 27.28 20.26 -ve

63

C–12

92.4 18.9 19.7

C–13 102.8 19.3 19.5

100.0 10.0

21.8 44.4

8.8 0.37 29.04 23.78 -ve

103.3

8.8

19.5 43.1

8.3 0.32 15.84 25.94 -ve

90.0

9.8

20.5 44.0

8.7 0.38 29.04 22.89 -ve

C–14

88.1 18.5 19.1

C–15

96.7 16.9 19.7

101.3 11.5

21.5 42.4

8.4 0.36 23.76 23.33 -ve

C–16 114.3 20.1 20.8

110.0 10.5

20.5 41.8

7.7 0.42 21.12 18.33 -ve

C–17 118.9 20.5 20.7

122.0 11.0

23.0 43.4

9.5 0.38 37.84 25.00 -ve

Mean 109.7 19.4 20.5 112.06 10.3

18.7 43.1

8.4 0.36 28.36 23.18

CV% 10.39 5.68 6.31

10.06 8.13 23.48 12.4 8.83 8.74 32.94

9.03
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Virus diseases and development of diagnostics in orchids
R.P. Pant and R.P. Medhi
National Research Centre for Orchids, Pakyong, East Sikkim-737 106

Orchids belong to the family Orchidaceae, the most advanced of families among
flowering plants. It comprises of about 800 genera and 30,000 species. It is estimated that
about 1300 species are found in India, with Himalayas as their main home besides Eastern
and Western Ghats. Orchids exhibit an incredible range of diversity in size, shape and
colour of their flower. They are found in different climatic conditions. They are capable of
growing in soil, tree trunks, rock surfaces and dead organic matter. Orchids are epiphytes
which depend on other trees for support but do not take nutrition from them. They are most
pampered of the plants and occupy top position among all the flowering plants valued for
cut flower production and potted plants. They have extremely beautiful flowers and long
vase life which fetches very high price in the national and international markets.
Viruses are widely distributed in vegetatively propagated orchid plantations that
detrimentally affect their ornamental value. There are more than 31 different viruses reported
infecting different species of orchids in the world (Table-1) but in India only four viruses
have been reported so far. Among the orchid viruses, Cymbidium mosaic potexvirus
(CymMV) and Odontoglossum ringspot tobamovirus (ORSV) are considered the most
important viruses due to their prevalence, worldwide occurrence and severity of the
symptoms induced by them in several orchid genera. They not only reduce general vigour
of the plant but also lower the flower quality and thereby incur severe economic losses.
These two viruses also occur naturally as mixed infections in several orchid species because
of their similar biological and epidemiological characteristics and frequently transmitted
together.

Table1. Orchid viruses, their particle morphology and mode of transmission
Sl.
No.

Virus

Particle
morphology

Transmission

1.

Bean yellow mosaic potyvirus

Flexuous

Sap and aphids

2.

Brazilian bacillform rhabdovirus

Rod-like

-

3.

Calanthe mild mosaic Potyvirus

Flexuous

Sap and aphids

4.

Cerotobium mosaic potyvirus

Flexuous

-

5.

Clover yellow vein potyvirus

Flexuous

Sap and aphids

6.

Cucumber mosaic cucumovirus

Isometric

Sap and aphids
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7. Cymbidium chlorotic mosaic
sobemovirus
8. Cymbidium mild mosaic virus*
9. Cymbidium mosaic Potexvirus
10. Cymbidium ringspot tombuvirus
11. Dendrobium mosaic potyvirus
12. Dendrobium rhabdovirus

Isometric

Isometric
Flexuous
Isometric
Flexuous
Large bullet
shaped, bacilliform
13. Dendrobium vein necrosis closterovirus Flexuous
14. Dendrobium rhabdovirus
Short bullet shaped,
bacilliform
15. Cypripedium filamentous potyvirus
Flexuous
16. Grammatophyllum bacilliform
Short bullet shaped,
rhabdovirus
bacilliform
17. Habenaria mosaic potyvirus
flexuous
18. Impatiens necrotic spot tospovirus
Quasispherical,
enveloped
19. Masdevallia isometric virus*
Isometric
20. Laelia red leafspot rhabdovirus
Large bullet shaped,
bacilliform
21. Long orchid rhabdovirus
Large bullet shaped,
bacilliform
22. Odontoglssum rinspot Tobamovirus
Rigid rod
23. Orchid fleck rhabdovirus
Short bullet shaped,
bacilliform
24. Phalaenopsis rhabdovirus
Bacilliform
25. Short orchid rhabdovirus
bullet shaped,
bacilliform
26. Tobacco rattle rhabdovirus
Rigid rod
27. Tomato ringspot nepovirus
Isometric
28. Tomato spotted wilt tospovirus
Quasispherical,
enveloped
29. Trichopilia isometric virus*
Isometric
30. Turnip mosaic potyvirus
Flexuous
31. Vanilla mosaic potyvirus

- = not known; * = group not established

Flexuous

Sap
Sap
Sap, tools & water
Sap and soil borne
Sap and aphids
Sap and aphids
Sap and thrips
Sap tools & water
Sap and nematode
Sap and nematode
Sap and thrips
Sap and aphids
Aphids

66

2. Diagnostic methods
A. Based on symptoms
(i) Cymbidium mosaic potexvirus
The virus was first reported by Jensen (1950) from California on Cymbidium sp. In
India, the virus was first reported by Sherpa et al., (2003). The virus produces different
kind of symptoms like mosaic, necrosis, chlorotic flecks, water soaked lesions and flower
necrosis on different orchid hosts. The development of symptoms depends on orchid species,
plant part affected and prevailing environmental conditions. In Cattleya it develops necrotic
spots and streaks (Ficcioli and Marani, 1979). In Phalaenopsis it produces water soaked
lesions and necrosis. Leaves usually develop mosaic which becomes irregular, elongated
streaks on the underside of leaves. A black necrotic spot sometimes turns in to sunken area.
Lee and La (1976) described 5 types of symptoms (i) mosaic, (ii) streak with mosaic, (iii)
ring necrosis (iv) chlorotic rings and (v) necrotic spots on different species evoked by
CymMV. In majority of the Cymbidium species CymMV develops mosaic and necrotic
spots on leaves (Kondo et al., 1996). The affected areas enlarged and symptoms become
more pronounced on mature leaves. It also produces flower necrosis. On Epidendrum sp.
CymMV develops brown or black oval spots with necrosis at the centre and overall stunting
of plants. On Oncidium it produces sunken brown or black spots on the underside of the
leaves. In Vanda, CymMV produces necrotic spots and necrotic flecks on the leaves (Gara
et al., 1996).
(ii) Odontoglossum ringspot tobamovirus
The virus was first reported by Jensen and Gold (1951) on Odontoglossum grande
from USA. In India ORSV was first reported by Sherpa et al., (2006). The virus produces
ringspot on O. grande and diamond mottle on Cymbidium spp. It produces colour breaking,
chlorotic streaking, mosaic and necrosis. Some orchid cultivars are also symptom less. The
major ORSV hosts are Cattleya, Cymbidium, Epidendrum, Odontoglossum and Oncidium
(Lawson and Hsu, 1995). ORSV also produces chlorotic streaks and mild mosaic on many
orchid species (Kondo et al., 1996) while in Calanthe sp. ORSV induce chlorotic mottle on
leaves (Matsumuto et al., 1995). These two viruses are generally found in mixed infections
causing severe damage to the orchid species. Such plants showed severe necrosis, large
sunken patches and cracking of leaves (Fig. 4).
(iii) Calanthe mild mosaic potyvirus
Calanthe mild mosaic virus (CalMMV) reported from Japan, caused mild leaf mosaic
and flower colour breaking of Calanthe plants. It is mechanically transmitted to Calanthe
sp. Phalaenopsis sp. and Tetragonia expensa and many other plants. It is also transmitted
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by the aphis, Myzus persicae, in a non persistent manner (Gara et al., 1998). In India, it is
reported on Cymbidium pendulum and C. tigrinum from Sikkim (Singh et al. 2007).
(iv) Orchid fleck rhabdovirus
Orchid fleck virus was first reported in Japan on Cymbidium sp. showing chlorotic
and necrotic fleck symptoms (Doi et a., 1977). Later on it was reported from Australia,
Brazil, Denmark, Germany, Korea and USA producing chlorotic and necrotic spots and
rings in many genera of Orchidaceae (Blanchfield et al., 2001; Gibbs et al., 2000; Kitazima
et al., 2001). It is an important virus of orchids and reported on many orchid species from
different parts of the world. The virus is sap transmitted to Dendrobium sp. and few species
of family of Chenopodiaceae, Solanaceae, Leguminoseae and Aizoaceae (Chang et al.,
1976, Doi et al., 1977). This virus has been reported from Sikkim and Kalimpong area of
Darjeeling districts on Coelogyne elata, C. flaccida and many Cymbidium species. Electron
microscopy of negatively stained preparations showed bacilliform particles measuring 3240 nm in diameter and 100-150 nm in length (R. P. Pant, unpublished).
B. Diagnostics based on biological properties
Under certain conditions, some diseased orchid plants do not show distinct symptoms
and control measures cannot be effectively carried out. In such instances, a simple diagnostic
test is required to determine whether a plant is infected with virus or symptoms are due to
other causes. Biological tests can be performed on young indicator plants outside the
Orchidaceae. Bioassay methods have been used for many years for indexing CymMV and
ORSV. For CymMV, Cassia occidentalis, Chenopodium amaranticolour, C. quinoa and
Datura stramonium have been used by many workers (Corbett, 1960; Francki, 1970;
Hollings, 1966; Inouye, 1965 and 1968) where as for ORSV, Chenopodium sp. Nicotiana
sp .Gomphrena globosa, tetragonium expansa were used as indicator host (Kado and Jenson,
1964; Inouye, 1965; Kado et al., 1968; Thomson and Smirk, 1967). CymMV develops
small chlorotic lesions on young leaves of Datura stramonium which becomes large necrotic
lesions on inoculated leaves. On Chenopodium amaranticolour the virus develops blotchy
local lesions. The mechanical inoculation of ORSV developed large chlorotic lesions on N.
benthamiana. The greatest advantage of bioassay is that it is cost intensive and require no
special skill. However, it has numerous limitations. It is reliable under certain conditions
and it is time consuming, labour intensive and requires lots of space in the glasshouse and
also certain environmental conditions.
C. Electron microscopy
Electron microscopy has been used as a tool for virus diagnosis and for analyzing the
structure of viruses (Hill, 1984, Martelli and Russo, 1984 Milne 1972). Electron microscopy
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has been used for the diagnosis of orchid viruses particularly CymMV and ORSV. Electron
microscopy of negatively stained preparations of CymMV infected sample showed flexuous
filamentous particles measuring 450-500 nm in length and 13 nm in width. The ORSV
have rigid rods of 300 nm in length and 18 nm in width. In nature these two viruses also
exist as mixed infections. Ultra thin sectioning has also been used for location of viruses in
host tissue and virus induced inclusion bodies which are helpful in virus detection. CymMV
and ORSV fails in bioassay and serological tests but detected by EM (Lawson and Brannigan,
1986).

3. Protein-based diagnostics methods
Protein-based diagnostic methods have been extensively used for detection of low
concentrations of virus in orchid bulbs. These techniques are especially useful for large
scale testing because many samples can be tested at a time. Immuno diffusion assay in agar
gel has been developed and used successfully for detection of CymMV and ORSV using
high titre antisera of these viruses. This assay was successfully used in USA (Wisler et al.,
1982). Micro agglutination test has also been used to diagnose CymMV and ORSV in
Japan and gave reliable results. Result obtained by biological tests and electron microscopy
gave exact agreement and serology tests showed 99.4% agreements with the other tests
(Inouye, 1977). Recently polyclonal antibodies against CymMV and ORSV have been
developed using bacterially expressed recombinant coat protein as immunogen and being
used for the detection of orchid viruses (Rani et al., 2010)
a. Enzyme linked immuno-sorbent assay (ELISA)
Enzyme Linked Immunosorbent Assay (ELISA) is widely used throughout the world
for the detection of orchid viruses for its accuracy, sensitivity, and reliability. Hu et al.,
1993 used ELISA and indexed 3600 orchid plants representing 44 genera from three orchid
collection, 22 commercial farms and six nurseries on the islands of Oahu and Hawaii.
CymMV and ORSV were detected in 25% of the plants and among these 20% genera
represented double infection of both viruses. Tomato spotted wilt virus (TSWV) was detected
in one nursery of Oncidium. Beetham and Moran (1988) used ELISA to index ORSV (using
an antiserum of a Victorian Isolate of ORSV) in Cymbidium genus from 10 commercial and
home garden collections in Metropolitan Melbourne, Victoria, Australia. DAC-ELISA was
used in China to test 159 diseased orchid samples representing 20 species collected from 7
sites in Guandong province. CymMV was detected in 40 samples and ORSV was detected
in 25 samples and mixed infection of CymMV and ORSV was found to be in 67 samples
(HuoGen et al., 1996). In Sikkim and Darjeeling hills, more than 100 species and hybrids
of different orchids have been tested by TAS and DAS-ELISA using commercial antibodies
(Agdia, USA). It is interesting to note that 41% of samples were found positive with mixed
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infection of CymMV and ORSV, 29% samples were found positive with ORSV and 17 %
samples were found positive with CymMV and only 13% samples were found free from
viruses. (Pant et. al., 2010).
b. Immuno-sorbent electron microscopy (ISEM)
This method was originally developed by Derrick (1973) and has been used for the
detection of orchid viruses. Milne and Luisoni (1977) developed another technique which
is called decoration. ISEM was found to be rapid diagnostic method for CymMV and ORSV.
The method showed that ORSV was more frequent than CymMV but neither virus were
detected in seedlings from seed or meristem cultures (Park et al., 1990).
c. Dot Immuno Binding Assay (DIBA) and Rapid Immuno Filter Paper Assay (RIPA)
Other sensitive and rapid immunological techniques used in the detection of orchid
viruses are Dot Immuno Binding Assay (DIBA) and Rapid Immuno Filter Paper Assay
(RIPA). These two techniques were evaluated to detect CymMV in several orchid genera
including Cymbidium, Cattleya, Dendrobium, Phalaenopsis and Vanda. Minimum detection
levels of CymMV using these methods were 100 ng/ml in purified preparations, and CymMV
was detected in a 10-4 dilution of extracts from infected orchid leaves. Though DIBA took
longer time to detect CymMV, it was reliable for diagnosis of a large number of samples.
RIPA detected CymMV within a few minutes and sensitivity was similar to that of DIBA.
It is suggested that RIPA is suitable as a rapid tool for diagnosing virus diseases in orchids.
RIPA could detect both CymMV and ORSV simultaneously in extracts from a plant infected
by both viruses (Gara et al., 1997). RIPA was used in large-scale detection of CymMV and
ORSV in 43 nurseries in 8 provinces of Thailand (Tanaka et al., 1997).
d. Tissue Blot Immuno Assay (TBIA)
Tissue blot is like ELISA utilizes antibodies against viruses. The sap of the test plant
is expressed onto the nitrocellulose or nylon membrane and the virus is detected by labeled
probe. This procedure is very sensitive, simple and less labour intensive than ELISA and
useful for the screening large number of samples (Webster et al., 2004). La et al., (1999)
applied Tissue Blot Immuno Assay (TBIA) to detect CymMV and ORSV from infected
Cymbidium and Cattleya plant in Korea. CymMV and ORSV were readily detected in
tissue blots made from leaves and roots of infected plants
e. Matrix Assisted Laser Desorption-ionization (MALDI)
Based on the molecular weight of coat protein of viruses, another rapid simultaneously
detection method of the two most prevalent orchid viruses, CymMV and ORSV, was
developed using Liquid Chromatography/Mass Spectrometry (LC/MS). Using this method,
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molecular weight of coat proteins of CymMV and ORSV were accurately estimated and
detected from 1g of virus-infected flower of Oncidium (Tan et al, 2000). Tan and his
associates claimed that because of LC/MS and MALDI perform automated analyses of
multiple samples with simple preparation steps; both the techniques are ideal for virus
detection in large number of samples from infected plant extract.
f. Immuno Capillary Zone Electrophoresis (I-CZE)
The technique was first developed by Eun and Wong (1999) and has been used for
the detection of CymMV and ORSV. These viruses were detected in their purified form as
well as in the crude sap of infected Nicotiana benthamiana leaves and Oncidium orchid
flowers. The two orchid virus antibody complexes were resolved via the combined actions
of electrophoretic migration and electro-osmotic flow along a buffer filled, uncoated fused
silica capillary. The I-CZE fractions collected from both CymMV and ORSV antibody
complex peaks, as well as the RNA purified from them, retained their infectivity upon
inoculation onto Chenopodium quinoa. I-CZE assay were able to detect as little as 10 fg
each of both CymMV and ORSV in their purified forms as well as in the crude sap of
infected N. benthamiana and Oncidium orchid. I-CZE offer an ideal diagnostic technique
for routine mass indexing programmes such as virus free certifications, breeding for virus
resistant cultivars, plant quarantine and germplasm screening.

4. Nucleic acid hybridization based methods
a. Tissue print hybridization
Nucleic acid hybridization based techniques using specific probes have been variously
used for detection of orchid viruses. A tissue print hybridization technique has been used
for the detection of CymMV and ORSV (Chia et al., 1992). In this method orchid leaves
were cut transversely and printed on to nitrocellulose membrane. The nucleic acid on the
nitrocellulose membrane is then hybridized to radio labeled cDNAs of CymMV and ORSV
and the viruses are detected by autoradiography. It can detect up to 20pg of purified virus
of CymMV. This method is also able to show the distribution of viruses within the plants.
Tissue print hybridization with cDNA probes was applied to detect directly from infected
leaves of Phalaenopsis species (Wang et al., 2000).
b. Slot-Blot hybridization
It is also an important technique used for the detection of orchid viruses particularly
CymMV and ORSV. This is done either with crude leaf extract or total RNA from infected
leaves using DIG labeled sense and antisense cRNA probe synthesis from cDNA clones of
CymMV and ORSV (Hu et al., 1998). It is very sensitive technique and can detect 50pg of
CymMV and 250pg of ORSV from purified RNA. By this technique 30 mg of Nicotiana
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benthamiana infected leaves was sufficient to provide positive detection. The most advantage
of this method is that the DIG labeled cDNA probe is stable for more than one year. This
method is reliable and sensitive and suitable for large scale routine testing of plant viruses.
In Sikkim, ORSV was detected in 42 species of orchids by slot blot hybridization method
and showed that this technique is more sensitive for screening and certification of orchid
viruses (Sherpa et al., 2006b).
c. Molecular beacons
Molecular beacons are single stranded nucleic acid molecules with a stem loop
conformation (Tyagi and Kramer, 1996). The stem portion consists of complementary
sequences at 5’ and 3’ terminals of the molecule while the loop portion consists of probe
sequences that are complementary to the target sequences of choice. Eun and Wong (2000)
used a florescent moiety attached to one end and quenching moiety attached to the opposite
end. RT-PCR was carried out with primers that amplified specific sequences genome
sequences of interest, yielding targets complementary to their respective molecular beacons
for subsequent detection. They designed four molecular beacons specific to RNA dependant
RNA polymerase and coat protein genes of CymMV and ORSV. This technology has detected
0.5ng of viral RNA of both orchid viruses in 100 mg of mixed infection of Oncidium orchid
leaves.
d. PCR-based techniques
Increasing understanding of the nucleotide sequences of viral genome has make
possible to design specific oligonucleotides that can be used as primers for the selective
amplification of a target nucleic acid from a pool of complex template by polymerase chain
reaction (PCR) using Taq polymerase. PCR based techniques were recently introduced for
the detection of orchid viruses. This technique is used to amplify the desired region of
genomes could be synthesized and used in RT-PCR (Reverse Transcription Polymerase
Chain Reaction). As sequences of orchid viruses known this technique is routinely used to
detect orchid viruses due to its sensitivity and can detect single copy virus genome in the
infected plant (Hull, 1993). Polymerase Chain Reaction was successfully used for rapid
detection of CymMV using two oligonucleotides primers from regions homologous to potex
viruses and CymMV in 30 cycles of PCR, which resulted amplicons of 313 bp (Lim et al.,
1993a). PCR was also tested to detect CymMV and ORSV in plantlets obtained from thin
section cultures of infected plants and PLBs with ribavirin treatment (Lim et al., 1993b).
(i) Reverse transcriptase –polymerase chain reaction (RT-PCR)
A combined assay of Reverse Transcription and the Polymerase from virus infected
(RT-PCR) was performed with 20-mer ORSV specific primers and crude nucleic acid extracts
from virus (Rye-KiHyun et al., 1995). Similar results were also obtained when CP gene
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primers from 3’ terminal and 3’ non coding regions were used for detection of CymMV in
cymbidium plants (Loi et al., 1995; Chung et al., 1996). Bhat et al., 2006 detected CymMV
from Vanilla plantifolia from the state of Kerela and Karnataka by RT-PCR using primers
designed for CP gene. The RT-PCR is a 103 times more sensitive, reproducible and time
saving method than ELISA. It has been established that RT-PCR leads to quick diagnosis of
CymMV and ORSV (Jeong et al., 2001).
(ii) Immuno Capture PCR (IC-PCR)
It is an improved version of PCR and emerged as an efficient, reliable and rapid
method to detect CymMV and ORSV and compared with binding PCR and ELISA. In this
technique, Hawaii strain of each of CymMV and ORSV was purified from Dendrobium
and Cattleya orchid respectively to improve virus detection and to facilitate genetic
engineering. The ORSV coat protein (CP) and 54k putative replicase component gene and
CymMV and movement protein (MP) genes were cloned and sequenced. The sequences of
these genes were compared to those of CymMV and ORSV form Singapore, Japan, Korea
and Germany. The high degree of sequence identity (91-99%) at the nucleotide level for all
gene sequences analyzed, shows that CymMV and ORSV from different countries are closely
related (Barry et al., 1996). They observed that IC-PCR is 10-100 folds more sensitive than
ELISA do and is able to detect CymMV from the equivalent of 100mg of Dendrobium leaf
tissue. Therefore IC-PCR can be used to confirm samples, which are inconclusive in ELISA.
(iii) Multiplex RT-PCR
Multiple species or strains are detected in a single reaction by combining
oligonucleotide primers specific for different viruses. It is important that the amplicons are
of different lengths and that there is no cross-reactivity among them. Multiplex RT-PCR
has been developed for the detection of CymMV and ORSV in orchids (Lee and Chang,
2006). Specific primers were designed based on the available sequences of CymMV and
ORSV from GenBank and used to amplify the coat protein gene of the viruses. In addition,
one primer pair derived from plant mitochondrial NADH dehydrogenase gene (nad5) was
tested for the amplification of nad5 mRNA as internal control of in multiplex RT-PCR. The
fragment of internal control mRNA was constantly amplified from the total RNA of healthy
and infected plants. The specificity of three designed primers for CymMV, ORSV and
nad5 mRNA was confirmed by means of simplex and multiplex RT-PCR assays. The
detection sensitivity of multiples RT-PCR was found to be 1 pg for CymMV and 10 pg for
ORSV. Application of multiplex RT-PCR could greatly reduce the cost and false negative
results for routine detection. This technology may be helpful for the certification programme
for the orchids.
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(iv) TaqMan real time RT-PCR
TaqMan real time RT-PCR is a novel detection technique that combines with RTPCR with the power of florescent detection. This technique has been used for the detection
of CymMV and ORSV (Eun et al., 2000). They synthesized four TaqMan probes targeting
at the RNA dependent RNA polymerase (RdRp) and coat protein (CP) gene of both the
viruses. The reporter dye FAM (6-carboxyfluorescein) was used to label the 5’terminus of
probes specific to CymMV, while TET (tetrachloro-6 carboxyflurorescein) was used for
the ORSV probes. TAMRA (6-carboxy-tetramethyl-rhodamine) which was attached at the
3’ terminus of each probe was used as universal quencher. With the increasing amount of
standard RNA templates, the relative threshold cycles (CT) values were determined and a
linear relationship was established between these CT values and the logaritham of initial
template amounts. The amount of starting templates in mixed infected Oncidium flowers
and leaves were estimated from the standard curves. As little as 104 copies or 5 fg each of
CymMV and ORSV could be detected simultaneously with either the RdRp or CP gene as
the target. This system offers a very sensitive, high throughput and rapid method for virus
detection.
Microarray based methods
DNA microarrays or biochips are the most recent technology developed for the
detection of plant viruses. A DNA chip allows hundreds and thousands of cDNA arrayed on
a small surface approximately 1 cm2 in size. Each cDNA is located at a specific address on
the surface called a spot or a feature. Interrogation is carried out by reversed mixed phase
hybridization format, in which target molecules extracted from the samples are cDNA labeled
with a specific fluorophore and maintained in solution, while probes are cDNAs or short
oligonucleotides (50 bp) obtained from sequence data of the pathogen to be detected and
arrayed on the support. This technology is completely generic and can be used to detect all
viruses whose sequences are currently available (Gallitelli, 2004).
Orchids are best known for their attractive flowers and dominate in the international
cut flower trade and ranks sixth in the world flower market. They are perhaps the most
expensive ornamentals known today but they are affected by large number of viruses which
affect their growth and subsequently degrade their market value. Among them, Cymbidium
mosaic potexvirus and Odontoglossum ringspot tobamovirus are most prevalent and
economically important. These two viruses are highly contagious, stable and found in very
high concentration in host tissue and transmitted by mechanical means. Once the parent
stock gets infected it becomes extremely difficult to control these viruses. The diagnostics
play an important role for efficient management of diseases in any crop. Immuno and nucleic
acid based techniques are now available for the successful detection of orchid viruses.
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Among them ELISA and RT-PCR are most common. These techniques are highly sensitive,
specific, rapid and user’s friendly. These diagnostics has to be applied for the indexing of
mother plants. Once virus free mother plants are available they can be used for mass
multiplication. There is a need for selection of mother plants and their proper maintenance
and regular testing against viruses. There is also an urgent need for awareness creation on
the importance of disease free planting material among orchid growers and capacity building
of all stakeholders.
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Citrus is third important fruit crop in India after Mango and Banana, which occupies
an area of 0.88 m ha, with annual production of 7.87 mt, which is 11.50 per cent of the total
production of fruits. India is sixth largest citrus producing country in the world. In Punjab,
citrus ranks first with 42,126 ha area and annual production of 5.81lakh mt. Among citrus
fruits, Kinnow mandarin alone occupies an area of 38, 710 ha with an annual production of
6.58 lakh mt. The area under Kinnow is increasing at a faster rate due to precocious bearing
and very high economic returns to growers. Now, Kinnow has got well established in
important Indian markets due to its attractive fruit colour, high juice content (50-55 %) and
reasonable shipping quality for distant transportation.
In Punjab, there is a huge demand for planting material of kinnow. Owing to the
enormous demand for pedigreed, healthy and vigorous Kinnow plants, Department of
Horticulture, Punjab Agricultural University, Ludhiana has taken up a mission oriented
programme on production of disease free planting material of Kinnow mandarin by adopting
the most advanced and internationally accepted techniques of nursery management. The
university is producing around 30,000 disease free Kinnow plants per year and will be
increased to 1,00,000 plants in future. PAU fruit nursery has also been awarded with four
star rating under the new system of recognition of horticulture nurseries by National
Horticulture Board, Gurgaon in June, 2010. The technique adopted in production of disease
free planting material of kinnow is discussed in this paper.
Main objective of this programme is to provide high quality, virus and virus-like
disease free bud-wood and nursery plants of Kinnow to progressive growers and nurserymen,
so as to bring entire state under high grade, virus and virus-like disease free, true-to-type
Kinnow orchards. To avoid the problem of soil borne pathogens like Phytophthora, the
concept of containerised nursery system is adopted in Kinnow nursery. Infrastructure required
for such nurseries includes, screen net houses, shade net houses (50% shade), sterilized
plastic trays, UV stabilized black polybags (100ì), UV stabilized transparent polythene for
solarization, fumigation floor, potting mixture and a separate set of nursery equipments.
The latest methodology for the production of disease free planting material of Kinnow
mandarin being followed in the Department of Horticulture, PAU Ludhiana has been
discussed in this article under different heads.
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Media preparation and sterilization
Potting mixture, consisting two parts of soil and one part of farmyard manure is used
in polythene bags. The potting mixture is first prepared on a concrete floor and spread in
the form of flat heaps of 30 cm thick layer on concrete floor. The moist media heaps were
treated with Basamid Granular (Dazomet 98 per cent) @ 50 g/ m2. It is a soil fumigant used
for control of nematodes, root diseases (Phytophthora, Pythium, Rhizoctonia and Fusarium
species), soil insects and some weeds. These treated beds were completely covered with
100 ì UV stabilized transparent polythene sheets in summer months (May-June) when
atmospheric temperature goes upto 45-46oC. The edges of polythene sheet is completely
sealed with soil to avoid vapour loss which allows the inside temperature to rise up to 54oC.
This soil sterilization and solarization is done for three weeks. After three weeks, the
polythene sheet is removed and three turnings were given to it at an interval of one week to
remove the fumigant.

Selection and preparation of rootstock
Rough lemon (Citrus jambhiri Lush.) was used as rootstock for propagation of Kinnow
mandarin due to its, vigour, imparts large fruit size and early maturity, deep root system,
tolerance to drought, Citrus Tristeza Virus (CTV), Citrus Exocortis Viroid (CEV) and Citrus
Xyloporosis Viroid. Rough lemon also has some tolerance to alkaline soils and moderate
tolerance to salinity. Though it has been observed that rough lemon is susceptible to citrus
canker and root rot disease it is the best rootstock and being used for Kinnow mandarin. A
block of rough lemon is maintained for elite mother plants for supply of seeds to the nursery.

Raising of seedlings for rootstock
In Sub-tropical conditions of Punjab and surrounding states, the time required to
grow citrus rootstock seedlings to a suitable size for budding is as long as one to one and a
half years. To reduce the time required for production of planting materials, rapid growth
and development of citrus rootstock is of primary concern. The rough lemon seeds are
sown directly in the potting media in black polythene bags (12’ x 7", size, 250 gauge) in
first fortnight of September under polycarbonate roof shade net house. where seedlings
grow well even in winter season thereby making them buddable earlier than conventional
method. The floor of the screen net house is to be covered with stone dust (2" - 4" thick) or
polythene sheet to avoid any spore splash of soil-borne pathogens and regularly sprayed/
dusted with copper- lime mixture. Fully ripened fruits of rough lemon are collected. Fallen
fruits and near to the ground were not used for seed extraction, because seeds from such
fruits may have a risk of Phytophthora infection. Fresh, thoroughly washed and surface
sterilized seeds were used for obtaining high percentage of germination. Seeds were treated
with the fungicides Ridomil Gold 68 WP and Bavistin (Carbendazim 50 per cent WP) @
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2g/ kg of seed as an added precaution before sowing. Seeds were sown at a depth of 1.5 cm
in the media filled in black polythene bags. Seed germination starts by 20-25 days after
sowing. Most of Citrus species including rough lemon are polyembryonic. They produce
both gametic and nucellar seedlings, one seedling apparently nucellar with desirable height
(10-12 cm) was retained in the polybag to have true-to-type characteristics of the rootstock
and the rest were removed.

Selection of scion
In Punjab, incidence of greening (bacteria like organism) and Indian citrus ring spot
virus has been observed. Proper selection of bud wood and use of certified disease free
scion buds are of great importance in Kinnow. Virus free, true-to-type bud wood from
mother Block of Kinnow at Research and Experimental Centre, Lindcov, University of
California, USA, was procured by the Department of Horticulture, PAU Ludhiana during
January, 1999. A foundation block has been raised from this budwood in insect proof stainless
steel screen net houses for the supply of disease free budwood. The buds were selected
from virus free, fairly well mature non-bearing current year shoots having longitudinal
white streak on the bark and swollen buds, which continue to grow after budding. The
fruits were removed from the trees to get maximum vegetative growth and buds.

Budding
Rough lemon seedlings attain buddable stage in 8 to 11 months after sowing. Such
seedling ready for budding were shifted to shade net houses (50%). Budding is done at a
height of about 9" from ground level. Well swollen unsprouted buds from about one year
old non-angular branches were taken from the foundation block. ‘T’ budding was done and
the bud is budded along with the wood. This helps in quick growth of swollen buds. All
shoots emerging below or above bud union should be removed from time to time. Low
temperature and higher humidity inside the shade net houses extends the budding period &
duration as a result large number of plants can be budded in one season.
The budded plants were given frequent but light irrigations with sprinklers and misters
under shade net houses. Besides the regular recommended fertilizers the plants were regularly
sprayed with 1.5% urea at monthly interval from March onwards to get good growth, high
budding success and healthy Kinnow plants. The plants were ready for sale in a period of
12 -18 months.

Diagnosis and management of diseases, insect pests and viruses
Mother plants in the foundation block were monitored regularly for the occurrence
of any major viruses and virus-like agents such as Citrus Tristeza Virus, ring spot virus,
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citrus greening, exocortis. This was done by biological indexing using indicator plants like
Acid lime for tristeza virus, Sweet orange for citrus greening bacterium and ring spot virus
and Etrong citron for exocortis under insect proof controlled conditions. Serological indexing
is also possible by using Enzyme Linked Immuno Sorbent Assay (ELISA). Presently, for
the detection of virus’s nucleic acid based assay is used. In this technique, DNA extracted
from the leaves and amplified with Polymerase Chain Reaction (PCR) using virus specific
primers. The viruses can be detected on the basis of detection of bands after the gel
electrophoresis.
Apart from this incidence of insect-pests, diseases and virus vectors in the mother
block, primary and secondary nursery was managed following the recommended package
of practices of PAU, Ludhiana.
The containerized system of nursery production under protected conditions is an
internationally accepted system to produce citrus plants. This system lead to the production
of high grade and disease free planting material of Kinnow plants around six months earlier
than the traditional citrus nurseries in the region.
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Health management in banana: Novel approaches for
production of nematode free quality planting material
P. Sundararaju and M.M. Mustaffa
Division of Crop Protection
National Research Centre for Banana,
Thayanur Post, Tiruchirapalli - 620 102. Tamil Nadu.
E-mail: sundarnrcb@yahoo.com

Banana (Musa spp.) is one of the important fruit crops grown widely in both tropical
and sub tropical conditions under different production systems. India has emerged as largest
producer of banana in world with total production of 23.2 mt per annum from 6.50 lakh ha
share of 32 per cent of the total fruit production (Singh, 2009). Extensive and intensive
cultivation of banana tend to be affected by the hidden enemies like plant parasitic nematodes
which causes extensive root damage resulting in serious economic losses. Crop losses caused
by nematodes to bananas are very high, with an average annual yield losses estimated at
about 20 per cent worldwide (Sasser and Freckman, 1987). Most destructive and widely
distributed nematodes affecting banana and plantains are the burrowing nematode
(Radopholus similis), root-lesion nematode (Pratylenchus coffeae), root-knot nematode
(Meloidogyne incognita) and spiral nematode (Helicotylenchus multicinctus). In India, crop
losses caused due to root-lesion nematode on banana in cv. Nendran was reported to be
44.4 percent (Sundararaju et al., 2003) and 30.9 percent yield losses was recorded due to
root-knot nematode in Poovan banana (Jonathan and Rajendran, 2000). These nematodes
are being a migratory or sedentary endoparasitic in nature which infests banana roots and
rhizomes heavily and easily transmitted through suckers. Due to transport of suckers from
one place to another, nematodes also spread through the suckers and causes heavy damage
in the non-infested banana fields (Sundararaju and Cannayane, 2003). (Breeding for host
plant resistance is a promising strategy for controlling nematodes Speijer and De Waele,
1997). The present study was undertaken to use different methods such as use of resistant
varieties, management of nematodes at primary and secondary hardening stages in tissue
culture nurseries, sucker dip treatment with neem based formulations (Neewin, Nimbecidine,
Juerken) and using Vermicompost and undiluted Vermiwash from marigold and banana
leaves composted by Eudrilus eugeniae in order to produce nematode free quality planting
material.
In first experiment, banana germplasm consisting 72 accessions were screened against
major banana nematodes viz. Pratylenchus coffeae and Meloidogyne incognita separately
in pots under greenhouse conditions at National Research Centre for Banana, Podavur,
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Tiruchirapalli during 2008-2009. Ten each of healthy uniform suckers of banana cultivars
were planted in individual pots (40 cm x 25 cm) containing 5 kg sterilized loamy soil. The
pots were arranged in a randomized manner under greenhouse condition maintained at a
temperature range of 25-30oC with a minimum photoperiod of 12 h / day. After one month,
five plants each were inoculated with 5000 active juveniles of P.coffeae and M.incognita
individually in each pot. Five replications were maintained for each cultivar.
Six months after inoculation, plants were carefully depotted and washed to remove
adhering soil particles. At the time of termination of experiment, plant growth parameters
were recorded from all 72 accessions in order to assess the damage caused by nematodes
(as a measure of tolerance or sensitivity of the accessions) and reproduction of nematodes
(a measure for resistance or susceptibility of the accessions). Root mass, root vigour,
number of healthy and infested roots, root length and visual observations on root-knot and
root-lesion indices were recorded based on 1 to 5 scales as described by Heald et al. (1989)
and Pinochet (1988) respectively. After indexing, all roots were removed from banana
plants, mixed thoroughly, three aliquots of 10 g each were collected from each seedling.
The collected roots were cut into small pieces and macerated in a kitchen blender for 45
seconds. The suspension was passed through 250, 106 and 40mm pore sieves, rinsed with
tap water and the nematode suspensions were collected from the 40mm pore sieve and
estimated by using Stereoscopic Binocular Microscope.
Preliminary survey carried out among various banana Tissue Culture Companies has
indicated heavy root-knot nematode infestation at secondary hardening stage. Nematode
infested roots of TC plants produced heavy galling on the roots and entire inner content of
roots were damaged due to nematode penetration and multiplication. Nematode larvae,
eggs and egg masses were also seen from the cross- section the roots of a TC plantlet. It
was further observed that more nematode infestation was recorded in TC plants than in
conventional planting materials like suckers.
Second experiment was carried out in order to produce nematode free planting
material. Accordingly Robusta banana (AAA), most susceptible cultivar to both the
nematodes (M.incognita and P.coffeae) was selected for the trial. Suckers of uniform size
were extracted from nematode infested banana gardens. All the collected suckers were
pared and dipped in solutions of neem based formulations (Neewin, Juerken, Neemgold
and Nimbecidine) at 1.5 percent (15ml/litre of water) concentration for 30 minutes. Hot
water treatment at 50º C for 15 and 20 minutes was also imposed which is an existing
practice. The treated suckers were planted in 45 x 40 cm cement pots, each containing 20
kg of sterilized mixture of soil, sand and farm yard manure (2:1:1). There were 12 treatments
with five replications. All the treated plants were watered and fertilized as needed. The
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experiment was terminated three months after inoculation. Plants of each treatment was
uprooted carefully (keeping root system intact) and washed thoroughly to remove adhering
soil particles. Growth characteristics including plant height, pseudostem girth, number of
leaves, leaf area, root length, number of roots and root weight were recorded. Nematode
was extracted from roots and soil as per method described in the previous experiment and
counts were made using a Stereoscopic Binocular Microscope.
Third experiment was carried out using vermiwash and vermicompost collected from
marigold and dried banana leaves composted by Eudrilus eugeniae against root-lesion
nematode, P.coffeae in cv. Nendran, the most susceptible cultivar to P.coffeae. The vermiwash
was diluted at four concentrations and tested for their efficacy against root-lesion nematode
under in vitro condition. Subsequently the pot culture experiment was carried out in cv.
Nendran in order to test the effect of undiluted vermiwash and vermicompost collected
from marigold and banana leaves composted by Eudrilus eugeniae as per the method
described in the previous experiment.
It is seen from Table-1 that significant increase in plant growth, shoot weight,
pseudostem girth and number of leaves was recorded in cvs. Singhlal, Malaikali,
Karpooravalli, Boddida Bukisa, Manik Champa, Gragric Sarpara, Baidi Chinna, Elavazhai,
Karthobiumtham, Virupakshi, Rajthali, Marabale and Kalyan Bale. The remaining varieties
were at par. Among 72 varieties screened, seven varieties namely Singlal, Sakkarachayna,
Malai Kali, Manik Champa, Gragric Sarpara, Karpooravalli and Boddida Bukkisa showed
significant increase in both shoot and root characters. The perusal of the data shown in
Table-1 indicated that minimum nematode population coinciding with negligible root-lesion
index was noticed in varieties viz.Singhlal, Sakkarachayna, Malai Kali, Manik Champa,
Madavazhai, Kartobiumtham, Gragric Sarpara, Yanugu Bontha and Ambeli
Based on the plant growth, root-lesion index and nematode populations, varieties
viz., Singhlal, Beula, Malaikali, Karpooravalli, Boddida Bukisa, Manik Champa, Bhurkal,
Karibole, Kechulepa, Gragric Sarpara, Yanugu Bontha and Ambeli were identified as
resistant to root-lesion nematode (Table-1). It is interesting to note that the cultivars Kothia,
Gragric Sarpara, Elavalai, Myndoli and Virupakshi though recorded high root-lesion indices
and nematode populations; reaction of plant growth parameters was minimal which proved
that they possess a high degree of tolerance to P. coffeae . The results are in agreement with
the earlier workers who had tested on different banana germplasm. Vadivelu et al., 1987
reported that the banana cultivars/hybrids viz., Kunnan, Vennettukunnan and hybrid – 74
(Matti x Pisang lilin) were found tolerant/resistant to P. coffeae. Collingborn and Gowen,
1997 reported that the genotypes Calcutta – 4, Yangambi Km 5, Paka (AA) and Kunnan
(AB) have been shown to have significant resistance to P. coffeae. Sundararaju and Uma in
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1998 reported that cultivars Calcutta – 4, Burrow Cemsa and hybrid E.A.0322, FHIA-01 in
Pome group showed resistant reaction to P. coffeae.
The perusal of the data shown in Table 1 indicated that minimum nematode population
and root-knot indices were noticed in varieties Singhlal, Karpooravalli, Boddida Bukisa,
Manik Champa, Sappumala Anamulu and Sannachen Kadali. Though none of the varieties
were found free from root-knot indices but based on the palnt growth, root-knot index and
nematode populations, the varieties viz., Singhlal, Manik Champa, Sabri and Wather were
shown moderately resistant reaction to root-knot nematode. It is interesting to note that the
cultivars Malai Kali, Battisa Piro, Shahil Kela, Gragric Sarpara and Elavalai though recorded
high root-knot indices and nematode populations; plant growth parameters was observed
to be minimal which proved that they possess a high degree of tolerance to M.incognita.
Most of the widely grown banana and plantain cultivars are susceptible to root-knot
nematodes. Pinochet et al. (1998) evaluated 15 banana cultivars and accessions against
M.javanica and M.incognita and found that all of them were susceptible to both species of
root-knot nematode. Stoffelen (2000) evaluated seven Vietnamese genotypes for resistance
to a Meloidogyne sp. population from Uganda. All tested genotypes were found susceptible
to root-knot nematode. These results are in agreement with present study indicating that
none of the genotypes screened against M.incognita showed any resistant reaction to
M.incognita other than reference cultivar.
Among four neem formulations, Nimbecidine @ 1.5 percent for 30 minutes dip
registered maximum plant height (36 cm) compared to control (27.5 cm) followed by Neewin
treatment. Other treatments were on par with each other. Similar plant height, maximum
pseudostem girth (15 cm); number of leaves (6); number of roots (15); root length (25 cm)
and root weight (37.86g) was recorded in Nimbecidine @ 1.5 percent for 30 minutes dip
compared to untreated control plants which recorded of 12.4cm,3,8,15.8cm and 24.67g
respectively for all the observed characters (Table 2).
Table 2 revealed that significant differences were noticed in respect to healthy roots
from suckers treated with Nimbecidine @ 1.5% or Neewin @ 1.5 %, or and hot water
treatment of 50°C for 20 minutes compared to control plants having produced only one out
of eight healthy roots. Rest of the treatments were at par with each other. Similar to healthy
roots, minimum number of nematodes infested roots were recorded in suckers dipped with
Nimbecidine @ 1.5 % for 30 minutes followed by Neewin @ 1.5 % where as maximum
infestation was noticed in control plants. Significant differences were recorded in respect
to root-knot index and nematode populations between the treatments. Suckers dipped in
Nimbecidine @ 1.5 % did not produce any galls or nematode populations and scored as
one whereas maximum root-knot index of five was recorded in control plants. Rest of the
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treatments were at par with each other. Thus it may be concluded that suckers dipped in
Nimbecidine @ 1.5 percent or hot water treatment of 50°C for 20 minutes were the best
treatments in deteriorating the nematode population and enhance plant growth.
Present investigations confirm earlier work of Sundararaju and Cannayane, (2003)
who studied management of major nematode pathogen namely P. coffeae and M. incognita
infesting banana using different neem formulations (Econeem, Nimbicidine and Neemgold),
plant growth promoter (Biovita) and compared with the standard treatment (Carbofuran
3G). Results of the studies revealed that all treatments were found effective in reducing the
nematode population with enhanced plant growth compared to control plants. Among three
neem formulations evaluated, Econeem and Nimbicidine were shown maximum efficacy
in reducing the nematode population with increased plant growth. However, plants treated
with Carbofuran 3G recorded the maximum plant growth with absolute control of nematode
population. Chakrabarti et al. (2002) also reported that neem seed dressing treatment was
found to be most effective in Pea for enhancing crop yield with least infection of root-knot
nematode, M.incognita. Present investigation also confirms earlier work carried out by
Mojumder and Basu (1999) who reported that efficacy of Neemark and Nimbecidine as
seed treatment against root-knot nematode on Chickpea in increasing plant growth.
Thus, it may be concluded that Nimbecidine @ 1.5 percent for 30 minutes or juerken @ 1.5
percent for 30 minutes is the best or sucker treatments for successful management of
nematodes in banana.
It is seen from Table 3 that percentage mortality of root-lesion nematode (Pratylenchus
coffeae) was calculated after 24, 48 and 72 hours at the concentration of 25 percent, 50
percent, 75 percent and 100 percent of undiluted vermiwash collected from marigold and
banana leaves composted by Eudrilus eugeniae. Results revealed that vermiwash collected
from marigold showed 100 percent mortality of nematodes at 100 percent concentration
when exposed to 48 hours followed by vermiwash from banana leaf which showed 75
percent mortality at 100 percent concentration after 72 hours of exposure.
Significant increase in plant height (64, 62cm), girth (21, 22cm) and total number of
leaves (6 each) and no. of roots (20, 21) with minimum nematode population were recorded
from undiluted vermiwash at 100 percent and 75 percent concentration of marigold and
banana leaves composted by Eudrilus eugeniae. (Table 3). Present investigation is in
agreement with earlier workers who reported that vermiwash at different dilution under in
vitro condition were found deleterious effect to Meloidogyne incognita.It was also reported
that undiluted vermiwash had maximum mortality on Radopholus similis infecting coconut
seedlings than diluted vermiwash. Various decomposed organic amendments and oil cakes
had been found to be toxic to nematodes.
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Thus, present investigation revealed that use of nematode resistant varieties and
production of nematode free healthy suckers through sucker treatment of neem formulations
viz. nimbecidine or Juerken @ 15ml / litre of water for 30 minutes or using vermicompost
and undiluted vermiwash from marigold and banana leaves composted by Eudrilus eugeniae
were found effective in enhanceing plant growth with significant reduction in nematode
populations.
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Table 1. Reaction of banana accessions to root-lesion nematode, Pratylenchus
coffeae and root-knot nematode, Meloidogyne.incognita
(Mean of five replications)
Name of
Variety

Plant
Height
(cm)

Girth
(cm)

No of
Leaves

Root-lesion nematode,
P. coffeae

Root-knot nematode,
M.incognita

Total
RLI*
Host
Total
RNI*
Host
nematodes/
reaction** nematodes/
reaction**
g/root
g/root

1

2

3

4

5

6

7

8

9

Bersain

55

17

7

190

4

HS

86

2

S

Kothia

85

22

7

96

3

S

148

4

S

Chakia

70

20

7

40

2

MR

16

4

HS

Beula

70

21

10

52

2

MR

212

5

HS

Singlal

95

24

10

22

1

R

61

2

MR

Batisa local

80

24

6

74

2

MR

180

3

S

Pidimonthan

65

20

8

210

4

HS

67

4

S

Lamby

85

21

6

70

3

S

239

4

HS

Poombidiyan

80

22

6

65

3

S

128

2

S

Vellapalayankodan

85

23

7

148

4

HS

157

3

S

Kalibow

65

13

6

130

3

S

116

4

S

Pisang Raja

65

21

6

146

4

HS

156

4

HS

Sakkarachayna

60

18

6

23

1

R

187

5

HS

Malai Kali

90

23

7

24

1

R

64

2

T

Battisa Piro

75

17

8

168

5

HS

52

2

T

Enna Benian

55

22

8

96

3

S

157

2

S

Shahil Kela

85

20

8

160

4

HS

70

4

T

115

25

10

51

2

MR

45

2

S

Boddida Bukkisa

95

31

7

55

2

MR

56

2

S

Bhurkel

85

22

8

70

2

S

135

4

S

Hoobale

70

15

9

121

3

S

82

2

S

Gragric Sarpara

100

20

9

52

2

MR

102

3

T

Manik Champa

80

20

6

21

1

R

76

2

MR

Karpooravalli

90

1

2

3

4

5

6

7

8

9

Sabri

65

15

7

156

4

HS

58

3

MR

Padathi

75

20

6

99

3

S

87

2

S

Dudh Sagar

65

20

7

37

2

MR

220

5

HS

Cuba

60

20

4

82

3

S

126

3

S

Bersain

65

20

5

45

2

MR

113

3

S

Peyan

70

20

7

52

2

MR

176

3

S

Koombidiyan

45

15

7

95

3

S

162

3

HS

Vennutmannan

75

20

8

78

3

S

127

3

s

Alukhel

70

20

5

87

3

S

136

2

s

Karibale

65

20

5

32

2

MR

118

2

s

Nendran

75

20

5

254

5

HS

176

4

HS

Madavazhai

65

20

6

82

3

S

117

2

S

Kullar Kunnai

75

20

4

84

3

S

98

2

S

Mutheli

65

15

9

78

3

S

141

2

S

Kehulepa

80

20

7

96

3

S

148

3

S

Nendrapadathi

80

20

8

156

4

HS

137

2

S

Manohar

85

20

8

95

3

S

84

3

S

Elavalai

95

20

7

85

3

S

130

3

T

Bacharia Malbhog

75

20

6

150

4

HS

112

2

S

Kechulepa

80

20

6

19

1

R

99

2

S

Kartobiumtham

85

20

6

22

1

R

167

3

S

Rajapuri India

85

20

6

90

3

S

198

5

HS

Attu Nendran

70

20

8

156

4

HS

177

2

S

Myndoli

80

20

7

112

3

S

190

3

S

Poovan

80

20

6

120

3

S

142

3

S

Digjowa

80

20

7

121

4

S

61

3

S

Kullan

65

20

8

90

3

S

174

4

HS

Baidi Chinna

100

20

10

82

3

S

160

4

HS

Jawari Bale

65

20

8

120

3

S

69

3

S

91

1

2

3

4

5

6

7

8

9

115

25

8

77

3

S

148

3

S

85

20

10

82

3

S

188

4

HS

Rajthali

105

25

8

85

3

S

210

5

HS

Marabale

105

20

8

2

2

R

205

5

HS

85

20

12

81

3

S

108

2

S

115

25

8

90

3

S

138

2

S

Sanna Chenkadali

50

15

7

175

5

HS

68

2

S

Wather

45

18

8

35

2

MR

87

2

MR

Chakkara kannan

55

16

8

38

2

MR

92

3

S

Pey kunnan

45

18

9

76

3

S

142

3

S

Yenagu Bontha

55

17

7

34

1

R

116

3

S

Kallu Monthan

50

16

9

102

3

S

154

4

S

Mas

45

16

8

285

5

HS

120

3

S

Gouria

40

18

8

78

3

S

125

3

S

Kachkel

55

15

10

30

2

MR

98

3

S

Soniyal

55

15

10

30

3

S

69

3

S

Ambeli

50

16

9

78

3

S

54

2

S

Chandrabale

50

15

8

82

3

S

131

3

S

Pisang Lilin1

75

16

7

12

1

R

40

1

R

Robusta 2

65

15

6

225

5

HS

256

5

HS

Virupakshi
Kaali

Pacha
Kalyan Bale

** Host reaction :
R = Resistant; MR = Moderately Resistant; T= Tolerant; S = Susceptible; HS = Highly
Susceptible
* RLI : Root Lelica Index
1 = no lesion ; 2 = 5-10 lesions ; 3 = 10-20 lesions with initial rotting ; 4 = 20-30 lesions
with advance rotting: 5 = severe rotting in all roots
* RKI : Root Knot Index
1 = no galling; 2 = trace infections with a few small galls; 3 = <25 percent roots galled; 4
= 25-50 percent roots galled; 5 = 50-100 percent roots galled
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Table 2. Efficacy of neem based formulations used as sucker treatment against
root-knot nematode, M.incognita infesting banana in cv. Robusta
Host infestation and nematode population
(Mean of five replication)
No. of
healthy
roots

No. of
infected
roots

T1 - 10% Neewin for 30 min

9

3

3

560

201

761

T2 - 15% Neewin for 30 min

13

2

2

400

150

550

T3 - 10% Nimbecidine for 30 min

12

2

2

280

80

360

T4 - 15% Nimbecidine for 30 min

14

1

1

0

34

34

T5 - 10% Juerken for 30 min

9

3

3

440

175

615

T6- 15% Juerken for 30 min

11

3

3

360

129

489

T7 - 10% Neem gold for 30 min

10

3

3

280

85

365

T8 - 15% Neem gold for 30 min

12

2

2

400

170

570

T9 - Hot water treatment for
15 min @ 50° C

10

3

3

320

99

419

T10 - Hot water treatment for
20 min @ 50°C

12

2

2

160

19

179

T11 - Planting of pared sucker
without treatment

10

5

4

280

127

407

1

7

5

1320

294

1614

CD at (P = 0.05)

0.963

0.569

29.505 20.890 90.801

SEd ±

0.453

0.253

14.605 10.445 45.202

Treatments

T12 - Planting of sucker
without paring

Root
Knot
Index

Total number of nematodes
Soil
(250cc)

Root
(1 g)

Total
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Table 3. Effect of vermiwash/vermicompost against root-lesion nematode,
(Pratylenchus coffeae) infesting banana.
Treatments

Plant
Pseudostem
height (cm) girth (cm)

No. of
leaves

Root lesion
index

Nematode population
Soil

Root

T1-Marigold leaf
compost =250g

60

23

6

1

13

31

T2-Banana leaf
compost =250g

64

22

7

2

26

42

T3-Farm yard
manure compost=250g

46

16

6

2

37

55

T4-Marigold leaf
vermiwash =100%

64

21

6

1

0

18

T5- Marigold leaf
vermiwash =75%

61

21

6

1

13

30

T6- Marigold leaf
vermiwash =50%

45

15

6

2

16

50

T7- Banana leaf
vermiwash =100%

62

22

6

1

10

39

T8- Banana leaf
vermiwash =70%

57

20

6

2

13

53

T9- Banana leaf
vermiwash =50%

50

19

6

2

18

55

T10-Furadon or
Caldon
=250g

60

24

7

3

26

55

T11-Nematode alone

42

20

5

4

41

138

T12-Un Inoculated
control

66

25

5

0

0

0

P = (0.05)

3.5871

1.0770

0.3600

0.3871

2.6515

2.9642

CD (.05)

7.4391

2.2336

0.7467

0.8028

5.4988

6.1473

CD (0.01)

10.1114

3.359

1.0149

1.0911

7.4741

8.3555

7.85

6.45

7.63

29.43

18.47

7.69

CV%
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Strategies for production of quality planting materials of
arid fruits
P.L. Saroj
Principal Scientist (Horticulture)
Indian Council of Agricultural Research, Krishi Anusandhan Bhawan-II, Pusa Campus,
New Delhi-110 012

Indian Horticulture particularly at post WTO regime has made considerable progress
and revolutionized production scenario of horticultural commodities. The past investments
in terms of infrastructural development, input support and technological interventions in
horticulture have been rewarding. As a result, India has emerged as the second largest
producer of fruits and vegetables in global scenario. Horticulture became a key driver for
economic development in the country, and it contributes 30.4 per cent to GDP of agriculture.
Horticulture sector has proved its potential not only in providing food and nutritional security,
employment opportunities, eco-restoration etc. but it has also played a greater role in earning
of foreign exchange. The horticulture which includes fruits, vegetables, spices, medicinal
and aromatic plants, flower and ornamental plants, plantation crops, tuber crops, mushroom
etc. has become priority area for improving economic condition of the farmers through
systematic diversification.
Moreover, after independence, area expansion under horticulture took place mainly
on resource-rich situations, while the resource situation of arid region are complex, diverse
and risk prone. The development of arid horticulture is relatively new in this region. Through,
there are several constraints in growth and development of arid horticulture like frequent
drought, low and erratic rain fall, extremes of temperature, high wind velocity, sandy soil
with poor fertility, saline underground water resource, problem of wild animals, poor
infrastructural facilities, limited trained man power etc. but potential is immense. Even
under prevailing bio-physical farming constraints; there is good scope for production of
best quality fruits, vegetables, spices and enough scope for processing particularly solar
dehydration. There, vast land resource, plenty of wind and solar energy, easy access of
field labourers, increasing network of canal irrigation system etc. can be considered as
strength for development of arid horticulture. In overall development of horticulture at
national level, the quality planting material is most important determinant of ultimate output.
Though, the role of integrated nutrient management, water management, integrated pest
management etc. cannot be ignored in improving production and productivity of various
horticultural commodities. The significance of quality planting materials can be realized
by the fact that in last sixteen years, the area under fruit crops has nearly doubled and in last
ten years alone, there has been quantum jump of nearly 25 per cent.
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The quality planting material indicate three main considerations viz., true-to-type,
healthy, disease free and as per standard. Most of the perennial fruits trees are propagated
by vegetative methods. In fact quality of a propagule is judged by uniformity or homogeneity
of stock, use of right kind of root stock, proper root system, strong outgrowth of bud or
graft, devoid of growth abnormalities, free from pest and disease symptoms and without
any mechanical injury. Besides these, sufficient food reserves, stress free and completely
free from any latent infection are other important monitoring indicators. Though, in some
fruit trees like Karounda, phalsa, jamun, lasoda etc. seed propagation is still common due
to comparatively less variability and limited availability of vegetatively propagated planting
materials. Moreover, papaya is commercially propagated by seeds. In fruit tree, vegetative
method of propagation including micro-propagation provides an opportunity for faster
multiplication of elite clones without growing for generations to achieve stabilization. But
most of the fruit crops are perennial in nature and any mistake in choice of cultivar and
quality planting material will invite high risk to growers than any other annual crops.
Therefore, quality planting materials possess greater significance in development of
horticulture. Moreover, plant types, time and techniques are highly influenced by the
edaphoclimatic situation, which need further attention regarding multiplication of quality
planting materials for development of arid horticulture.
The demand for quality planting materials has been increased in recent years due
surging demand for fruits arising from improved standard of living of the sizeable population
and fruit cultivation offering livelihood options to the farming communities. National
Horticulture Mission was envisioned to focus on horticulture research and development
through coverage of area with improved varieties and productivity improvement programmes
by targeting 33 lakh ha additional area under horticultural crops, besides rejuvenating 16
lakh ha of senile orchards by the end of XIth plan period. As an estimate, there are more than
4409 fruit nurseries are operating in the country that include 1575 government sector and
2834 under private sector with the target of producing 1387 million fruit plants per annum.
However, there is a wide gap between actual production and requirement of quality planting
materials in the country.

• Policy issues and quality control mechanism.
The seed Act was enacted in the country way back in 1963 and thereafter several
amendments were made. In October 1988, National Seed Policy was introduced by the
Government of India with an objective to make available best quality seeds and planting
materials to the Indian farmers from anywhere in the world for increasing the productivity
and also growth in expert of the seed. As a result under open general license, seeds of
hybrid vegetables were imported, thereby the productivity of various vegetables has been
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increased many fold and several seed companies and nurseries were established in the
country. But, besides high cost of import it could not meet the total requirement. The seed
Act also cover the planting material but enforcement of phytosanitary measures, certification
of nurseries and quality standard etc. have not been pursued to the extent it is desired.
Many of the states have implemented Nursery Act but for want of valid standard of live
materials, proper mechanism for monitoring system; the Act could not be enforced
effectively. However, there is well defined system in the country for seed propagated annual
crops but no such system exists for quality control of perennial fruit crops. Although, there
are certain regulations for controlling the movement of diseased planting materials, which
are neither followed by the common nurserymen nor there is any suitable system to enforce
these regulations. Presently, there are only 8 states in the country that have enacted the
Nursery Legislation, in 9 states some system of registration/ monitoring of nurseries prevails
while in 13 states, there exist no Nursery Act, which is a matter of serious concern. Moreover,
the existing act does not cover technical specifications of quality planting materials,
standardized protocols of perpetuation, infrastructure required and good nursery management
practices.
Besides import, liberal transport of planting materials within and between states
may also cause of transmission of pest and diseases, if planting materials are already infected.
The transmission of viral diseases of citrus is one of the best examples. Similarly, the
problem of ‘Bunchy top of banana’ was first noticed in Kerala, now spread to most of the
banana growing areas in the country. Therefore, not only nursery regulations but strategic
quality control mechanism is also required for monitoring and preventing disease and pest
spread through planting materials. Even, sometimes, private nurserymen are supplying poor
quality planting materials like over age, coiled root system, infected with pest and diseases,
using improper rootstock, propagated by faulty method, without hardening, without labeling,
improper packing etc. The adoption of quality control standard of perennial crops will play
a pivotal role in this direction. Some efforts by Horticulture Division of ICAR, is to develop
standard of planting materials of horticultural crops, which will be of immense use not only
for accreditation purpose but also for establishment of orchard of desired quality.

• Nursery Management
Though nursery management is a trade oriented dynamic process which refers to
efficient utilization of available resources for better economic return but mass multiplication
of quality planting material is the central theme. Thus, nursery management is a team effort
to achieve the desired target. The main phases of nursery management are (i) planningedaphoclimatic and socioeconomic considerations, demand of plating materials, provision
of mother block and rootstocks, water supply, working tools, growing structures, input
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availability, accessibility, trained human resource, plant protection, disposal of planting
material etc. (ii) implementation-land treatment, layout plan, protection against biotic and
abiotic interference and soil erosion, input supply etc. (iii) monitoring and evaluationproper maintenance of record, care of mother block, time and techniques of propagation,
rapid response, proper handling, incentive to workers, critical analysis etc. and (iv) feedbackfor further refinement. The key elements of nursery management are (1) the place (2) the
plant and (3) the person behind.
Regular care from each and every angle and timely action on management activities
are the key considerations for success of plant propagation programme. The nursery area
must be free from weeds. The nursery waste should also be utilized for preparation of
compost, which can be used as filling mixture. Regular watering of plants either in beds or
pots or containers by misting or fogging or hand watering should be done as per need of
plants. Proper drainage conditions should also be maintained. Sometimes, by regular watering
soil may get hardened, which should be loosened by light digging with hand fork or in large
beds by hand hoe. Regulation of water is essential as too little irrigation results in poor
growth of plants with shallow root systems; whereas heavy irrigation may cause over growth
and sometimes rotting of roots. Foliar nutrition of plants is also useful. For control of pest
and diseases, timely adoption of plant protection measures is necessary. Pest and diseases
not only damage the plants in nursery but may also be transmitted to the field with the
nursery stock. Therefore, for excluding the pathogen in the propagation block; specific
pathogen test or specific virus test is required. Sometimes graft incompatibility is because
of infection agent to which either stock or scion is hypersensitive. Not only propagation
block but also mother block should be properly managed. Soil solarization by covering
with polythene is the best way of suppressing weed growth and minimizing soil pathogens
in the nursery.

• Contingency plan
Advance planning to fulfill the demand of quality planting materials in the planting
season and to face any unforeseen situations is called contingency plan. A lot of activities
are involved in nursery management for production and supply of quality planting materials;
where proper planning and timely action is required. Starting from selection of nursery
site, purchase of pure live seeds and quantity of seed required, raising of rootstocks,
arrangement of various inputs, provision of irrigation system, integrated nutrient
management, integrated pest management, propagation, shifting, hardening, packing,
labeling to till disposal of planting is required. Establishment of marketing network for
timely disposal of produce is very important; otherwise if planting materials have not been
lifted timely from the nursery it will require extra care and sometimes may not be fit for
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planting in the next season due to over growth and coiled root system. Thus, every step is
equally important for efficient production of quality planting materials. Besides proper
monitoring for mid-term corrections, critical analysis at the end of every season is required
for further refinement of activities, so as to make nursery economically viable. Thereby,
contingency plan is an essential feature of nursery management in order to achieve the
desired target. This aspect needs proper capacity building programme at various levels.

• Establishment of Mother Block
Normally, seed propagation is not recommended in fruit crops owing to variability
in growth and fruiting, long juvenile phase, chances of transmission of seed born diseases
etc. but for evolving new varieties and raising of rootstocks; seed propagation is a feasible
alternative. Most of the fruit plants are component plants, having rootstock (root farming
basal part) and scion portion (canopy farming upper part) except plant raised on their own
roots (layering and cuttings) and by seed propagation. Scion portion is responsible for
fruiting; thereby the name of plant is always the name of scion cultivar. The source of scion
is referred as mother block.
For any model nursery, the establishment of mother block is prerequisite. Once an
elite type of material is identified, it should be multiplied and maintained under conditions
that prevent recontamination and allow detection of any significant change from the original
source. The planting stock that maintained as a source for commercial propagation is referred
as mother block. Therefore, for preservation of pathogen free planting stock; proper isolation,
sanitation, periodical inspection and proper maintenance are very important. The scion
shoots should be taken only from bearing trees based on the age of the fruit types. There
should be proper record and certification of planting stock. Commercial planting stock can
be referred as certified stock, if it is grown under supervision of a legally designated agency
with prescribed regulations designed to maintain minimum standards of clonal identity and
hygiene. Scion free from diseases is essential, which is ensured by establishment of mother
block in isolation backed by sero-diagnostic technique for monitoring of diseases. It is also
advised that the mother block of old cultivars can be replaced by new cultivars of desired
purpose or fruit types in phased manner if need be. The important cultivars of different arid
fruits are given in the table 1.
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Table 1. Important cultivars of arid fruit crops
Fruit
crop

Commercial
cultivars

Cultivars for
processing purpose

Ber
Gola, Umran, Banarasi Karaka,
(Ziziphus mauritiana) Seb, Kaithali, Goma Kirti,
Thar Sevika, Thar Bhubharaj

For preservation- Gola,
Seb, Mundia, Banarasi
Karaka

Aonla
(Emblica officinalis)

Neelam, Amrit, NA 10, Kanchan,
Krishna, Anand 1, Anand 2,
Laksmi 52, Goma Aishwarya

For preservation- Neelam,
Amrit, Chakaiya, Banarasi
For pickle-Kanchan,
Krishna, NA 10

Bael
(Aegle marmelos)

NB 5, NB 9, Pant urvashi,
Pant Shivani, CISH 1, 2,
Goma Yashi

For candy- NB 9For
syrup- NB 5, Pant Urvashi,
Pant Shivani, CISH 1, 2,
Goma Yashi

Guava
(Psidium guajava)

Allahabad Safeda, Sardar Guava,
Lalit, Kohir safeda, Kohir jam,
Arka Amulya, Arka Mridula,
Pant Prabhat

For jelly- Sardar Guava,
Pant Prabhat

Pomegranate
(Punica granatum)

Jalore Seedless, Ganesh, Mridula,
Ruby, Arakta, Jyoti

For dehydrationAmalidana
For juice- Mridula, Ruby,
Arakta

Datepalm
Halawy, Khadrawy, Zahidi,
For dehydration- Medjool,
(Phoenix dactylifera) Barhee, Khalas, Khuneizi, Zagloul, Shamran, Khadrawy,
Sewi, Shamran
Chip Chap

• Nursery containers
Various types of containers such as clay pots, plastic pots, poly fibre pots, metal
pots, hanging baskets, poly bags etc. are used for raising of seedling, rooting of cuttings,
and hardening of layers before planting in the field. From last few decades, there has been
increase in use of poly containers of different shape and size for raising plants. Use of UV
stabilized poly bags or poly tubes are durable and do not deteriorate rapidly. The poly bags
are less expensive than poly fibre or metal containers. Normally, transparent but black and
blue colour poly bags are also used. The size and thickness of poly bags should be decided
judiciously as under size poly do not provide vigorous growth while oversized poly bags
require more filling mixture, owing to higher cost and weight. In arid region, the chief
advantages of using poly bags that the seedling can be raised round year the, and plantation
programme will not suffer due to dry spell or shortage of labourers. The poly bags raised
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plants are easy to handle in terms of protection against frost, irrigation, pest and disease
management, lifting, shifting and transportation etc.
Under arid conditions, strong tap root system with sufficient fibrous roots are very
important for proper establishment of plants. Thus, use of root trainers is essential not only
for vigorous growth but also for better root system. The root trainers are semi-rigid or rigid
containers with internal vertical ribs or corrugated walls hence root tends to develop straight
down rather than spinal growth. These root trainers have holes at the bottom for aeration,
aerial pruning and drainage of excess water.

• Growing media
There are several types of media such as soil, sand, FYM, compost, leaf mould,
shredded bark, saw dust, coco peat, vermiculite, perlite, sphagnum moss etc. used in plant
propagation both by sexual and asexual means. The media may be solid, liquid or spongy
moss and can be used either alone or in combination. Sometimes, amendments like gypsum
or pyrite are also added in the beds while raising the nursery. In some cases, organic media
may also contain toxic substances, especially when fresh. Therefore, well rotten organic
materials, free from toxic substances and harmful microorganisms should only be used.
The medium should be firm enough to hold the seeds or cuttings during germination, rooting
and subsequent growth. It should have the ability to retain and supply sufficient moisture to
seeds or cutting. The medium should be porous enough permit aeration and drain out excess
moisture. Besides above, media should have sufficient amount of plant nutrient, which are
essential for growth and development and free from weed seeds, pathogen and nematodes.
To make the soil or media free from soil born diseases especially damping off; it may
be disinfected by soil fumigant, sterilization of soil by steam, use of chemicals and solar
radiation etc. Now a day non-chemical alternative of soil solarization through sunlight by
covering the soil with transparent polythene sheet to control the soil born disease including
nematodes is becoming popular. Other beneficial effects of soil solarization include control
of weeds, insect-pest and release of plant nutrients resulting better plant growth. Use of
biofertilizers particularly nitrogen fixers (Rhizobium, Azotobacter and Azospirillum),
phosphate solubilizer (Pseudomonas and Bacillus), fungi (Penicillium and Aspergillus)
and mycorrhizal fungi are also useful in nursery management, when applied in combination
with organic manures and inorganic fertilizers in a balanced proportion. As a good nursery
practice, it is necessary to use always clean growing media, sterilized containers and nursery
tools as well as pathogen free planting materials.

• Protected structures
Conducive microclimatic conditions by manipulation of temperature, relative humidity
and gasses are essential for production of quality planting materials. For optimizing such
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conditions, there are several types of growing structures like fibre glass house, plastic
covered green house, UV stabilized HDPE, shade net, lath house, poly tunnels etc. based
on ecological situations, specific requirement, cost involvement etc. with or without provision
of misting. Now a days, fully automatic hi-tech nursery green houses have been developed
not only to control temperature and relative humidity but also intermittent misting, control
of photo-period, heating and cooling system in order to undertake propagation activities
year round. There are different intensity, colour of shade net, inset proof net etc. are available,
which can be used as per requirement. The system has also been developed to cover the
structure both by poly cover and shade net and one can be folded as per need.
In general, there is least problem of insect and diseases in controlled conditions but
once plant is infected it is transmitted easily and quickly. Therefore, proper sanitary
conditions should be maintained in and around growing structure. All necessary precautions
should be taken while bringing the media, seed and plant material, inputs and implements
etc. inside the growing structure. These structures also require proper care and maintenance;
hence for better management, regular specialized technical manpower is required. For hitech
structures, regular power supply and source of irrigation water is prerequisite. The plants
raised under control environments also require hardening before planting at desired place.

• Clonal multiplication and rootstocks.
There are very few fruit plants like banana, pineapple, datepalm, strawberry etc.
propagated by vegetative parts like sucker, crown, runners or by cutting (phalsa, pomegranate,
grapes, mulberry, fig etc.) on their own roots. Otherwise, most of the fruit plants propagated
either by budding or grafting require rootstocks upon which scion or bud is grafted. Generally,
rootstocks are raised by seeds which are again not a recommended scientific approach,
because of the open pollinated seeds and improper stock to which seeds are collected. Even
if rootstock is raised by seeds, it is being collected from recommended species, proper
maturity and from healthy plants. The knowledge of seed quality (boldness, viability,
germination, free from pest and diseases etc.) seed treatment, time and method of sowing,
irrigation, nutrition, thinning, removal of side and basal branches etc. are very important.
Germination and vigour of rootstocks can be improved by seed treatment with thiourea and
gibberellic acid. The bud intake and graft union is always better in vigorous juvenile
rootstocks.
Not only recommended species and vigour of rootstock but age of rootstock is also
important consideration during plant propagation. In general, about one year old rootstocks
are used, where the seeds sown in previous season are ready for grafting or budding in
current season. This practice is expensive and requires long time. Such rootstocks invariably
lose their tap root system as a result of repeated transplanting in the nursery. The plants
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raised in containers also if left for longer period develop coiled root system. Plants with
bigger earth ball also not feasible for transportation at longer distance and also remove
large volume of fertile soil every year. Any damage of earth ball during handling and
transportation may cause poor field survival.
However, clonal multiplication of root stocks is essential as ‘clones’ are genetically
uniform material, derived from individual, propagated by vegetative means. So far, the
apple is only crop where clonal rootstock based on vigour, quality and pest and disease
resistance or tolerance parameters were utilized at commercial venture. The advantage of
rootstocks for stress management has also been observed in citrus and grapes up to some
extent. There are several fruit crops where compatible rootstocks for vigour control, stress
management and improvement of quality and productivity have been identified (Table 2)
but protocol for their clonal multiplication is yet to be standardized. The clonal multiplication
of Psidium species has also been standardized by Saroj and Pathak (1998). Because of the
use of heterozygous rootstock, the orchard even of a single cultivar never would be
homogenous in vigour, productivity, quality and longevity. Such heterozygous rootstocks
also pose the problem for mechanization due to uneven growth habit of plants in an orchard
of same cultivar.

Table 2. Rootstocks recommended for various fruit crops
Fruits crop

Rootstock

Influence/conditions

Guava

Psidium molle,

Semi-dwarf, tolerant to drought and
sodic soils.

Inter-specific hybrid

Wilt resistant.

Ber

Z. mauritiana var. Rotundifolia

Vigorous and drought hardy.

Sapota

Manilkara hexandra (Khirni)

Drought hardy.

Citrus

Citrus karma

Suitable for heavy soils.

Rangpur lime

Suitable for heavy and deep soils.
Tolerant to Tristeza but susceptible to
Exocartis and burrowing nematode.

Totapari

Dwarf and hardy to stress.

Kuruukan

Salt resistant and polyembryonic

Salt Creek and Dogridge,

Hardy to drought, salinity and
nematode resistant.

St. George

Resistant to Phylloxera.

Mango

Grapes

(Saroj, et al., 2004)

105

• Plant propagation
Even today, there is wide gap between production and availability of quality planting
materials of various fruit crops and that to the demand of tissue cultured plants are several
manifold high. If the envisaged growth rate of 7 per cent in horticulture has to be made
reality, the concerted efforts towards quality seeds and planting materials cannot be ignored.
At present, a lot of efforts are going on for area expansion under different fruit crops, hence
huge quantity of quality planting materials are required. Moreover, in perennial fruit trees,
the impact of area expansion in XIth plan period will be reflected in future only after
completion of requisite gestation period. With the present infrastructural facilities and
traditional methods of plant propagation, it is extremely difficult to meet the present demand
of quality planting materials. Moreover, traditional method of propagation cannot be ignored
unless economically viable and practically feasible protocols are standardized for various
fruit crops of arid region. So far, the commercial propagation techniques adopted for arid
fruit crops are given in table 3.

Table 3. Commercial propagation techniques of arid fruits
Fruit crops

Propagation techniques

Time of propagation

Source

Aonla

Patch budding

Mid June- July

Saroj and Singh (2010)

Ber

Patch budding

July-September

Nath et al. (2000)

Bael

Patch budding

July-August

Saroj (2004)

Lasoda

Patch budding

July-August

Singh et al.(2003)

Tamarind

Patch budding

Last week of JulyMid August

Awasthi et al. (2005)

Datepalm

Suckers

July-September

Saroj (2004)

Pomegranate Semi-hardwood cuttings
with 2500 ppm IBA in
July
shade net
Ker

Guava

Semi-hardwood cuttings
with 7500 ppm IBA+
July-August
1000 ppm Thymine in
shade net
Wedge grafting

Saroj et al. (2008)

Bhargava et al. (2006)

November–February Singh et al. (2005)
in green house

This ever increasing demand for quality planting materials could only be possible
through tissue culture, where mass multiplication of disease free planting materials can be
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done in shortest possible time. The tissue culture technique of plant propagation is a useful
alternative where conventional method is very slow. Even with plants that are propagated
readily through cuttings, division or other asexual methods of propagation, the tissue culture
technique can enhance substantially their rate of multiplication. Among fruit crops, invitro propagation has been adopted commercially in case of banana. Moreover, claims
have been made by several workers or organizations that they have standardized the invitro protocols for various fruit crops but none of them have been commercialized so far,
which needs re-look for refinement and subsequent up-scaling in order to make them
technically sound, practically feasible and economically viable. For arid region,
standardization of in-vitro protocols for a crop like date palm needs immediate attention to
promote this valuable crop at faster rate.

• Estimate of requirement for arid region
Out of total geographical area under hot arid region (31.71 m ha), maximum area is
under Rajasthan (28.56 m ha). Therefore, it would be pertinent to give the land use pattern
of Rajasthan to understand the situation of horticulture in hot arid ecosystem (Table 4.). It
is apparent that the area under fruit crops in hot arid region is negligible (0.05 lakh ha).
Therefore, to increase the area under hot arid region, proper strategic planning is required
from various angles.

Table 4. Land use pattern in Rajasthan
Parameters

Area

Geographical area

342 lakh ha

Gross cropped area

200 lakh ha

Irrigated area

64.53 lakh ha

Area under horticulture

10.29 lakh ha

Distt. under hot region

12

Area under spices

7.63 lakh ha

Area under vegetables

1.00 lakh ha

Area under MAP

1.43 lakh ha

Area under floriculture

—

Area under fruits

0.23 lakh ha

Area under fruits in hot arid region

0.05 lakh ha

107

As a very conservative estimate, if we propose to cover only 5 per cent of already
existing area under horticulture (10.29 lakh ha) in the form of inter-plantation by fruit
trees, it comes about 50,000 ha. Similarly, if propose additional area of only 10,000 ha to
bring under new plantation, we will have to cover a total of 60,000 ha area. The composition
to cover 60,000 ha area under fruit plants is depicted by Fig. 1 as per priority of fruit crops
in the region. For above said area, the total requirement of quality planting materials is
about 2,65,01,150 plants, total production from different sources is about 13,00,000 plants,
purchased by neighbouring states is about 10,00,000 plants; thus there is a deficit of about
2,42,01,150 plants, for which proper planning is warranted.

Fig 1. Composition of Fruit plants

• Hardening of plants
Hardening is essential for better establishment of plants under field conditions. In
hot arid region, hardening is done to withstand plants against possible burning due to bright
sunshine, hot winds and deposition of warm sand while, in cold arid region hardening may
develop protection against freezing. In general, the process of hardening should be such
that there is an assurance of high survival and no growth under the conditions to be expected
at the time of transplanting. With holding of water followed by shifting of plants under
shade or shade net or lath house and subsequent trimming of over or unwanted portion of
plants is general process and practice of hardening before plantation. Hardening (i) increases
the quantity and modifies the nature of colloids in the plant cells enabling them to resists
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the loss of water, (ii) increases the percentage of dry matter and sugar in the plant but
decreases freezable water and transpiration per unit area of leaf, (iii) decreases rate of
growth, (iv) greater resistance to plasmolysis and de-plymolysis and thus hardened plants
can withstand better against unfavourable conditions of transplanting. Unscientific hardening
of tissue cultured plants is one of the reasons for poor field survival. For better survival
under field conditions, the three step hardening technique is suggested for the plants produced
by tissue culture (Table 5).

Table 5. Environment regime and potting substrate under three step
hardening system for tissue culture raised plants.
Steps
I.

II.

III.

Acclimatization
hood made up of
polycarbonate
sheet with
ventilation device
kept inside the
culture room

Evaporative cool chamber
covered by insect
proof net, thatches
of local grasses and
shaded by agro-net of
50 percent light
intensity

Low cost poly
house or shade
house equipped
with
intermittent
fogging
device.

Temperature (o C)

25±2

25-30

25-35

Relative Humidity (%)

75-95

70-80

60-80

3000-5000

5000-10000

10000-20000

Vermiculite (%)

60

60

-

Coco peat (%)

30

-

-

Perlite (%)

10

-

-

Vermicompost (%)

-

40

30

Sterilized sand soil (%)

-

-

70

Environment regime/
potting substrate

Light intensity (Lux)

(Singh and More, 2008)

• Quality standard
Least attention has been given so far on the numerical parameters of quality standard
of vegetatively propagated planting materials. Moreover, besides true-to-type, there are
certain other important parameters that decide the quality of the planting materials or
propagation stock. The uniformity of growth and hardened enough plants are good for
packing and transportation. Sometimes, it is very difficult to pack the plants of different
age and height of a variety. The stocks must be free from pest and diseases. There is general
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feeling among the farmers that bigger size plants will come in early fruiting; hence they
prefer to purchase those plants, which are big in size, broad leaves and straight growth with
young growing tips. Even, they pay more for such plants. Therefore, there is a strong need
to create awareness the growers about quality standard of planting materials. The standard
of quality planting materials of some arid fruit crops is given in table 6, 7 and 8 (Saroj,
2004).
Table 6. Plant standard for some arid fruit crops
Fruit
plant

Propagation
method

Phoneix dactylifera

Sucker

Plant
age

Plant
standard

<1.5 Year 10 kg wt., 1-1.5 m ht., with some roots,
smaller cut at the base.

Ziziphus mauritiana Budding

<1 Year

30-50 cm ht., 0.75-1.25 cm budling girth

Emblica officinalis

Budding

<1 Year

50-57 cm ht., 1-1.5 cm budling girth

Citrus reticultaa

Budding

<1 Year

50-75 cm ht., 0.75-1.25 cm budling girth

Aegle marmelos

Budding

<1 Year

30-50 cm ht., 0.75-1.25 cm budling girth

Psidium guajava

Budding

<1 Year

50-75 cm ht., 1-1.5 cm budling girth

Cordia myxa

Budding

<1 Year

30-40 cm ht., 0.75-1.5 cm budling girth

Punica granatum

Cutting

<9 Months 25-40 cm ht., 0.5-1.25 cm plant girth
with fibrous roots

Tamarindus indica

Budding

<1 Year

50-100 cm ht., 0.75-1.25 cm budling
girth

Carissa carandus

Seedlings

< 1 Year

20-40 cm ht., 0.35-0.75 cm girth

Table 7. Standard for clonal raised rootstocks
Parameters

Standard

Name of the fruit crop

Guava (Psidium guajava)

Method of propagation

Stooling

Age of rootstock

6-7 month old

Rootstock height

45-100 cm

Diameter of rootstock

0.6-1.25 cm

Branching

Single stem

Pest-disease incidence

Free from pest and diseases.
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Table 8. Standard for scion shoot or bud wood for some arid fruit crops
Parameters

Standard

Name of the fruit crops

Tamarind, Ber, Bael, Aonla, Guava, Jamun

Age of scion shoot

5-6 month old

Length of scion shoot

20-50 cm

Diameter of scion shoot

0.5-0.8 cm

Number of buds/scion

>5 buds

Nature of buds

Active vegetative buds

Colour of scion shoot

Green colour (Bael, Ber, Aonla) Light brown to green
colour (Tamarind, Jamun) Light brown to green colour
with angular shape (Guava)

Pest and disease incidence

Free from pest and diseases

• Fruit nursery campaign
So far there is no well organized system at national level for production, storage and
distribution of planting materials. To meet the present requirement of quality planting
materials, establishment of Model Nursery should be taken up as campaign both in public
and private sector. The institutions like National Seed Corporation, State Farm Corporation,
National Horticulture Board, State Horticulture/Agriculture, KVKs etc. have to be
encouraged for production and distribution of quality planting materials. Investment on
infrastructural development like high-tech green houses, fogging or misting systems, drip
irrigation, hardening facilities, packaging materials, poly containers etc. for maintaining
high standard have to be promoted. By involving public-private-partnership, it has been
made reality in case of cashew, ber and aonla. However, mechanism for ensuring quality of
set target has to be articulated, where government has to play a key role.
Majority of the nursery in the country are not specialized and giving emphasis mostly
on production of ornamental plants, perhaps because of high profit margin, no standard of
planting materials and also these plants are easy to propagate. The nurserymen are still
producing these plants through traditional techniques. Therefore, there is a need to modernize
specialize fruit nurseries with effective quality control mechanism. For such control,
professionally qualified human resource is essentially required. Some procedures to be
developed even to verify the input to be used in the nursery. A model nursery must have a
well established mother block with promising cultivars. Proper maintenance of records
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including all information. Proper handling, packing and labeling of plants produced including
name of variety, rootstock used, date of packing, name and place of nursery, registration
and certification number etc. should also be taken care. To take advantage of modern
technologies, effective coordination should be maintained from nearby government
organizations. The initiation of Mega Seed Project by ICAR and National Horticulture
Mission by Department of Agriculture, Cooperation, Govt. of India and Nursery Certification
Programme by National Horticulture Board are the important land mark in promotion of
quality planting material production in the country. This needs more attention in publicprivate-partnership mode for marching ahead.

• Major constraints
The major constraints in production of quality planting materials of arid fruits are as
under.

• Lack of comprehensive nursery legislation and bud wood certification.
• Lack of healthy mother blocks of elite varieties of arid fruits.
• Least work on standardization and multiplication of rootstocks for various situations.
• No standardized tissue culture protocols for most of the arid fruits.
• Poor knowledge about plant standard.
• Lack of infrastructural facilities.
• Lack of awareness about good nursery practices.
• Least work on nursery mechanization and use of advance nursery tools.
• Poor availability of nursery inputs.
• Limited use of polycontainers and root trainers.
• No standardized cheaper diagnostic kits for various pathogens.
• Non-operational quarantine norms in movement of planting materials within the
country.

• Poor record keeping and labeling of planting materials.
• Poor buy back arrangement.
• No tariff rebate in movement of planting materials.
• Future strategy
For ensuring quality planting materials to the doorsteps of the farmers; following areas
require immediate attention
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• Effective mechanism to enforce the nursery regulations and bud wood certification
programme.

• Establishment of mother block of promising or newly released cultivars of various
fruit crops under optimum conditions.

• Standard for planting materials both for fruit types and propagation method wise
including standard for scion wood and rootstocks must be finalized.

• Tissue culture protocols for mass multiplication of disease free planting materials
should be standardized for various fruit crops.

• Infrastructural facilities such as growing structures, handling and storage unit,
transport facility and availability of nursery tools and inputs should be strengthened.

• Clonal multiplication of desired rootstock should be promoted.
• The mechanism should also be developed for proper labeling system and cost control
of planting materials.

• Promotion of nursery entrepreneurship in public-private partnership mode.
• Various aspect of nursery management needs skilled human resource; hence different
levels of capacity building programmes should be initiated.
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Okra [Abelmoschus esculentus (L.) Moench.] is widely adopted vegetable in India
and grown chiefly for its tender fruits. India produces 41.93 lakh tons from 4.09 lakh ha
area (APEDA, 2010) and contributes 4 per cent of total vegetable production, having a
large export share among vegetables. The plant growth regulators applied exogenously
supplement the deficiency of inherent plant harmones which facilitate the internal conditions
favorable for successful growth and development of crop plants (Pandey, 2010). Application
of plant growth regulators along with balanced crop nutrition has been found effective in
increasing plant growth parameters, flowering, fruit set, and yield in several vegetable
crops (Saimbhi, 1993). Production of healthy and quality seed material provides a strong
base for crop establishment thus resulting in optimum vegetative growth and high yield.
The availability of quality seed is the most critical factor which possibly can be regulated
by use of growth regulators during the seed production. Hence, the present experiment was
planned to study the influence of exogenous application of plant growth regulators on
growth and seed yield as well as seed quality in okra.
The present study was conducted during 2005-06 and 2006-07 at All India Coordinated Research Project on Vegetables, Dharwad, Karnataka to study the influence of
different plant growth regulators on growth, yield parameters and seed yield as well as B:C
ratio in Okra cv. Arka Anamika. The experiment was laid out using Randomized Block
Design with 3 replications and 9 treatments. The field was raised in 3.6 x 3 m plots with 60
x 40 cm spacing. The crop was supplied with 10 t/ha of FYM 20 days prior to sowing and
62.5: 75: 62 kg/ha NPK as basal dose and 62.5 kg/ha nitrogen as top dressing after 30 days
of sowing. Further, the crop was maintained as per the standard recommendations. Plant
growth regulators, NAA (50, 100, 150 ppm) and GA3 (50, 100, 150 ppm) were prepared
and were sprayed to the crop at 30 and 50 days after sowing. The observations on different
growth and yield parameters were recorded at respective stages in both the years and the
data collected was subjected to statistical computation.
The data presented in Tables 1 and 2 depicts that application of plant growth regulators
led to significant difference in growth and yield parameters. The yield parameters and seed
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yield significantly increased due to application of plant growth regulators viz., NAA and
GA3. The pooled mean in respect of seed yield was highest (14.40 q/ha) with the application
of GA3 (150 ppm), which was due to maximum number of seeds per fruit (56.78), 1000
seed weight (75.90 g) and seed yield (1.55 kg/plot). Hence, the same treatment (because of
maximum seed yield) registered the highest B:C ratio (2.9). Similarly, Subramanyam and
Bhatia (1993) recorded the highest (9.55 q/ha) seed yield in okra by the application of GA3
at 200 ppm. Bharat Singh et al (1998) reported superior performance of okra with respect
to yield attributing characters and fruit yield (176.22 q/ha). The seed quality was assessed
by germination test, application of GA3 at 150 ppm, and NAA at 50 ppm resulted in superior
quality seeds with 84.65 and 82.90 percentage germination respectively.
With respect to growth parameters, plant height was studied GA3 at 150 ppm resulted
in maximum plant height (81.95 cm), followed by NAA at 50 ppm (80.52 cm). Control
recorded the least plant height (57.26 cm) indicating the significance of growth regulators
in cell division and plant growth. Application of NAA at 50 ppm and100 ppm resulted in
maximum fruit length (20.5 and 20.1 cm respectively), NAA at 150 ppm recorded the least
fruit length (17.15 cm) which was found on par with control (17.53 cm) and GA3 at 100
ppm (17.88). The highest fruit diameter was recorded with the application of GA3 at 50
ppm and 150 ppm (3.25 and 3.17 cm, respectively). Significantly, least fruit diameter was
recorded with the application of NAA at 150 ppm (1.98 cm). Similarly, Laxman et al (2005)
reported that increasing concentration of GA3 gave substantial improvement in all growth
attributes, flowering, fruit set and yield. Application of GA3 (150 ppm) resulted in
significantly increased plant height, number of fruits, seeds per fruit and yield.
Increase in yield due to application of plant growth regulators-which are capable of
redistributing dry matter in the plant thereby bringing about an improvement in yield which
depends not only on the accumulation of photosynthates during crop growth and development
but also on its partitioning in the desired storage organs-(Surendra et al., 2006) was evident
in the present experiment. Application of GA3 at 150 recorded the highest values for most
of the yield parameters viz., number of seeds per fruit (62.56 and 51.00 during 2005-06 and
2006-07, respectively) and 1000 seed weight (78.63 and 73.03 g) which facilitated in
obtaining the maximum yield (1.59 and 1.52 kg/plot). Similarly, seed germination values
(85.30 and 84.00 per cent) were maximum during 2005-06 and 2006-07 respectively.
Application of NAA at 50 ppm followed the GA3 (150 ppm) in respect of the above discussed
yield attributing characters in both seasons.
Significant yield increase due to application of GA3 and NAA could be attributed to
improved morphological traits, growth parameters and yield attributes (Ahmed and Tahir,
1996). Application of GA3 at 150 ppm resulted in highest yield, recording the highest average
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B:C ratio (2.90) compared to other remaining treatments. Similarly, Surendra et al. (2006)
reported B:C ratio of 5.00 with the application of GA3 at 50 ppm and NAA at 40 ppm
(4.28), which was realized due to manifestation of higher yields in the treatments.

Fruit length (cm)

Fruit diameter (cm)

Number of seeds per fruit

85.06
3.35
10.33

NAA @ 100 ppm

NAA @ 150 ppm

GA3 @ 50 ppm

GA3 @ 100 ppm

GA3 @ 150 ppm

SEm ±

CD @ 5%

3

4

5

6

7

73.63

73.96

72.13

70.93

86.63

NAA @ 50 ppm

2

56.01

6.53

2.12

78.83

70.55

75.42

72.42

68.87

80.23

58.50

6.93

2.25

81.95

71.99

74.53

72.28

69.90

80.52

57.26

1.40

0.45

19.36

17.80

18.90

16.96

20.03

20.86

17.23

0.76

0.25

19.67

17.93

18.77

17.33

20.10

20.50

17.83

0.72

0.23

19.52

17.88

18.83

17.15

20.07

20.68

17.53

0.30

0.09

3.33

2.93

3.53

2.13

2.73

3.20

2.90

0.20

0.06

3.00

2.83

2.97

1.83

2.67

2.97

2.67

0.11

0.04

3.17

2.88

3.25

1.98

2.70

3.08

2.78

5.80

1.90

62.56

45.46

41.10

47.13

42.73

51.23

32.80

5.39

1.67

51.00

43.33

38.03

39.67

38.00

39.33

30.67

4.48

1.45

56.78

42.73

41.22

43.40

39.53

45.28

31.73

2005-06 2006-07 Pooled 2005-06 2006-07 Pooled 2005-06 2006-07 Pooled 2005-06 2006-07 Pooled

Plant height (cm)

Control

Treatment

1

S.N.

Table 1. Influence of growth regulators on plant height, fruit length, fruit diameter and number of seeds per
fruit in okra.

117

67.86 62.00 65.10
64.10 62.33 63.22
69.60 63.67 66.63
78.63 73.03 75.90
1.54
5.77

NAA @ 100 ppm

NAA @ 150 ppm

GA3 @ 50 ppm

GA3 @ 100 ppm

GA3 @ 150 ppm

SEm ±

CD @ 5%

3

4

5

6

7

5.62

1.82
3.63

1.18

63.76 61.67 62.72

71.60 65.87 68.73

NAA @ 50 ppm

2

51.43 51.67 51.55

1.23

0.08

1.59

1.30

1.19

1.34

1.29

1.51

0.94

0.13

0.04

1.52

1.18

1.02

1.15

1.21

1.43

1.03

0.21

0.07

1.55

1.24

1.11

1.23

1.24

1.50

0.99

Seed yield (kg/plot)

9.52

9.09

71.46 71.33 71.40

Germination (%)

9.44

10.20 73.97 72.83 73.40

2.08

0.67

1.19

0.39

0.82

0.27

5.51

1.79

5.61

1.80

3.05

0.99

14.73 14.15 14.40 85.30 84.00 84.65

12.06 10.90 11.46 75.50 77.60 76.55

10.99

12.44 10.62 11.50 73.60 74.27 73.93

11.40 11.17 11.30 97.63 68.00 67.80

13.98 13.24 13.58 82.15 83.65 82.90

8.68

Seed yield (q/ha)

-

-

2.90

1.90

1.67

1.95

1.82

2.61

1.01

B:C
ratio
2005-06 2006-07 Pooled 2005-06 2006-07 Pooled 2005-06 2006-07 Pooled 2005-06 2006-07 Pooled (Mean)

1000 seed weight

Control

Treatment

1

S.
N.

Table 2. Influence of growth regulators on some yield attributes, seed yield and B:C ratio in okra.
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Disease resistant garden pea varieties and production of
quality seeds
N. Mohan and T.S. Aghora and M.A. Wani
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Garden pea (Pisum sativum var. hortense of Family: Fabaceae) also known as sweet
pea is an important choice vegetable rich in protein (7 %) and minerals. Unlike, field pea
(var. arvense) which has purple flower and starchy seeds, the sweet peas have white flower
and the seeds are comparatively sweeter. In India the area under pea is 0.36 million ha and
the total production is 3.01 million tonnes and the productivity is 8.30 tonnes which is
higher than the world productivity of 7.9 t/ha (Anon, 2010). However, the productivity in
United States is 11 t/ha which is about 24.5 % higher compared to India. Garden peas are a
cool season crop mainly grown during winter season in plains and during summer season
in hills. The production of garden pea is seriously limited by two major diseases namely
powdery mildew (Erysiphe pisi) and rust (Uromyces fabae). Powdery mildew infection
starts at flowering stage with the appearance of white powdery patches below and also on
the surface of leaves and soon spreads to entire plant including pods. Similarly, rust disease
also appear at the same time below the leaf surface as yellow pustules and quickly spreads
to whole plant including pods. When both the diseases occur together, there is a severe
damage to leaves and pods resulting in heavy yield loss ranging from 50 to 100 percent.
Chemical control of these diseases is very expensive. The popular varieties like Arkel,
Azad pea 1, Bonneville and Pant Uphar are susceptible to both the diseases.
At Indian Institute of Horticultural Research, Bangalore three midseason garden pea
varieties namely Arka Ajit, Arka Karthik and Arka Sampoorna with combined resistance to
powdery mildew and rust diseases were developed (Aghora et al., 2006, Mohan and Aghora
2009, Mohan and Aghora 2010)

Development of disease resistant pea varieties
Arka Ajit is a variety developed by crossing three parents namely: Bonneville (from
USA with good yield and pod quality but was susceptible to rust and powdery mildew),
IIHR 209 (A germplasm line from Afghanistan resistant to rust), IIHR 656 (A germplasm
line from USA resistant to powdery mildew). Initially crossing was made between Bonneville
and IIHR 209 to transfer rust resistance in the Bonneville background. Rust resistant F1
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plants were further crossed to Freezer 656 to transfer powdery mildew resistance. The
resultant crossed populations were carried forward by pedigree method of breeding. In
every generation individual plants with pod yield, quality and combined resistance to
powdery mildew and rust were selected and advanced. In the F7 generation, a high yielding
promising line with resistance powdery mildew and rust was selected and was named as
Arka Ajit. Arka Karthik was developed at IIHR by crossing Arka Ajit with another large
poded line from USA, IIHR 554. Pedigree method of breeding was followed and a promising
line namely FC-2 with high yield and resistance to both powdery mildew and rust was
selected and named as Arka Karthik. Arka Samoorna was developed by involving four
parents namely, 1. Bonneville, a popular variety in India but susceptible to both powdery
mildew and rust. 2. Freezer 656, resistant to powdery mildew from U.S.A. 3. IIHR 209, a
germplasm resistant to rust and 4. Oregon sugar pod, a snap poded pea variety. Initially,
Bonneville was crossed to IIHR 209 to transfer rust resistance, which was governed by
single dominant gene. Progenies, which were confirmed for rust resistance, were further
crossed to Freezer 656 to transfer powdery mildew resistance, which was recessive.
Subsequently, the selected progenies possessing combined resistance to rust and powdery
mildew were further back crossed to Bonneville to improve the pod size. Later, the progenies
of these back crosses with combined resistance to powdery mildew and rust were crossed
with variety Oregon sugar pod from USA for transferring the snap pod character. The snap
pod character was controlled by single recessive gene. Further it was advanced by pedigree
method up to F6 generation with the selection of individual plants for edible pod quality
and combined resistance to rust and powdery mildew. A promising line, IIHR 53-6, named
as Arka Sampoorna with whole pod edible quality and combined resistance to rust and
powdery mildew was selected.

Important traits of disease resistant varieties of peas (Fig 1)
Arka Ajit: It is a mid season variety resistant to powdery mildew and rust. It yields 10 t/ha.
in 90 days. The pods are 7.5-8.0 cm long, seeds are bold, green and sweet. It is also suitable
for freezing. It was released and notified at national level in the year 2006.
Arka Karthik: It is also resistant to both powdery mildew and rust. It yields 11 t/ha. in 90
days. The pods are 10.5 - 11.0 cm long, seeds bold, green and sweet. It is also suitable for
freezing. It is recommended in Karnataka state. The pods are 11 cm long, seeds bold, green
and sweet.
Arka Sampoorna: It is a whole pod edible pea variety with pods maturing at 55-60 days
with a pod yield 8 t/ha in 90 days. Pods are 7.5 cm long and are succulent, sweet, crisp and
without parchment. It is also resistant to rust and powdery mildew. The variety was released
at the IIHR, in the year 2001.
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Production of Quality Seeds
Production of quality seeds is the key for the success of any variety in farmers field
and also in the market. However, for a breeder, it is very important to maintain the genetic
purity of a given variety year after year by selection of the best and true to type plants in
varieties and also retain other qualities of seeds. Since garden pea is a cool season crop,
rabi season is highly suitable for growing this crop. Sowing is done during second week of
o
October as the minimum and maximum temperatures of 15 to 25 C respectively are
favourable for crop growth and pod maturity. Late sowing of the crop either in December
o
or January is avoided since the high temperature (night temperature above 20 C and day
o
temperature 30 C) can affect the crop growth, pod maturity and seed set. For the production
of good crop, a well drained sandy loam soil with optimum pH between 6.5 to 7.5 is highly
suitable. Accumulation of excess moisture in the root zone results in poor growth of roots
and is conducive for the attack of root rot and wilt pathogens like Rhizoctonia and Fusarium
and Pythium pathogens. In order to make a good land preparation, bring the soil to fine tilth
by ploughing 3 to 4 times followed by cross harrowing and cultivating. The soil should be
powdery without any clods. 25 tonnes farm yard manure per ha is incorporated in the soil.
Fertilizer mixture (half of 25 kg of N per ha) and full dose of phosphorous (P=75 kg/ha.)
and potash (K=60 kg./ha.) are applied as basal dose in the form of bands. The soil on either
side of the fertilizer band is heaped over to make planting ridges of four meter length.
Irrigation is done to dissolve the fertilizers.
Sowing can be taken up after two days when the soil is in condition. Seed rate is 60
kg/ha for the mid season varieties. Before sowing seeds are treated with 2 g of Bavistin per
kg of seeds to prevent root rot diseases. Seeds are sown at 10 cm distance by dibbling in
shallow furrows opened on the sides of the ridges and covered with thin layer of soil.
Irrigation is done two days later after the sowing and thereafter at every 4 – 5 days interval
depending upon availability of soil moisture. Irrigation during flowering and pod
development stage is critical for pod filling by seed development. The plot is kept weed
free. Two hand weedings are done before earthing up and fortnightly weeding followed by
thereafter. Earthing up is done after 30 days by applying remaining half dose of nitrogen.
Drenching of root zones with Captan or Carbendazim (2 g/l) is done a week after germination
to effectively control root rot and wilt diseases. At two leaf stage, prophylactic spray of
monocrotophos at 1.5 ml/l effectively controls stem fly (Ophiomia species) attack. Pod
borer infestations which are common during pod setting stage can be controlled by spraying
monocrotophos (1.5 ml/l) or Cypermethrin (0.5 ml/l). Two sprays one at flowering and
another at the pod setting stage will prevent the incidences. Maintaining genetic purity of
the variety is very important. This is done by periodical inspection of seed production plots
of improved pea varieties, during pre-flowering, flowering and pod development stage and
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rouging out of off types which may arise due to mechanical mixtures or due to preceding
crop or natural crossing or micro mutations (Shanmugasundaram,1996). Matured dry pods
are harvested after 90 days of sowing. Delaying of dry pod harvests is avoided as there may
be shattering of pods in field. Further, unseasonal rain may result in development of fungal
diseases affecting seed quality. While hand threshing dry pods, hard beating has to be
avoided as it will damage the seeds. Cleaned seeds are dried, graded and packed. From one
hectare 1500 kg of good quality seeds can be obtained.

Fig 1. Powdery mildew and rust resistant varieties of garden pea varieties
developed at IIHR

Arka Ajit

Arka Ajit pods

Arka Ajit seeds

Arka Karthik

Arka Karthik pods

Arka Karthik seeds

Arka Sampoorna

Arka Sampoorna pods
(Whole pod edible)

Arka Sampoorna seeds
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Cabbage is an important vegetable crop grown in India on an area of 265 thousand
ha (Anon 2008). Kashmir valley is an ideal location for seed production of cole crops
including cabbage but in recent past, a decline in the seed yield of cabbage has been observed.
Cabbage seed crop needs a balanced and sustainable nutrient supply for higher seed yield.
Indiscriminate use of chemical fertilizers has significantly decreased the yield in vegetable
crops has been observed due to indiscriminate use of chemical fertilizers (Ganeshe, et al
2000 and Agarwal, 2003) In view of the escalating costs of chemical fertilizers and due to
their hazardous effect on soil. Soil resources and human health, it becomes imperative to
explore the possibility of supplementing chemical nitrogen fertilizer with some eco-friendly
low cost input like biofertilizers. Biofertilizers like Azospirrilium and Azotobactor are known
to improve growth and seed yield related attributes in various vegetable crops (Verma et al.
1997, Sharma, and Thakur, 2002 and Prabu et al. 2003). However, their influence becomes
more effective when biofertilizers are used in conjugation with nitrogenous fertilizer
(Assiouty and Abosedera, 2005). The beneficial effect of biofertilizers can be attributed to
their nutritional, stimulatory and therapeutic ability (Pandey and Kumar, 1989). Keeping
in view, the significance of biofertilizers, present investigation was under taken to:
i.

Assess the effect of biofertilizers and chemical nitrogen both alone as well as in
combination on seed yield of cabbage cv. Golden Acre under Kashmir conditions.

ii. Ascertain the effect of biofertilizers on nitrogen economy.
A field experiment was conducted at Faculty of Agriculture, Wadura SKUAST-K
during rabi 2006-07 and 2007-08. The soil of the experimental plot was medium in organic
carbon, neutral in reaction, medium in available nitrogen and phosphorous and high in
available potash. The experiment was laid in RBD with three replications, using variety
Golden Acre. The treatments include three levels of biofertilizers B0 (No-biofertilizers), B1
(Azospirrilium) and B2 (Azotobactor) four levels of chemical nitrogen viz., N0 (No nitrogen),
N1 (75 kg N ha-1), N2 (112.5 kg N ha-1) and N3 (150 kg ha-1). The fertilizer phosphorous,
potassium and FYM applied to all treatments at the rate of 60 kg, 60 kg, and 20 t ha-1
respectively. Full dose of phosphorous, potassium and half 50 percent nitrogen was applied
as basal dose, while remaining 50 percent nitrogen was applied as top dose in two splits.
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One at the time of head initiation and second at flowering stage. Chemical fertilizers were
applied in the form of urea, super phosphate, single and murate of potash. Thirty days old
seedlings of cabbage were transplanted in the first week of September during both the
seasons, in plots of size 3.0 x 2.7 meters with spacing of 60 x 45 cm. Biofertilizers were
used as seedling treatment @ 2.0 kg ha-1 and as soil inoculants @ 2.5 kg ha-1. All cultural
operations were done as per recommended package of practice. Seed to seed method of
seed production was adopted. The seed crop was harvested at 70 percent pod maturity.
Observations on growth and seed yield related parameters were recorded from 10 randomly
selected plants from each treatment of each replication, using standard procedures. Pooled
data of both the years were analyzed, using the procedure adopted by Gomez and Gomez,
1984. Tabular analysis was performed to work out economics of production.
Seed yield related attributes of cabbage cv. Golden Acre exhibited significant response
to sole applications of biofertilizers, chemical nitrogen and their interaction.

Effect of biofertilizers
Biofertilizers exhibited significant influence on all characters under study.
Azospirrilium (B1) proved superior than Azotobactor (B2), recording significantly maximum
value of 146.08, 12.93, 633.35, 24.57, 17.61 and 6.51 for plant height (cm), number of
branches plant-1, number of pods plant-1, number of seeds pod-1, seed yield plant-1 (g) and
seed yield ha-1 (q) respectively. Azotobactor inoculation exhibited significant superiority
over control (B0), recording values of 143.32, 12.48, 617.66, 23.57, 16.65 and 6.16 for
plant height (cm), number of branches plant-1, number of pods plant-1, number of seeds
pod-1, seed yield plant-1 (g) and seed yield ha-1 (q) respectively (Table-1).

Effect of chemical nitrogen
Sole application of chemical nitrogen exhibited a significant response. Increasing
levels of chemical nitrogen registered a marked increase of all characters under study.
Recommended level of chemical nitrogen N3 (150 kg N ha-1) registered significantly higher
values of 151.76, 13.70, 758.05, 25.27, 20.19 and 7.46 for plant height (cm) number of
branches plant-1, number of pods plant-1, number of seeds pod-1, seed yield plant-1 (g) and
seed yield ha-1 (q) respectively as compared to rest of the nitrogen levels but exhibited at
par results with N2 (112.5 kg N ha-1) for number of branches plant-1 (Table-1).

Interaction effect
Interaction of biofertilizers and different levels of chemical nitrogen was found
significant for all traits under study. Azospirrillium in conjugation with 112.5 kg N ha-1
(B1N2) registered maximum value of 154.83, 14.10, 790.83, 26.23, 21.84 and 8.08 for plant
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height (cm) number of branches plant-1, number of pods plant-1, number of seeds pod-1, seed
yield plant-1 (g) and seed yield ha-1 (q) respectively and exhibited an increase of 9.48 and
4.66% over the seed yield recorded with B0N3 (150 kg N ha-1 with inoculation) and B1N3
(Azospirrilium + 150 kg N ha-1) respectively. Azotobactor in conjugation with 112.5 kg N
ha-1 (B2N2) registered higher value of 150.83, 13.46. 762.66, 25.06, 20.32 and 7.54 for
plant height (cm), number of branches plant-1, number of pods plant-1, number of seeds
pod-1, seed yield plant-1 (g) and seed yield ha-1 (q) respectively. Seed yield 7.54 q ha-1 recorded
with B2N2 was found statistically at par with the seed yield 7.38 q ha-1 recorded with B0N3.
Conjugation of biofertilizers with 150 kg N ha-1 exhibited a decline in the values of all
characters under study (Table-1). Similar observations were also made by Verma et al;
1997, Sharma and Thakur 2002 and Prabu et al; 2003 in cabbage, tomato and okra
respectively. Improvement in seed yield and related attributes could be due to their
stimulatory effect, resulting in the activation of other micro-organisms, leading to better
root development/proliferation, enhanced nutrient availability/uptake, more photo synthetic
activity, better food accumulation, besides nitrogen fixing ability of biofertilizers might be
the contributing factors for the increase in seed yield and related attributes of cabbage cv.
Golden Acre. Economic analysis reveal that maximum returns of 3.63, 3.45 and 3.39 Re-1
invested were recorded with B 1N 2, B 1N3, B 2N 2 indicating their economic potential
(Table-2).
From present study, it was observed that combined application of Azospirrilium (as
seedling inoculation @ 2 kg ha-1 and soil inoculation @ 2.5 kg ha-1) along with 112.5 kg N
ha-1 gave maximum seed yield of 8.08 q ha-1 with maximum returns of 3.63 Re-1 invested,
besides saving 25 percent chemical nitrogen without effecting the seed yield. Azospirrilium
proved superior to Azotobactor.
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Table 1 Effect of biofertilizers and Chemical nitrogen on seed yield of Cabbage
cv. Golden Acre (Pooled data)
Treatment

Plant height Number of
Number of
(cm)
branches plant-1 pods plant-1

Number of
seeds pod-1

Seed yield
plant-1 (g)

Seed yield
ha-1 (q)

Biofertilizers
BO

140.62

12.31

490.36

23.21

14.08

5.21

B1

146.08

12.93

633.35

24.57

17.61

6.51

B2

143.32

12.48

617.66

23.57

16.65

6.16

CD at 5%

1.24

0.31

10.12

0.33

0.28

0.10

Chemical
Nitrogen
NO

128.74

10.95

330.27

21.78

10.82

4.00

N1

144.03

12.22

524.55

23.28

14.16

5.24

N2

148.83

13.43

709.48

24.81

19.28

7.14

N3

151.76

13.70

758.05

25.27

20.19

7.46

1.44

0.36

11.68

0.38

0.33

0.12

Biofertilizer
and nitrogen
BO NO

126.16

10.76

286.06

21.23

9.30

3.44

BO N1

140.00

11.73

361.83

22.58

11.38

4.21

BO N2

144.00

12.93

590.80

23.83

15.69

5.80

BO N3

152.33

13.83

724.33

25.21

19.94

7.38

B1 NO

131.00

11.13

354.43

22.41

11.76

4.35

B1 N1

146.83

12.60

613.16

24.11

15.98

5.91

B1 N2

154.83

14.10

790.83

26.23

21.84

8.08

B1 N3

151.66

13.90

775.00

25.53

20.86

7.72

B2 NO

129.06

10.96

350.33

21.70

11.40

4.21

B2 N1

145.26

12.33

598.66

23.16

15.11

5.59

B2 N2

150.83

13.46

762.66

25.06

20.32

7.54

B2 N3

148.13

13.16

759.00

24.36

19.77

7.30

3.40

0.92

28.93

0.96

0.77

0.28

CD at 5%

CD at 5%
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Table 2 Economics of Seed production of Cabbage cv. Golden Acre
Treatment

Cost of cultivation Yield q ha-1
Rs. ha-1

Gross returns
Rs. ha-1

Net returns
Rs. ha-1

Returns Re-1
invested

BO NO

74797.20

3.44

137600.00

62802.80

1.83

BO N1

88279.20

4.21

168400.00

80120.80

1.90

BO N2

88732.20

5.80

232000.00

143267.80

2.61

BO N3

89196.20

7.38

294000.00

204803.80

3.30

B1 NO

74997.20

4.35

174000.00

99002.80

2.32

B1 N1

88459.20

5.91

236400.00

147940.80

2.67

B1 N2

88912.20

8.08

323200.00

234287.80

3.63

B1 N3

89376.20

7.72

308800.00

219423.80

3.45

B2 NO

74997.20

4.21

168400.00

93402.80

2.24

B2 N1

88459.20

5.59

223600.00

135140.80

2.52

B2 N2

88912.20

7.54

301600.00

212687.80

3.39

B2 N3

89376.20

7.30

292000.00

202623.80

3.26
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Nutrient and Water Management for
Quality Seed Production
L.B. Naik, H.S. Yogeesha, K. Bhanuprakash and K. Padmini
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Quality seed determines the effectiveness of inputs and assume more significance
when investment on inputs is increasing. There is a need for paradigm shift in the perception
from production (total quantity) to productivity (quantity per unit area) and profitability
(quantity/unit area/unit time/manday). Water and nutrients are the two important inputs
which determine the cost and quality of seed production
The nutrient requirement for seed production is quite different from that of fresh
market especially to produce cheaper good quality at a seeds. Generally, vegetables are
cultivated for utilizing root, leaf, stem or flower. Even in fruit vegetables in most cases
young immature fruits are utilized. The seed crops should be managed aiming at seed only.
Therefore, the ordinary nutrient management practice for vegetable purpose crops in short,
aims at their vigorous growth and not at completing their reproductive growth. Vigorous
vegetative growth more or less means a kind of over growth as viewed from reproductive
growth or seed production. Actually, over growth of vegetative organs makes the plant less
resistant to diseases and environmental stresses; eventually affecting the seed yield and
quality. For example, heading cabbage is grown for its leaf head, controlling its bolting,
but, in the case of seed production, we need the seed and do not need the head at all.
Therefore by controlling the leaf growth as less as possible, we cultivate the seed plants as
near as possible to ordinary rape culture, such as half heading or non-heading types.
Similarly, cucumber is grown to produce as many as young fruits possible by adding more
nitrogen fertilizer, but for seed production, adding less of N and more of P and K fertilizer,
the cucumber is cultivated with a limited number of fruits per plant (3-5), keeping them till
they attain large size and full maturity for seed. Even in tomato culture, there is some
difference between market tomato culture and seed production i.e. in marketing culture
tomato is produced to grow each fruit as large as possible and having an excellent flesh
quality (thick flesh) as possible, supplying more of N fertilizer and water. However, at the
time of seed production in tomato, less N is applied to produce large number of fruits
having more seeds and less flesh. Thus, vegetable seed crops have different nutrient
requirements as compared to fresh market crops.
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1. Response to major nutrients:
The seed crops of vegetables draw considerable amount of nutrients from the soil in
view of the need for proper growth and development of seeds which are the sinks for the
photosynthates. Consequently, these crops respond well to the application of N and P fertilizer
levels. Naik and Srinivas (1992) observed the response of okra to the application of nitrogen
upto 150 kg and Phosphorus up to 60kg per ha (Table-1).

Table 1. Influence of nitrogen and phosphorus levels on the seed yield in okra
Treatments N
(kg/ha)

Seed yield (q/ha)
I year
II year

50

7.21

7.68

100

10.74

9.65

150

12.35

10.85

200

13.00

11.25

1.37

1.17

I year

II year

30

9.40

8.44

60

11.17

10.35

90

11.89

10.71

1.19

1.02

CD at 5%
P2O5 (kg/ha)

CD at 5%
(Naik and Srinivas,1992)

Besides, the proper supply of major nutrients is very essential for maintenance of
seed quality. Physiological or physical damage to cell membranes is associated with loss of
seed vigour because of their influence on the deteriorative metabolic changes which occur
as seeds age. The nutrients available to the mother plant particularly nitrogen and phosphorus
is very important because they are essential constituents of proteins and phospholipids
which affect cell membrane integrity and hence, seed vigour. Nitrogen, phosphorus and
their interactions improve germination and vigour and reduce conductivity and hollow
seeds in crops like pea.

2. Split application of nutrients:
Split application of fertilizers at planting and before flowering avoids the luxury
consumption of the elements at the time of application and improves crop uptake efficiency
which in turn increases the formation of reproductive structures. However, it was also
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noted (Table-2) that split application of nitrogen beyond 60 days after sowing had no
favourable effect on seed crop of Brinjal (Naik et al, 1996).

Table 2. Effect of levels and number of applications of nitrogen on growth, seed
yield and quality in two brinjal varieties
Levels of N
(kg/ha)

Seed yield
(q/ha)

No.of splits

Seed yield
(q/ha)

Varieties

Seed yield
(q/ha)

100

5.72

2

7.24

Arka Keshav

6.25

150

6.75

3

6.42

Arka Nilkant

6.94

CD at 5%

1.47

CD at 5%

NS

CD at 5%

NS

(Naik et al,1996)

3. Secondary and micronutrients:
With the intensive production practices in seed production programmes, one of the
most important soil fertility constraints endangering high production with quality is
emergence of secondary and micronutrient deficiencies. These need to be addressed with
adequate soil and foliar fertilization through both chemical and organic sources. Marked
response to application of micronutrients (Table-3) have been reported (Mishra and Yadav,
1989) in radish for seed yield.

Table 3. Effect of micronutrients on seed crop of radish
Treatment

Seed yield (kg/ha)
I year
II year

T1 (Control)

374.2

384.9

T2 5 kg zinc as soil application

469.1

441.9

T3 7.5 kg zinc as soil application

400.5

444.4

T4 0.5% ZnSO4 as foliar application

432.1

502.3

T5 10 kg borax as soil application

444.4

482.0

T6 15 kg borax as soil application

489.9

470.9

T7 0.25% borax as foliar application

395.8

523.3

T8 10 kg CuSO4 as soil application

426.7

569.6

T9 15 kg CuSO4 as soil application

373.5

438.4

T10 0.25% CuSO4 as foliar application

417.1

476.8
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T11 20 kg MnSO4 as soil application

516.2

519.8

T12 30 kg Mn SO4 as soil application

371.9

490.7

T13 0.5% Mn SO4 as foliar application

625.8

600.0

T14 1.0% tracell as foliar application
(mixture of all micronutrients)

551.7

557.0

CD at 5%

130.40

97.05

(Mishra and Yadav, 1989)

4. Foliar fertilization
With the advent of globalization, the water soluble fertilizers are imported and are
available in the market in a variety of combinations, and back were mainly used for fertigation
purposes. However, these fertilizers have shown great promise for foliar fertilization in our
country. Due to their full water solubility they are highly suitable for foliar fertilization and
are found to increase yield from 10 to 20 percent. Grades containing 19 percent each of N,
P2O5 and K2O with micro nutrients such as Fe-1000 ppm, Mn 500 ppm, B 200 ppm, Zn
150 ppm, Cu 110 ppm and Mo 70 ppm are currently available in the market. Besides,
potassium nitrate composed of 100 percent plant nutrients is one of the most effective and
concentrated fertilizers. It contains 13 percent N and 46 percent K2O. Three foliar sprays at
1 percent concentration starting from 30 days after planting at an interval of 15 days with a
spray solution of 1000 l/ha are suitable in okra on seed yield and quality (Naik et al., 2006).

INM in seed production:
Matching nutrient management is very essential to support biomass and high economic
sink (seed) with improved production quality. Adoption of integrated nutrient management
is a must in seed production. Chemical fertilizers alone shall not be able to meet the total
nutrient needs. In Integrated Nutrient Management (INM), at least 1/3rd of the nutrients
should be met through organic sources.

Organic seeds
With the increasing demand for the export market and the rising demand in the internal
market, production of organic seeds needs to be given an impetus. Some of the sources of
nutrients which could be effectively used include:
- Biofertilizers- Rhizobium, Azotobacter, Azospirillum, Phosphorus solubilising
bacteria (PSB) etc. could be applied as seed or seedling treatments or as direct
application to soil.
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- VAM- Use of Vesicular Arbuscular Mycorhizal fungi are beneficial to plants to
which they colonise. They make more nutrients available to the plants, improve
water holding capacity, offer disease resistance and help in better plant growth.
- Vermicompost- The compost prepared with the help of earthworms is a good source
of nutrients. It needs to be harnessed well.
- Vermiwash- It can be used as foliar spray after dilution or can be supplied through
irrigation water.
- Nutrient rich consortium- Supply of enriched organic manures using consortium
of biofertilizers and nutrients rich cakes such as neem cake, pongamia cake and
castor cake etc., needs to be given an impetus.

Efficient water management practices
Efficient water management is equally important for higher seed yield and quality.
In fact we cannot think of water and fertilizer as two separate entities, since they work
together in a synergistic way. The amount of water applied has a profound influence on
seed yield. Sharma and Raina (1993) reported marked increase in seed yield of radish with
increasing amounts of water supplied as measured by IW/CPE ratio (Table-4).

Table 4. Effect of irrigation and N levels on seed yield in radish (kg/ha)
Irrigation
IW/CPE

Nitrogen levels (kg/ha)
I year

II year

0.3

499

625

790

878

896

738

525

678

841

996 1010

802

0.6

620

710

884

995 1015

845

680

786

899 1075 1124

913

0.9

702

790

940 1075 1192

940

798

867

950 1196 1267 1016

Mean

607

708

871

668

776

900 1089 1134

983 1034

CD(0.05) I

73

84

N

65

76

Diff. levels
of N at
same
Irrigation

102

107

2 irrigation
levels at
same or
diff N

112

118

(Sharm and Raina, 1993)
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Likewise, Saini et al. (1989) also found improvement in seed yield of celery with
increasing number of irrigation (Table-5). The seed yield decreased substantially as the
number of irrigations was reduced from 7 irrigations to 4 irrigations. The irrigation was
given as per CPE in this study.

Table 5. Effect of irrigation and nitrogen on seed yield of celery (q/ha)
Irrigation
(mm,CPE)

No. of
irrigations

Nitrogen kg/ha
50

150

Mean

50

4

9.32

14.12

11.84

75

3

7.54

9.80

8.90

100

3

6.18

7.93

7.31

7.68

10.62

-

7

9.66

15.84

13.22

25/75

5

8.50

11.80

10.33

50

7

10.55

13.56

12.11

75

5

7.01

12.04

9.57

100

4

7.47

9.27

8.83

8.64

12.50

-

I Year

II Year

I

1.55

2.07

N

0.59

0.77

IxN

1.00

2.49

Mean
25/50
II year

Mean
CD at 5%

(Saini et al. 1989)
The pronounced effect of the interaction of irrigation levels and also the nitrogen
levels was observed in these studies. Greater response to applied amount of water was
observed at higher levels of nitrogen.

Duration of irrigation
The duration of the period upto what stage of the crop growth the irrigation is supplied
also has a bearing on the seed yield. Khah (2004) found that seed yield of beans increased
successively when the irrigation was increased from 57 to 72, 80 and 92 days after sowing
(Table-6).
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Table 6. Effect of duration of irrigation on the production of dry pods and
seeds of beans
Treatment

Durn of
irrigation
(days)

Pods/plant Seeds/pod Seeds/plant
Wt of
Wt of Germination
(no)
(no)
(no)
seeds/plant 100
(%)
(g)
seeds(g)

cv. Larma
1

92

17.1 ay

3.9 a

66.2 a

18.4 a

27.9 a

98 a

2

80

15.8 a

3.9 a

61.5 a

15.8 a

26.1 a

90 a

3

72

10.6 b

2.9 b

30.9 b

7.2 b

24.2 b

95 a

4

57

8.1 b

3.3 b

27.0 b

6.0 b

21.9 b

95 a

1

92

21.9 a

4.5 a

99.7 a

19.3 a

19.3 a

100 a

2

80

20.4 a

4.5 a

92.2 a

17.8 a

19.3 a

100 a

3

72

14.4 b

4.3 b

61.3 b

10.7 b

17.4 b

100 a

4

57

12.7 b

4.0 a

50.8 b

9.1 b

18.0 b

85 b

cv. Montano

(Means in the same column and variety followed by the same letter are not significantly
different (P=0.05) according to the least significant difference test)
Khah (2004)

Stage of irrigation
The stage at which optimum moisture has to be maintained during the crop growth
period is important. The period from sprouting until flowering is quite critical. During this
time optimum soil moisture has to be maintained. Borgo et al. (1989) reported that stress
imposed during this period in onion seed production resulted in maximum reduction in
seed yield (Table-7).

Table 7. Water requirement during different stages of onion seed production
Sl.No.

Stress imposed during

Seed yield (kg/ha)

1

From sprouting until elongation of flower stalks

39

2

During elongation of flower stalks until beginning of anthesis

254

3

During seed swelling

547

4

Unstressed control

620

(Borgo et al. 1989)
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Optimum time of irrigation
The optimum time at which the irrigation has to be applied based on soil moisture
status is equally important. In a study on carrot seed production irrigation was applied
when the soil water tension reached values ranging from 25 to 1500 kpa at 10 cm depth to
until flowering and at 20 cm depth after flowering. The highest seed yield of 1052 kg/ha
was obtained when the irrigation was applied when the soil water tension reached 75 kpa
(Morouelli et al. 1990)

Micro Irrigation
Micro irrigation is an efficient method of providing irrigation water directly into soil
at root zone of the plants. This facilitates utilization of water soluble fertilizers and other
chemicals. Besides saving water, it increases yield and improves quality besides other
benefits. Tomer et al (2004) found substantial improvement in seed yield and quality in
onion with drip irrigation (Table-8).

Table 8. Effect of methods of irrigation on seed yield and quality in onion cv
Pusa Madhvi
Method of
irrigation

Flower
stalk ht
(cm)

No of
umbels
/plant

Seed
yield/
Umbel (g)

Seed
yield/
Plant(g)

Seed
yield
(kg/ha)

1000
seed wt
(g)

Surface
irrgn

83.18

10.94

4.03

44.08

648.94

3.60

79.95
(63.27)

Drip irrgn

99.22

15.09

6.27

94.61

894.67

3.93

92.13
(74.40)

“t” value

17.93**

4.77*

14.63**

43.92** 16.29** 22.52**

Germination
(%)

4018**

(Tomar et al. 2004)

Fertigation
Fertigation involves not only the efficient use of the two most precious inputs i.e.
water and nutrients but also exploits the synergies of their simultaneous availability to
plants thus enormously increasing the nutrient and water use efficiencies per unit of nutrient
as well as per unit of water. Substantial improvement in seed yield and quality could be
achieved through fertigation.

Plastic mulching
`Plastic mulching has proved to be of a great boon in conserving moisture, controlling
weeds and other benefits. Availability of thinner mulching material (10-20 micron) and
bio-degradable mulch will further enhance the use of mulch in seed production.
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For obtaining higher seed yield and better quality of seeds it is advisable to apply at
least 10t FYM or compost per ha. Application of biofertilizers like Rhizobium, Azotobacter
and PSB will greatly help in economizing the cost on fertilizer applications. Application of
150-200 kg N, 100 kg P2O5, 60 kg K2O per ha for seed crops depending on initial moisture
status shall be required for Vegetable crop seed production. Nitrogen may be supplied in
two splits. Foliar application of water soluble fertilizers like 19-19-19 or 13-0-46 three
times i.e. during grand growth, seed setting and seed filling stages will greatly enhance
seed yield. For optimum results Integrated Nutrient Management must be followed.
For efficient use of irrigation water, adoption of drip irrigation, irrigation when soil
moisture tension reaches 75kpa (0.3 bar), stopping irrigation after seed filling, irrigation
during seedling stages, and mulching with polythene sheets, may be followed.
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Production of Quality Seeds of Seed Spices1
M. M. Anwer and R. K. Kakani2
National Research Centre on Seed Spices,
Tabiji, Ajmer, Rajasthan, India.

Spices are fragrant products of plant origin used mostly for flavouring food and
beverages. Among spices, seed spices comprise the single largest group with over 17 items
coming under it. The important amongst this group are coriander, cumin, fennel, fenugreek,
celery, ajowan, nigella, dill, anise etc. The area of cultivation of seed spices in India is
9,22,274 ha and the production is 5,94,120 metric tonnes. India is the largest producer,
consumer and exporter of seed spices. This group has a prominent place in our national
economy because of its large domestic consumption and growing demand for export. India
had earned Rs. 5440 millions by exporting 52,550 tonnes seed spices to various countries
(Anony. 2009). Being annual crops these are grown extensively in rotation with food crops
and also as inter/mixed crops under rainfed/irrigated conditions. Seed spices are mainly
cultivated in the states of Rajasthan and Gujarat with a sizeable area in the states of Madhya
Pradesh, Chhatisgarh, Punjab, Uttar Pradesh, Tamil Nadu, Andhra Pradesh and Bihar.
The seed, a basic unit in agriculture plays a crucial role in boosting up the productivity
and economy of the country. Without the use of good quality seed, the investments incurred
on fertilizers, pesticides and water will not pay dividend which ought to be realized. There
has been considerable coverage of area under seed spices but it’s share towards production
is less. It is due to low productivity levels obtained by the growers. One of the main reason
contributing to low productivity is non-availability of quality seed of released varieties. So
far 61 varieties of 9 different seed spices crops have been released, but sufficient quantity
of quality seed has not reached the farmers. Moreover, the seed spices crops have not
received attention in national seed production policies. The information on seed certification
of these crops has not been documented so far except on fenugreek. The minimum seed
certification standards and necessary guidelines for testing the quality of seed spices are
warranted by the seed producers and related agencies time and again. Hence, in this
compilation, an attempt has been made to present the information for the benefit of seed
producers of seed spices and related agencies.

1

Invited paper presented in the National Conference on “Production of quality seeds and planting
material – health management in horticultural crops” to be held at New Delhi during 11-14 March,
2010.
2
Director and Senior Scientist (Plant Breeding) respectively,
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1. SEED QUALITY PARAMETERS
There are four parameters considered important in quality seed production. These
are physical purity, germinability, health and genetic purity. Physical purity means that a
seed sample should contain only seeds of a specific crop species and not anything else
(such as inert matter, weed seeds and other crop seeds). Germinability indicates the capacity
of seeds to germinate and emerge in the field as normal and vigorous seedlings. Seed health
is related to seed borne diseases. The seed should be free from diseases. Genetic purity
means that all plants in a population of a variety are genetically identical and population is
homogeneous.
In fact the first and second parameter of quality seed determine the establishment of
plant population per unit area. Poor physical purity and germinability directly affect the
population establishment and lead to poor yield. Similarly, the diseased seed may also
directly affect the plant population by causing disease in the field condition. The fourth
parameter, genetic purity is a necessary requirement to maximize the potential of improved
varieties and prove the effectiveness of agriculture operation. In addition to above, the
quality seed should be uniform in size and should possess good lustre.

System of quality control
Quality control is an important component of the seed programme. In fact, the essence
of any seed programme lies in the quality control. Seed quality control is a system which
ensures to govern the quality to the seed through checks, certification and official regulations
(legislation) for seed production. It is necessary that the quality of the seed should be of the
highest possible standards. In other words, it may be inferred that the seed handled within
the seed programme should be monitored to ensue that its quality is maintained during the
production processes in such a way that the seed below certain acceptable standards in
rejected. The seed quality control in itself ensures the interest of the farmers and to avoid
hazards in the crop production. The seed quality control programme is based on following
essential components.
1. Quality control of breeder seed
2. Seed certification
3. Seed legislation
4. Seed standards.
5. Seed testing.
It is the responsibility of government to enforce the measures for controlling the
quality of the seed being marketed in the country. In India, seed quality control programme
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was initiated during 1963 with the establishment of the National Seed Corporation which
was the single agency for production, certification and marketing of the seed throughout
the country. However at a later stage, during, 1970’s and 1980’s, State Seed Certification
Agencies were established in most of the states, which are responsible to carry forward the
seed certification programme in the respective state.
Seed Act was passed in India during 1966 and amended in 1974. Indian Seeds Act is
essentially a ‘truthful’ labeling act. The seed certification in India is voluntary. At present
the Seed Act as well as Seed Certification in India is applicable to the, Notified kind/
varieties. For the regulation of the Seed Act and the Seed Certification Programme in the
country, two separate sets of the standards namely, Minimum labeling standards and
Minimum Seed Certification Standards were prescribed during 1970 which have now been
revised. Currently National Seed Policy is being revised in view of changing global scenario.

Seed certification
The primary aim of seed certification is to check the crop from which the seed is
produced and link this verification with agreed minimum standards of other important
feature of seed lot. The object of the seed certification is to maintain and make available to
the public through certification high quality propagating material of notified kind/varieties
so grown and distributed as to ensure genetic identity and genetic purity. The certification
standards in-force are ‘Indian minimum seed certification standards’ and ‘Seed certification
procedures’ which together form the seed certification regulation. Seed of only those varieties
which are notified under section 5 of the seed Act shall be eligible for certification.
Out of different classes of seeds, the nucleus and breeder seeds are the highest pure
seed, produced by the breeder under his direct supervision. Such class of seed does not
require any certification. The other two classes’ foundation seed and certified seed are the
subsequent progenies of breeder seed, require certification by the authorised agencies as
per the Minimum Seed Certification Standards.

Phases of seed certification
There are six different phases of seed certification. Varieties evolved by the State
Agricultural Universities and ICAR Institutes which are notified under section 5 of Seed
Act are only considered for seed certification process. Any person/company desirous of
producing certified seed shall register his name with concerned Seed Certification Agency.
He has to under go following broad phases before the seed is produced and marketed.
1) Receipt and scrutiny of application.
2) Verification of seed sources, class and other requirement of the seed used for
raising the seed crops.
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3) Field inspection to verify conformity to the prescribed field standards.
4) Supervision at post harvest stages.
5) Seed sampling and analysis, including genetic purity test and seed health test.
6) Grant of certificate and certification tags, tagging and sealing.

Seed certification standards
The seed quality control measures are stipulated to provide the standards for seed
certification and seed labeling. The seed certification standards may refer to the field
condition or may refer to the procedures in inspection of the harvested produces as well as
manner of harvesting, transporting, processing and packing. Unless a seed certification
agency keeps track of harvested produce until it is packed and sealed the identity of the lots
can not be assured.
It is therefore necessary that seed certification agency should lay down standard for
processing plant also. In addition, field and seed standards may also be specified. The field
standerds may be in terms of isolation distances, number of plants of other crops, weeds,
plant affected by diseases, off type plants leading to genetic impurity etc. the seed standards
may be in terms of percentage of pure seed, other crops and weed seeds, inert material,
moisture content, germination, seed contaminated by seed borne diseases, insect damaged
seeds etc. These standards should be prescribed for successful accomplishment of the
certification. For the purpose of labeling the seed under the seed law enforcement programme,
the standards for pure seed and germination is usually required. These standards will vary
according to the kind of seed. The standards should be reviewed at timely intervals in order
to make term realistic.
The general seed certification standards are applicable to all crops, which are eligible
for certification, and, with field and standards for the individual crops, shall constitute the
minimum seed certification standard. The seed spices crops so far considered as under
exploited crops and thus have not received place in the compilation “Minimum Seed
Certification Standards”. In the changing paradigm of agricultural production, the seed
spices crops have emerged as important crops. The quality seed of seed spices have become
the pre-requisite in successful raising of these crops and these now require information on
seed certification standard particularly the field standards and seed standards.

Field standards on seed spices crops
The necessary field standards consists of isolation distance, field inspection stages
and specific requirements showing maximum permitted limits of off types, other crops and
diseased plants are mentioned here.
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i)

Land requirement: The land intended for seed production must be free from
volunteer plants. The field must have not been under same crop in pervious season.

ii)

Isolation distance: The seed spices crops coriander, cumin, fennel and ajowain
belongs to family Apiaceae and are mostly cross pollinated in nature. The cross
pollination occurs mostly through insects (entomophilous). The coriander and cumin
are considered as often cross pollinated whereas fennel, ajowan and dill are cross
pollinated crops. The fenugreek is a self pollinated in nature. The isolation distance
to be kept between the fields of two varieties to produce foundation and certified
seed, respectively are given in Table 1.

Table1. Isolation distance for seed spices crops
S.No.

Name of crops

Distance in meters
Foundation seed Certified seed

1

Fenugreek (highly self pollinated)

50

25

2

Coriander (Cross-pollinated)

800

400

3

Cumin (Cross pollinated)

600

400

4

Fennel (Cross pollinated)

800

400

5

Ajowan (Cross pollinated)

400

200

6

Dill (Cross pollinated)

800

400

7

Celery (Cross pollinated)

800

400

8

Anise (Cross pollinated)

800

400

9

Nigella (Cross pollinated)

400

200

Field Inspections: The field inspection are conducted to verify those factors which can
cause irreversible damage to the genetic purity or seed health. Field inspections are to be
conducted without prior notice to the seed producer by the persons who have been so
authorized by the seed certification Agency. Normally the inspection team should comprise
the seed productions officers of national seed corporation, state seed certification Agency
and Seed Spices breeder. The crop stages at which inspection is to be done very with the
nature of crop. A minimum three field inspection is made at following stages:
1. Before flowering: It is the first inspection stage done before flowering to determine
isolation, planting ratio, volunteer plants, designated diseases and relevant factor.
2. At flowering and seed setting: This second inspection is done during flowering to
rouge early flower type, plants showing different flowering behaviour, off types,
designated diseases and other relevant factors.
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3. Before harvesting: The fourth inspection is done at maturity to verify designated
disease, true nature of plant, umbels, characteristic of seeds and confirmation of
removal off types.
During field inspections, the rouging should be done at different stages by critically
monitoring the seed crop at different stages. The undesirable plant from seed crop is removed
on the basis of visual inspection in the field. The plant deviating from crop variety in the
expression of morphological characters may be identified in the field, classified as off
types also included under rogue. The process of roguing to typical plants should be completed
before initiation of flowering so that honeybees could not visit to the off type plants.
The specific requirement for seed crop of seed spices showing maximum permitted
limits for off types, objectionable weeds, and designated diseases are given in table 2
and 3.

Table 2. The objectionable weeds and designated diseases as reported for various
seed spices crops
S. No.

Crop

Objectionable weeds

1.

Fenugreek

Melilotus (senji)

2.

Cumin

Plantago pumila (Jiri), Asphadelous tenuifolius

3.

Carom Seed

Ammi majus

4.

Nigella

Nigella damescena

Table 3. Specific seed requirement for seed spices crops
Maximum permitted limits (%)
Foundation seed
Certified seed
Off Objectionable Diseased
Off
Objectionable Diseased
type
weed
Plants
Type
weed
Plants

S. N.

Crops

1
2
3
4
5
6
7

Fenugreek
Coriander
Cumin
Fennel
Ajowain
Dill
Anise

0.10
0.10
0.10
0.10
0.10
0.10
0.10

0.01
0.01
0.01
0.01
0.01

0.10
0.10
0.10
0.10
0.10
0.10
0.10

0.20
0.50
0.20
0.20
0.20
0.20
0.20

0.02
0.02
0.02
0.02
-

0.50
0.50
0.50
0.50
0.50
0.50
0.50

8
9
10

Celery
Caraway
Nigella

0.10
0.10
0.10

0.01
0.01
0.01

0.10
0.10
0.10

0.20
0.20
0.50

0.02
0.02

0.50
0.50
0.50
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Seed Standards in seed spices crops
The seed spices crop, meeting field standards for certification should be harvested,
threshed and processed as per guidelines issued by the certification agency. Soon after
completion of seed processing the composite sample is taken for analysis of the seed
standards such as percentage of pure seed, inert matter, other crop seed, total weed seed,
germination and moisture. In order to ensure quality seed production, it is necessary to
strictly follow the seed standards. The prescribed permittable seed standards limits of seed
spices crops is given in Table 4. On receipt of Seed Analysis Report and the results of
grow-out-test, the packing, tagging, sealing follows the issuance of certificate.

Table 4. Seed Standards for Seed Spices Crops
S.
No.

Name of
Crop

Seed Standard (Percent)
Pure seed Inert matter Other crop Total weed Germination Moisture
(Min.)
(Max.)
seed (Max) seed (Max.)
(%)
%
F

C

F

C

F

C

F

C

F

C

F

C

1

Fenugreek

98

98

2

2

0.10 0.20 0.10 0.10 70

70

8

8

2

Coriander

97

97

3

3

0.10 0.20 0.10 0.20 65

65

10

10

3

Cumin

97

97

3

3

0.10 0.20 0.10 0.20 65

65

10

10

4

Fennel

98

98

2

2

0.10 0.10 0.10 0.20 75

75

10

10

5

Ajowan

97

97

3

3

0.10 0.20 0.10 0.20 65

65

8

8

6

Dill

98

98

2

2

0.10 0.10 0.10 0.20 75

75

9

9

7

Anise

98

98

2

2

0.10 0.20 0.10 0.20 65

65

10

10

8

Celery

97

97

3

3

0.10 0.20 0.10 0.20 65

65

9

9

9

Caraway

97

97

3

3

0.10 0.10 0.10 0.20 70

70

10

10

10

Nigella

98

98

2

2

0.10 0.10 0.10 0.20 70

70

9

9

Note: 1. Insect damage seeds should not be more than 0.5 percent in each sample.
2. The moisture percent for vapour proof container should be 2 percent less than the
prescribed limit.
3. F and C stands for Foundation and Certified seed categories
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Quality Seed Production in Onion and Garlic
K. E. Lawande
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Among different Allium species, onion (Allium cepa) and garlic (Allium sativum) are
widely cultivated in India. Onion and garlic are the only alliums grown commercially on
large scale. India produces 81.78 lakh tons of onion from 6.20 lakh hectares area, while
6.45 lakh tons of garlic from 1.47 lakh hectares area. Although, India ranks second after
China in total production of both the commodities in the world, per unit area productivity
of both and garlic is much less. National productivity of onion is 13.19 t/ha and that of
garlic is 4.39 t/ha. Highest productivity of onion is recorded in U.S.A. (56.28 t/ha),
Netherlands (41.41 t/ha), Egypt (32.6 t/ha), Turkey (26.76 t/ha), and China (20.8 t/ha).
However, in the case of garlic per unit yield is higher in Egypt (21.58 t/ha), U.S.A. (19.4 t/
ha), China (18.04 t/ha) and Korea (13.39 t/ha).
Low productivity in India is mainly because of inherent low yield potential of short
day types as against long day onion and garlic varieties grown in temperate regions. Besides,
climate factors, non-availability of genuine seed of onion and planting material of garlic
varieties released by various agricultural universities and ICAR institutions is equally
important and responsible for low productivity. For covering 6.20 lakh hectares area under
onion, we need 3500 tons of onion seed, while in the case of garlic 1.47 lakh hectares area,
one lakh ton of garlic bulbs are required for planting. However, area under released varieties
with genuine planting material is not more than 30 per cent. Remaining seed is produced by
the farmers without following approved norms of seed production. Farmer’s varieties suffer
from variation in colour, shape, and size in both. In onion there is high percentage of bolters
and twin bulbs which lead to more unmarketable share. Increased yield potential due to
genuine and quality seed and planting material of newly released varieties has been witnessed
in tomato, brinjal, cole crops, potato, etc. However, onion and garlic suffer due to of spurious
and low quality planting material. Low seed viability of onion and limitation in storage of
garlic, planting material does not make lucrative business for seed companies or public
sector organizations. In the interest of overall development of these commodities, a
systematic programme for production of quality seed and planting material needs to be
taken up by involving farmers, research organizations and development departments.
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Quality parameters that govern productivity and trade
1.

Uniformity in size, shape, colour and maturity of bulbs

Local types, land races, populations or even released varieties not maintained properly
show lot of variation is size, shape, colour and maturity in both the crops. These variations
arise due to out crossing in onion and minor mutations and degeneration in garlic. Onion is
a cross pollination crop and requires 1000-1500 meters isolation distance for maintaining
genetic purity. Being inbreeding depression, one can not develop 100 per cent homozygous
true breeding uniformity in respect of differently under different climatic conditions.
Normally 10-12 cycles of selfing and massing are required for developing a true breeding
variety. A good variety should have globose shape, medium size of bulb with 100-120 gms
weight in Indian short day onion and uniform colour development as per varietal character
i.e. dark red, crimson red, pink, light red, white or yellow etc. All bulbs should be ready for
harvest at one time as per duration of variety. Neck should be thin. There should be more
than 80 percent top fall towards maturity. For maintaining these quality standards, selection
of true to types bulbs is highly essential at the time of planting bulbs for seed production.
This is followed up to production of nucleus and breeder seed stage only and in later stages
it is seldom practiced. In many organizations maintenance breeding is a forgotten part after
release of varieties and varieties remain academic record only.
Garlic, being propagated only vegetatively, there is no much variation only natural
mutations act upon which creates minor unnoticeable differences in clonal population.
However, latent and degeneration viruses, especially in plains reduce the vigour and size.
Constant selection of bigger bulbs and bigger cloves for planting maintain quality and
productivity.

2.

Direct bolting and split bulbs in onion and premature sprouting of cloves
in garlic

Besides, uniformity in size, shape, colour and maturity in onion, less bolting or no
bolting and split bulbs are important commercial characters of quality production. Bolting
and splitting in onion are genetical and physiological disorders especially in Indian short
day varieties. Bolting is more in late kharif season (Sept-Jan) and varies from 5 to 50 per
cent. It is a genotype x environment interaction. At the time of bulb development after bulb
initiation if the temperature remains below 10ºC for more than one week, bolting starts.
Besides, this environmental factor, genes also play role. There is differential genotypic
behavior. One has to develop bolting resistant variety by monitoring non bolting character
under every cycle of selection under low temperature conditions. In the case of splitting,
instead one solid bulb, bulbs split in to multiple segments attached to common base or root
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disc. Such bulbs also loose market appeal and quality. Along with non bolting, non split
bulb character is also to be monitored in seed production in every cycle.

3.

Single centred bulbs with uniform rings in onion

Single centred bulbs with full and uniform rings makes bulbs more attractive and
increase consumer appeal. Moreover, single centred bulbs store better than multicentred
bulbs. The character is also controlled by polygenes and need constant selection in every
cycle of seed production. It takes nearly 10 cycles of selection for developing 100 percent
single centred variety conscious breeding programme was started at NRCOG in 1998 for
monitoring this character. The results are as under.

Table 1. Percentage single centred bulbs over a period of eight years in variety
B 780
Stage

Year

Percentage

Basic Population

1998

20.00

S1

1999

39.00

S2

2000

50.00

S3

2001

65.00

S4

2002

79.83

S5

2003

79.80

S6

2004

80.20

S7

2005

82.50

The character reverts back if the selection pressure is not maintained in every year of
seed production. For maintaining genetic purity and quality of bulbs, bulbs should be selected
for the characters discussed above and seed production should be taken up in isolation.

Production of virus free planting material and seed
Onion is affected by onion yellow dwarf virus, iris yellow spot virus, carnation latent
virus, etc. These viruses affect bulb crop and its quality. Storage life is also affected by
viruses. Onion seed crop is affected to a greater extent by iris yellow spot virus than other
viruses. There can be 50-60 percent reduction in yield due to iris yellow spot virus. None of
the viruses are transmitted through seed, so there is break in cycle. Iris yellow spot virus is
transmitted by thrips tabaci, while other viruses by aphids and contact.
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Garlic crop is always affected by garlic common latent virus, shallot latent virus,
onion yellow dwarf virus and other degenerating viruses. These viruses have got slow
degenerating effect over generations. Garlic being vegetatively propagated, all viruses are
transmitted through cloves once affected. Incidence of virus is more under tropicalsubtropical conditions. Maintenance of garlic productivity of a short day type is difficult
due to latest viruses.
Avoiding initial infection through vectors by effective IPM modules is the only key
in onion and garlic. Development of initial virus free material in garlic through meristem
culture and production of seed under cooler on parity to that of, “potato seed plot techniques”
which has revolutionized potato production in India, can be another best option. Change of
seed every third year can help enhancing productivity.

Maintenance of isolation distance and seed village concept for genetic purity
Onion being 100 percent cross pollinated crop needs wider isolation among two
varieties for seed production. Nucleus seed should be produced under cages with
supplementary pollination through honey bees. Breeder, foundation, certified and truthfully
seed for remaining category 1000 mtrs. Many a times, it happens that farmers plant seed
crop in rabi season along with late kharif or rabi onion. The direct bolters from onion crop
pollinate with seed crop and deteriorate the quality. Despite recommendations, farmers donot remove umbels from bolted plant before opening of flowers. In any seed production
area farmers or seed producers need to be educated for this important aspect. Further, many
farmers produce their own seed without proper isolation along with problems of bolter
pollination because of which their own verities or land races suffer from uniformity is
shape, size, colour, maturity and other important characters. This attitude can be overcome
by educating farmers under, “Seed village concept” of seed production of cross pollinated
vegetables. This concept envisages one village one variety. Farmers can unanimously decide
for production of seed of a single variety which is in demand in that area under expert
guidance and financial assistance from National Horticulture Mission. This can facilitate
mass multiplication of high yielding quality variety which can enter in seed chain and
replace poor quality material being by the farmers.

Supplementary pollination for higher seed yield
Onion is cross pollinated crop and pollination is being done largely by honey bees.
With the use of agro-chemicals, gasses pollution and global warming, natural population of
honey bees is being reduced day by day. Onion umbel contains 1000 to 3000 flowers.
Onion flower has got tri-carpellary ovary. Each carpel contains two ovules. That means
each flower has got capacity to produce six seeds and accordingly six times seeds are
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harvested at the end. More than 30 percent flowers do-not set seed. This happens because
of poor honey bee activity and poor pollination by them. Supplementary pollination by
providing four be-hives per acre at the time of flowering ensures doubling of seed. Honey
bee hives are provided by Khadi and Village Industries Commission at nominal rates.
Garlic being non flowering crop, contamination through out crossing is not a problem.
Therefore, wider isolation distance is not required. To avoid mechanical mixture five meters
distance between different varieties is sufficient.

Selection of planting material
In the case of onion, bulbs should be true of respective variety in colour, shape, size.
There should be uniformity for all the characters among the selected bulbs. Bulbs weighing
from 60-80 gm should be selected for planting. About 10-12 q of bulbs are required for
planting an acre area depending upon the size of bulb. In case of garlic bigger bulbs >25
mm diameter are used for selection of cloves. Cloves weighing >1.5 gm give higher yield
of bulbs with bigger cloves. About 200 kg selected cloves are sufficient for planting an acre
area.

Micro-irrigation enhances yield and quality of seed
Onion bulb as well as seed crop and garlic respond very well to drip irrigation. There
is 40 percent water saving, 30 percent labour saving, 30 percent saving on nitrogenous
fertilizers and yield increase by 15-20 percent in drip irrigation. Besides, there is less
incidence of pest and diseases and that help in producing quality seed.

Rouging
Removal of off types before flowering help maintaining genetic purity. In case of
onion rouging should be done for yellow and lanky plants. Plants with differential umbel
height should be removed before opening of flowers. Plants affected by diseases like viruses,
stemphyllium and purple blotch should be removed before seed set. Seed from umbels
collapsed due to diseases should be collected as these seeds are often immature and fail to
germinate. Rouging in garlic can be done any time by regular field visits.

Management of seed borne pathogens
Onion seed carries pathogens of stemphyllium, purple blotch, aspergillus and many
other saprophytes on seed coat. Seed dressing with carbendazim, thiram or captan help
reducing fungus load and improves seed germination. However, initial fungus load carried
from field before harvest can be reduce by pre-harvest spray of Iprodione + Carbendazim
(0.2%) 10 days before harvest. Pre-harvest spray as well as seed dressing before seed sowing
eliminates fungal infection completely.
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Garlic seed is affected by foliar diseases as above as well as storage diseses like
aspergillus, soft rot, white rot etc. The inoculum is carried from the field to stores. These
biotic stresses can be managed by recommended sprays of fungicides like mancozed and
propiconazole during growth period. Besides crop rotation, management of last irrigation,
pre-harvest spray of systemic fungicide, proper curing in shed and disinfection of storage
structures reduces the fungal load. Further, storage of garlic bulb in bottom and side ventilated
storage recommended by DOGR, Rajgurunagar, Pune help improving quality of bulbs and
mother cloves.

Seed drying and packing
Best quality of onion seed mostly depends upon the harvest at perfect maturity and
proper drying. There is no synchronization of umbel emergence in onion. Emergence process
continues for almost one month. Further, all flowers in a given umbel do-not open and set
at one time. Therefore, harvest is not at one time. Individual umbels are harvested periodically
after visualizing black seed from the partially opened capsules. Umbels are dried in open
sun for 3-4 days and then seed is threshed and winnowed. Cleaned seed again dried for two
days in open Sun. Moisture level in seed should be brought to 6-7 percent by drying. Higher
moisture level than prescribed limit leads to internal germination of seed and also germination
of fungal spores which impair seed germination and seeding vigour. Properly dried seed
should be packed in 400 gauge polythene bags and store at 30-35ºC temperature and
60-65 percent humidity. These storage conditions ensure good seed germination up to 15 to
18 months. For long term seed can be stored in cold store having 10-15ºC temperature and
30-40 percent humidity. Under cold storage onion seed can be hold for 2-3 years in good
condition.
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Effect of fruit size on seed yield and quality in bottlegourd
[Lagenaria siceraria (Mol.) Standl.]
S.C. Rana, V.K. Pandita and Sanjai Sirohi
IARI Regional Station, Karnal-132001 (Haryana)

Among cucurbitaceous vegetables, bottlegourd has an important place. It is grown
for immature fruits used for culinary purposes. It is also used for preparation of different
types of sweets. Fruit pulp is a good source of fibre-free carbohydrates and fruit pericarp
for crude fibre. It is widely grown in north Indian plains, lower hills and plateau region.
Fruit size is one of the characters associated with seed yield and quality in many
cultivated crop plants. Variability in fruit size is observed in cucurbitaceous seed crops
even under good crop management. A significant correlation was reported between the
fruit weight and number of good seeds in cucumber (5). Fruit selection at harvesting in
field can be done in bottlegourd to produce good quality seed.
A study was undertaken at IARI regional station, Karnal to evaluate the effect of
fruit size/weight on seed yield and quality in bottlegourd cv. Pusa Summer Prolific Long
(PSPL). Fruits of bottlegourd cv. PSPL were harvested during November, 2005 and classified
into four different grades (G-I, G-II, G-III and G-IV) based on their length and weight
(Table -1). Harvested fruits were dried for one month and seeds were extracted from the
dried fruits. The extracted seeds were placed in water and the seed which settled down in
the bottom were taken out and first dried in shade and then in mild sunlight to a moisture
content of 8 per cent. Observations on seed and seedling characters were recorded one
month after seed extraction. Seed from five fruits belonging to each group were weighed
and the average weight was recorded as seed weight per fruit. One thousand dried seeds
were weighed to determine the test weight and expressed in grams. A total number of fifty
seeds from each group were placed in a sterilized sand medium in four replications and
allowed to germinate under ambient condition. The mean number of normal seedlings
produced was recorded and expressed as germination percentage. Vigor Index was computed
adopting the formula (1)
V.I. = germination percent X mean length of root and shoot in cm and expressed as
whole number.
Fruits from Grade-I followed by Grade-II and Grade-III recorded maximum seed
recovery of 64.4 percent, 62.1 percent and 59.7 percent, respectively. There were significant
differences among the fruits of four grades for number of seeds per fruit, test weight and
seedling vigor index (Table-2).
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Fruits from Grade-I recorded maximum seed per fruit (483.6) followed by fruits of
Grade-II (382.8) and Grade-III (304.6). Minimum seed recovery (32.5%) and seeds per
fruit (192) were recorded in fruits of Grade-IV. Test weight of seeds from fruits of GradeI (131.1g) and Grade-II (129.8g) was statistically at par with each other. Maximum seed
germination and vigor index was recorded in seed of fruits from Grade-I (85.7% and 3237)
and Grade-II (84.2% and 3125), respectively. Seeds from Grade-IV recorded lowest test
weight (111.9g), seed germination (77.5%) and seedling vigor index (2686). Reports of
positive influence of fruit size/weight on seed content and seed quality were reported earlier
in ashgourd (3), tomato (4), cucumber (5) and bittergourd (6). Healthy seed and seedling
vigor ensures a good crop stand in field. Seed quality affects the crop stand by its ability to
germinate under field condition as well as its potentiality to supply nutrients to growing
seedlings (1). The vigor of seedlings in early stages determine the ability of nutrient uptake
from the soil, hence it enhances the vegetative growth in early stages. Seed weight is directly
related to seed size, suggesting higher seed reserve in larger or heavier seeds. The heavier
the seed, the greater the vigour of seedlings and higher will be the photosynthetic activity
of plants. Large sized fruits should be selected at the field level to ensure higher recovery
of bolder seeds, thereby producing healthy vigorous seedling. So, under this study, it is
concluded that in bottlegourd cv. PSPL large sized fruits (G-I, G-II and G-III) should be
selected at the field level to ensure more seed recovery and better quality of seed.

Table 1. Fruit size grades in bottlegourd (cv.PSPL) and its seed recovery
Fruit
grades

Average weight
per fruit (g)

Fruit length
(inches)

Fruit girth
(inches)

Seed Recovery
(%)

Grade-I

2500

>15

12.5

64.4

Grade-II

2000

12-15

12.0

62.1

Grade-III

1750

9-12

11.5

59.7

Grade-IV

1000

<9

9.5

32.5

Table 2. Effect of different fruit grades on seed yield and quality in bottlegourd
cv. PSPL
Fruit
grades

Number of seed
per fruit

Test weight
(g)

Germination
(%)

Vigor
Index

Grade-I

483.6

131.1

85.7

3237

Grade-II

382.8

129.8

84.2

3125

Grade-III

304.6

125.4

83.8

3058

Grade-IV

192.5

111.9

77.5

2686

CD(p=0.05)

5.84

1.37

NS

44.62
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Nutrient management in bitter gourd
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Bitter gourd (Momordica charantia L.) is an important crop grown for its fleshy
fruits in tropical and subtropical regions. The bitter taste is due to the presence of
momordicine, an alkaloid, which is different from cucurbitacin present in other cucurbits.
The cultivated species Momordica charantia L. is the familiar bitter gourd of India. The
productivity of a crop primarily depends on the availability of quality seed. To obtain the
higher quantity of quality seeds, the standardisation of suitable doses of nutrients is
prerequisite for seed production technology. Balanced nutrition is an important factor for
obtaining higher seed yield and seed quality in all crops. Previous studies in bitter gourd
indicate that balanced application of nitrogen, phosphorus and potassium result in higher
seed yield with good seed quality is necessary to provide optimum dose of fertiliser to the
plant for the production of higher quantity of good quality seed in bitter gourd (Vijayakumar,
1995).
The present study was conducted at Kittur Rani Channamma College of Horticulture
Arabhavi, Gokak Taluk, Belgaum District of Karnataka State during rabi season of 200203. The land was brought to a fine tilth with one deep ploughing and three harrowing. The
25 tones of FYM ha-1 was applied before opening of ridges and furrows at a distance of 120
cm apart. The fertilisers (NPK) were applied to each plot as per the treatment combinations.
The 50 per cent of nitrogen and entire dose of P and K was applied as a basal dose and
remaining 50 per cent of N at 30 days after sowing as a top dress. The seeds of Cv. Coimbatore
long (green) were soaked in water for six hours and dibbled two seeds per hill at a distance
of 90 cm in a row. Thinning was attended after 20 days of sowing and one healthy seedling
was kept after thinning the weak and diseased seedling. Gap filling, irrigation, weed control,
pest and disease control and other cultural practices were followed as per the package of
practices of horticultural crops, University of Agricultural Sciences, Dharwad (Anon., 1997).
The vines were trailed to the galvanised wires with the support of jute thread loosely tied to
the top portion of the vine and row of the wire. The fruits were harvested after the ripening
and seeds were extracted by washing with the water and then seeds were dried under sun up
to six per cent moisture content. The observations were recorded on seed yield, germination
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percentage, root length, shoot length, seedling dry weight and vigour index. The laboratory
germination test was conducted as per ISTA procedure (Anon. 1999) by adopting rolled
towel method. The 50 seeds in each treatment were kept for germination with eight
replications. Counts were made on 4th and 14th day of germination test for normal seedlings.
For seedling dry weight, 10 normal seedlings were selected at random during standard
germination test were dried in butter paper packets in hot air oven at 750C for 24 hours.
Thereafter, the seedlings were removed and cooled in desiccators for 30 minutes. The weight
of the dried seedlings was recorded and the dry weight per seedlings was calculated. The
vigour index of seedling was calculated by adopting the method suggested by Abdul-Baki
and Anderson (1973) and expressed in whole numbers for each treatment by using the
following formula:
Vigour index = Germination (%) x Total seedling length (cm)
The data of 2002-03 on seed yield, germination percentage, root length, shoot length,
seedling dry weight and vigour index as influenced by nitrogen, phosphorus and potassium
and their interactions are presented in Table-1and 2.
Different levels of nitrogen, phosphorus and potassium showed significant influence
on seed yield per vine and ha-1 (Table-1). Application of higher dose of nitrogen (100 kg/
ha) recorded significantly higher seed yield per vine (85.11g) and ha-1 (798.70kg) compared
to lower dose of nitrogen (62.5 kg/ha), which recorded the seed yield of 68.45 grams per
vine and 633.80kg ha-1. The significant increase in seed yield by higher nitrogen application
might be due to increased vigour of the plant and utilisation of proteinous metabolites for
building up of new tissue and also it might be due to higher fruit yield per vine and ha-1.
Application of phosphorus at higher level (75 kg/ha) recorded maximum seed yield per
vine (77.72g) and ha-1(702.301kg). Phosphorus helps in seed setting and development of
seeds, thus increase in number of seeds and weight of seed. Higher level (50.0 kg/ha) of
potassium recorded the highest seed yield per vine (82.50g) and ha-1 (772.20kg). It might
be due to more number of fruits per vine, fruit yield ha-1 and seed yield per vine. Higher
level of nitrogen, phosphorus and potassium lead to higher seed yield. Such results were
also reported in musk melon (Pandita, and Randhawa, 1992), bitter gourd (Vijayakumar,
1995), cucumber (Ravikumar, 2001) and bottle gourd (Rashmi, 2003).
The seed germination varied significantly due to nitrogen application (Table 2). The
seed germination was the highest (86.65 %) with higher level of nitrogen (100 g/ha), but it
was the lowest (84.72 %) with lower dose of nitrogen (62.5 kg/ha). Germination per cent
did not differ significantly due to phosphorus levels. Application of potassium had significant
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influence on germination. The germination was the highest (86.88%) at the lowest level of
potassium (0.0 kg/ha). The germination was the lowest (84.43 %) with higher level. All
interactions of NP, NK, PK and NPK did not influence the seed germination significantly.
The higher level of nitrogen helped better development of seeds and such seeds germinated
easily. Similar results were reported by the Angat (1985) in cucumber, Vanangamudi et al
(1989) and Balaraj (1999) in chilli, and Ravikumar (2001) in cucumber.
Nitrogen, phosphorus and potassium individually and in combinations did not
influence the root length and shoot length (Table 2.
Phosphorus application had no influence on seed quality parameters (Table 2. Among
the potassium levels, K2 (50 kg/ha) recorded significantly seedling dry weight, while all
other characters showed non-significant influence due to levels of potassium.
Nitrogen and Phosphorus levels showed non significant influence on vigour index.
Potassium levels had significant influence on vigour index. Application of 50 kg potassium
ha-1 (K2) recorded significantly higher vigour index (3187) compared to K0 (2959) and K1
(3134). All other interactions showed non-significant influence on vigour index.
Thus, it is concluded that application of 100 kg nitrogen, 75 kg phosphorus and 50
kg potassium ha-1 were more effective for higher seed yield and better seed quality in bitter
gourd.
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Table 1. Influence of nitrogen, phosphorus and potassium on seed yield and
quality in bitter gourd
Treatment

Seed yield Seed yield per
per vine (g) hectare (kg)

Germination
(%)

Root length Shoot length
(cm)
(cm)

Nitrogen (N)

N1 (62.5 kg/ha)

68.45

633.80

84.72 (66.97)*

20.14

15.95

N2 (100 kg/ha)

85.11

798.70

86.65 (68.50)

19.82

16.40

S.Em±

1.98

17.97

0.53

0.37

0.44

C.D. at 5%

5.83

52.72

1.55

NS

NS

P1 (50 kg/ha)

71.00

702.30

85.57 (67.62)

19.90

16.13

P2 (75 kg/ha)

77.72

758.11

85.80 (67.90)

20.06

16.21

S.Em±

1.48

17.97

0.53

0.37

10.44

C.D. at 5%

5.98

59.24

NS

NS

NS

K0 (0 kg/ha)

75.09

695.10

86.88 (68.78)

20.15

16.75

K1 (25 kg/ha)

72.76

681.40

85.75 (67.80)

20.52

16.00

K2 (50 kg/ha)

82.50

772.20

84.43 (66.74)

19.27

15.77

S.Em±

2.43

22.01

0.65

0.46

0.54

C.D. at 5%

7.14

64.56

1.89

NS

NS

Phosphorus (P)

Potassium (K)

For
comparing S.Em±
the means of

C.D.
at
5%

S.Em±

C.D.
at
5%

S.Em±

C.D.
at
5%

S.Em±

C.D.
at
5%

S.Em±

C.D.
at
5%

NS

25.42

NS

0.75

NS

0.53

NS

0.62

NS

0.91

NS

0.65

NS

0.76

NS

NP

2.18

NK

3.44

PK

3.44

NS

31.13

NS

0.91

NS

0.65

NS

0.76

NS

NPK

4.87

NS

44.03

NS

1.29

NS

0.92

NS

1.08

NS

10.10 31.13 91.31

NS = Non-significant
* Figures in the parentheses indicate angular transformed values.
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Table 2. Influence of nitrogen, phosphorus and potassium on seedling dry weight
(mg) and vigour index in bitter gourd
Seedling dry weight (mg)

Vigour index

Nitrogen (N)
N1 (62.5 kg/ha)

120.40

3059

N2 (100 kg/ha)

123.70

3127

S.Em±

0.65

43

C.D. at 5%

1.42

NS

Phosphorus (P)
P1 (50 kg/ha)

121.70

3114

P2 (75 kg/ha)

122.30

3073

0.66

42

NS

NS

Potassium (K)
K0 (0 kg/ha)

120.80

2959

K1 (25 kg/ha)

120.60

3134

K2 (50 kg/ha)

124.60

3187

S.Em±

0.80

52

C.D. at 5%

2.35

152

S.Em±
C.D. at 5%

For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

NP

0.92

NS

60

NS

NK

1.13

NS

73

NS

PK

1.13

NS

73

NS

NPK

1.60

NS

104

NS

NS=Non-significant
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Plant growth regulators play an important role in manipulating the yield potential of
vegetable crop. So far growth regulators have emerged as major chemicals that could increase
the agricultural production at an unprecedented rate. Some of the growth regulators like
IAA.GA3, ethylene and ABA are very much familiar due to their importance in vegetable
crops. Recently Brassinolide, a steroidal compound and Tricontanol a thirty carbon primary
alcohol has been found to influence many physiological activities vis a vis yield of crop.
Tricontanol, was first identified by Chiebnall, et al (1933) as a natural component of plants
Medicago sativa and used as growth regulator. It has a major effect on photosynthesis
stimulation and enhanced water uptake, which eventually result in an increased dry weight
and it also hasten the cell elongation and division and results in the increased fruit size due
to assimilation of more carbohydrates. Brassinolide was isolated from the pollen of rape,
Brassinolide typically shown a Synergistic relationip with IAA. It has function of short
elongation Promotions of growth and development, Promotion of ethylene biosynthesis
and epinasty. Brassinolide and Triacontanol uses in vegetable are opening new aspects of
research on vegetable crops. Use of these two growth regulators on leafy vegetables
particularly in Spinach-beet is very less till now. Spinach – beet (Beta vulgaris var
bengalensis) under family Chenopodiaceae and having chromosome number of 2n=2x=18
is the most important leafy vegetables of tropical and subtropical regions. In India, Spinach
– beet is commonly known as palak and is an important leafy vegetable commonly grown
during the winter season. Keeping all the above view the present experiment was undertaken
to determine the influence of Brassinolide and Triacontanol to find out suitable concentration
of these growth regulators on green yield, seed yield and quality aspects of spinach-beet.
The experiment was conducted at Horticultural Research Station, Mondouri, Bidhan
Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India, during the period
of October 2006 to May 2007. Geographical location of site is 235oN latitude and 80oE
longitudes with an average altitude of 9.75 MSL. The experiment comprised with two
treatment factors viz. growth regulators and variety. Growth regulators (Viz. Triacontanol
in four concentration. (0.5ppm , 1.0ppm, 1.5ppm and 2.0ppm,) and Brassinolide (0.05ppm,
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0.1 ppm, 0.2ppm and 0.4ppm ) along with water spray and no spray with two variety (All
green and Punjab Selection).The total treatments combination was 20 and laid out in
Factorial Randomized Block Design. The two scheduling of spray was done first spray (10
days after germination) and second spray (20 days after first spray and 10 days after first
leaf harvest). For green yield, plants were harvested after 35 days of sowing and for seed
yield it takes about 155 days after seed sowing. The seeds of All Green and Punjab selection
varieties are sown at a depth of 2-3 cm in rows with spacing of 40 cm x 20 cm. Farm yard
manure was applied @ 40/ha during the land preparation and recommended fertilizers
doses of 75 kg Nitrogen kg/ha, 40 kg/ha each of P and K were applied as basal dose and
25 kg N/ha applied after cutting. All the other intercultural operations were followed as and
when required during the whole growing period. Biometerical observations were recorded
in all the growth and yield attributing characters from randomly selected plants in each
treatment replication and the mean values were used for statistical analysis. Biochemical
properties like ascorbic acid contents was estimated using 2-6, Dichlorophenl Indophenol
dye solution (Ranga, 1979) and expressed as mg/100g of fresh weight. Carotene content
was estimated by the standard procedure of A.O.A.C (1984) using 80 percent acetone.
Total nitrogen content in the leaf sample was determined by modified Kjeldal method
described by Jackson (1973) in percentage. Protein content was estimated following the
method of Lowry et al. (1951).

Growth and yield related characters
Growth parameters like plant height, root length, number of leaves per plant, fresh
weight, dry weight, leaf area per plant and green yield due to various treatments comprise
of different levels of two growth regulators namely Brassinolide and Triacontanol with two
varieties showed a statistically significant effect on all the above characters and the results
were presented in the table. It may be observed from the data that plant height was found to
be significantly influenced by both the growth regulators. These two growth regulators
increased the plant height proportionately with the increasing the concentration form 0.5 1.5ppm with Triacontanol and 0.05ppm – 0.2 ppm with Brassinolide. The plant sprayed
with Triacontanol with 1.5ppm concentration produced the highest plant height. Similar
findings were reported by Pandita et al (1991) in bhindi plants. The marked increase in the
plant height by the growth regulators might be attributed due to the cell elongation and
quick cell multiplication in growing points as soon as the germination starts. Root length of
the plant was also significant with the growth regulators. It is clearly indicated that increase
triacontanol concentration from 0.5ppm -1.5ppm increased root length proportionally and
further increase in concentration showed decline in root length. Triacontanol promotes cell
division and cell elongation in root meristem and provide rapid growth which ultimately
helps in water and nutrient uptake. Brassinolides concentration on root length was found
almost statistically at per with water spray and no spray treatment. It is well known that
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brassinolide have synergistic action with IAA. However in case of root elongation they act
quite differently, IAA stimulating and brassinolide having an inhibitory effect. The possible
reasons for these differences may be that brassinolide act independently of IAA in roots or
it acts as antagonist of IAA. As Ethylene has an inhibitory effect on root growth and
brassinolide also stimulate ethylene. So it may be possible that the inhibition of root growth
is due to brassinolide induced ethylene production. There was significant difference in the
number of leaves per plant. The maximum number of leaves per plant (26.34) was obtained
by brassinolide with 0.02ppm concentration which are statistically at per with Triacontanol
@1.5ppm and 2ppm.The fresh weight and dry weight was significantly influenced with
triacontanol and Brassinolide. Triacontanol concentration up-to 1.5ppm and brassinolide
concentration up to 0.2ppm is found most effective. Triacontanol and Brassinolide both
significantly influenced Leaf area per plant and Leaf area index. Maximum leaf area per
plant 815.600 cm2 was observed from plant sprayed with 0.1ppm brassinloide followed by
Triacontanol @1.5ppm concentration. Both the growth regulators influenced green yield
per plot significantly. Green yield per plot proportionately increased with the increase in
concentration of Triacontanol and Brassinolide from 0.5ppm -1.5ppm and 0.05ppm – 0.2ppm
respectively. Highest green yield of 5.775kg/plot was recorded with Triacontanol @1.5ppm.
Whereas, plants under water spray and no spray treatment produced lowest green yield
compared to both the growth regulators Marked increase in the green yield by these growth
regulators might be attributed due to the cell elongation and quick cell multiplication that
affected qualitatively the morphogenesis of plants, such as the increased leaf number, leaf
area and fresh weight. The results are corroborated with the findings of Nagarajaiah et. al.
(1992), in cabbage and Liang et.al. (1998), in Spinach. Among the two varieties All Green
variety showed significant higher values for all the characters .The variation in different
parameters with different variety might be due the inherent variability that exits in these
two varieties.

Flowering and Seed related attributes
Flowering and seed related attributes studied in this experiment are days required to
first flower, basal girth of the flower stalk at 50 percent , flower stalk length, days require
to seed harvest, 1000 seed weight, seed yield per plot and seed yield per hectare. Basal
growth of flower stalk was significantly influenced by different growth regulators. Maximum
basal girth (12.280 mm) was obtained from Triacontanol 1.5 ppm treatment which is
statistically at per with Brassinolide 0.1ppm.and Brassinolide 0.2ppm. Water spray and no
spray treatments showed significantly lower basal girth compare to Brassinolide and
Triacontanol treatments. These two growth regulators have better photosynthetic and
metabolic activity which might be the reason for better development of basal girth. Similarly
a significant difference in flower stalk length due to different growth regulators and varieties
was observed. The maximum flower stalk length of (152.33cm) was observed from
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Triacontanol @ 1.5 ppm concentration which was statistically at par with Brassinolide
@0.1ppm concentration. The lowest flower stalk length was found with no spray treatment
followed by water spray. It is clearly indicated from the table that further increase in
concentration in both regulators there was gradually decline trend in flower stalk length.
Higher metabolic activity due to Triacontanol and Brassinolide may cause vigour in flower
stalk length. Days required for first flowering, and seed harvest were not significantly
influenced by Triacontanol and Brassinolide but in both parameters it revealed that variety
significantly influenced. 1000 seed weight, seed yield per plot and seed yield per hectare
were significantly influenced by growth regulators and varieties. Among the different
treatments highest 1000 seed weight (19.167g) was obtained with the lowest concentration
of 0.5ppm of Triacontanol. There was a decreasing trend in this parameter with increase in
concentration .1000 seed weight was found lowest from the water and no spray plant.
According to (Debata and Murthy (1981). Triacontanol not only increased water and nutrient
uptake but also stimulate photosynthesis and mobilize photosynthates which might result
in bigger embryo and higher food storage within seed, ultimately produced bold seed. Like
Triacontanol the effects of Brassinolide on 1000 seed weight is significantly influenced
and observed that with lower concentration of 0.05 ppm brassinolide produced maximum
100 seed weight. Further increase in brassinolide concentration showed decline in 1000
seed weight but brassinolide have significanly higher 1000 seed weight compared to water
spray and no spray. Similar findings were obtained by Danielvich, J (2005) with brassinolide
when working on cabbage. Brassinolide enhanced photosynthetic capacity and translocation
of photosynthate (Brawn and Wild, 1984; Fuji and Saka, 1992) which may caused better
1000 seed weight.
Seed yield was significantly influenced by the different treatment combinations.
The maximum (27.60q/ha) seed yield was obtained with 0.5 ppm Triacontanol followed by
Brassinolide with 0.05 ppm and minimum was recorded with water spray (16.03 q/ha) and
no spary (15.667q/ha). Brassinolide and Triacontanol have prompted germination and growth
of pollen tubes and prevented flower and pod drop which might have caused better seed set
and seed yield. Similar results were observed in onion with Triacontanol (Wang and Beorae,
1995) and in Cowpea with Brassinosteroids (Fariddin et al. 2004).
Among the varieties studied in this experiment, All Green showed significant by
higher values for all the flowering and seed characters .The highest seed yield of 27.70q/ha
was obtained from the All Green with 0.5ppm of Triacontanol.

Biochemical properties
Spinach-beet being a leafy vegetable is a rich source of vitamin A and C and fairly a
good source of protein, calcium and iron. In this experiment some important biochemical
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properties like carotene, ascorbic acid, nitrogen and protein content were estimated. Carotene
content among the treatments varied considerably and application of growth regulators
showed significant influence on carotene content. Results (Table 3) indicate that the lower
concentrations of Triacontanol and Brassinolide were found to be more effective for
increasing the carotene content in the leaves. The Application of these two growth regulators
in higher concentrations shows the decreasing trend in the carotene content. Amongst all
the treatments it was further observed that the lowest concentration of Triacontanol (0.5
ppm) produced highest carotene of (11.34 mg/100g of edible portion) followed by lower
concentration of Brassinolide which produced 10.87 mg/100g with 0.05 ppm concentration.
This indicates that the lower concentrations are better increasing for carotene content in
edible part. Minimum carotene content was observed from the plants with water spary and
no spray. The present findings are in accordance with the findings of Janardhanan K (1992).
Ascorbic acid content of leaves was significantly influenced by the application of growth
regulators as it is shown in the table 3. Ascorbic acid content was increased with increase in
the concentration of Triacontanol upto 1.5 ppm but further increase in concentration upto
2ppm there was a sudden reduction in ascorbic acid content. Maximum (78.66mg/100g)
ascorbic acid content was recorded with 1.5 ppm of Triacontanol. In case of Brassinolide,
concentration of 0.05 ppm was best, which produced 80.65mg/100g of ascorbic acid.
Between the two varieties, Punjab Green exhibited maximum content of carotene (9.43mg/
100g) and ascorbic acid (77.690mg/100g). This might be due to the genetic characteristics
of this variety. The perusal of data (Table3) revealed that application of plant growth
regulators significantly influences the protein and nitrogen content of leaves. Both the
growth regulators increased the protein and nitrogen content proportionately with increase
in the concentration. Protein content reached a maximum value of 4.81g from the 2 ppm
concentration of Triacontanol whereas, plants under control (no spray) had produced 3.37g
only. In case of Brassinolide, protein content increased up to the concentration of 0.2 ppm
and again the protein content fell sharply at the highest concentration of Brassinolide 0.4
ppm. The maximum nitrogen content of 0.763 percent and 0.570 percent were recorded at
the highest concentration of triacontanol and brassinolide respectively. The lowest nitrogen
content of 0.539 percent was noticed in the control plants. Plant growth substances might
have accelerated the activity of some of the enzymes which in turn resulted in better nitrogen
content. Varieties did not show any significant effect on nitrogen and protein content.
As a growth regulator both the chemicals showed promotive effects on most of the
growth and yield attributing characters. The effect was more positive on vegetative growth.
Though triacontanol increased the root length, Brassinolide had almost no effect or inhibitory
on root length. For getting higher green yield this chemical at a little higher concentration
was found more effective to boost the yield and Triacontanol @ 1.5 ppm and Brassinolide
0.2 ppm may be recommended. Triacontanol and Brassinolide though have good effect on
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flowering but for seed yield the application of these chemicals at lower concentrations may
help to produce better quality seed yield. The Triacontanol at 0.5 ppm and Brassinolide at
0.05 ppm showed the best results in the present experiment for seed yield. In case of quality
the lower concentration of these chemicals may be more effective for nutrient content.

Table 1. Effect of growth regulators and varieties on green yield and yield
attributes as influenced by Brassinolide and Triacontanol on Spinach–
beet (Beta vulgaris var.bengalensis)
Treatment/
Growth regulators
& Varieties

Plant
height
(cm)

Root Number Fresh
length of leaves/ weight
(cm)
plant
(g)

Dry
Leaf
Leaf area Green
weight area/plant index
yield
(q/ha)
(g)
(cm2)

Triacontanol 0.5ppm

29.617

8.938

21.477

52.967

6.135

538.483

0.012

4.770

Triacontanol 1ppm

30.600

8.677

22.350

58.843

6.955

768.533

0.017

5.180

Triacontanol 1.5ppm

34.733

9.273

25.032

68.968

7.738

779.550

0.019

5.775

Triacontanol 2.00ppm

30.983

8.4980

24.718

48.472

5.540

683.767

0.015

4.858

Brassinolide 0.05ppm

31.150

6.993

21.472

45.550

5.283

616.033

0.017

4.341

Brassinolide 0.1ppm

31.050

7.168

23.255

44.033

5.873

815.600

0.020

4.372

Brassinolide 0.2ppm

33.917

7.110

26.341

55.003

6.380

646.817

0.016

5.248

Brassinolide 0.4ppm

33.483

7.083

23.656

51.465

5.850

672.733

0.017

3.675

Water spray

25.383

7.188

20.215

30.085

4.005

652.750

0.016

3.115

No spray

24.850

7.342

18.063

31.245

3.773

582.367

0.014

2.845

S.Em ±

0.5982

0.1096

0.9499

0.3912

0.0292

28.1433

0.0003

0.1414

C.D (P=0.05)

1.4669

0,2702

2.3411

0.9641

0.0719

69.3619

0.0007

0.3485

All Green

34.173

8.314

20.462

54.163

5.041

760.543

0.019

4.540

Punjab Selection

26.980

7.338

18.265

44.923

4.476

558.117

0.014

4.209

S.Em ±

0.2662

0.0490

0.4248

0.1749

0.0131

12.5860

0.0001

0.0632

C.D (P=0.05)

0.6561

0.1207

1.0469

0.4311

0.0322

31.0194

0.00002

0.1557
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Table 2. Effect of growth regulators and varieties on Flowering and seed yield
attributes as influenced by Brassinolide and Triacontanol on Spinach
–beet (Beta vulgaris var.bengalensis)
Growth
regulators &
Varieties

Basal
girth of
the flower
stalk

Flower
Days
Days
1000
Seed
Seed
stalk require to required
seed yield/plot yield
length
First
to Seed (weight)
(g)
(q/ha)
(cm) Flowering harvest

Triacontanol 0.5ppm

12.280 124.833

73.500

161.000

19.167 1104.167

27.604

Triacontanol 1ppm

11.022 135.333

73.667

166.333

17.867

905.000

22.625

Triacontanol 1.5ppm

11.995 152.333

74.167

166.167

16.450

868.333

21.708

Triacontanol 2.00ppm

10.057 127.167

73.500

165.833

15.117

857.500

21.438

Brassinolide 0.05ppm

11.053 132.167

73.500

166.167

17.500

960.833

24.021

Brassinolide 0.1ppm

12.202 145.000

73.500

165.667

16.983

897.500

22.438

Brassinolide 0.2ppm

12.098

14.667

73.833

166.167

16.600

868.333

21.708

Brassinolide 0.4ppm

11.925 141.667

74.000

165.833

15.283

885.000

22.125

Water spray

7.683 135.833

73.333

165.000

11.450

644.167

16.103

No spray

7.967 126.333

73.667

165.833

11.967

626.667

15.667

S.Em ±

0.2818

3.0603

0.4974

0.6662

0.2487

26.889

0.6572

C.D (P=0.05)

0.6945

7.5424

NS

NS

0.6129

64.7916

1.6197

All Green

139.433 139.433

71.500

161.667

15.663

892.667

22.316

Punjab Selection

128.933 128.933

75.833

170.333

16.013

830.833

20.771

S.Em ±

0.1260.

1.3686

0.2224

0.2979

0.112

11.7568

0.2939

C.D (P=0.05)

0.3105

3.3731

0.5481

0.7342

0.2740

28.9758

0.7243
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Table 3. Effect of growth regulators and varieties on carotene, ascorbic acid,
protein and nitrogen content as influenced by Brassinolide and
Triacontanol on Spinach –beet (Beta vulgaris var.bengalensis)
Treatment/Growth
regulators & Varieties

Carotene
(mg/100g)

Ascorbic acid
(mg/100g)

Nitrogen
(%)

Protein
(g/100g)

Triacontanol 0.5ppm

11.34

76.400

0.611

3.820

Triacontanol 1ppm

9.48

77.133

0.656

4.098

Triacontanol 1.5ppm

8.74

78.667

0.725

4.515

Triacontanol 2.00ppm

8.25

75.350

0.763

4.818

Brassinolide 0.05ppm

10.87

80.650

0.541

3.373

Brassinolide 0.1ppm

9.82

78.633

0.564

3.473

Brassinolide 0.2ppm

9.68

77.483

0.566

3.560

Brassinolide 0.4ppm

9.12

73.500

0.570

3.527

Water spray

7.35

73.250

0.541

3.535

No spray

7.40

73.850

0.539

3.370

S.Em ±

0.285

1.6918

0.0146

0.0917

C.D (P=0.05)

0.702

4.1696

0.0359

0.2260

All Green

8.97

75.293

0.612

3.829

Punjab Selection

9.43

77.690

0.607

3.789

S.Em ±

0.127

0.7566

0,0065

0.0410

C.D (P=0.05)

0.313

1.8647

NS

NS

NS = Non Significant
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Recent advances in quality hybrid seed production in
cucurbitaceous vegetables
A.D. Munshi, Ravinder Kumar, T.K. Behera, Amish K. Sureja and A. Pal
Cucurbits are important group of vegetables in whole of the world and are consumed
as salad (cucumber, gherkin and long melon), sweet (ash gourd, pointed gourd), pickles
(gherkin, bitter gourd, ivy gourd), desserts (melons) and as vegetables (all except melons).
The family Cucurbitaceae consists of about 118 genera and 825 species. The major cucurbits
grown in India are cucumber, watermelon, pumpkin and squashes, muskmelon, ash gourd,
snake gourd, ridge gourd, smooth gourd, bottle gourd, round gourd, bitter gourd, pointed
gourd, ivy gourd and Gherkin. They exhibit wide range of variability since they have either
originated or domesticated in India. Among the vegetable crops, cucurbits are distinct group
where sex mechanism is unique and can be easily manipulated for production of F1 hybrids.
Further, low inbreeding depression, high heterosis percentage, large number of seeds per
fruit (per pollination) and low seed rate requirement per unit area give distinct advantage in
commercial exploitation of heterosis in this group of vegetables.The present article discusses
various aspects of heterosis breeding such as floral biology and pollination behaviour,
manifestation of heterosis of important cucurbitaceous crops along with the techniques of
hybrid seed production which can be exploited for harnessing heterosis in cucurbits.

Floral biology and pollination behavior
The flowers of different genera and species of cucurbits vary in size, shape and
colour but are similar in general morphology. With regard to sex expression, the cucurbits
generally fall into two groups (1) Monoecious (staminate and pistillate flowers separately
on the same plant) and (2) Dioecious (with separate staminate and pistillate flowering
plants). Flowers are borne in the axils of the leaves. The ratio of staminate and pistillate
flowers varies between species and cultivars. But the staminate flowers are always more in
number than pistillate in all monoecious cucurbits. Staminate flowers are single in Lagenaria,
Cucurbita, Citrullus, Momordica and in clusters in Cucumis and Luffa. In genus Sechium
both staminate and pistillate flowers are borne on the same node of the stem while in other
cucurbits both are borne on separate nodes. The staminate and pistillate flowering nodes
are very near in genus Luffa. Staminate flowers are borne mostly on long pedicles. The
flowers of Citrullus are smaller and less showy than those of Cucumis. In the genus
Cucurbita, flowers are bright yellow, large and showy.
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Table 1. Floral Biology of important cucurbits
Vegetable

Anthesis
time

Muskmelon
(Cucumis melo) 5.00-8.00 h

Pollen
Dehiscence time

Duration
Pollen fertility
Stigma receptivity

5.00-8.30 h

5.00-14.00 h

2 h before to 2
3 h after anthesis

6.00-8.30 h

7.00-11.00 h

2 h before to 3 h
after anthesis

Watermelon
(Citrullus
lanatus)

6.00-8.30 h

Bottle gourd
(Lagenaria
siceraria)

11.00-16.00 h 13.00-14.30 h

On the day of
anthesis till next
morning

36 h before to 60
hr after anthesis

Bitter gourd
(Momordica
charantia)

6.30-10.30 h

6.00-12.00 h

One day before
and one day
after anthesis

Snake gourd
(Trichosanthes
anguina)

18.00-21.00 h Shortly before 10 hr before to
anthesis
40 h after
dehiscence

Ridge gourd
(Luffa
acutangula)

15.00-18.00 h 15.00-18.00 h

On the day of
6 h before to 80 h
anthesis to till
after anthesis
2-3 days after
anthesis in spring
season and 1 day
in rainy season

Sponge gourd
(Luffa
cylindrica)

5.00-8.00 h

5.00-8.00 h

On the day of
anthesis

10 h before to
100 h after
anthesis

Cucumber
(C. sativus)

5.30-7.30 h

4.30-7.00 h

Up to 14 h

12 h before to
6-7 h after
anthesis

Summer squash 4.00-10.00 h
(Cucurbita
pepo)

4.00-11.00 h

16 h after
anthesis

2 h before and
10 h after anthesis

Pumpkin
(Cucurbita
moschata)

4.00-8.00 h

16 h after
anthesis

2 h before & 8 h
after anthesis

4.00-8.00 h

7.30-10.30 hr

7 h before to 50 h
after anthesis
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Sex forms in cucurbits
1. Hermaphrodite: Primitive form where only bisexual or perfect flowers are
produced. As for example ‘Satputia’ cultivar of ridge gourd, cucumber and
muskmelon.
2. Monoecious: Where staminate and pistillate flowers are separately produced in
the same plant. As found in cucumber, bottle gourd, bitter gourd, watermelon,
pumpkin, squash, ash gourd, ridge gourd, sponge gourd, snake gourd etc.
3. Andromonoecious: Staminate and perfect flowers produced separately in the
same plant. For example, watermelon (in some cultivars), muskmelon (dessert
type).
4. Gynomonoecious: Pure pistillate and perfect (hermaphrodite) flowers are
produced separately in the same plant (genetic stock of cucumber).
5. Gynoecious: Where only pistillate flowers are produced in a plant. Example,
genetic stock of cucumber, it has been evolved from gynomonoecious sex.
6. Trimonoecious or gynoandromonoecious: Where staminate, pistillate and perfect
flowers are produced in the same plant in varying proportion (genetic stock of
bitter gourd).
7. Androecious: Where only staminate flowers are produced (pointed gourd).
8. Dioecious: Where staminate and pistillate flowers are produced in separate plants,
e.g. pointed gourd, ivy gourd and kakrol (Momordica dioica) among cultivated
cucurbits.

Sex modification in cucurbits
Besides environmental factors, exogenous application of plant regulators can alter
the sex ratio and sequence if applied at 2-4 true leaf stage, the critical stage at which the
suppression or promotion of either sexes is possible. Hence, modification of sex to desired
direction has to be manipulated by exogenous application of growth regulators once, twice
or even thrice at regular intervals. To promote greater number of pistillate flowers and alter
the sex ratio in desired direction, several chemicals have been tried and found useful. In
cucumber, Maleic hydrazide (MH) at 50 to 100 ppm, GA3 5 to 10 ppm, 2- chloroethyl
phosphonic acid (commercially called ethrel, or ethephon or CEPA) 150 to 250 ppm; in
watermelon, tri-iodobenzoic acid (TIBA) 25 to 50 ppm, boron 3 ppm; in bottle gourd,
boron 3 ppm and calcium 5 ppm and in sponge gourd, ethrel 250 ppm have been found
useful. These bring about increased yield in terms of number of fruits per plant, but the
individual fruit set is slightly reduced, especially in watermelon. This kind of sex
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modification is more useful and practicable, in crops like cucumber and bottle gourd, where
continuous and simultaneous flowering, fruit set and fruit picking takes place. Gynoecious
lines of cucumber are maintained by induction of male flowers through sprays of GA3/GA7
at 1500 to 2000 ppm. Now-a-days silver nitrate at 300-400 ppm and silver thiosulphate at
250-300 ppm has been found to bring about this same modification.

Breeding objectives for F1 hybrid production
The objectives of cucurbits breeding are highly crop specific but in general following
aspects are taken into consideration during the breeding program.
1. Growth habit: Preference should be given to medium vine characteristics.
2. Maturity: The number of node at which first pistillate (or hermaphrodite) flower
appears, gives a fair indication of earliness, especially in those kinds where
immature fruits are edible.
3. Sex ratio: A high female to male ratio is desirable.
4. Fruit shape: Spherical or oblong in watermelon; spherical, flat or oblong in
muskmelon; round, long, cylindrical, club shaped in bottle gourd; round, oblong,
spherical shaped in pumpkin. A shape having high flesh recovery per volume,
especially in muskmelon and pumpkin would be desirable. In salad or slicing
cucumber, uniform long cylindrical shape without neck is desirable.
5. Fruit surface: Attractive dark green with minimum of prickles in slicing
cucumber. Netting and thick skin are useful in transportable quality in muskmelon
and toughness of skin helps in watermelon for long distance haulage. In bitter
gourd, continuous ridges and blunt tubercles are preferred. A non-ridged fruit
skin is attractive in pumpkin. Sparse hairs persisting on the skin of bottle gourd
and round melon indicate tenderness of fruit and edible maturity.
6. Flesh colour and thickness: The flesh colour in muskmelon may be white or
greenish or salmon-orange while in watermelon it can be pink or pale pink or
deep pink and in pumpkin yellow, yellowish orange or deep yellow colour is met
with. The flesh should be thick with small seed cavity in muskmelon and pumpkin.
In cucumber, carpel separation showing hollow spots at edible maturity is
undesirable. In most of the gourds where immature fruits are harvested like bottle
gourd, ridge gourd, sponge gourd, round melon, snake gourd, etc., the flesh should
not become fibrous quickly in optimum sized fruits at edible maturity. Carotenoids
produce pigmentation which results in the range of whites, creams, yellows, and
oranges in the flesh color of squash and pumpkin. The expression of this flesh
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color is conditioned by the particular carotenoid type and concentrations which
are influenced by genetic and environmental factors. The goal of the cucurbit
breeding should be to investigate the various levels of carotenoids present and
identify molecular markers associated with these carotenoids within pumpkin,
summer squash and winter squash gene pool.
7. Sweetness: The sweetness in melon is judged as total soluble solids content read
by squeezing the juice in a hand refractometer, subject to varying conditions of
environment. 10 percent TSS may be taken as a minimum standard for selection
of fruits to meet the consumer acceptance.
8. Bitterness: Bitterness in fruits of cucumber, bottle gourd, ridge gourd, etc., should
be eliminated.
9. Flavor: High aroma in muskmelon is preferred by consumers.
10. Higher early yield and total yield: The yield in terms of weight and number of
fruits of marketable quality will be the deciding criterion in selection. Misshapen
and poorly developed fruits should be rejected. Early yield, especially of higher
percentage of total yield is a desirable character.
11. Seed: Fewer and smaller seeds are desirable in watermelon. In cucumber, fruits
should not produce mature seeds at edible maturity.
12. Wider adaptability.
13. Photo-insensitivity.
14. Resistance/tolerance against biotic and abiotic stresses.
15. Parthenocarpic gynoecious and indeterminate varieties for protected cultivation
especially in cucumber.
16. Bunching fruit habit producing multiple pistillate flowers on individual nodes
for harvesting finger size fruits to suit whole fruit canning for export, especially
in case of gherkin.

Techniques of hybrid seed production
1. Bagging of female flowers and hand pollination: A day prior to anthesis, the
female flowers before they open on the plants of female parent are covered by
butter paper bags or buds of female flowers are tied with rubber band or clip
specially where flower is large e.g. pumpkin. In the afternoon of the same day,
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unopened male flowers on the plants of male parent are protected from pollen
contamination by bagging or tying the petals. In the next day morning (7-11 a.m.),
pollens are applied on the stigma of the protected female flowers. After hand
pollination, the female flowers are again bagged or petals are tied. This practice
is applicable in most of the cucurbits except muskmelon where andromonoecious
sex form is predominant. F1 seed is collected from the mature fruits harvested
from the plants of female parent.
2. Emasculation and hand pollination: This method is practiced in muskmelon
where andromonoecious sex form is predominant. In the plants of female parent,
the hermaphrodite flowers are emasculated a day prior to anthesis and protected
by bagging. The male flowers on the plants of intended male parent are also
protected. Pollination is done in the early morning of next day by taking pollen
from protected male flowers of male parent. Hybrid seed is collected from the
mature fruits harvested from the plants of female parent. Since, muskmelon fruit
contain large number of seeds, hybrid seeds can be manually produced by
emasculation and pollination. About 3000 viable seeds are required to produce
seedlings for one acre. These seeds can be obtained from at the most 10 fruits, as
even small size fruit yields more than 300 seeds. Only ten successful pollinations
are required to produce hybrid seeds sufficient for planting in an acre. Hybrid
seed can also be produced by using andromonoecious line having small number
of male flowers. In such case, male flowers were removed before anthesis at two
or three days interval. However, total elimination of male flowers was difficult
to achieve and this results in contamination of hybrid seed.
3. Pinching of male flowers: Production of hybrid seeds by this method is the most
simple and economical and can easily be adopted by the growers who can identify
male or female flowers. F1 hybrid production in gourds can economically be done
on large scale by pinching all the male flowers before opening from the female
parent and allowing the male parent to grow side by side of female parent for
natural cross-pollination. One row of male parent can be sown after every three
rows of female parent as suggested by Choudhary and Singh (1971) for producing
F1 hybrid seeds on large scale in bottle gourd. All the fruits set in female parent
would be necessarily through cross-pollination by insects. For this, as a precaution,
there should not be a single male bud in female parent as it will promote self or
sib-pollination within the female parent. Anthesis of the flowers of bottle gourd
is in afternoon, the pinching operation should therefore be done in the forenoon.
Isolation distance between different varieties should be kept about 400 metres.
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As the male flowers in bottle gourd, pumpkin and squash are quite big, showy,
having long pedicels and less in number, the pinching operation can easily be
performed. In Luffa, where male flowers are produced in racemes, pinching off
male buds will not be complete and effective. For maximum fruit set and seed
yield, availability of pollinator is pre-requisite. One medium sized bee colony per
hectare would be enough in seed production block.
4. Use of gynoecious sex form: Gynoecy condition where all the flowering nodes
in the primary, secondary and tertiary branches bear pistillate flowers in the leaf
axils, is by far the most important sex form which has made phenomenal
exploitation of hybrid vigour possible in cucumber and also in muskmelon.
Cucumber is the species most extensively studied in the Cucurbitaceae for the
production of hybrid seed. Among the many types of cucumber cultivars, it is
possible to find gynoecious genotypes, i.e. plants that only have female flowers.
Parthenocarpy, or the development of fruits without fertilization and seed
formation, is another important trait available for cucumber breeding. Gynoecious
cultivars with parthenocarpic fruits are usually preferred for greenhouse production
because of their higher yields and ease in crop management.
The commercial production of gynoecious cucumber seed was made possi-ble
only when it was discovered that gynoecious inbreds could self reproduce if a
growth regulator is applied to induce male flower formation (Robinson, 1999).
Peterson and Anhder (1960) for the first time discovered the effect of gibberellic
acid (1500-2000 ppm) on promotion of male flower formation in cucumber. A
problem observed with gibberellic acid application is that different gynoecious
lines vary in response to GA application and, in some cases, the number of induced
male flowers was not sufficient for hybrid seed production. Additionally, GA
applications typically cause excessive stem elongation or malformed male flowers
(Robinson, 2000). Because of the erratic male flower induction by use of gibberellic
acid, applica-tion of silver compound such as silver nitrate (250-400 ppm) is
done to induce male flowers. Silver ions inhibit ethylene action and thus promote
male flower formation in gynoecious cucumber plants (Beyer, 1976). However,
due to phytotoxic ef-fects of silver nitrate such as burning of plants, silver
thiosulphate (400 ppm) is now widely used by seed producers for the maintenance
of gynoecious cucumber lines. It induces male flowering of cucumber plants over
a longer period and is less phytotoxic com-pared to silver nitrate.
Hybrids of cucumber are produced mainly by crossing gynoecious lines with
monoecious lines. Though, other systems of producing gynoecious hybrid seed

178

such as gynoecious X gynoecious have been proposed but gynoecious X
monoecious hybrids are still the most widely grown. The hybrids produced by the
cross of a gynoecious and monoecious line resulted in hybrid vigor and a high
degree of female sex expression, with uniform and concentrated fruit formation,
which was especially advantageous for mechanical harvest (Robinson 1999, 2000).
Most of the commercial hybrids based on gynoecious cucumber lines are a blend
of gynoecious hybrid and monoecious seed. About 10 percent blending is of
monoecious genotype seed with gynoecious hybrid seed has been advocated
(Peterson and DeZeew, 1967). This practice improves pollination, which is required
for fruit set in genotypes that are not parthenocarpic. However, it has the
disadvantage of affecting uniformity, which is one of the principal advantages of
hybrid cultivar production (Robinson, 2000). In parthenocarpic gynoecious F1
hybrid, blending is not required as fruits develop without pollination and this is
advantageous for production of cucumber F1 hybrid. In addition, homozygous
gynoecious hybrid seed has been produced by crossing two gynoecious lines after
one has been treated with a growth regulator to induce male flowers (Robinson,
1999). When two gynoecious inbred lines homozygous for the gene F are crossed,
the resulting F1 hybrid is homozygous for F. These hybrids are more stable for
gynoecious sex expression compared to hybrids produced by crossing gynoecious
and monoecious lines. In the case of hybrids heterozygous for the gene F, some
environments such as high temperature and long days may promote the
development of male flowers, which is less likely in gynoecious x gynoecious
hybrids. The stability of gynoecious sex expression is especially important for
gynoecious parthenocarpic F1 hybrids used for greenhouse production. These
hybrids produce long, seedless fruits in the absence of pollination. However, when
female flowers of non-parthenocarpic gynoecious hybrids are pollinated by hand
the formation of seeds enlarges the fruits at the blossom end, affecting their shape
and quality. Using homozygous gynoecious hybrids reduces the chance of
pollination and misshapen fruit because these plants produce no pollen (Robinson,
2000).
The gynoecious trait is determined by a single dominant gene “F”. Since these
plants have only female flowers, hybrid seeds may be produced using gynoecious
maternal lines without the requirement for male flower emasculation. It is observed
that gynoecious sex forms are stable only under moderate regimes of temperature
and photoperiodic conditions.
When the temperature exceeds beyond 30°C the stability of gynoecious sex
expression is affected. Unfortunately, the temperate gynoecious lines are unstable
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for gynoecy under high temperature and long photoperiodic conditions because
of their thermo-specific response for gynoecious stability. That is why the gynoecy
in cucumber did not receive much attention in the tropical countries. However,
efforts have been directed during recent past towards developing gynoecious sex
forms under our tropical and indigenously adapted background and lines having
stable gynoecious sex even at temperatures around 35°C have been developed at
IARI. These are being tested further to exploit in heterosis breeding programme.
Further, four tropical gynoecious lines with parthenocarpic fruits (Gyc-1, Gyc-2
and Gyc-3 and Gyc-4) have also been developed at MPKV, Rahuri.
In muskmelon by using gynoecy in heterosis breeding, the tedious emasculation
and identification and rouging of male fertile plants from the mixed population is
avoided. Probably, for this reason, Frankel and Galun (1977) and Loy et al. (1979)
advocated the use of gynoecious lines in hybrid seed production. The exact genetic
make up of gynoecism in muskmelon is not yet understood due to influence of
temperature and photoperiod for its expression. This breeds true and produce all
pistillate flowers under short day and low temperature conditions, but when grown
at high temperature and long day it becomes gynomonoecious (Kubicki, 1969).
Wisconsin 998 was the first gynoecious line in muskmelon developed by Peterson
et al. (1983). Wisconsin 998, when used in hybrids seed production, has exhibited
good combining ability for yield and earliness (Lal and Dhaliwal, 1993). A cross
between W1 998 x Punjab Sunheri (MHL-10) was found promising and was
released for commercial cultivation in Punjab during 1995. It was not only early
and high yielding but also had good shipping quality (Lal and Dhaliwal, 1996;
Dhaliwal and Lal, 1996). Procedure for commercial hybrid seed production of
MHL-10 was discussed in detail by Lal (1995). Unlike cucumber gynoecious
lines of muskmelon could not be maintained by GA, however, perfect flower
induction was reported with the application of 5-Methyl-7-Chloro-4-ethoxy
carboxy- methoxy 2, 1,3, benzothio-diazole (MCEB) at the fourth true leaf stage
and following hand pollination, selfed seeds were produced (Byers et al., 1972).
Use of AgNO3 @ 100-200 ppm (Owen et al., 1980) induced production of 12
perfect flowers on the first 20 nodes, which can be used to self or sib for
maintenance of gynocious lines. Silver Thiosulphate (More and Sheshadri, 1987)
had also been suggested for inducing maleness. More et al. (1987) had developed
three true breeding gynoecious line viz 86-104, 105 and 118 and by subsequent
selfing and selection for good horticultural characters and stability for gynoecy,
finally seven lines namely GH 3-2, 5E-1, 7-7, 4D, 5D, 6C-4 and 6E-7 were selected
(More et al., 1991). Several cross combinations were made by the above but none
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of them were found to be commercially acceptable from quality point of view
having low T.S.S. The utilization of gynoecious lines for the production of hybrid
seed in muskmelon suffers with various types of limitation and therefore further
needs to search the possibility to utilize the existing gynoecious lines for the
production of hybrid.
A gynoecious plant obtained in segregating populations of ridge gourd Pusa Nasdar
and Satputia and was maintained by sib mating since cutting and micropropagation
were notnot successful (Munshi, unpublished data). Gynoecious sex form in bitter
gourd has been reported in recent past in India by Ram et al. (2002) and Behera et
al. (2006). Behera et al., (2009) and Dey et al., (2010) further explored the
possibility of its utilization in hybrid seed production in bitter gourd.
5. Utilization of male sterility: First recessive male sterile gene ms-1 in muskmelon
was reported by Bohn and Whitaker (1949). Since then at least four additional
male sterile recessive alleles viz., ms-2 (Bohn and Principe, 1962), ms-3
(McCreight and Elmstrom 1984), ms-4 (Pitrat, 1990) and ms-5 (Lecouviour et
al., 1990) had been identified. The phenotypes of ms-4 plant is different from ms1, ms-2, ms-3 and ms-5 (McCreight, 1993). Sterility in all these male sterile mutants
is monogenic recessive. Male sterile line ms-1 identified by Bohn and Whitaker
(1949) had proved boon to the hybrid seed industry. The line showed good nicking
ability when used in a series of hybrid combination. Punjab Hybrid, a F-1 between
MS-1 x Hara Madhu was released in Punjab (India) and subsequently at national
level in 1984. This hybrid still occupies a larger percentage of muskmelon growing
area. Genic male sterility in muskmelon is maintained under heterozygous (Msms)
condition in isolation block by crossing with the recessive (msms) parent every
year. For commercial seed production, heterozygous seed stock (Msms) is grown
which segregates into 50 percent heterozygous male fertile (Msms) and 50 percent
homozygous male sterile plants (msms). The male fertile plants are removed from
the population before flowering where as the sterile plants are kept for hybrid
seed production. For maintenance of sterility, a male sterile line is sown in an
isolated field. At flowering, each plant is examined and marked as male sterile or
male fertile. An adequate supply of bees is provided. After the fruit set, all male
fertile plants are rouged before the fruit become mature and seed is harvested
only from male sterile plants. These seeds, which will segregates as male sterile
and male fertile plant in 1:1 ratio serves as a stock seed to repeat the cycle. For
hybrid seed production, the same seed is planted at the ratio of 3:1 (female: male).
Male fertile plants are identified and rouged at the appearance of first male flower.
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Hybrid seed is harvested from the fruits which develop on male sterile plants. To
get maximum hybrid seed, six seedlings per hill are planted so that sufficient
population is maintained after rouging the fertile plant. Commercial exploitation
of genic male sterility is handicapped by identification of male fertile plants before
flowering. Male sterile line ms-3 had been found superior to ms-1 and ms-2 due
to the fact that male sterile plants are very easy to identify and possess superior
horticultural traits. In male sterile line ms-5, male flower buds abort pre-maturely,
hence male sterile plants can easily be identified. Use of markers gene to simplify
the procedure of identification and hybrid seed production was reported by Foster
(1968) by utilizing glabrous seedling markers which was controlled by single
recessive gene. This could eliminate the tedious method of identification of male
sterile plant and keep down the cost of hybrid seed production. Efforts were made
by Mishra (1981) to incorporate male sterility and genetic markers in monoecious
lines to facilitate the identification and rouging those seedlings on germination. It
was expected that male sterility coupled with marker in monoecious sex form
would promote greater cross pollination for the production of hybrid seed. But
100 percent open pollinated pure seed could not be produced on field scale even
with complex female parent monoecious + genic male sterility + marker gene,
because male sterility was being simply inherited recessive character, could not
be maintained under homozygous condition. The poor linkage of genetic marker
with ms line was suggested by Sandha and Lal (1999). Functional male sterility
in muskmelon was induced by applying two sprays of 0.3 per cent FW 450 (Sodium
alpha, beta dichloroiso-butyrate). However, this method had not been exploited
commercially for the production of F1 hybrid.
A male sterile line with rudimentary male flowers was reported first time in ridge
gourd (Pradeepkumar et al., 2007) and was maintained through micropropagation.
Recessive mutants are reported in watermelon. Linkage of ms gene with delayedgreen (dg) seedling marker gene and glabrous seedling marker was reported in
watermelon. Monogenic recessive gene for male sterility is reported in cucumber
and summer squash. However, the scope for utilization of male sterility for
improvement of cucumber and summer squash is limited because of availability
of gynoecious lines and availability of sex regulating mechanism using growth
regulators, respectively (Rai et al., 2004).
6. Use of monoecy: Considering the problems associated with the use of male sterile
gene(s) for production of muskmelon hybrid (maintenance of single recessive
gene in heterozygous condition and problem of identifying and rouging of
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50 percent male fertile plants from the female row at the time of flowering and
also to overcome the andro-monoecious forms), the scientists at IARI, New Delhi
took keen interest in developing true breeding monoecious lines viz., M1, M2,
M3 and M4. Of various combinations developed, M3 x Durgapura Madhu i.e.
Pusa Rasraj was found to be outstanding in performance and has been released
for commercial cultivation.
The andromonoecious nature of muskmelon involves tedious process of
emasculation of perfect flower in female line for hybrid seed production. Though
mostly it is andromonoecious, some genotypes show monoecious sex expression.
Monoecious lines reduced the extent of self pollination in female parents, when
seed production is done under open pollination with adjacent rows of male and
female parents. Since use of monecy exclude emasculation it can reduce the time
required for a given number of pollination by 50 percent and enhance fruit set
fruit set by 40-70 percent as compared to 5-10 percent in andromonoecious parent.
The problem in using monoecy in hybrid seed production is undesirable linkage
between genes controlling monoecious sex expression on the fruit shape,
consequently F1 combinations with round fruits cannot be easily obtained. The
problem was evident in Pusa Rasraj (M3 hybrid) which was not acceptable
commercially because of its undesirable fruit shape and poor external appearance.
7. Use of morphological markers
Various morphological markers can be exploited for hybrid seed production of
cucurbits viz.:
i)

Glabrous seedling in watermelon & muskmelon

ii)

Yellow leaf (monogenic recessive) in muskmelon

iii)

Non-lobed leaf in watermelon (monogenic recessive)

iv)

Segmented leaf in bottle gourd (PBOG 54) (monogenic dominant)

v)

Silvery patches on leaf of pumpkin (monogenic dominant)

vi)

Protuberant and non-protuberant behaviour in bitter gourd

vii)

Pubescence on bottle gourd fruit

viii) White flowered bitter gourd
ix)

Striping and non-striping in pointed gourd

x)

White seeded sponge gourd
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8. Chemical suppression of male flowers and open pollination:
There is yet another method of hybrid seed production by the use of chemicals.
With the advent of growth regulating substances, very significant results have
been obtained with regard to sex modification in cucurbits. It has now been possible
to prove that the two true-leaf stage is the most responsive stage for application
of chemicals for sex modification. Specific chemicals are known to induce
femaleness or maleness as desired. In cucurbits like bottle gourd, pumpkin and
squash female flowers can be increased by the application of ethrel (2-chloroethylphosphoric acid) at the rate of 200-300 ppm at two true-leaf and four-leaf stage.
Ethrel helps in suppressing the staminate flowers and initiating pistillate flowers
successively in the first few flowering nodes on the female parent. The row of
male parent is grown by the side of female parent and natural cross pollination is
allowed. In the absence of insect pollinators, hand pollination is possible when
two sexes are separate. Precaution should be taken that during natural cross
pollination, there should not be any other variety except the parents of hybrid.
Four to five fruits set at initial nodes containing hybrid seed would give sufficient
seed yield. Complete suppression of male flowers in squash can be achieved
application of higher concentration of ethrel at 400-500 ppm applied twice, which
has made hybrid seed production comparatively easier.
There are different compounds that induce of femaleness in cucurbits. Exogenous
application growth regulators viz MH (100-200 ppm) or Ethrel or Ethephon (150200 ppm) for temporarily suppression of male flower in the female line of
monoecious plants has been commercially adopted for producing F1 hybrids. Ethrel
releases ethylene gas, has been used the most in hybrid seed production. The
main practical advantage of ethrel is its persistent effect on some species. The
response to ethrel varies among species and cultivars. For example, in monoecious
cucumber, it can induce the formation of only female flowers for enough time to
permit hybrid seed production by open pollination. Ethrel is less effective in
promoting femaleness in melon and watermelon. When used in hybrid seed
production of monoecious cucumbers, ethrel is applied at 2-4 true leaf stage.
These applications suppress formation of male flowers during the pollination
period. Because of the importance of avoiding self fertilization in hybrid seed
production, the plants should be checked periodically and any male flowers that
appear should be removed before anthesis. Once development of male flowers in
the female line has been suppressed, bees can be used for pollination. Five to six
hives per hectare are recommended to ensure successful pollination. In the field,
the proportion of female and male plants is usually 3 to 4 female plants per each
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male plant. An important practical implication of using ethephon in hybrid seed
production of cucumber is that the plants must be very uniform when the product
is applied. This requires good agronomic management of the crop, which includes
adequate soil preparation, sowing, irrigation, fertilization, and weed and pest
control. If the plants are uneven in growth at the time of ethephon application,
some plants will receive the product at differing stages of development causing
those plants to produce male flowers that results in undesired pollen contamination.
In muskmelon also, application of ethrel at 2-3 true leaf stage induced temporary
suppression of male flower and produced pistillate flower at early node, thus the
ethrel sprayed plants behave as female line at an early stage. Foliar application of
ethephon induced temporary gynoecious stage (averaging 7-19 days, during which
development of male bud was inhibited and bees could be used to pollinate
flowers). The method of hybrid seed production was the selection of any two
good combination on the basis of heterosis percentage out of which female line
should be monoecious and planting them in the ratio at 4:2 (monoecious: pollen
parent), where formers was sprayed with growth regulator. The monoecious line
would produce female flowers at early nodes and at the same time, the
corresponding pollen parents produce male flowers which hybridize the female
flower of the female line. Pollinator rows would be destroyed after fruit set. The
first few fruits produced in the female lines would be F1 hybrid. However, according
to More and Sheshadri (1975, 1998) even phenotypically, a temporary change of
sequence of flowers attempted in monoecious seed parents through exogenous
application of 2 chloro-ethyl-phosphonic acid had shown the distinct possibility
of inducing perfect and female flowers at earlier nodes (five to six) in
andromonoecious and monoecious lines. Its practical use on larger scale hybrid
seed production under open field was yet to be worked.

Future Thrusts
1. India is centre of origin of several cucurbitaceous vegetables. High genetic
variability present in these crops has not been fully utilized in our country. This
genetic variability can be successfully utilized in hybrid breeding programme for
the development of high yielding and resistant (biotic and abiotic stresses) varieties
and F1 hybrids.
2. Riverbed areas cover around 60 percent total cultivable area of cucurbits in India.
Efforts should be made to develop suitable varieties and F1 hybrids which can
exploit its full potential under the sandy riverbed conditions with low input
availability and subsistence farming conditions in India as well as in other
countries.
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3. Male sterile lines and gynoceious lines in different cucurbits reported so far have
poor stability and they generally breakdown under high temperature conditions.
Efforts should be made to develop stable tropical gynoecious and male sterile
lines linked with marker and their proper utilization in heterosis breeding
programme so that hybrid seed becomes cheap and it should be within the reach
of average vegetable growers.
4. Efforts should be made to develop gynoecious parthenocarpic varieties and F1
hybrids of important low volume, high value vegetables viz. Cucumber, summer
squash, bitter gourd and gherkin for protected cultivation so that they can be
profitably exploited under these conditions of vegetable farming.
5. Efforts should be made to develop F1 vegetable hybrids in bitter gourd, bottle
gourd, cucumber and gherkin which can suit the requirement of international
market.
6. Efforts should also be made to develop varieties and F1 hybrids of pumpkin, ash
gourd, gherkin and bitter gourd, which can suit the requirement of value addition
and processing industry. Especially in case of gherkin, attempt should be made to
develop varieties with bunching fruit habit producing multiple pistillate flowers
on individual nodes for harvesting finger size fruits to suit whole fruit canning.
7. Lines capable of performing well during winter (e.g. off-season) needs to be
developed. These lines can further be utilized in hybrid breeding programme so
that their availability can be ensured in winter season under northern plains.
8. Attempts should be made to develop multiple disease resistant varieties and
hybrids, more particularly in muskmelon and cucumber which are highly
susceptible to several diseases.
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Sexually produced seed of potato is called true potato seed (TPS) and is deemed as a
low-cost alternative technology for potato production. Advantages of cultivation of potato
through TPS over seed tubers include small quantity of seed (150g/ha), one tenth reduction
in the seed cost, ease of transportation and storage, disease free planting material and higher
net returns. These days, TPS technology has entered into many developing countries to
reach resource poor farmers with the bonanza of economic gains (2). The adoption of TPS
technology by the farmers as a supplement to the cost intensive and traditional mode of
potato cultivation using seed tubers would depend largely on the availability of TPS of
desired quality at a rate cheaper than that of good quality seed tubers. This would require
the production of TPS in substantial quantities and supply at cheaper rate.
Therefore, hybrid TPS is now produced in substantial quantities every year in Tripura
state in India. The facilities at Nagicherra have been created by the state Department of
Horticulture to produce about 300 kg of hybrid TPS in one crop season (Chaudhury et al.,
1990 and Kokate et al 1994). Slowly the sprawling effect of the TPS success in Tripura is
being observed in the neighboring states of NEH region, Bihar, Eastern U.P. and West
Bengal. In Bihar, TPS is being utilized in 10 districts viz. Saharsa, Purnea, Madhepura,
Katihar, Arariya, Champaran, Vaishali, Samastipur, Nalanda and Patna (Pandey 2001, Thakur
et al., 2008). In view of increasing popularity and high demand of TPS by the farmers of
Bihar and Eastern U.P, the hybrid population 92PT-27 was developed by central potato
research institute, Shimla and released for commercial cultivation in eastern region of India
in 2007 to meet the growing need of healthy planting material. It is a high yielding and late
blight resistant TPS population. Only with 150g seed rate, transplanted crop gives 18-20 t
/ ha whereas seedling tuber crop yields 30-35 t / ha. It produces more uniform tubers,
higher marketable yield and is a good keeper than the existing TPS populations (TPS/C-3
& HPS-I/13). It is also free from viruses. Considering the demand by farmers and accessibility
of location, the TPS production of hybrid population 92PT-27 has been started at CPRS
Patna and annually 2-4 kg of TPS is being produced and supplied to needy farmers at
reasonable price.
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The plant material consisted of the male parent TPS /D-150 and female parent 83P47. The ratio of 2: 4 male to female is followed at the time of planting. The tubers of these
parents were planted in hybridization block in paired rows keeping one row blank between
parents for hybridization work. The hybridization block is provided with sodium vapour
lamps to tender photoperiod during night hours to get more flowers. The spacing of 60cm
between rows and 20cm between tubers is followed. The planting is done in the last week
of October every year. The tubers of male parent were stagger planted on two dates – first
one week before female parent planting and second at the time of female parent planting to
ensure continuous supply of pollens for pollination. The extra photoperiod was provided
after 5 pm to 11 pm i.e., 6 hours daily starting from 3-4 leaf stage of plants to berry setting.
The blooming started 35-40 days after planting in parental lines. In order to get
profuse flowering, gibberlic acid @ 50 ppm was applied thrice at 15 days interval starting
from bud initiation stage. Freshly opened flowers that were about shed pollen from male
lines were plucked in the evening preceeding the day of pollination and spread over a sheet
of paper kept below electric bulb for proper drying. In the next day morning, pollen dust
from the anthers was extracted by shaking the anthers in nylon tea sieves and collected in
small boxes. The pollination was carried out regularly in the morning hours in all the open
flowers and repeated on consecutive days till blooming was over. Matured berries were
collected in hessian cloth bags after 55 days of setting and were kept at room temperature
for 20-25 days for proper ripening. The seeds were extracted in March – April from berries
with the help of a reverse screw juice extractor and washed with water. The seeds are
treated with 10 percent HCl for 20 minutes to remove the debris. The seeds were washed
thoroughly with water and then treated with 0.05 percent sodium hypochlorite for 10 minutes
as surface disinfectant and dried to bring down the moisture content to 6-10 percent for
future storage. The extracted seeds were kept in moisture proof plastic containers and stored
at temperature till October. The different phases TPS production and potato production
using TPS are depicted in Fig 1. The data on quantity of true potato seeds produced was
recorded.
The area under TPS production from 2001-02 to 2007-08 was 0.2 ha and 2008-09 to
2009-10 was 0.4 ha. The results revealed that the highest quantity of TPS (3.45 Kg) was
produced in the year 2008-09 and the lowest quantity was generated in 2005-06 with an
area of 0.2 ha (Table 1), whereas from 0.4 ha area the year 2008-09 recorded highest TPS
production (0.4 Kg). The entire quantity produced was supplied to farmers and different
agencies of different states at affordable price of rupees 30,000 per kilogram. The cost
seems to be higher but considering, it is at reasonable rate only with 150g seeds, one hectare
area can be planted. As the farmers possess small land holdings, they can procure required
seeds for growing at lower cost. Every year more than 50 farmers from different parts of
Bihar, eastern U.P and West Bengal approach and obtain TPS from CPRS, Patna. Owing to
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significant production and timely supply of hybrid TPS to the farmers at this station, the
area under potato cultivation through TPS is increasing in Bihar and eastern U.P.
In a similar line of work, the Department of Agriculture / Horticulture Tripura
conducted a series of evaluation trials at Horticultural Research Station, Nagicherra (near
Agartala) and in farmers fields during 1986-88 with the technical support and of TPS families
initially provided by the international potato centre (CIP) Region South and West Asia,
IARI, New Delhi. The Department of Horticulture (Tripura) later started production of
hybrid TPS using artificially extended photoperiod at Nagicherra. Starting from few grams
of hybrid TPS, the facilities at Nagicherra have been created by the State Department of
Horticulture to produce about 300 kg of hybrid TPS of populations other than 92 PT-27 in
one crop season. This resulted in significant potato production from TPS in the state where
in the past one and half decade nearly 2000 ha out of approximately 5,500 ha under potato
in the state have been covered under TPS. The TPS produced is being sold to the farmers
and nearly Rs.2.0 million previously borne by the state government as transportation cost
for tuber seed is being saved every year (Gupta et al, 2004). In a bid to quickly cash on the
new technology several private entrepreneurs stepped in the area of hybrid TPS production
and marketing. Thus, in the year 1997 India produced nearly 800 kg hybrid TPS (Gaur et al
1999). For instance the private seed company, Bejo Sheetal seeds Pvt.Ltd, Jalna, Maharastra,
India is producing annually around 160kg hybrid TPS and selling at rupees 55,000 / kg
which appears to be very higher price compared to the price of CPRS, Patna (Thakur et al
2008 ) . Even then, needy farmers purchase seeds from that company when seed tubers are
not available to them. Furthermore, the produce of F1 TPS population called seedling tubers
are medium in size and are lustrous. These attributes attract growers for seedling tubers
and are sold at higher price compared to normal seed tubers for seed purpose as well as
consumption. This is conformity with the suggestion made by Gaur and Pandey (1990a)
for proper utilization of hybrid TPS where in it was stated that the progressive growers of
different regions might be encouraged to take up seedling tuber production for subsequent
distribution to farmers for raising commercial crop.
The area under potato cultivation using TPS is increasing slowly in view of the
benefits accrued over traditional system of cultivation through tubers. This technology is
more suitable for the states like Karnataka, Maharashtra, Madhya Pradesh, Orissa and NE
hill states where good quality of seed tubers are very expensive and not easily available
and yields are extremely low (< 10 t / ha) due to higher biotic and abiotic stresses during
crop period. In such situations, concerted efforts should be made to educate farmers
pertaining to potato production through hybrid TPS. In areas where already potato is
cultivated with TPS, the demand is increasing and considering this effots are being made to
produce more and more TPS to supply to potato growers.

191

Table 1. The area, quantity of production and distribution of TPS of hybrid 92PT-27 to farmers and different Govt. Agencies by CPRS, Patna.
Year

Area (ha)

Quantity of TPS
produced and
distributed (kg)

2001-02

0.2

1.67

2002-03

0.2

1.68

2003-04

0.2

1.85

2004-05

0.2

3.25

2005-06

0.2

1.55

2006-07

0.2

2.30

2007-08

0.2

3.45

2008-09

0.4

4.00

Female flower

Male Flower

Female Parent 83P 47

Male Parent D-150
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Berries set

Harvested berries

Extracted TPS

TPS Sowing in nursery

Transplanted crop

Harvested seedling tubers

Fig 1.
Different phases of potato production through hybrid TPS population 92PT-27
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Tomato is one of the important vegetable crops which occupies an area of 0.57 m ha
with a production of 10.62 and productivity of 17.9m/ha (Bijay Kumar, 2008). In tomato, a
number of F1 hybrids are popular due to their uniformity, resistance to pests and diseases
and higher yield. The demand for hybrid seeds is also higher among the farmers as they
provide high economic returns. The conventional method of hand emasculation and hand
pollination is cumbersome, labour intensive and time consuming. This results in high cost
of hybrid seeds. Till date, there are no male sterile lines available for commercial hybrid
seed production in tomato. One of the ways to reduce the cost of hybrid seeds is to improve
the hybrid seed yield by improved techniques and pollination. This, in turn depends on the
number of flowers to be retained in each truss while crossing as it greatly influences
fruitset, hybrid seed yield and quality. The yield of hybrid seeds on artificial pollination
depends on the number of flowers crossed per plant. If more number of flowers are crossed
per truss, seed set may be reduced due to competition and low fruitset. If less number of
flowers are crossed per truss, the seed yield would reduce drastically. There has been very
meager published research work in hybrid seed production of tomato on the number of
flowers to be crossed per truss. In, indeterminate varieties, the flower production is more
and the increase in fruit number increases the potential for competition between fruits and
the consequent reduction in fruit size. The competition for assimilates and fruit position
affects fruitset in indeterminate green house tomato. (Bertin, 1995). Hence, there is need to
standardize the optimum number of flowers to be crossed per truss in pollination specific
to each hybrid combination, based on flowering habits of the seed parent. The objective of
the study was to optimize the number of flowers to be retained per truss on hybrid seed
yield contributing characters and improve efficiency of crossing in hybrid seed production
of tomato with respect to cv. “Arka Abhijit” which has a semideterminate growth habit.
An experiment was conducted to study the effect of number of flowers to be retained
per truss on hybrid seed yield and quality at Indian Institute of Horticultural Research,
Bangalore during Rabi season of the years 2005 and 2006. Observations were recorded on
seed yield contributing characters of tomato namely, percent fruitset, number of seeds per
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fruit, seed weight per fruit,100 seed weight per fruit and seed quality characters namely,
germination and seedling vigour index. The pooled data of two years were analysed by
Analysis of variance method. The experimental materials used in this study were the parental
lines of the hybrid Arka Abhijit of which the seed parent is semi-determinate and pollen
parent is determinate in flowering habit. The experimental design adopted was Randomised
Block Design with five replications. The experiment consisted of four treatments, retention
of two, three, four flowers per truss and control (non-nipping of flowers).
It was ensured that the pollen was adequately and evenly deposited in all the
treatments. Emasculation of mature female flower buds was carried out in the previous day
evening, a day prior to anthesis by forceps, without injuring the stigma, and were covered
and tagged. Pollination was carried out in the morning on the next day of flower anthesis
when the petals have turned bright yellow in colour which is also the maximum time of
stigma receptivity. All the flower trusses on the plant were subjected to pollination treatments
on the semideterminate seed parent. For manual pollination, fresh pollen collected in the
morning from male parent flowers, on the day of anther dehiscence (two days after flower
anthesis at bright yellow colour petal stage) with highest pollen viability were filled in
rings with cavities. Pollination was effected by dipping the stigma of female flower into the
pollen filled cavity in the morning hours between 9-12 a.m. Adequate care was taken to
ensure that no selfed fruit was allowed to set on the plant and no opened flower was
emasculated. Crossing was carried out for one month from start of flowering. The spacing
adopted was 120 x 90 cm row to row and plant to plant spacing respectively. Standard seed
production practices such as recommended isolation distance of 200 m between two different
varieties were followed to avoid any chance of genetic contamination. Observations were
recorded on fruitset (%), number of seeds/fruit and seed weight/fruit for seed yield
contributing characters. Hundred seeds were counted and weighed for obtaining 100 seed
weight and expressed in gram.The seed quality parameters recorded were germination (%)
and vigour index. The percent germination (second count) was determined by paper towel
method (ISTA,1985) after 7 days and 14 days of placing the seeds at 250 C. Seedling vigour
index was calculated by multiplying germination percent with total seedling length (Abdul
Baki and Anderson,1973).
The pooled data on seed yield attributing characters for two years were analysed by
Analysis of variance method (Gomez and Gomez, 1984). A completely randomized design
for seed quality characters was studied during the year, 2005. The percentage data on fruitset
and germination were subjected to angular transformation and used for statistical analysis
(Panse and Sukhatme, 1989)
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Effect of number of flowers to be retained per truss on hybrid seed yield contributing
characters
The effect of number of flowers to be retained per truss on hybrid seed yield
contributing characters in tomato (pooled data of two years) has been presented in Table.1.
Retention of two and three flowers per truss resulted in highest fruitset in crossing (69.79%
and 67.64% respectively) compared to control (non-nipping of flowers) (54%) which is
depicted in Fig.1.
Relatively higher fruitset recorded in two and three flowers /truss could be attributed
to the optimum source – sink ratio and higher rate of fertilisation. The treatment control
(non-nipping of flowers) recorded the lowest percent fruitset (53.85) which was on par
with retention of 4 flowers/truss. The low fruitset observed in control (non-nipping of
flowers) might be due to higher level of competition among flowers to develop in to fruits.
The results are in accordance with that reported by Helene Gautier et al (2001) that flower
pruning reduced sink load and consequently increased dry matter production and the amount
of carbohydrate available for growth of remaining organs in indeterminate tomato. The
reduction in fruit set in control (non-nipping of flowers) was due to competition between
trusses for assimilates resulting in smaller and fewer fruits per truss (Fisher, 1977).
No significant differences existed between treatments for seed weight per fruit in
both the years (Fig 1). However, in 2005 highest mean seed weight per fruit was recorded
in retention of 3 flowers/truss (0.48g) which was also significant compared to control
(non-nipping the flowers) (0.25g). This indicated that there was a considerable effect on
retention of three flowers per truss on seed weight per fruit. The present findings are in
accordance to Almekinders (1991).
There were no significant differences between the treatments for number of seeds
per fruit in both the years. The mean number of seeds per fruit was highest in retention of
three flowers per truss although not significant (156.74) compared to control (non –nipping
of flowers). This indicated that flower thinning per truss has not significantly influenced
the number of seeds per fruit in tomato. Although, retention of two flowers per truss
recorded higher values for percent fruitset (69.79), the number of seeds per fruit was lower
due to, individual fruit competition and dominance for the available assimilates (Marcelis
and Baan Hoffman -Eijer, 1995). With regard to 100 seed weight, the differences were
significant in 2006 and highest in retention of two flowers per truss (0.28g) compared to
control. However, no significant differences existed between the treatments in pooled years.

2004
-05

59.98
(4909)

61.97
(51.9)

45.83
(40.1)

47.87
(47.1)

8.14

11.41

Treatment

2 flowers/truss

3 flowers/truss

4 flowers/truss

Control
(non-nipping)

CD(0.05)

CD(0.01)

14.18

10.11
9.44

6.64

53.85
(47.3)

53.90
(47.4)

67.64
(55.5)

69.79
(57.3)

Pooled
mean

0.16

0.11

0.25

0.29

0.48

0.29

2004
-05

NS

NS

0.27

0.25

0.24

0.28

2005
-06

NS

NS

0.26

0.27

0.36

0.29

Pooled
mean

Seed wt. /fruit (g)

NS

NS

0.21

0.24

0.27

0.27

2004
-05

0.06

0.05

0.26

0.21

0.23

0.29

2005
06

NS

NS

0.24

0.23

0.25

0.28

Pooled
mean

100 seed wt. (g)

(Data in parenthesis are angular transformed values)

54.00
(47.5)

66.13
(54.6)

73.52
(59.3)

81.33
(64.7)

2005
-06

Fruit set (%)

NS

NS

114.2

121.0

178.8

117.4

2004
-05

Pooled
mean

NS

NS

NS

NS

142.6 128.36

152.7 136.85

134.7 156.74

121.2 119.31

2005
-06

No of seeds/fruit

Table 1. Effect of number of flowers to be retained /truss on hybrid seed yield contributing characters in
tomato (pooled data of 2 years)
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Fig 1.Effect of no of flowers to be retained per truss on fruitset (%) in tomato

Fruit set
(%)

Effect of number of flowers to be retained per truss on hybrid seed yield per plant
The effect of number of flowers to be retained per truss on hybrid seed yield per
plant is presented in Table 2 and Fig.2. The hybrid seed yield per plant was highest in
retention of three flowers per truss (10.22g) and on par with control (non-nipping of flowers)
(10.17g). Pooled data showed no significant differences between the treatments for seed
yield per plant. Although control (none nipping of flowers) resulted in lowest fruit set and
seed number per fruit, this was compensated by higher seed yield per plant due to higher
number of flowers per truss (six to seven). The hybrid seed yield was minimum (5.84g) in
retention of two flowers per truss compared to control (non-nipping of flowers) although
the fruitset was highest (69.79%). This could be due to excessive removal of flowers per
plant than optimum affecting the source- sink ratio and thereby the hybrid seed yield per
plant.

Table 2. Effect of number of flowers to be retained /truss on hybrid seed
yield in tomato
Treatments

Hybrid seed yield per plant (g)
2005
2006
Pooled

2 flowers /truss

4.97

6.70

5.84

3 flowers /truss

12.73

7.70

10.22

4 flowers /truss

6.68

9.85

8.27

10.33

10.17

10.25

5.33

NS

NS

Control (nonnipping of
flowers)
CD 5%
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Effect of number of flowers to be retained per truss on hybrid seed quality

The effect of number of flowers to be retained per truss on hybrid seed quality
characters in tomato has been presented in Table 3. Significant differences existed between
the crossing ratios for hybrid seed quality in tomato. Highest germination (%) and minimum
germination standards of >70% was observed in retention of three flowers per truss (85.00)
compared to control (non-nipping of flowers) the seedling vigour index was also highest in
retention of three flowers per truss (1737.86) compared to control (non-nipping of flowers
(1195.94). The higher seed germination and vigour observed in the treatment of three flowers
per truss could be attributed to relatively higher 100-seed weight of seeds due to optimal
load of crossed fruits compared to other treatments including control (non-nipping of
flowers).
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Table 3. Effect of number of flowers to be retained /truss on hybrid seed quality
in tomato
Treatments

Germination (%)

Vigour index

2 flowers /truss

59.40 (50.43)

1028.74

3 flowers /truss

85.00 (67.28)

1737.86

4 flowers /truss

52.00 (46.13)

1018.34

Control (non-nipping of flowers)

63.20 (52.69)

1195.94

4.65

37.73

CD 5%

(Data in parenthesis are angular transformed values)
Athough retention of two flowers per truss resulted in highest percent fruitset; the
seed yield and seed quality in terms of percent germination (59.40) and seedling vigour
index (1028.74) was lesser in comparison with control (non-nipping of flowers). This
could be attributed to higher translocation of photosynthetic for fruit size development
than seeds. The results are in concurrence with that of Hurd et al (1979) where reducing
sink activity by removing two-thirds of the flowers in tomato resulted in larger plants with
larger fruits suggesting that fruits compete for assimilates.Dias et al. ( 2006) also reported
that high vigour seeds were obtained from smaller fruits than big sized fruits in tomato.
Retention of two flowers per truss and three flowers per truss resulted in the highest
fruitset in crossing compared to control (non-nipping of flowers). No significant differences
existed for seed weight per fruit, seed number per fruit and 100-seed weight for number of
flowers retained per truss. The seed yield per plant was highest in retention of three flowers
per truss (10.22g) and on par with control (non-nipping of flowers) 10.17g .The effects of
flower retention on fruitset(%), seed weight per fruit, number of seeds per fruit and 100seed weight were small compared to the differences in hybrid seed yield per plant in
control (non- nipping of flowers) . Hence, in hybrid seed production of tomato, the number
of flowers retained per plant greatly decides the hybrid seed yield per plant . Although
hybrid seed yield per plant was compensated in control (non-nipping of flowers) compared
to percent fruit set, the seed quality is affected drastically and hence not beneficial. The
optimum load of flowers to be retained for both higher hybrid seed yield per plant and seed
quality is retention of three flowers per truss. Hence, it may be concluded that in hybrid
seed production of tomato of semideterminate seed parent type of the hybrid “Arka Abhijit”,
retention of three flowers per truss is optimum in crossing for enhanced seed yield and
quality.
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Bottle gourd (Lagenaria siceraria (Molina) Standl., 2n = 2x = 22) is an important
cucurbitaceous vegetable crop grown through out the tropics and subtropics of the world.
Cutler and Whitaker (1961) are of the view that probably it is indigenous to tropical Africa
on the basis of variability in seeds and fruits. Bottle gourd displays considerable variation
in vegetative structure. The extent of genotypic variability indicates the amenability of a
given character for its improvement (Burton, 1952). The list of qualitative genes is extensive
in several cucurbits like cucumber, muskmelon, watermelon, pumpkin and squashes
(Robinson and Paris, 2000; Xie and Wehner, 2001; Pitrat, 2002; Guner and Wehner, 2003).
However, such information in bottle gourd is almost non-existent except few studies reported
by Pathak and Singh (1950), Kalloo (1993) and Singh et al. (1996). In Pantnagar, a segmented
leaf variant (Fig 1) was noticed in PBOG 54 expressed before flowering and imparts a
distinctive, readily visible leaf morphology (Ram et al., 1998). It has been registered as
INGR 99022 by the germplasm registration committee of ICAR in its 4th meeting held on
18th May 1999. The plant is vigorous, late in flowering and has completely segmented leaf
in contrast to the entire margin of normal types. The fruits are somewhat crook necked,
have green fruit skin with mottled appearance. The inheritance of this variation has not
been reported so far. The present study was therefore aimed at understanding the genetics
of segmented leaf shape in bottle gourd.
The experimental materials comprised of five advanced parental lines of bottle gourd
viz., Pusa Naveen, PBOG 13, PBOG 22, PBOG 54 and PBOG 61 were grown in summer,
2003 where PBOG 54, a segmented leaf parent, was used as common male parent and
crossed with rest of the normal leaf parents with entire leaf margin to generate four F1s.
Further, F2s and F3s generations were developed through selfing of F1s and F2s, respectively.
In addition, four backcross generations were also developed by crossing F1s to PBOG 54.
The parental lines and various generations (F1, F2, F3 and Backcross) were grown during
rainy season 2003 through rainy season, 2004. Chi-square (÷2) analysis was done to
determine the goodness of fit into certain genetic ratios.
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The parents and four F1s were grown during Kharif, 2003 and evaluated for segmented
leaf vs. normal leaf shape. On self pollination the normal leaf parents’ viz. Pusa Naveen,
PBOG 13, PBOG 22 and PBOG 61 produced only normal leaf progenies, whereas segmented
leaf parent PBOG 54 produced segregating progenies in a ratio of 3 segmented : 1 normal
leaf type plants. All the four F1s derived from crossing between normal leaf type parents
and the segmented leaf type parent ‘PBOG 54’ segregated in a ratio of 1 segmented : 1
normal leaf type. These two unexpected segregations into a ratio of 3 segmented : 1 normal
leaf in the selfed progeny of segmented leaf parent PBOG 54 instead of true breeding and
segregating of F1s into 1 segmented : 1 normal leaf shape ratio indicated that the parental
cultivar PBOG 54 was fortuitously heterozygous for leaf shape gene where segmented type
was dominant over normal type. To validate this hypothesis, the F2, F3 and certain backcross
generations were raised (Table 1, Fig 2).
The F2 plants obtained from selfing of segmented leaf plants in the F1 generation
segregated in a ratio of 3 segmented : 1 normal leaf shape as ÷2 values were found to be
non significant whereas, the F2 plants obtained from selfing of normal leaf plants in the F1s
were found to be true breeding for normal leaf. The backcross generations derived from
crossing normal leaf plants of four F1s (used as female) with segmented leaf plants of
PBOG 54 segregated in a ratio of 1: 1 for segmented leaf vs. normal leaf plants (Table 1).
The F3 progenies derived from F2 plants were of three types. In first case, the F3 progenies
derived from selfing of true breeding normal leaf plants of F2s were again true breeding for
normal leaf plants. In the second case, F3 progenies derived from segmented leaf plants of
segregating F2s revealed confirmatory results. The 1/3rd of the segmented F2 plants were
true breeding for segmented leaf and the remaining 2/3rd segregated in a ratio of 3 segmented
: 1 normal leaf type. In third case, F3 progenies derived from selfing of normal leaf plants of
segregating F2s were true breeding for normal leaf (Table 1).
The schematic diagram of the advancement of generations is presented in Fig 2.
These segregation ratios gave a good fit to the hypothesis that segmented leaf was governed
by a single dominant gene and the genotypes of the normal leaf parental lines could be ‘ss’
for Pusa Naveen, PBOG 13, PBOG 22, PBOG 61 whereas, the genotype of segmented leaf
parental line PBOB 54 could be as ‘Ss’ which should be ‘SS’ under pureline conditions.
Supporting evidences for the genetics of segmented (lobed) leaf character have also been
given by several researchers in different cucurbits. Ganesan and Sambandam (1985) found
single dominant gene ‘L’ responsible for lobing leaf characteristic over non lobed leaf
character in muskmelon. Herrington and Brown (1988) also found that lobed leaf mutant
was governed by dominant gene ‘Lo-2’ in Cucurbita equadorensis. Mohr (1953) reported
wild lobe leaf shape character was governed by incompletely dominant gene over nonlobing
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mutant characteristic in watermelon. However, in contrast to present study there are some
reports where recessive gene is responsible for lobed leaf shape mutant in different cucurbits
(den Nijs and Mackiewicz, 1980; Dyutin, 1980; Rucinska et al., 1992b).
From this Study, it can be concluded that segmented leaf phenotype in bottle gourd
line PBOG 54 is governed by a single dominant gene and can be utilized as dominant
seedling marker trait in large scale hybrid seed production where accidental selfs could be
easily distinguished from true F1 seedlings provided the segmented leaf parent is used as
male parent.

Table 1. Summary of parents, F1, F2, F3 and backcross data on segregation of leaf
shape in bottle gourd
Generations

No. of
Plants

Leaf Shape
Segmented Normal Segregation x2
leaf
leaf
ratio
value

pvalue

Cross 1
(Pusa Naveen x PBOG 54)
Pusa Naveen (self)

50

PBOG 54 (self)

50

F1 (Pusa Naveen x PBOG 54)

251

F2 (self of normal leaf plants
on F1)

426

F2 (self of segmented leaf
plants in F1)

434

BC1 (normal leaf plants
in F1 x PBOG 54)

403

F3 (self of normal leaf plants
of true breeding F2)

532

F3 (self of segmented leaf
plants of segregating F2)

797
79

F3 (self of normal leaf plants
of segregating F2)

758

50

-

39

11

3:1

0.24 0.70-0.50

119

132

1:1

0.68 0.50-0.30

426

-

329

105

3:1

0.15

187

216

1:1

2.08 0.20-0.10

532

-

185

3:1
-

758

-

612
79

0.70

1.34 0.30-0.20
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Cross 2
(PBOG 13 x PBOG 54)
PBOG 13 (self)

50

50

-

PBOG 54 (self)

50

39

11

3:1

0.24 0.70-0.50

F1 (PBOG13 x PBOG 54)

298

140

158

1:1

1.08 0.30-0.20

F2 (self of normal leaf plants
on F1)

481

481

-

F2 (self of segmented leaf
plants in F1)

521

396

125

3:1

0.28 0.70-0.50

BC1 (normal leaf plants in
F1 x PBOG 54)

511

251

260

1:1

0.16 0.70-0.50

F3 (self of normal leaf plants
of true breeding F2)

473

473

-

F3 (self of segmented leaf
plants of segregating F2)

413
128

119

3:1
-

F3 (self of normal leaf plants
of segregating F2)

573

573

-

PBOG 22 (self)

50

50

-

PBOG 54 (self)

50

39

11

3:1

0.24 0.70-0.50

F1 (PBOG 22 x PBOG 54)

245

118

127

1:1

0.33 0.70-0.50

F2 (self of normal leaf plants
on F1)

469

469

-

F2 (self of segmented leaf
plants in F1)

458

350

108

3:1

0.49 0.50-0.30

BC1 (normal leaf plants in
F1 x PBOG 54)

416

214

202

1:1

0.34 0.70-0.50

F3 (self of normal leaf plants
of true breeding F2)

552

552

-

F3 (self of segmented leaf
plants of segregating F2)

586
108

134

3:1
-

F3 (self of normal leaf plants
of segregating F2)

819

819

-

294
128

3.20 0.10-0.05

Cross 3
(PBOG 22 x PBOG 54)

452
108

1.41 0.30-0.20
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Cross 4
(PBOG 61 x PBOG 54)
PBOG 61 (self)

50

PBOG 54 (self)

50

F1 (PBOG 61 x PBOG 54)

284

F2 (self of normal leaf plants
on F1)

449

F2 (self of segmented leaf
plants in F1)

505

BC1 (normal leaf plants in
F1 x PBOG 54)

359

F3 (self of normal leaf plants
of true breeding F2)

50

-

39

11

3:1

0.24 0.70-0.50

145

139

1:1

0.13 0.80-0.70

449

-

387

118

3:1

0.72 0.50-0.30

186

173

1:1

0.47 0.50-0.30

1152

-

63

3:1
-

855

-

1152

F3 (self of segmented leaf
plants of segregating F2)

267
438

F3 (self of normal leaf plants
of segregating F2)

855

204
438

x2 (tab) = 3.84 at 1 df and 5% level of probability
x2 (tab) = 6.64 at 1 df and 1% level of probability

Fig 1: Segmented Leaf Parent PBOG 54

0.28 0.70-0.50
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Fig 2 : Schematic diagram of inheritance of segmented leaf shape of PBOG
54 in bottle gourd
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Chilli is one of the important solanaceous vegetable crops grown all over India, with
the Southern states contributing maximum to India’s area and production. There is no home
which does not consume chilli. It is used both at green and dry stage and is marketed as
whole as well as ground form. Chilli finds its place in spice, condiment, as well as in
pharmaceuticals. Production of healthy seed material provides a strong base for crop
establishment thus resulting in optimum vegetative growth and high yield. It is well
established fact that application of micronutrients has tremendous influence on growth,
development, yield and quality of several crops. Earlier studies (Dongre et al., 2000, Hatwar
et al., 2003 and Baloch et al., 2008) on chilli have indicated that application of micronutrients
has significant role on development of crop influencing growth and yield parameters. But,
there is a lack of such studies with respect to seed yield of chilli. Hence, the present study
was conducted to observe effect of supplementation of micronutrients on seed yield of
chilli by foliar application.
The present study was conducted during 2005-06 at All India Co-ordinated Research
Project on Vegetables, Dharwad, Karnataka, to study the influence of different micronutrients
on growth, yield parameters and seed yield as well as B:C ratio in chilli cv. Byadgi Dabbi.
The experiment was laid out using Randomized Block Design with 3 replications and 9
treatments. The Crop was raised in 3 x 3 m plots with 60 x 45 cm spacing. The crop was
supplied with 15 t/ha of Farm Yard M before 20 days of planting and 50: 50: 50 kg/ha
Nitrogen Phosphors and K as basal dose and 50 kg/ha nitrogen as top dressing after 30 days
of sowing. Further, the crop was maintained as per standard recommendations.
Micronutrients boric acid (100 ppm), zinc sulfate (100 ppm), ammonium molybdate (50
ppm), copper sulfate (100 ppm), ferrous sulfate (100 ppm) manganese sulfate (100 ppm)
and multiplex (100 ppm) were prepared and sprayed as per the prescribed treatment.
Observations on different growth and yield parameters were recorded at respective stages
and the data collected was subjected to statistical computation.
The data presented in Table 1 depicts that application of micronutrients differed
significantly in growth and yield parameters. The yield parameters and seed yield were
significantly increased due to application micronutrients viz., ferrous sulfate and zinc sulfate.
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Foliar application of Ammonium Molybdate (50 ppm) resulted in significantly taller
plants (82.56 cm). Control, plants without application of micronutrients were comparatively
taller (73.93 cm) when compared plants in the application of other micronutrients, viz; zinc
sulfate (100 ppm), ferrous sulfate (100 ppm), copper sulfate (100 ppm) and boric acid (100
ppm) which resulted in 64.90, 64.86, 66.26 and 63.06 cm plant height, respectively. However,
Multiplex (100 ppm), manganese sulfate (100 ppm) and mixture of all micronutrients,
produced plants of lesser height i.e., 57.96, 61.50 and 62.10 cm, respectively. The average
highest numbers of branches (49.66) were observed in control where, only recommended
NPK fertilizers were applied to soil withholding foliar application of micronutrients. Copper
sulfate (100 ppm), mixture of all micronutrients, ferrous sulfate (100 ppm) and Multiplex
(100 ppm) resulted in 47.63, 40.33, 38.70 and 37.56 branches, respectively. Application of
boric acid (100 ppm) resulted in least (32.76) number of branches. This trend indicates
that, application of micronutrient has no significant role beyond the supplementation of
recommended NPK (control) in increasing plant height and number of branches. These
results are partially confirmed by Silber et al. (2009) who reported the effect of Mn
application rate on vegetative organs (leaves and stems) was insignificant.
Application of ferrous sulfate (100 ppm) resulted in significantly higher number of
fruits per plant (49.40) followed by mixture of all micronutrients (40.80 ppm) and control
(40.43). Application of boric acid (100 ppm) and zinc sulfate (100 ppm) resulted in lesser
number of fruits i.e., 34.83 and 33.80 respectively. Application of ammonium molybdate
(50 ppm) resulted in the least number of fruits (29.36) indicating no significance of
application. The beneficial effect of ferrous sulfate was attributed to the activity of iron,
which is involved in chlorophyll synthesis, oxidation-reduction and respiration. Iron plays
an important role in promoting growth, being a component of ferrodoxin, an electron
transport protein and is associated with chloroplast and it helps in photosynthesis (Hazra et
al., 1987). Similarly, Dongre et al. (2000) reported that application of FeSO4 (0.25 %)
produced highest number of fruits in chilli.
Improvement in growth characters as a result of application of micronutrients might
be due to the enhanced photosynthetic and other metabolic activity which leads to an increase
in various plant metabolites responsible for cell division and elongation as opined by
Hatwar et al. (2003). Zinc is involved in formation of growth hormones, promotion of
protein synthesis, grain maturation etc. Iron is involved in chlorophyll synthesis, oxidationreduction and respiration. Copper acts as catalysts for respiration and is a constituent of
enzymes. Boron is associated with the development of cell wall and cell differentiation and
hence, helps in root elongation and shoot growth of plant. Trace elements like manganese
are essential for nitrogen metabolism, nitrogen fixation, carbon dioxide assimilation and
carbohydrate breakdown (Askari, et al., 1995).
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The fruit length was found highest (9.10 cm) with the application of ferrous sulfate
(100 ppm) followed by ammonium molybdate (100 ppm) and boric acid (100 ppm) which
resulted in 8.26 and 8.06 cm long fruits. Zinc sulfate (100 ppm), Multiplex (100 ppm) and
copper sulfate (100 ppm) yielded shorter fruits of 7.03, 7.13 and 7.26 cm length. With
respect to fruit diameter, foliar spray of manganese sulfate (100 ppm) resulted in significantly
wider fruits with 0.96 cm diameter followed by Multiplex (100 ppm), zinc sulfate (100
ppm) and control which resulted in 0.80, 0.76 and 0.73 cm fruit width, respectively.
Application of ammonium molybdate (50 ppm) and copper sulfate (100 ppm) resulted in
least fruit diameter of 0.63 and 0.66 cm.
The important character influencing the seed yield is, number of seeds per fruit which
was enhanced by the application of zinc sulfate (100 ppm) and ferrous sulfate (100 ppm)
which resulted in 128.43 and 128.26 seeds per fruit, respectively. Control resulted in higher
number of seeds (118.20) per fruit which is significantly higher than that of ammonium
molybdate (50 ppm), multiplex (100 ppm) and Mixture of all micronutrients which resulted
in lesser seeds i.e., 98.36, 102.46 and 103.93 per fruit, respectively.
Significantly higher seed yield was recorded (136.48 kg/ha) with the application of
ferrous sulfate (100 ppm), which was brought up by the increased number of fruits per
plant (49.40), fruit length (9.10 cm) and higher number of seeds per fruit (128.26).
Application of manganese sulfate (100 ppm), mixture of all micronutrients and Multiplex
(100 ppm) recorded 119.37, 115.62, 117.73 kg/ha seed yield, respectively. Application of
copper sulfate (100 ppm) and ammonium molybdate (50 ppm) resulted in least seed yield
94.62 and 98.44 kg/ha, respecting Patil et al. (2008) recorded the highest fruit yield in
tomato with the application of boric acid (100 ppm) which was reported due to enhanced
photosynthetic activity leading to higher number of fruits and increased fruit weight.
Increased yield due to micronutrients application may be attributed to enhanced
photosynthesis activity and increased production and accumulation of carbohydrates
and favorable effect on vegetative growth and retention of flowers and fruits, which increased
number of fruits per plant besides increasing the size. Similarly, Kumbhar and Deshmukh
(1993) and Bose and Tripathi (1996) reported the increased dry matter production due to
greater accumulation of photosynthates by vegetative parts and fruits in tomato.
Foliar feeding constitutes one of the important milestones in the progress of agriculture
crop production. It has been an established practice with many crops. The results of the
present investigation has brought up the conclusion that, foliar application of ferrous sulfate
(100 ppm) thrice at 10 days interval starting from flowering is beneficial in increasing the
seed yield in chilli crop grown for seeds under Dharwad conditions.

212

Table 1. Growth, yield parameters and seed yield of chilli as influenced by
different micronutrients.
Entry

Plant
No of No. of
height branches fruits/
(cm)
Plant

Fruit
Fruit
No. of
length diameter seeds/
(cm)
(cm)
fruits

Seed
yield
(kg/ha)

Control

73.93

49.66

40.43

7.46

0.73

118.20 108.11

Boric acid (100 ppm)

63.06

32.76

34.83

8.06

0.70

100.70 107.55

Zinc Sulfate (100 ppm)

64.90

35.36

33.80

7.03

0.76

128.43 109.78

Ammonium Molybdate
(50 ppm)

82.56

39.40

29.36

8.26

0.63

107.13

98.44

Copper Sulfate
(100 ppm)

66.26

47.63

38.43

7.26

0.66

98.36

94.62

Ferrous Sulfate
(100 ppm)

64.86

38.70

49.40

9.10

0.70

128.26 136.48

Manganese Sulfate
(100 ppm)

61.50

34.26

39.60

7.86

0.96

110.50 119.37

Mixture of all

62.10

40.33

40.80

7.66

0.70

103.93 115.62

Multiplex (100 ppm)

57.96

37.56

39.66

7.13

0.80

102.43 111.73

S. Em ±

1.58

1.45

1.34

0.26

0.04

2.55

1.02

C.D. @ 5%

4.13

5.62

6.04

0.79

0.14

7.66

4.05
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College of Horticulture,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola - 444 104 (M.S.) INDIA.
E-mail : gajbhiyerp@rediffmail.com

Bell pepper (Capsicum annuum L.) also known as sweet pepper or “Shimla Mirch”
is a member of family solanaceae. In India it is commercially grown in Tamil Nadu,
Karnataka, Himachal Pradesh and some parts of Uttar Pradesh with largest area of
approximately 2200 ha in Karnataka which comprises more than 80 per cent of the total
area under bell pepper (Joshi and Singh, 1975). In Himachal Pradesh, it is an important
summer vegetable crop of mild hills (800 to 1500 m.a.s.l.), covering an area of 1014 ha
with an annual production of approximately 9536 tonnes (Anonymous, 1995). Seed is the
basic input for any type of cultivation. Without healthy and quality seed our all expenditure
on irrigation, labour, cultural practices, fertilizers and manures have no vlaue. At present
imprudent use of chemical fertilizers, pesticides, fungicides has been responsible for
deterioration of soil health. Besides biofertilizers are eco-friendly in nature, requires less
cost and very easy to apply. However, it has been observed that the crop resistance to
biofertilizers is not spectacular as with chemical fertilizers. Therefore, if they are used in
association with macro nutrients the expected yield per unit area may be much higher.
Amongst biofertilizers, Azotobacter strains play a key role in enhancing the atmospheric
nitrogen through its fixation in the roots. So far very scanty information is available in non
leguminous crop like bell pepper regarding improvement. in seed production under field
condition. Therefore, the efforts have been made to study the effect of Azotobacter in
combination with nitrogen on seed production of bell pepper.
The experiment was conducted at Vegetable Farm, Department of Vegetable Crops,
Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni, Solan (H.P.) during the
summer season of 1997. The experiment was laid out in randomized block design having
three replications in a plot size of 2.40 x 2.25 m. Seedlings were spaced at 60 x 45 cm. The
Azotobacter was procured from M/s. Sanjivani Sales Solan, an authorized distributor of
National Biofertilizer. Whereas, natrin was obtained from Indian Organic Chemicals Ltd.,
Mumbai. Before starting the investigation random samples were taken from different spots
1 Associate Professor, College of Horticulture, Dr. PDKV, Akola (M.S.)
2 Director of Research, Dr. YSPUHF, Solan (H.P.)
3 Assistant Professor, College of Horticulture, Dr. PDKV, Akola (M.S.)
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from the experimental field to judge the fertility status of the soil. The seeds of capsicum
cultivar California Wonder were sown in nursery beds on 28th February, 1997. Before sowing,
seeds were treated with Azotobacter cultures @ 0.5 kg/ha seed. The inoculated seeds were
dried in shade for 30 minutes before sowing in the nursery bed. The Azotobacter slurry was
prepared by mixing Azotobacter cultures @ 1 kg/ha in 5 litres of water. Roots of seedlings
were dipped in the slurry for 30 minutes before transplanting. Azotobacter @ 5 kg/ha was
applied as soil application. The volume of Azotobacter was increased by mixing with 50 kg
FYM/ha and applied evenly before transplanting at the place where seedlings were to be
transplanted. Entire dose of phosphorus in the form of SSP, potassium in the form of muriate
of potash (60% K2O) and one third dose of nitrogen as per treatment in the form of calcium,
ammonium nitrate was applied before transplanting and the remaining dose of nitrogen
was side-dressed at first and second earthing up respectively. The fifteen treatment
combinations comprised three cultures of Azotobacter i.e. A0 (No Azotobacter), A 1
(Azotobacter), A2 (Natrin) and 5 levels of nitrogen viz. N0 (No nitrogen), N1 (25 kg N/ha),
N2 (50 kg N/ha), N3 (75 kg N/ha) and N4 (100 kg N/ha). The observations were recorded on
plant height, days to first picking, number of branches per plant, number of fruits per plant,
fruit yield per plot and per hectare, seed yield per plot and per hectare.

Effect of Azotobacter
The data from Table 1 revealed that natrin (A2) produced maximum plant height
(57.44 cm), which was significant over Azotobacter and control (no Azotobacter). It is
evident from the data that minimum number of days to first picking of red ripe fruits for
bell pepper seed extraction was obtained when natrin was applied and being significantly
superior over A1 and A0. Observation recorded on mean number of branches per plant
noticed that the individual effect of Azotobacter was found to be non significant. Similar
results were obtained for number of fruits per plant and fruit yield of red ripe fruits per plot
(kg). However, maximum fruit yield of red ripe fruits per hectare (62.68 q/ha) was recorded
in A2 (natrin) which was statistically at par with Azotobacter and control. Data presented
regarding seed yield per plot indicated that individual effect of Azotobacter was statistically
non-significant. Similar observations were recorded for seed yield per hectare, number of
seeds per fruit, germination percentage, shoot and root biomass and vitamin C content of
fruit. Maximum 1000 seed weight (7.85 g), seedling length (13.45 cm), seed vigour index
(1119.86), nitrogen uptake in shoot at flowering stage (104.33 kg/ha). The possible reasons
for better plant height with Azotobacter inoculation may be because of better plant
survivability and direct influence of Azotobacter improving the fertility condition of the
soil. These findings are in confirmity with those of Badawy, Amer (1974) in tomato and
Chaudhary et al. (1982) in case of pea. The possible reasons for increased fruit and seed
yield may be associated to better inorganic nitrogen utilization in the presence of Azotobacter,
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enhanced biological nitrogen fixation, better development of root system and possible
synthesis of plant growth harmones. These findings are in consonance with Mishustin and
Naumova (1962), Lehri and Mehrotra (1972), Azcon et al. (1974), Antipchuk et al. (1982),
Pandey and Kumar (1989), and Murtinez et al. (1993).

Effect of nitrogen levels
It is clearly depicted from the Table 1 that maximum plant height (55.23 cm) was
recorded in the treatment N4 (100 kg N/ha) which was significant over N0 (no nitrogen),
and at par with N1 (25 kg N/ha), N2 (50 kg N/ha) and N3 (75 kg N/ha). However, different
nitrogen levels were found to be statistically at par with respect to days to first picking. The
observation on number of branches per plant, number of fruits per plant germination
percentage was found statistically non-significant with the individual application of nitrogen
levels. The maximum fruit yield of red ripe fruits per plot (3.90 kg) was recorded in the
treatment N4 (100 kg/ha) which was significant over control (N0), N1 and N2 and at par with
nitrogen level at 75 kg N/ha (N3). An inquisition of the data (Table 1) revealed that maximum
fruit yield of red ripe fruits per hectare was observed in the treatment N4 (100 kg N/ha)
which was statistically significant over N0, N1, N2 and at par with N3 (75 kg N/ha). The per
cent increase in yield at N4 over N3, N2, N1 and N0 was found to be 19.78, 31.50, 40.15 and
55.99 per cent respectively. Similarly maximum seed yield per plot (93.87 g) was observed
in N4 (100 kg N/ha) which was significantly superior over all other treatments. Application
of nitrogen 100 kg/ha registered maximum seed yield per hectare (173.84 kg/ha) which
was significantly superior over all the remaining levels of nitrogen applied. Further, it was
noted that the per cent increase in seed yield in the treatment N4 (100 kg N/ha) over N3, N2,
N1 and N0 was 33.37, 55.33, 49.60 and 67.50 per cent, respectively. Whereas, the maximum
number of seeds per fruit (216.78 seeds) were obtained in the treatment N4 (100 kg N/ha)
which was statistically significant over control (N0) and N1 (25 kg N/ha) and at par with N2
(50 kg N/ha) and N3 (75 kg N/ha). The highest value of 1000 seed weight (7.96 g) was
recorded in the treatment N4 (100 kg N/ha) which was significantly superior over N0 (control).
Whereas, maximum seedling length (13.95 cm) was recorded at nitrogen 100 kg/ha (N4)
which was significant over N0 (control), N1 (25 kg N/ha), N2 (50 kg N/ha) and N3 (75 kg N/
ha). The highest vigour index (1174.33) was noted at N4 (100 kg N/ha) which was
significantly higher than all other levels of nitrogen except N3 (75 kg N/ha). It is observed
from Table 1 that, with every increasing level of nitrogen, there was corresponding increase
in root and shoot biomass resulting in a maximum value (175.78 kg/ha) at N4 (110 kg N/ha)
which was significant over all the remaining levels of nitrogen applied. Maximum nitrogen
uptake (120.33 kg/ha) was recorded at highest level of nitrogen (100 kg N/ha) which was
statistically significant over other levels of nitrogen except N3 (75 kg N/ha). Similar results
were obtained by Singh and Singh (1992) and Sharma (1995), Kooner and Randhawa (1983),
Dharmatti et al. (1989), Sharma and Lal (1994).
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Interaction effect
The interaction effect of Azotobacter and nitrogen levels recorded maximum plant
height (64.23 cm) at a treatment combination of A2N4 (Natrin + 100 kg N/ha) which was
statistically significant over all the remaining treatment combinations except A2 (Natrin) +
N1 (25 kg N/ha), A2N2 (Natrin + 50 kg N/ha) and A2N3 (Natrin + 75 kg N/ha) with which it
was statistically at par. However, minimum days to first picking of red ripe fruits were
recorded at A2N1 (Natrin + 25 kg N/ha), A2N2 (Natrin + 50 kg N/ha) and A0N2 (No Azotobacter
+ 50 kg N/ha) being significant over all the remaining treatment combinations except A1N1,
A1N2 and A1N4. The interaction effect of both natrin and nitrogen level of 100 kg /ha recorded
maximum fruit yield per plot (4.10 kg) which was significant over all the remaining
treatments except A0N4, A1N2, A1N3, A1N4, A2N1 and A2N2 to which it was at par statistically.
However, maximum fruit yield of red ripe fruits per hectare was obtained in a treatment
combination of A2N4 (Natrin + 100 kg N/ha) which was statistically superior over A0N0,
A0N1, A0N2, A1N3, A1N0, A1N1 and A2N0 treatment combinations. As far as interaction effect
is concerned, highest seed yield per plot (99.36 g) was observed in A2N4 (Natrin + 100 kg
N/ha) which was significantly superior over A0N2, A0N3 and A1N0. Whereas, maximum
seed yield per hectare (183.99 kg) was recorded in A2N4 (nitrin + 100 kg N/ha) which was
significantly superior being 60.39 per cent over A0N0 (control). The highest 1000 seed
weight was observed in A2N4 (natrin + 100 kg N/ha) which was significantly superior over
A0N0, A2N1, A0N2 and A1N3. The maximum seedling length (15.92 cm) was recorded in the
treatment A2N4 (Natrin + 100 kg N/ha) which was significant over all other treatment
combinations except A2N2 and A2N3. However, maximum seed vigour index (1325.00) was
noticed in A2N3 (Natrin + 75 kg N/ha) which was significantly higher than all the treatment
combinations except A2N2 and A2N4. The maximum shoot and root biomass (209.00 kg/ha)
was found in A2N4 (Natrin + 100 kg N/ha) which was significantly superior over all the
remaining treatment combinations except A1N4, A2N1 and A2N3. Highest nitrogen uptake in
shoot at flowering stage (130.6 kg/ha) observed in A1N4 (Azotobacter + 100 kg N/ha) which
was significantly higher than remaining treatment combinations except A1N2, A1N3 and
A2N4. Similar results were recorded by County et al. (1974), Jai and Shinde (1976),
Kumarswamy and Madalageri (1990), Raverkar and Bhandari (1995), and Singh et al.
(1995).
The present investigation have clearly demonstrated that for achieving higher seed
yields with maximum net returns per unit area in bell pepper under mid hill condition of
Himachal Pradesh, an application of natrin (0.5 kg/ha seed treatment + 1 kg /ha seedling
treatment + 5 kg /ha soil treatment) alongwith 100 kg N/ha may be suggested. The
Azotobacter and nitrogen interaction significantly influenced fruit yield per plot and per
hectare, seed yield per plot and per hectare. And the maximum values were obtained at
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treatment combinations of A2N4 (Natrin + 100 kg N/ha). The present study also revealed
that the highest net returns of Rs. 57,693.26/ha with a corresponding cost benefit ratio of
1:1:68 were obtained at treatment combination of A2N4 (Natrin + 100 kg N/ha). Thus, the
present study have clearly demonstrated that for achieving higher seed yields with maximum
net returns per unit area in bell pepper under mid will condition of Himachal Pradesh. An
application of nutrin (0.5 kg/ha seed treatment + 1 kg/ha seedling treatment + 5 kg/ha soil
treatment alongwith 100 kg N/ha) may be suggested.

Plant
height (cm)

47.03
47.41
47.70
48.00
48.94
50.18
51.74
50.41
53.90
52.54
50.23
57.90
54.86
60.00
64.23
2.13
2.75
4.76
4.36
5.63
9.75

Observations
Treatments

A0N0
A0N1
A0N2
A0N3
A0N4
A1N0
A1N1
A1N2
A1N3
A1N4
A2N0
A2N1
A2N2
A2N3
A2N4
SE(d) ± A
SE(d) ± N
SE(d) ± AxN
CD at 5% A
CD at 5% N
CD at 5% AxN

85.33
88.67
85.33
88.67
88.67
88.67
101.00
92.00
88.67
92.00
88.33
85.33
85.33
88.67
88.67
2.06
2.66
4.61
4.22
NS
9.44

Days to
first
planting

7.73
7.60
7.86
8.40
8.60
7.80
7.33
8.06
8.06
8.00
8.06
8.13
8.06
8.20
8.30
0.27
0.35
0.60
NS
NS
NS

3.94
4.34
4.00
7.06
5.87
6.54
3.54
6.87
5.74
6.00
4.47
5.47
4.74
4.47
5.60
0.62
0.82
1.39
NS
NS
NS

2.38
2.59
2.31
2.39
3.78
2.54
2.53
3.50
3.58
3.82
2.58
3.20
3.08
3.80
4.10
0.41
0.36
0.62
NS
0.73
1.27

44.12
47.96
42.84
44.28
70.04
47.04
46.83
64.86
66.25
70.82
47.78
59.30
57.04
70.39
75.89
10.56
6.60
11.48
NS
13.52
23.52

61.95
66.88
41.26
52.13
91.88
42.74
59.10
59.67
66.88
90.39
63.85
64.25
80.37
82.80
99.36
8.67
11.19
19.38
NS
22.92
39.68

114.71
123.84
76.40
96.98
170.15
79.14
109.46
110.50
123.86
167.36
118.25
115.29
148.84
153.34
183.99
10.44
20.72
35.88
NS
42.44
73.48

150.67
140.34
186.50
186.17
212.17
151.50
154.00
174.17
191.67
214.50
177.34
157.67
205.17
220.42
223.67
20.58
26.57
46.01
NS
54.42
NS

Number of Numbers of Fruit yield Fruit yield Seed yield Seed yield Number of
branches
fruits
per plot
per
per
per
seeds per
per plant
per plant
(kg)
hectare (q) plot (g)
hectare (kg)
fruit

Table 1. Effect of Azotobacter in combination with nitrogen on yield and seed production of bell pepper
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Effect of date of sowing and nitrogen levels on growth,
yield and quality of fennel (Foeniculum vulgare Mill.)
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Fennel seed is small, oblong or cylindrical, 6-8 mm. long straight or slightly curved
yellowish brown it possesses an agreeable, aromatic and sweet aroma. It is mainly valued
for the aroma the aromatic, volatile oil viz. anethole (50.03%) and fenchone (2.67%). The
seed contains about 0.7 to 1.2 % volatile oil. The oil is widely used as flavoring agent in
culinary preparations of confectioneries, cordials and liquors. Fennel oil is also used as
important ingredients in several allopathic as well as ayurvedic medicines which are used
in diseases viz. cholera, bile disturbances, nervous disorder, constipation, dysentery and
diarrhea. Fennel seeds are also used for pickles, meat dishes, sauces, pastries.
The date of sowing of fennel is an important factor by which we come to know that
which date of sowing is suitable for better growth, yield and quality of plant. All the
physiological process in the plants other than photochemical depend on temperature
modifications in environment by sowing dates, gave a great opportunity of getting optimum
temperature at the time of germination and at subsequent growth stages to maximize the
production. Fennel thrives well on drained loamy clay soil, which is rich in plant nutrients
and lime. However, heavy soils are more desirable than light soils. Evidences show that out
of all the major plant nutrients found in various Indian soils, nitrogen is the most deficient
element especially in light black loamy soil. Availability of nitrogen is of prime importance
for growing plants, as it is a major and indispensable constituent of proteins and nucleic
acid molecules. It is an integral part of chlorophyll molecules, which are responsible for
photosynthesis. An adequate supply of nitrogen is associated with vigorous vegetative and
more efficient use of available inputs finally leading to higher productivity. Keeping in
view the above points an experiment entitled “effect of date of sowing and nitrogen levels
on growth, yield and quality of fennel (Foeniculum vulgare Mill.)” has been under taken.
The experiment was undertaken to study the effect of date of sowing and nitrogen on
the productivity and quality of fennel at the Farm, College of Horticulture, Mandsaur,
Madhya Pradesh using fennel cultivar NRCSS-AF-1 during rabi season of 2008- 2009.
1

Research scholar, M.Sc. (Hort.), Plantation and Spice Crops
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Treatment consisted of three date of sowing i.e. 15 September, 30 September and 15 October
with four levels of nitrogen i.e. 0, 60, 80 and 100 Kg N ha-1. The experiment was conducted
in split plot design having date of sowing in main plot and nitrogen level in subplot, replicated
four times and recommended practices were undertaken. The experimental soil was light
black loamy in texture with 7.1 pH and 0.24 ds/m EC having low available of nitrogen
(140.0 Kg ha-1), medium in available phosphorus (21.0 Kg ha-1) and low in available
potassium (144.0 Kg ha-1). The crop was sown on 16th September, 2008 and harvested on
25th February, 2009. Economics of various treatments was calculated using the prevailing
market prices of the ajowan crop.

Effect of date of sowing
Growth attributes
The maximum plant height, fresh and dry weight, number of primary, secondary and
tertiary branches per plant were recorded under treatment 15th September sowing and
minimum in 15th October sown crop. However, the plant height at 30th September and 15th
October sown crop were at par. This may be due to the fact that delay sowing could not
have sufficient time for vegetative growth, resulted in poor plant canopy which adversely
affected the plant height, fresh and dry weight, number of primary, secondary and tertiary
branches. These results are the agreement with Mohan et al. (2001), and Baruah (2001).

Yield and yield attributes
The maximum days taken to 50% flowering, number of primary, secondary and
tertiary umbels, number of umbellets per umbels were recorded in 15th September sowing
and minimum days taken to 50% flowering in 15th October sown crop. However, the days
taken to 50% flowering per plant at 30th September and 15th October sown crop were at par.
These variation in occurrence of flowering may be ascribed to the weather conditions
particularly temperature within different date of sowing. Similar finding were also given
by Mohan et al. (2001) and Singh and Randhawa (1991). Batra et al. (2002) also reported
that minimum number of umbellets per umbels in the late sown crop may be because of less
time available for growth and development. Similarly, dry weight of umbel, Number of
seed per umbels and 1000 seed weight of fennel were higher in case of 15th September
sown crop and minimum in 15th October sowing. The maximum umbel dry weight, Number
of seed per umbels were observed during 15th September sowing which was at par with 30th
September sown crop but significantly reduced as sowing was delayed.
The maximum seed yield and straw yield (q ha-1) were recorded in 15th September
sown crop followed by 30th September sowing. The lowest yield recorded during 15th October
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sown crop. The yield was reduces during the later sowing dates as the plants do not have
sufficient time for vegetative growth and entered the reproductive phase at a faster rate
thus forces maturity due to high temperature during seed development. The present results
are in close agreements with the finding of Baruah (2001), Batra et al. (2002) and Mohan et
al. (2001).

Quality attributes
The maximum chlorophyll, carotenoids contents in leaves, volatile oil in seed,
Nitrogen, Phosphorus and Potassium content seed and stover were recorded in 15th September
sowing and minimum in 15th October sown crop. However, the chlorophyll, carotenoids
contents in leaves, volatile oil in seed, Nitrogen, Phosphorus and Potassium content seed
and stover at 30th September and 15th October sown crop were at par. This may be due to
fact that delay in sowing could not have sufficient time for vegetative growth and
development resulted in poor plant canopy which adversely affected the all quality
parameters.

Effect of Nitrogen
Growth attributes
The maximum plant height, fresh and dry weight of plant, number of primary,
secondary and tertiary branches per plant was recorded in 100 kg N ha-1 and minimum in
control however, plant height, fresh and dry weight of plant, number of primary, secondary
and tertiary branches per plant were at par with each other at lower levels. An adequate
supply of nitrogen is associated with higher photosynthetic activity leading to vigorous
vegetative growth and physiologically more stout and healthy plant morphology. The results
of the present investigations are in close agreement with the findings of Rai et al. (2002),
Randhawa et al. (1981) and Hans Raj and Thakral (2008).

Yield and Yield attributes
The maximum number of days taken to 50% flowering was recorded in application
of 100 kg N ha-1 treatment to fennel. The maximum number of primary, secondary and
tertiary umbels per plant, number of umbellets per umbels, umbel dry weight, number seed
per primary umbel and 1000 seed weight was recorded in 100 kg N ha-1 and minimum
number of primary, secondary and tertiary umbels per plant, number of umbellets per umbels
in control. However, the number of primary, secondary and tertiary umbels per plant, umbel
dry weight, number seed per primary umbel and 1000 seed weight at 80 and 60 kg N ha-1
were at par. An adequate supply of nitrogen is associated with higher photosynthetic activity
and vigorous vegetative growth is found as a result, the plant turn into dark green colour
with early growth delayed maturity of plant. The results of the present investigations are in
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close agreement with the findings Hans Raj and Thakral (2008), Bhati (1990) and Patel et
al. (2000).
The maximum seed and straw yield (q ha-1) were recorded in 100 kg N ha-1 followed
by 80 kg N ha-1 and the lowest was recorded in control. The increase in seed yield might be
due to increased in availability of nitrogen accelerating the photosynthetic rate which results
in more production of carbohydrates. The increase in straw yield was due to positive response
of nitrogen being a major structural element of cell and helped in cell division as well as
cell elongation, which in turn increase growth parameters and lead to higher yields attributes
and yield. The resulted were in agreements with those of Bhati (1990), Amin (2005) and
Amin et al (2005).

Quality attributes
The maximum chlorophyll, carotenoids contents in leaves, volatile oil content in
seed were recorded in 100 kg N ha-1 and minimum in control. However, the chlorophyll,
carotenoids contents in leaves, volatile oil in seed increased at 80 and 60 kg N ha-1 which is
at par with 100 kg N ha-1. This may be due to the fact that application of higher dose of
nitrogen found higher vegetative growth, development and quality parameters. The present
results are in close agreements with the finding of Randhawa et al. (1981). Khan et al.
(1992) and Ram Pratap et al. (2004).
The maximum available nitrogen, phosphorus and potassium in soil after harvest of
fennel was found in treatment 100 kg N ha-1 and minimum were found in control. In general
overall improvement in crop growth under balanced nutrition involving combination of
nutrients viz. NPK seems to be on account of their potential role in modifying soil and
micro environment conducive for plant growth and development leading to remarkable
improvement in yield. This also finding are in agreement with Bhunia et al. (2005), Kumar
et al. (2006) and Ram Pratap et al. (2004).
The highest uptake of nitrogen, phosphorus and potassium by seed and stover of
fennel was recorded when application of higher dose of nitrogen and minimum up take
when lowest nitrogen of the soil. Nutrient up take is the function of nutrient concentration
and higher yield and more nutrient concentration might have resulted in increased nutrient
uptake by these higher doses of nitrogen Bhunia et al. (2005), Kumar et al. (2006), Ram
Pratap et al. (2004).

Economics
Benefit: cost ratio of different treatment combinations clearly reveals that 15th
September + 100 kg N ha-1 (D1N4) resulted in maximum net profit of Rs. 86369 ha-1 with a
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B:C ratio of 7.14 :1. Whereas, the maximum B:C ratio (6.92:1) was recorded with the
treatment combination of 15th October + control (D1N3) with a net profit of Rs 83020 ha-1.
Although, the maximum yield ha-1 was recorded under 15th September+100 kg N ha-1 (D1N4)
but B : C ratio was lower as compared to 15th October + control (D3N1) and followed by 30th
September + 100 Kg N ha-1 (D2N4) due to the additional cost of nitrogen. Thus, the treatment
combination 15th September + 100 kg N ha-1 (D1N4) was the best.
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Table 1 : Effect of date of sowing and nitrogen levels on growth of fennel
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Table 2 : Effect of date of sowing and nitrogen levels on growth of fennel
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Table 4 : Benefit–cost ratio of different treatment combination in fennel
S.
No.

Treatment
Combination

Yield
(q ha-1)

Cost of
cultivation
(Rs ha-1)

Gross return
ha-1 @
Rs 5000-q-1

Net
profit
(Rs ha-1)

Benefit:
cost
ratio

1

D1N1

17.56

11576

87800

76224

6.58:1

2

D1N2

18.44

11879

92200

80321

6.76:1

3

D1N3

19.00

11980

95000

83020

6.92:1

4

D1N4

19.69

12081

98450

86369

7.14:1

5

D2N1

16.92

11576

84600

73024

6.30:1

6

D2N2

17.15

11879

85750

73871

6.21:1

7

D2N3

17.78

11980

88900

76920

6.42:1

8

D2N4

18.48

12081

92400

80319

6.64:1

9

D3N1

12.73

11576

63650

52074

4.49:1

10

D3N2

14.66

11879

73300

61421

5.17:1

11

D3N3

15.05

11980

75250

63270

5.12:1

12

D3N4

15.77

12081

78850

66769

5.52:1
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System management for enhancing production of
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The term mushroom spawn has been defined as the vegetative mycelium from a
selected mushroom grown on a convenient medium. The spawn comprises mycelium of the
mushroom and a supporting medium, which provides nutrition to the fungus during the
growth. In other words spawn could be regarded as analogous to the seeds of the higher
plants. Although the use of basidiospores is a better and more safe method of making
spawn tissue culture, due to easy handling, had laid the foundation of to, days spawn making
industry. Most spawn is made with mycelium from a stored culture, rather than mycelium
whose parent was a spore. This is because, each spore is likely to yield a new strain and its
performance would be unpredictable. Preparing spawn is highly technical task, that is not
practical for most mushroom growers to perform; therefore, specialized companies that
supply growers with pure culture spawn mostly produce it. However, in some cases, it may
be necessary for the growers to produce their own spawn. In such cases, access to cultures
(cultivars) with proven productivity is a key component of a successful enterprise.

Modern Spawn Production
The modern spawn production involves four essential steps.
Step 1. Generation of the pure, disease free, high yielding culture of mycelium
isolated from spores or from tissue of the mushroom of interest.
Step 2. Growth and maintenance of the mycelium in enriched agar. The pure cultures
are maintained under aseptic conditions in tubes or Petri dishes, in solid
medium.
Step 3. Preparation of the inoculum in grains (Mother spawn). The pure mycelium
is put in contact with cereal grains, appropriately prepared, in order to
colonize the grains while developing the vegetative phase.
Step 4. Mass multiplication of the spawn on grain or other related substrate for the
production of cultivation spawn.

Generation and maintenance of the pure, disease free, high yielding culture
Steps 1 and 2, and also 3 are usually carried out in specialized laboratories since they
require some specialized equipment and an appropriate knowledge and training in tissue
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culture techniques to avoid the problems of contamination. Mushroom growers may buy
the cultivation spawn from the labs and use for cultivation or they may buy mother spawn
(step 3) and carry out the step 4 or alternatively they may buy the pure culture and carry out
steps 2,3 and 4 provided all lab facilities in terms of equipments and infrastructure are
available.
Pure cultures of mushroom can be prepared either by spore culture / tissue culture.
Whatever be the method of obtaining culture, but a specific medium is the preliminary
requirement for the growth and further multiplication of the fungus. The most common
media used in mushroom culture work are
i.

Potato Dextrose Agar (PDA)

ii. Malt Extract Agar medium(MEA)
iii. Complete medium (CM)

Sterilization precautions
• All the glass wares should be washed thoroughly and rinsed with distilled water
before use.
• Weigh the ingredients correctly.
• Use distilled water for media preparation.
• pH of the medium should be tested by pH paper before sterilization
• The medium should be poured in tubes (using funnel) while still it is hot. Care
would be taken to fill only 1/3 vol. of the tube.
• The plug should not be loose.
• Sterilization should be properly done.
• Contaminated plates/ tubes should be immediately discarded.

Tissue Culture
The surest method of starting a mushroom strain is by cloning (tissue culture). Cloning
means that a piece of pure, living flesh is excised from the mushroom and placed into a
sterilized medium.

Spore Cultures
Mushroom spores are found on basidia lining the gills of the cap. Spore culture is
obtained by placing a fresh fruit body on a sterilized paper / Petri dish. Millions of spores
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are collected within 24- 48 h. Serially diluted loop full of spores are then transferred to
sterile PDA/ MEA/ CM slants / Petri plates. These Slants / plates are incubated at 25oC±
2oC.

Culture validation cropping trials
There is no in-vitro test to determine a stock culture’s validity. A series of cropping
trials must be conducted on the mycelial stock culture to determine a culture line’s value.
Mushroom yield, size, color, cap shape and any other desired quality or growth factors are
selected and then compared for each culture line.
Once a mushroom is taken into culture, whether from spores or tissue, the resultant
strain can be preserved for decades under normal refrigeration, perhaps centuries under
liquid nitrogen. There are various methods of maintenance and preservation of mushroom
culture and a good culture collection center adopt more than one method to preserve them.

a. Frequent sub culturing
Using a system of periodic transfer at reasonable intervals, stock cultures are
often maintained in an actively growing state under optimum laboratory conditions.
After obtaining optimum mycelial growth, mushroom cultures are stored. These
cultures can be stored at room temperature for one to few weeks. The periods
between sub culturing can be extended up to 4-6 months by storage at 4-7o C in a
refrigerator or cold room.

b. Storage under mineral oil
The mineral oil (liquid paraffin or medical paraffin) is sterilized in an autoclave
at 121o C for 15 min for two consecutive days. Actively growing mycelial cultures
are covered up to 1 cm above the slant level. Retrieval is done by removing a
small piece of fungal colony or disc with a sterile needle, hook or loop, draining
off as much oil as possible and streaking the inoculum into agar in plates or tubes.
The first sub culture often has a reduced growth rare and a second culture is
usually required before a good culture is obtained.

c. Cryopreservation in liquid nitrogen
Storage of cultures in liquid nitrogen (LN2) is superior but expensive. It is the
best long term culture storage method because mycelial growth is completely
suspended at -196°C. This method maintains a very stable mother culture for
many years. Only the highest quality mycelial cultures are selected for long term
storage. Unfortunately it is also the most expensive. Initial equipment costs are
high and liquid nitrogen is a recurring expense. The liquid nitrogen storage unit
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requires constant monitoring of the liquid nitrogen level in the chamber. The
basic method is to fill a cryotube (special plastic tube designed for the use in LN2)
with a cryoprotectant and then to submerge a few mycelial plugs or spawn grains
into the liquid. Then the filled cryotube is placed in a divided box or cane, then
into rack and finally housed in the cryostorage unit. The purpose of the
cryoprotectant it to protect the mushroom cells from damage during the freezing
and thawing cycles.

d. Water storage
The cultures are grown on a suitable culture medium and after attaining full growth,
4-5 bits of 0.5 cm diameter are transferred aseptically to screw capped bottles
containing sterile water and are stored at room temperature. All mushrooms,
except paddy straw mushroom cann be stored by this method. Revival of culture
is by removal of a block and placing the mydisc on suitable growth medium.

Grain spawn production
Most of the cereal grains are good substrate for spawn production. The grain is not
only a vehicle for evenly distributing the mycelium, but also a nutrional supplement. Whole
grain is used because each kernel becomes a mycelial capsule, a platform from which
mycelia can leap into the surrounding expanse.

Spawn substrate should have the following desirable characteristics
• It should not contain any inhibitory compounds to desirable mushroom species.
• Large surface area of substrates should be available for fungal colonization.
• It should provide essential nutrients required by mushroom mycelium to grow.
• Grain should be free from diseases.
• Grains should not be broken, old, and insect damaged.

Facilities required
• Inoculation chamber (5’ x 6’ x 7’) fitted with ultraviolet tube (3’ in length), one
table and double door entrance.
• Chamber/ room for spawn growth
• Autoclave
• Facility to boil grain like hot plate or gas
• Container for boiling
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• Milk or Glucose bottle
• Non-absorbent cotton
• Spirit lamp
• Rectified spirit
• Inoculation needle
• Jowar or Wheat grains
• Chalk powder
• Gypsum

Few more things to be borne in mind are
• Boiled grain mixed with lime and gypsum should be sterilized for within 10
hours.
• Bottles should be plugged and sterilized properly.
• Sterilized bottles should be inoculated after 10-12 hrs of sterilization.
• The whole process should be carried out in a double chambered, closed air tight
inoculation room.
• Inoculation should always be done facing the burner.
• Give minimum time for removing and placing the plugs.
• Shake the bottles thoroughly after inoculation to get early and uniform growth.
• Store bottles at a temperature of 4°C when the grains are fully covered with the
mycelium until sold.
Commercial spawn can be prepared in polypropylene bags (heat resistant) or bottles.
Polypropylene bags should have double sealing at the bottom and after filling the grains
(250 g- as prepared as mentioned above), they are plugged with the help of a PVC / PP neck
and non-absorbent cotton. The grains of the Mother spawn or generation G1 can be used to
make a next set of bottles or bags (G2), and up to a G3. The method of transfer of grain to
grain is very efficient to multiply the spawn but the necessity of a high purity in G1 in order
to avoid the transmission of contamination in successive generations is very important.

Procedure
• Keep the sterilized bags on the laminar flow chamber under UV light for ½ hr.
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• Shake well the bags before inoculation so that the water droplets accumulated
inside the bags is being absorbed by the grains.
• From each G1 bottle, 20-25 packets/ bags of cultivation spawn can be made. The
G1 bottle is shaken gently to separate the mycelium-covered grains.
• The cotton plug of the G1 bottle (Mother spawn) is removed on flame and a small
• Quantity of colonized grains (10-15 g) is transferred into PP bags/ bottles for G2.
• After inoculation the bags/ bottles is immediately plugged with cotton.
• The content of the G2 bags/ bottles are mixed by rotating and shaking gently in
order to homogeneously distribute the mycelium-covered grains.
• The packets are incubated at the appropriate temperature.
• G2 in bottles become the second generation bottles which can be used once again
to make cultivation or planting spawn in packets.

Contamination and quality management in spawn production
The quality of mushroom seed or spawn directly affects the quality and total quantity
of the mushroom. Spawn production is a scientific and technical skill and various problems
are encountered during spawn preparation. Slight negligence may deteriote the entire crop
productivity.

Microbial contamination
Microbial Contamination is one of the biggest and main problem encountered in
most of the spawn labs. It can be due to bacteria or fungi, which are responsible for losses
ranging from 20-40% or sometimes-entire lot is to be discarded.
Bacteria

:

Bacillus spp

Fungus

:

Trichoderma spp, Penicillium spp , Aspergillus spp

These moulds can germinate on the cotton plugs and penetrate inside the bags due to
their cellulolytic nature.

Sources of infection
• Substrate or cereal grains
• Aerial spores
• Contaminated spawn bags and laboratory surroundings
• Contaminated master spawn bottles
• Inadequate sterilization
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Management
• Use fresh substrate
• Proper storage
• Periodical cleaning of Spawn lab
• Proper disposal of the contaminated material.

Strain degeneration
In spite of extensive quality control procedures by the commercial spawn companies,
the mushroom industry worldwide has been pestered repeatedly by spawn related incidents
of malformations in their crop in conjunction with a decrease of yield and quality loss.

Abiotic problems
• Due to faulty spawn preparation method, the quality of spawn is poor or the
mycelial growth on the grain is patchy. Problems can be
• Sticky grains, Water droplets in spawn bags and mother spawn bottles.

Management
• Use non-absorbent cotton
• Don’t release the pressure valve immediately after autoclaving.
• Avoid over boiling of the grains.
• Avoid over sterilization of the grains

Designing a spawn laboratory
Quality, disease free and high yielding spawn is the backbone of a sustained mushroom
industry. The spawn producer must master the basic techniques of mycology, microbiology
and must have the first hand experience of mushroom growing. Hence it is essential that
the spawn producer has the requisite subjective expertise before taking up spawn production.
The most important concept to realize while designing a spawn laboratory is that growing
mushroom mycelium in absence of competitors is in total contradiction to nature. In other
words, spawn laboratory is an artificial environment so designed as to ward of every
contaminant while allowing the mushroom mycelium to colonize efficiently. However some
of the basic concepts to be borne in mind are
1.

The laboratory personnel must constantly clean and stay clean while they work.

2.

The laboratory must be far from growing rooms preferably in a separate building.
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3.

The positioning of various rooms must be such that the sterility of the spawn
inoculation room and the spawn incubation room must not be affected.

4.

The direction of the wind, sunlight, position of the exhaust must be such that the
contamination laiden air does not find any entry into the above mentioned rooms.

5.

The positioning of the material storage room and spawn sale room must be such
that it has no direct linkage with inoculation or incubation rooms.

6.

The inoculation and incubation rooms must not open directly to outside but into
a clean closed room or lobby.

7.

The entrance into this lobby and the clean area must be strictly prohibited.

8.

Constant inspection is a must and any speck of contamination however small
must be immediately removed from the clean area to prevent secondary
contamination.

9.

All the techniques laid down for boiling, sterilization, inoculation and incubation
must be strictly followed.

10. All the sanitation measures must be strictly followed.

Design criteria
The design criterion of a spawn laboratory varies with the climate of a place and the
volume of spawn handled. However, the thumb rule for minimum contamination is minimal
human handling. The spawn laboratory varies from a simple closed room with an inoculation
bench as in India and other Asian countries to highly sophisticated FRP covered ceilings
and walls with state of the art air filtration system coupled with specialized equipments.
The quality of the spawn accordingly varies. Some of the key suggestions to be followed
are
1.

The spawn laboratory must be positively pressurized with filtered air

2.

Use laminar flow with HEPA filters for inoculation

3.

There should be two to three doors separating the clean room from outside
environment

4.

Interiors of the inoculation and incubation rooms must not support mold growth.
The walls must be painted. The walls and ceiling must be insulated. The floor
must have vinyl flooring.

5.

The shelves must be made of steel or aluminium but never of wood. The shelves
must meshed and not solid.
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6.

Lights must have dustproof covers

7.

The rooms must be immediately vacuum cleaned after each operation

Suggestions for minimizing contamination
• No shoes are allowed in the laboratory
• Wear newly laundered clothes and! or a labo-ratory coat.
• Wash hands frequently with antibacterial soap and isopropanol.
• Frequently mop floors with a 10% bleach solution.
• Do not conduct inoculations when you are sick with a cold, the flu, or other
contagious illnesses
• Do not speak, exhale, or sing while conducting inoculations
• Remove trash, and contaminated and over -incubated cultures daily.
• If cloning a specimen, never bring sporulating mushrooms into the laboratory.
Ideally, have a second small portable laminar flow hood specifically used for
cloning.
• Daily and weekly calendar schedules for managing the laboratory will help give
continuity to the production stream.
• Rotate spawn frequently. Do not let cultures and spawn over-incubate.

SPAWN LABORATORY LAYOUT
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Mechanization of spawn production
All the activities of the mushroom cultivation in almost all the small and medium
mushroom industry are manual in India. However, the following are the important points
to be considered to adopt mechanization in the mushroom industry.
a. Any mushroom industry which uses more than 75 – 100 bags per day should go
for mechanization
b. Mechanization reduces the manual handling and thereby reduces contamination
c. Mechanization ensures the uniformity in mixing and right quantity to be added.
d. Mechanization fasten the activity so as to reduce the time of exposure of the
substrate to the environment. This reduces the occurrence of contamination.
e. Mechanization increase the efficiency of the labour and the industry
f. Mechanization reduces the labour requirement to take care of the labour scarcity
and reduces cost of production
g. Mechanization increase the production and profit
h. Mechanization ensures bulk production with uniform quality to suit the export
and processed markets
The following are the important activities need to be mechanized in spawn production.
a. Grain cleaning
b. Grain boiling
c. Chalk power mixing and cooling
d. Grain filling
e. Inoculation

The following IIHR machinery are available to mechanize the spawn production
Name of the
machinery

Capacity

Function of the
machinery

Manually operated
grain cleaner

100 kg/h

It cleans the grains
used for mushroom
spawn production
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Motorized grain
cleaner

180 kg/h

It cleans the grains
used for mushroom
spawn production

Grain boiler

75 kg/ batch

It boils the grains
used for mushroom
spawn production

Boiled grain and
chalk powder
mixer

75 kg/batch

It mixes boiled grain
and chalk powder
thoroughly

Bag/ bottle filler

450 bags/h

It fills the bag / bottle
with boiled grain and
chalk powder mixture
to the required
quantity

Bulk inoculator

120 bags/ h

It is used to inoculate
the mother spawn
(upto 1 kg) to the
grain filled bags
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Other commercially available equipments required for spawn production
1. Trolleys for transportation
2. Vertical, horizontal or rectangular sterilizer, single or double door.
3. Laminar flow
4. Incubator
5. Refrigerator
6. Air conditioner
7. poly bag sealer
8. Electrical balance
9. pH meter
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Advances in Vegetable Seedling Production
M. Prabhakar, S.S. Hebbar and A.K. Nair
Indian Institute of Horticultural Research, Hessaraghatta, Bangalore 560 089, India
E-mail: prabhakar_19@yahoo.com
India is the second largest producer of vegetables in the world, produces about 145
million tonnes of vegetables in a year from about 8.4 million hectares. Vegetable hybrids
are gradually replacing high yielding varieties due to quantum jump in yield, improvement
in quality and amenability to off-season cultivation facilitating year round production of
vegetables to cater to the needs of near and far markets.
Superior quality seedlings are well known to be the necessary prerequisite for high
quality vegetable production. An old Japanese quote says that the seedling determines half
of the crop yield, which clearly reflects the most sensitive phase of the plant growth,
influencing its future performance and the need to take utmost care to provide optimum
conditions to produce high quality seedlings.
There has been a shift from growing seedlings on flat and raised nursery beds in the
open field towards growing value added seedlings in specially designed containers such as
pre-spaced peat pellets, strip peat pots, polyurethane foam flats, perforated plastic trays,
plug trays, and chemical coated (cupric hydroxide) transplant flats. A major advantage of
block or modular raised seedlings as compared with that of bare-root seedlings is the
significant reduction of the transplanting shock resulting in improved crop establishment
and yield of several vegetables, specifically those which do not withstand root disturbances
as seen in cucurbits. Container raised seedlings are easy to handle, grade, shift and transport
manually as well as mechanically. Further, it provides good control of young plants in the
nursery due to better water drainage, aeration, sanitation, quick take-off and uniform growth
after transplanting.
Over years in India there had been progressive transformation in the techniques of
raising vegetable seedlings. Seedling production in protrays under cover has become the
order of the day around the major vegetable growing areas like Bangalore, Pune and else
where in India. Vegetable seedling production has become a viable commercial activity
wherever vegetables are being cultivated intensively. Low cost net houses have further
enabled many progressive farmers to take up seedling production as a commercial activity.
Clusters of such facilities growing seedlings of vegetable hybrids can be seen on a very
large scale in the hinterlands of Bangalore market.
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Raised bed Nursery
Introduction of high yielding varieties and hybrids of vegetables have prompted the
growers to better their nursery production techniques, as the seeds were costly and cent
percent crop stand was necessary to reap profitable yields of vegetables.
The nursery bed soil is sterilized by solarization during summer wherever feasible.
The bed is to be well-prepared, organic manure is applied and watered well. After thorough
digging of the soil prepare raised beds of 10-15 cm, 1.2 m width and 7.5 meters length are
prepared. The moist soil is covered with a transparent polyethylene sheet of 100 gauge for
30 to 40 days.
Farmyard manure @ 4-5kg, , neem cake @ 500g and Trichoderma & Pseudomonas
@ 50g each per square meter are to be applied and mixed well and leveled. Sow the seeds
in lines opened at 10cm spacing maintaining spacing between the seeds. The seedlings are
covered by an insect proof net (40 mesh) to protect the seedlings from insects especially
that transmit viral diseases.

Seedling Production in Trays
Seedlings of hybrid vegetables like tomato, capsicum, chilli, brinjal, cauliflower,
cabbage, watermelon, cucumber, bitter gourd, ridge gourd etc are raised using seedling
trays. Usually the farmers themselves were producing vegetable seedlings used for
transplanting. This was good since they were growing comparatively low cost open pollinated
vegetable varieties. Now a days as more and more farmers are growing hybrid vegetables
there is a gradual shift from open field raised bed method to portray method of seedling
raising in protected structures. This method is mostly adopted for raising seedlings of F1
hybrids since the cost of the seed is quite high. The vegetable seedlings are produced under
protective structures such as insect proof net houses, shade houses and low cost naturally
ventilated greenhouses. As growing medium, sterilized cocopeat is generally used.

Advantages of seedling rising through seedling trays.
1.

Growing in seedling trays with right growing media helps in proper germination.

2.

It provides independent area for each seed to germinate and grow.

3.

Seedling mortality or damping off rates are reduced by using properly sterilized
growing media.

4.

Uniform and healthy growth of all seedlings.

5.

Easy in handling and economy in transportation.
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6.

The use of trays results in win-win situation – as the grower gains and saves a
lot on expensive seeds.

7.

Root development is better and root damage while transplanting is nil. Thus
better transplant establishment and crop stand.

8.

Uniform and early maturity.

9.

Each seed of hybrid vegetables costs about 0.1 to 5 Rs. and hence there is a need
to minimize the wastage of seed.

Protected Structures
A seedling needs much care and nourishment. A protected and congenial enclosure
is necessary to grow healthy seedlings. Vegetable seedlings are being grown in cost effective
poly houses and net houses. The mainframe can be of steel pipes, wooden poles or granite
stone pillars. Net house is found to be more cost effective and feasible structure to grow
vegetable seedlings. Net house is commonly built using granite stone pillars or GI pipes.
The height of the structure should be a minimum of 8 feet. GI pipe or GI wire grid is
provided at the top of the pillar to support the nylon net and shade net. Top and all the sides
are covered with 40 mesh UV stabilized nylon insect proof net. During summer and hot
sunny days 25 % or 35% UV stabilized HDPE shade net is used to protect the young
seedling from scorching sun light and high temperature. Provision should be made to pull
polythene sheet over the pro-trays in the event of rainfall by way of making low tunnel
structure. For preparing low tunnel structure, 3/4" HDPE pipes and 400-gauge polyethylene
sheet can be used. The approximate cost for building stone pillar net house at present is
around Rs.150 to Rs.200 per square meter. Seedling rising can also be done in using naturally
ventilated cost effective polyhouses. The main advantage of polyhouse is protection from
rain. Net house is suitable only in areas where rainfall is moderate and not continuous.
Polyhouses are advantages compared to net house for producing the seedlings of good
quality throughout the year even in regions where rain fall is comparatively higher. Poly
houses are claded with 200 micron UV stabilized polythene sheet on the roof and the sides
are covered with 40 mesh insect-proof nylon net. A retrievable shade net is provided to use
during the days of bright sunlight and high temperature.

Seedling Trays
Seedling trays are also called as pro-trays (propagation tray) or flats, plug trays or
jiffy trays. The most commonly used are 98-celled trays for crops like tomato, capsicum,
cabbage, cauliflower, chilli, yellow wax, and brinjal, bitter gourd, watermelon, cucumber
etc. The dimensions of the trays generally are 54 cm in length and 27 cm in breadth and
cavity depth of 4 cm. These trays are made of polypropylene and re-usable. Life of the tray
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depends on the handling the seedling trays and its thickness. Generally a 0.8mm thick tray
can last for 4-6 cycles of seedling raising. Seedling trays have been designed in such a way
that a seedling gets a pre calculated growing media and the right amount of moisture as the
trays have pre punched holes to each cavity for proper drainage of excess water and also
right spacing.

Media for Growing Transplants
Well-decomposed and sterilized growing medium is essential to grow disease free
seedlings. The traditional potting mix of soil-manure-sand has been replaced over years by
peat-vermiculite-sand or perlite mix. Such growing media are biologically inert, uniform
in texture and maintain optimum porosity (85%), water holding capacity (20/30%), pH
(5.5-6.5), soluble salts (200ppm), CEC (10-30 meq/100g dry wt). Various material used as
medium for seedling production are classified as organic, inorganic and synthetic products.

Organic Products
Sphagnum moss or peat moss (containing 80-90 % organic matter, 10-20 % of ash
and with a CEC of 60-120 meq/l), Peat humus or brown peat (containing 50 % organic
matter, 5.05 % Ash and with a CEC of 250-350 meq/1) and Organic wastes like sawdust,
pine bark, pine chips, paddy husk and coir dust.

Inorganic Products
1. Vermiculite: Able to hold and release large quantities of water, which reinforce
similar properties of peat when mixed with it. It is neutral in reaction
and has relatively high CEC of 80 m.eq/1, leaching of nutrients is
reduced. The disadvantage is its high cost and early breakdown
leading to compression of the substrates.
2. Perlite: Totally inert, has low CEC or buffering capacity and low water content. It
provides air space to the medium, neutral in pH, very light in weight, and
a good temperature stabilizer. Disadvantage: ‘Al’ toxicity in some seedlings
at low pH, limited capacity for water supply under conditions of high
transpiration.
3. Sand: Porosity around 40% of the bulk volume, particle size 0.5 to 2 mm in diameter,
contains no nutrient and has no buffering capacity. The CEC 5.50 m.eq/l. It
is used together with organic material.

Synthetic products: Glass wool, polyurethane foam etc. can also be used to grow
seedlings.
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The low Ph of the substrate can be adjusted by adding lime (calcium carbonate) and
dolomite (Ca-Mg carbonate) and with basic fertilizers like calcium nitrate, calcium cyanamid,
sodium and potassium nitrate. The high pH is adjusted by the adding of sulphur, gypsum,
epsom salt and acidic fertilizers like urea, ammonium sulphate, ammonium nitrate,
ammonium phosphate and acids like phosphoric acid and sulphuric acid. The poor aeration
of a highly decomposed black peat or of a clay soil, which on the other hand have an
appreciable water retention capacity, can be corrected by adding materials such as sand,
polystyrene, perlite or expanded clay in which the common characteristic is to increase
aeration. Sand and peat or coir dust mixture or peat and vermiculite or perlite supplemented
with balanced fertilizers form the best suitable medium to grow seedlings.

Commercial growing media in India: Sterilized commercial growing media is
better as the incidence of seedling diseases is less or nil. In India, the most common growing
media used is coco peat, which is steam sterilized to prevent nursery diseases. Coco peat is
a by-product of coir industry and it has high water holding capacity. It should be well
decomposed, sterilized and supplemented with major nutrient sources before using. Basically
coconut fibre powder is low in nutrients and high in lignin content. Thus it needs to be
properly washed and decomposed and enriched with major and micronutrients and
microorganisms.

Method of seedling rising:
Seedling trays are filled with appropriate growing medium such as coco peat. A
small depression for sowing (0.5 cm) by fingertip or by dibbler is created in the center of
the cell. Alternatively, depression can be created by stacking about 10 trays one over other
and pressing the trays together. Sowing is done @ one seed per cell and covered with coco
peat. No irrigation is required before or after sowing if commercial bagged cocopeat is
used. About 10 sown trays are stacked one over the other for 3 to 6 days, depending on the
crops. Cover the entire stack of tray with polyethylene sheet. This arrangement ensures the
conservation of moisture in the seedling trays until germination and hence no irrigation is
required till seedling emergence. Care must be taken for spreading the trays when the
seedling is just emerging, otherwise seedlings will get etiolated. Seeds start emerging after
about 3-6 days of sowing depending upon the crops. Then the trays are kept spread over a
bed covered with polyethylene sheet. The germinating trays are then irrigated lightly, daily
depending upon the prevailing weather conditions. The trays are also drenched with
fungicides as a precautionary measure against seedling mortality. Seedling trays are watered
daily, or as needed (not too wet or too dry) using a fine sprinkling water can with rose or
with hose pipe fitted to rose. Care must be taken no to over irrigate the trays; if done will
result in the leaching of nutrients and help in building up of diseases. Spraying of nutrient
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solution may be required if the seedlings show deficiency symptom. Hundred percent water
soluble fertilizer 19 all with trace elements can be sprayed once or twice. Seedlings are
protected from rainfall by covering the polyethylene sheets in the form of low tunnel if
grown on the nethouse. Seedlings are hardened by with holding irrigation and reducing the
shade before transplanting. Systemic insecticides like imidacloprid (0.3 ml/litre) is to be
sprayed 7-10 days after germination and before transplanting, for managing the vectors.
The seedlings will be ready in about 21-42 days for transplanting into the main field
depending upon the crop. Well-grown seedlings in greenhouses need to be hardened by
exposing them to direct sunlight for 2 to 3days before they are shifted for planting. Before
that in the greenhouse, irrigation frequency is reduced and shade is removed.
The seeds of different vegetables take 3 to13 days for emergence depending on crop
and growing temperature.

Table 1. Days required for seedling emergence at various temperatures of
growing medium.
Vegetables

25 o C

30 o C

35 o C

1

Beetroot

5

5

5

2

Brinjal

8

5

-

3

Cabbage

5

4

-

4

Cauliflower

5

5

-

5

Cucumber

4

3

3

6

Onion

4

4

3

7

Pepper (Sweet & Hot)

8

8

9

8

Sweet corn

4

4

3

9

Tomato

6

6

6

10

Watermelon

5

4

3

Sl.No.

Grafting of vegetables to improve production
In vegetable production, most of the damage from continuous cropping is caused by
soil-borne diseases and nematodes. As a countermeasure to the damage caused by soilbone diseases such as Fusarium wilt, bacterial wilt and nematodes, grafting of fruit-bearing
vegetables is popular in Japan. Plants are grafted onto various rootstock species and varieties
having resistance , by a range of grafting methods. Grafting robots and healing chambers

250

have been developed, and are used in nurseries producing grafted plugs. Since grafting
gives increased disease tolerance and vigor to crops, it will be useful in the low-input
sustainable horticulture of the future.
Objectives of Vegetable Grafting : The main objective of grafting is to avoid soilborne diseases such as Fusarium wilt in Cucurbitaceae (cucumber, melons etc.) and bacterial
wilt in Solanaceae (tomato, pepper etc.). This technique can also be used to overcome the
vagaries of abiotic stress such as soil salinity , flooding and drought.
Species and Varieties for Grafting : Inter-generic grafting is used in the production
of many fruit-bearing vegetables, i.e. cucumber (Cucumis sativus L.) grafted on pumpkin
(Cucurbita spp.), watermelon (Citrullus lanatus Matsum. et Nakai), on bottle gourd
(Lagenaria siceraria Standl.), melon (Cucumis melo L.) on white gourd (also known as
wax gourd) (Benicasa hispida Cogn.). Inter-specific grafting is generally applied to eggplant
(Solanum melongena L.). Scarlet eggplant (S. integrifolium Poir.) and S. torvum Swartz are
popular rootstock for eggplant production. A large number of varieties for root stock have
been bred and released for use by growers in Japan.
Grafting Methods for Fruit-Bearing Vegetable : Tomato plants are mainly grafted
by conventional cleft grafting. Tube grafting has recently been developed for vegetable
seedlings grown by plug culture. Eggplant is grafted mainly by cleft or tube grafting. The
survival ratio of grafted Cucurbitaceae plants is higher if tongue approach grafting is used,
and is mainly adopted for melons. Cut grafting is popular for watermelon.
Healing and Acclimatization : Grafting should be carried out in a shady place
sheltered from the wind, to avoid wilting of the grafted plants. Grafted plants are usually
healed and acclimated in a plastic tunnel. The healing and acclimatization are very important
for grafted plants to survive. The tunnel is covered with materials which provide shade and
maintain inside humidity such as silver/white cheese-cloth (outside) and transparent film
(inside). During acclimatization, it is recommended to keep light levels at about 3 to 5 kilo
lux.
Before grafting the scion and rootstock have to be exposed to sunshine for two to
three days. Withhold water from the plants to avoid spindly growth, and make sure that the
scions and rootstock have stems of a similar diameter. All these will improve the survival
rate of grafted plants. After grafting, keeping the grafted plants at about 30°C and with
more than 95% relative humidity for three days of healing promotes the survival ratio.
Gradually, the relative humidity is then lowered and the light intensity increased. During
healing and acclimatization, it is important to keep a constant air temperature in the tunnel,
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in order to maintain high humidity. If wilting is observed, foliar spraying of grafted plants
with water is effective in helping them survive. The shading materials and films should be
adjusted according to the daily weather, with more shade on a fine day.
Grafting is extremely laborious and time-consuming, and growers are trying to reduce
the labor input required. Attempts have been made to mechanize grafting operations since
1987. Tube grafting was developed as a manual operation for small plugs and reduced the
time required for manual grafting by at least one-half. Robotic grafting is about ten times
faster than conventional hand grafting.

Summary
It is now a commercial venture in India to produce the vegetable seedlings of tomato,
capsicum, cauliflower, cabbage, chillies and brinjal. Mostly hybrids are used for raising
seedling in the containers. In the commercial nursery the most commonly used portrays are
98 celled and the most common growing medium used is sterilized coco peat that helps to
prevent nursery diseases especially the seedling damping-off. Coco peat is a by-product of
coir industry that has to be processed and enriched with nutrients and microorganisms.
Mass production in a green house gives good quality and healthy seedlings Greenhouse
structure protects the seedlings from biotic and abiotic stresses. Structures for protected
cultivation in common use are poly house and net house. Use of low cost structures involving
granite pillars or wooden poles, shade net and 40 mesh nylon net to prevent vectors that
transmit viral diseases are in practice by many progressive farmers and entrepreneurs
supplying quality seedlings to vegetable growers. It is clear from the fore going that raising
vegetable seedlings in seedling trays is the better option to produce healthy seedlings that
gives quick start to the crops grown in open and greenhouses. The recent shift in preference
of the farmers to tray grown seedlings is well justified.
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Production of quality planting materials of under utilized
fruits
Sanjay Singh, A.K. Singh, K. Lata and P.S. Sisodia
Central Horticultural Experiment Station, Vejalpur (Godhra), Panchmahals, Gujarat-389340

India is emerging as a major stake holder in the global horticulture scenario accounting
for 10.00 % of the world production of fruits. This has been made possible due to concerted
efforts of scientists and progressive farming community. In recent years, there is considerable
awareness about the nutritional security and food safety. Underutilized fruits like Jamun,
Tamarind, Mahua, Chironji and Khirni has tremendous potential because of rich source of
antioxidants and neutraceutical value. Jamun fruits are used as an effective medicine against
diabetes, heart and liver ailments (Singh, 2001). The powdered seeds are very useful in the
treatment of diabetes. Chironji (Buchanania lanzan Spreng.) is excellent tree of agro forestry
and social forestry. In wasteland development and dryland horticulture, it assumes great
significance due to its multifarious uses and capacity to withstand adverse climatic
conditions. At present, it is growing under forest condition as an under exploited fruit and
gives minor reward to the tribal community of the country and seems to be boon for them.
The kernel is highly nutritious and rich in protein (25.0-30.0%) and yields sweet oil, which
can be used to substitute olive and almond oil. Mahua, botanically known as Bassia latifolia
Roxb, is an economically multipurpose tree. Its flowers, fruits and oil are used in various
ways. Mahua flowers are a rich source of sugar containing appreciable amount of vitamins
and minerals. Flowers are used for preparation of too liquor. Khirni mailkara hexandra is
also one of the potential underutilized fruits, as it is good source of vitamin A. Of various
methods of propagation, grafting and budding are of paramount importance in fruit trees as
it results highest success and field establishment, as in Jamun (Syzygium cuminii Skeels),
Lasoda(Cordia myxa), custurd apple (Annona squamosa L), Aonla (Emblca officinalis
Gaertn) and tamarind (Tamarindus indica L.) (Chovatia and Singh, 2000, Singh et al, 2003,
Ghosh et al, 2004, Srivastava et al, 2002 and Awasthi and Shukla, 2003). Time of budding/
grafting is considered to be the most vital factor that determines the success and establishment
of the grafts. Systematic information in this regard is scanty, thus, investigation was
undertaken to standardize the time of propagation under semiarid environment of western
India.
An experiment was conducted to standardize time of softwood grafting in
Khirni(Manilkara hexandra ), chironji (Buchanania lanzan Spreng) and Mahua (Bassia
latifolia) under semi-arid environment of western India at Central Horticultural Experiment
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Station, Vejalpur (Godhra), Panchmahal, Gujarat. Locally available seeds of Khirni, Mahua
and chironji were sown in the polythene bags filled with soil and farmyard manure (2:1) for
raising rootstocks. Irrigation, weeding and other desired intercultural operations were done
regularly. About 9-12 months old seedling of uniform size having pencil thickness stem
were used as rootstock. Soft wood grafting (cleft method) were carried out at monthly
interval and data were pooled. Scion shoots of promising types having desirable horticultural
traits were used to perform the grafting. The experiment was laid out in completely
randomized block design with three replications and 20 plants in each replication as unit.
Data on sprouting were recorded soon after bud burst while, success percent was recorded
3 months after grafting. Length and diameter of sprout, number of leaves and sprouts per
plant were recorded at the interval of 90,120 and 150 days after grafting.

Mother Block:
Plant stock that maintained as a source for commercial propagation is referred to as
mother block. Therefore, for preservation of pathogen free plant stock, proper isolation,
sanitation, periodical inspection, testing and maintenance are very important. The mother
plants should be healthy, precocious, prolific bearer, disease free, genetically true-to-type
and free from insect-pests attack. As far as possible, mother block should be in close
proximity of the nursery site. Scion shoots are collected only from bearing plants. A proper
record and certification of planting stock should be maintained. Mother plants should have
known pedigree records regarding bearing potential, fruit quality and problems, if any.
Commercial planting stock can be referred as certified stock if it is grown under
supervision of a legally designated agency with prescribed regulations designed to maintain
minimum standards of cleanliness and clonal identity.

Raising of root stocks in the polythene bags:
Polyethylene bags of 25 cm x 10 cm, 25 cm x 15 cm and 30 cm x 15 cm size, based
on requirement are being used for raising the rootstocks in all most all parts of the country.
Small holes are made in the bottom and sides of polyethylene bags for drainage and aeration
and filled with porous rooting medium or pot mixture for raising rootstocks. Locally available
seeds (preferably from a single tree seedling) should be sown in the polythene bags, filled
with soil and FYM (3:1) for raising the rootstocks. Seeds can also be sown in the raised
nursery beds or polyhouses. Transplanting of very young seedlings to the polythene bags at
2-4 leaf stage give 80.00 % success. About 9-12 months old seedling of uniform size having
pencil thickness stem should be used as rootstock. Plants raised in polythene bags can
easily be transported to distant places and results higher transplanting success.
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Raising of root stocks in root trainers:
Besides genetic purity and growth of the plants, root system is equally important for
better establishment particularly under semi-arid and arid conditions. Therefore, there should
be a strong uncoiled tap root system, with sufficient lateral roots. Though, use of
polycontainers/ polyethylene bags have several advantages, if seedling or component plant
is left either for longer period or undersize polyethylene used, the tap roots will coil up,
thereby showing poor performance after planting. In order to overcome these problems,
root trainers are used, and seedlings thus show vigorous grown and have rapid growth rate
as compared to seedlings grown in polyethylene bags. The root trainers have holes at the
bottom for aerial pruning of tap-root, aeration and root drainage.

Propagation techniques of under utilized fruits
In Jamun (Syzygium Cuminii Skeels), highest success through patch budding was
noted in March (70-80 %), where as soft wood grafting recorded maximum success in the
month of July and August (75-80%). Irrespective of scion and rootstock, maximum
accumulation of nitrogen and carbohydrate content was recorded in March, while it was
found in lower concentration during September, October, November, December and January.
Patch budding in March and soft wood grafting in July- August may be followed for
multiplication of elite Jamun plants. Similar results were obtained by Chovatia and Singh,
2000 in Jamun and Singh et al, 2003 in Jamun and Lasoda (Cordia myxa). Such a wide
variation in sprouting and graft success may be attributed to wide variation in temperature
and relative humidity during the period. These factors influence the sprouting and graft
success (Awasthi and Shukla, 2003). Best results in sprouting and success in the month of
March, April, July and August may be because of optimum temperature and relative humidity
prevailing during the period of budding and grafting. These factors might have played an
important role in early contact of cambium layers of stock and scion resulting in early
callus formation and initiation of subsequent growth. Chovatia and Singh, 2000, Awasthi
and Shukla, 2003, Singh et al 2003, and Srivastava et al, 2002 recorded similar findings in
Jamun, Tamarind, Lasoda and Aonla under different agro climatic conditions.
In tamarind (Tamarindus indica L.), the highest percentage of budding success was
noted in the month of July-August (75-80%). While, soft wood grafting recorded maximum
success in the month of May, June,July and August (60-75%). Soft wood grafting in Khirni
(Manilkara hexandra ), chironji (Buchanania lanzan Spreng) and Mahua (Bassia latifolia)
were tried. In Khirni highest percentage of graft success was noted in March (76.66 %)
followed by June, July and August, where as it was least in the month of February (10.00
%). In chironji, highest percentage of graft success was noted in July (66.66 %) followed
by August and June, where as it was least in the month of February (3.33 %). The highest
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percentage of graft success in Mahua was recorded in the month of March (70 %) closely
followed by April, July and August. Naturally defoliated scion sticks of Mahua were found
suitable to achieve good success through softwood grafting during the month of MarchApril. Nursery raised plants should be shifted at least 2 times during rainy season to
discourage the growth of tap root. Hardening of grafted plants should also be followed to
reduce mortality of the grafts in field. Name of the cultivars with age should be properly
tagged. Care should be taken for proper nutrition, weeding, irrigation and plant protection
of planting materials. It may be concluded that most of the under utilized fruits may be
multiplied through soft wood grafting and patch budding during the month of July, August,
March and April. Hi-Tech glass house may also be used to multiply quality planting materials
through out the year.

Table 1: Effect of time on softwood grafting of mahua
Months

Time taken for
bud sprout (days)

Bud sprout
(%)

Success
(%)

Length of sprout
(cm) at 150 days

July

30.50

66.25 (54.45)

64.20 (53.25)

24.20

August

30.00

64.50 (53.43)

62.00 (51.94)

23.10

September

34.00

9.25 (17.66)

08.33 (16.74)

18.50

October

32.00

22.10 (28.04)

20.10 (26.64)

16.00

November

0.00

0.00

0.00

0.00

December

0.00

0.00

0.00

0.00

January

0.00

0.00

0.00

0.00

February

0.00

0.00

0.00

0.00

March

26.00

73.25 (58.82)

70.00 (56.79)

28.00

April

27.33

67.50 (55.24)

65.50 (54.03)

27.10

May

28.00

63.50 (52.83)

60.00 (50.77)

20.10

June

29.00

57.10 (49.08)

55.00 (47.87)

20.00

2.11

3.55

2.14

1.25

C.D (P=0.05)

Figures in parentheses are transformed values
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Table 2: Effect of time on softwood grafting of chironji
Month

Time taken for
bud sprout (days)

Bud sprout
(%)

Success
(%)

Length of sprout
(cm) at 150 days

July

24.66

68.00 (55.55)

66.66 (54.70)

22.50

August

25.57

67.00 (54.94)

62.10 (52.00)

22.00

September

29.33

58.10 (49.66)

56.00 (48.45)

21.20

October

31.67

34.00 (35.67)

32.50 (34.76)

20.13

November

0.00

0.00

0.00

0.00

December

0.00

0.00

0.00

0.00

January

0.00

0.00

0.00

0.00

February

30.00

4.00 (11.54)

3.33 (10.47)

22.13

March

26.50

45.20 (42.25)

42.00 (40.40)

27.00

April

25.00

40.00 (39.23)

38.10 (38.12)

26.20

May

27.33

34.00 (35.67)

32.20 (34.57)

25.13

June

26.67

47.50 (43.57)

45.10 (42.19)

24.50

2.39

3.25

2.58

1.77

C.D (P=0.05)

Figures in parentheses are transformed values

Table 3: Effect of time on softwood grafting of khirni
Months

Time taken for
bud sprout (days)

Bud sprout
(%)

Success
(%)

Length of sprout
(cm) at 150 days

July

28.00

73.00 (58.69)

71.25 (57.54)

21.50

August

28.50

72.10 (58.12)

70.00 (56.79)

20.50

September

32.00

68.00(55.55)

66.10 (54.39)

18.00

October

33.00

63.50 (52.83)

62.00 (51.94)

17.13

November

33.50

54.00 (47.29)

50.00 (45.00)

17.00

December

0.00

0.00

0.00

0.00

January

0.00

0.00

0.00

0.00

February

30.00

12.10 (20.36)

10.00 (18.44)

18.50

March

27.40

78.00 (62.03)

76.66 (61.07)

22.00

April

28.00

54.10 (47.35)

52.50 (46.43)

21.20

May

29.20

58.00 (49.60)

56.00 (48.45)

20.16

June

30.00

74.10 (59.41)

72.00 (58.05)

20.00

2.89

3.56

2.14

1.58

C.D (P=0.05)

Figures in parentheses are transformed values
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Production of quality planting materials in pineapple
A. K. Babylatha
Pineapple Research Centre,
Kerala Agricultural University Thrissur, Vellanikkara - 680 654

Pineapple (Annas comosos L. Merr.) is one of the most popular and delicious tropical
fruits of India. The origin of pineapple is probably Brazil and Paraguay.
It is rich in vitamin C, B1 and B6. It also contains small amounts of vitamin B2, B3
and B5 and an excellent source of manganese, copper, magnesium, potassium, beta carotene,
folic acid and dietary fibre. It has minimal fat and sodium with no cholesterol. Pineapple
contains a mixture of enzymes called bromelain. Bromelain is a protein digesting enzyme
which is used for tenderizing meat, chill proofing beer and in the leather tanning process. It
is reported that bromelain helps in maintaining ideal body weight, effectively reduce
inflammation and swelling. Bromelain also helps to break down and dissolve excessive
mucus, providing much relief to sufferers of asthma, bronchitis, pneumonia and sinusitis.
In addition to being eaten afresh, the fruit can also be canned and processed in different
forms. Pineapple is a highly refreshing juice, which can significantly reduce the soreness
and redness in the throat. Several experts believe that pineapple has anti-cancerous properties.

World scenario of pineapple
Brazil occupies the first position in pineapple production (15% of global output)
followed by Thailand (12%), Philippines (10%) and India (8%). The world production of
pineapple is estimated to be 15 MT, which is 25% of the world production of tropical fruits
(Anon., 2006).
The pineapple varieties being cultivated around the world can be grouped into Cayenne
group, Queen group and Spanish group
The Cayenne group is characterized by spineless leaves, large fruits suitable for
canning. Queen group is characterized by spiny leaves and small to medium fruits suitable
for table purpose.The Spanish varieties are intermediate in characters between Cayenne
and Queen. Smooth Cayenne is the most popular international variety coming under Cayenne
group, but now it is gradually replaced by MD-2, a hybrid developed from Hawai.

Pineapple cultivation in India
Pineapple was introduced into India by Portuguese in 1548 A.D. However commercial
cultivation of pineapple started only about four decades back. The total area is about 93,100
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with a total production of 1.52 MT (Table 1). Pineapple is commercially grown in the states
of West Bengal, Assam, Kerala, Meghalaya, Manipur, Tripura, Missoram, Nagaland,
Arunchal Pradesh, Karnataka and Tamil Nadu (Radha and Mathew, 2007). Suitable climate,
product diversification and new avenues of marketing have made pineapple cultivation to
the level of an entrepreneurship in these states. Kew, Giant Kew, Mauritius and Queen are
the commercial varieties grown in different states of India. Kew and Giant Kew are cultivars
under Smooth Cayenne group, Queen and Mauritius are included under Queen group.
Another advantage of pineapple cultivation is that it can be profitability cultivated as an
intercrop in coconut gardens and in rubber plantations in early stages of main crop. It is
also a crop which can withstand drought conditions to a certain extent.
The Universities / Institutes conducting pineapple research in India include Bidhan
Chandra Krishi Viswavidyalaya, Kalyani, West Bengal, Kerala Agricultural University,
Thrissur, Indian Institute of Horticultural Research, Bangalore, Assam Agricultural
University, Jorhat and School of Agricultural Science and Rural Development, Nagaland.
In India, Kerala has an ideal climate for growing pineapple. al cultivated in all 14
districts. More than 50% of the cultivation is concentrated in Ernakulam district( FIB,
2007). The Mauritius variety grown in Vazhakulam and near by areas has unique taste with
golden yellow flesh colour, high sugar and TSS, low acidity and short duration and has
great demand in fresh fruit market. In 2009, Geograhical Indication( GI) status was granted
to Mauritius pineapple of this region and now it is globally known as “Vazhakulam
pineapple”.
Second important variety grown in Kerala is Kew, which is suitable for canning.
Kerala Agricultural university has developed a pineapple hybrid,”Amritha”which is a cross
between Kew x Riply Queen. The fruits are medium size, with high sugar and TSS.

Different types of planting materials
Pineapple is propagated by vegetative means. Different types of planting materials
traditionally used for pineapple include suckers (ground suckers and shoot suckers), slips,
crowns, and stumps. Studies carried out in different Research Institutes of India and abroad
have clearly shown that performance of pineapple plant as characterized by vigour, growth
rate, time taken for harvest, fruit size and quality greatly depends upon the types of planting
material used for planting (Chadha et al, 1998). Therefore, selection of quality planting
material is very important.
Ground suckers arise and grow from buds of stems below the ground level. Since
these suckers are very small, these are rarely used for planting. Shoot suckers are leaf
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branches produced from buds in the leaf axils above ground level. They have the shortest
duration and most commonly used for planting. Slips arise from the basal portion of fruits
or from fruit stalk. These are comparatively smaller than shoot suckers and are born more
in number per plant than suckers. Crowns are leafy tops of the fruits. Crowns take more
time for harvest compared to suckers and slips. Stumps or butts refer to stem parts of plant
which have fruited and from which the basal portion, fruits, leaves and peduncle are removed.
Stem discs/bits, fruit stalks, leaf cuttings and crown splits are the other sources of planting
material conventionally used for rapid multiplication of pineapple. Stumps and stem discs
are not commonly used in India, as these take 2-3 years for flowering and fruiting. However,
these are useful for mass multiplication of elite varieties.
Tissue culture techniques, mechanical decapitation / apical meristem destruction
and chemical techniques are advanced techniques for production of planting materials in
pineapple.
Shortage of quality planting material is a major barrier in area expansion in all the
pineapple growing countries (Anon. 2006). Cultivars of Smooth Cayenne are shy suckering
types (one or two suckers per plant) and availability of a large number of planting material
remains a problem. Moreover, high density planting (40,000 to 50,000 plants per hectare)
practiced in commercial orchards demand large number of planting materials per unit area
which also aggravates the condition. In this context, tissue culture propagation has greater
significance. Micropropagation leads to mass production of disease free planting material
in a relatively shorter period independent of the season. The different aspects of rapid
multiplication techniques in pineapple are being discussed.
Apart from these, the type of propagules used has the virtue of spreading the harvesting
season, as suckers yield fruits in 17-18 months, slips in 18-20 months and crowns in 22-24
months in variety Kew. Studies conducted under Karnataka conditions have indicated the
superiority of slips over suckers which in turn are found better than crowns. In Jorhat
(Assam) suckers weighing 500 – 750 gm and slips weighing 300 – 400 gm were found ideal
planting material (Table 3). Under Kerala conditions suckers weighing 500 – 1000 gm
were the best planting material (Table 2). Medium to large sized suckers, slips and crowns
are used for planting in pineapple producing countries like Philippines, Malaysia, Taiwan
etc for commercial planting. The result of different trails has shown that larger planting
material always resulted in vigorous plants, irrespective of the type of planting material.
Small planting material can be converted into good quality planting material by a nursery
phase. Otherwise it will take long time for flowering and harvesting. A positive relationship
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between size of planting material and yield has been established (Bose et al, 2001). It is
also reported when weight of propagules for planting is below 250 gm, the yield is poor
with long duration.
In pineapple, quality planting materials can be produced by combining conventional
practices like using different planting materials, planting different times, application of
flower inducing hormone (ethephon) and by ratooning.

Selection and treatment of planting material
Planting material should be selected from healthy disease free plants. Uniform size
healthy planting materials are to be used for getting uniform growth of plants, enabling
uniform cultural operations, uniform flowering and harvesting. The planting materials before
planting should be sun cured and dry leaf scales at the base should be removed. Dip the
basal portion of planting material in fungicide solution before planting to protect the plants
against rot (KAU, 2007).

Tissue culture propagation
Tissue Culture (TC) is a modern potential tool for rapid mass production of elite
planting material of Horticultural crops. This technique offers disease free plants in a
relatively shorter time independent of season. Lot of published works are available on
tissue culture production of pineapple from different pineapple producing countries. The
explants source is shoot tips and axillary buds from suckers, slips and crowns. Kerala
Agricultural University has also developed the protocol for micropropagation of pineapple
(KAU, 2006).
The explants established best in Murashige and Skoog (MS) medium supplemented
with growth regulator, BAP. The multiplication medium was again MS+ BAP. The MS
medium alone was used as elongation medium. Sub culturing interval was three to four
weeks. Multiplication rate was found to be very high (10-15). The rooting medium was
found to be MS supplemented with NAA or IBA. Ex vitro rooting was also successful in
pineapple. The plantlets were hardened in sand, vermiculite or soilrite media to reach
optimum size before transferred to field.
Field performance of TC pineapple was studied and it was found that TC plants are
more responsive to fertilizers. Long vegetative phase was noticed for TC plants. The results
showed that TC plants could be successfully used as an alternate source of planting material
for ensuring quality planting material of pineapple.
Other techniques for production of quality planting material are as follows:
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Apical meristem destruction
In plants with 10-31 leaves, apical meristem destruction induces suckers (2-5) and
the rate of production of sucker directly proportional to the number of leaves. Further
studies are to be carried out to standardize the technology.

Chemical methods
Trials conducted in other countries have shown that application of chemicals like
Paclabutrazole (1000 ppm @300 l/ha) produced 20-40 plantlets within 4-6 months. Other
chemicals like Thiourea and cyclanilide also induce sucker production. Further studies are
required to standardize the dosage, time of application and age of plants

Future thrust areas
• Introduction of high yielding varieties
• Breeding/identifying location specific varieties and rapid multiplication by
traditional as well as modern techniques
• Standardization of management practices for TC pineapple
• Popularization of traditional rapid multiplication techniques
• System of certification and standardization of best planting material for each
location
• Training in production of quality planting material

Table 1 Area, Production and Productivity of Pineapple in India
State

Area
(‘000 ha)

Production
(‘000 tons)

Productivity
(t/ha)

West Bengal
Assam
Kerala
Bihar
Nagaland
Tripura
Meghalaya
Karnataka
Manipur
Arunachal Pradesh
Others

11.5
14.0
13.5
4.0
2.9
3.7
9.2
2.0
10.0
7.3
15.0

322.00
216.10
202.50
100.50
82.90
82.70
81.70
75.20
69.90
32.00
250.50

28.00
15.40
14.90
25.10
28.60
22.30
8.90
37.50
7.00
4.40

Total

93.1

1516.00

19.21
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Table 2 Effect of sucker size on yield of Mauritius Pineapple
Size of
Sucker

Duration (days)
For flowering
For harvest

Fruit Weight
(kg)

500 g

195

650

1.49

750 g

194

346

1.51

1000 g

165

305

1.50

CD (0.05)

9.75

6.28

NS

Table 3 Planting materials - popular in different zones
Place

Variety

Type of
Planting Material

Size / Weight

Kerala

Kew, Mauritius

Suckers

500-1000 g

Bangalore

Kew

Slips

300-450 g

Suckers

500-600 g

Slips

350 g

Suckers

450 g

Suckers

500-750 g

(Assam)

Slips

300-400 g

Phillippines

Suckers

Medium to

Malaysia

Slips

Large Size

(Karnataka)
Coorg

Kew

(Karnataka)
Jorhat

Kew

Taiwan

Crowns

Peurto Rico

Slips

490-500 g

Australia

Slips

Medium size

Crowns
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Study of time and method of In Situ budding of Aonla in
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Aonla or Indian gooseberry (Emblica officinalis Gaertn) belonging to family
Euphorbiaceae, is one of the important nontraditional fruit indigenous to India. It is hardy,
prolific bearer and highly remunerative even without much care and can be successfully
grown in variable agroclimatic conditions including arid and semi arid regions. Due to its
numerous neutraceutical properties, it is also called 21st Century ‘Amrit Phal’. However,
it is mainly recognized for its exceptionally high vitamin ‘C’ Content (500- 1500 mg per
100 g) in different cultivars. Besides vitamin C, it is also rich in pectin, calcium, iron and
phosphorus. Aonla Cultivation is spreading throughout India except high hills. Rajasthan
is also one of the leading states in aonla production. Because of its wider adoptability and
high nutritive value, there is a lot of demand for quality aonla plants, The limiting factor for
starting aonla orchard has been non availability of good quality materials. Moreover,
establishment of long distance transport of budded aonla plants under arid condition is a
real challenge. Under such situations, in situ budding could be viable alternative to establish
aonla orchard successfully. Among different budding methods, patch budding is found to
be the most suitable and commercial vegetative propagation of aonla (Pathak et al., 1991).
As regards to time of budding, higher success rate has been reported when it is performed
during the month of July. The present study was therefore, initiated to standardize the time
and method of in situ budding in different varieties of aonla at CAZRI’s KVK demonstration
farm at Pali (Rajasthan) during 2007-08.
The study was conducted at Central Arid Zone Research Institute (CAZRI), Krishi
Vigyan Kendra, Pali Farm during 2007-08. The seeds were extracted from mature local
aonla fruits in the month of February – March. Seeds were sown in poly bags filled with
rooting mixture of sand, clay soil and FYM during 2nd week of July. The seedlings were
maintained with watering, weeding and plant protection measures for 5-6 months. These
root stock seedlings were transplanted in the field at 6x6 m spacing in month of February.
Normal cultural operations were performed after transplanting and special care was taken
to maintain proper moisture in root zone to maintain them in active growing condition
during the entire summer season. By mid June these rootstock seedlings attained buddable
stem thickness necessary for in situ budding. In situ budding was then performed by two
methods i.e. T and Patch budding at three intervals i.e. 15th June, 15th July and 15th August.
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Bud wood were collected from three commercial varieties Kanchan, Chakaiya and NA-7
from mother plant block of Horticulture farm, CAZRI Jodhpur. The experiment was laid
out in factorial RBD with three replications. There were four plants in each experimental
unit. Data was recorded on percent bud take at the end of 45 days of budding and analyzed
statistically.
The data on effect of variety, budding time and method on successful bud take per
cent and their respective angular transformed values are given in Table 1. Among different
time of budding, budding done in mid July (15 July) recorded highest mean bud take survival
(51.38%) irrespective of variety. Comparison of two budding methods revealed significantly
higher success (48.14%) by patch method as compared to (37.95 %) by ‘T’ method. Likewise
budding success was significantly influenced by variety. The variety Chakaiya recorded
highest bud take in both the methods i.e. 49.99 % and 58.33 % in T and patch method
respectively. Least budding success was observed in the variety Kanchan in both the methods.
Highest bud take success (66.66 %) was noted in the variety Chkaiya by patch method,
though the interaction of variety and time of budding was found to be non-significant.

Table 1. Effect of variety, time and method of budding on percent success in
aonla (Emblica officinalis Gaertn)
Method (M1)(% Success)
Time

Kanchan Chakaiya

NA-7

Method (M2)(% Success)
Kanchan Chakaiya

Mean

NA-7

15 June (T1)

25.00
(30)

41.66
(40)

33.33
(35)

41.66
(40)

50.00
(45)

41.66
(40)

38.88
(38.33)

15 July (T2)

41.66
(40)

58.33
(50)

41.66
(40)

41.66
(40)

66.66
(55)

58.33
(50)

51.38
(45.83)

15August (T3)

25.00
(30)

50.00
(45)

25.00
(30)

41.66
(40)

58.33
(50)

33.33
(35)

38.88
(38.33)

30.55
(33.33)

49.99
(45)

33.33
(35)

41.66
(40)

58.33
(50)

44.44
(41.66)

43.03
(40.83)

Mean

37.95
(37.77)
Note: Figures in parenthesis are angular transformed values
CD ( P= 0.05)
Variety - 5.669
Method – 4.63
Time of budding – 5.669

48.14
(43.88)
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Higher success of patch budding may be attributed to larger bark area and more
cambium contact as compared to ‘T’ budding. This is in close conformity with earlier
report by Kumari et al. (2004) in aonla. The fact that budding done in July showing
significantly higher success, may be correlated with favourable environmental condition
with respect to temperature and relative humidity that remained high during this period.
The role of high humidity for increased bud sprouting has been emphasized by Hartman
and Kester (1986). Effect of environmental factors is mediated through enzyme activity by
cell division and elongation leading to shoot primordial formation. These observations
corroborate the findings of Tripathi and Kumar (2004) in Bael and Nath et al. (2000) in
Ber.
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Pomegranate (Punica granatum) belonging to the family punicaceae is one of the
favorite table fruits of tropical and subtropical regions. Fruit is native of Iran and is
extensively cultivated in Mediterranean countries like Spain, Morocco, Egypt, Iran,
Afghanistan and Baluchistan. Pomegranate is commercially grown for its sweet-acidic
taste. The fruits are nutritionally rich mainly used for dessert purposes. As a cultivated crop
pomegranate is grown in many states of India like Maharashtra, Gujarat, Rajasthan, Uttar
Pradesh., Haryana, Andhra Pradesh, Karnataka and Tamilnadu and to a limited extent in
Jammu and Kashmir, Himachal and Uttarakhand. Three North West Himalayan states
(Jammu and Kashmir, Himachal and Uttarakhand) also have an enormous potential for its
commercial exploitation due to its hardy nature, low maintenance cost, steady and high
yield, fine and therapeutic value, better keeping quality and possibilities to thrive when
irrigation potential is generally low. In India pomegranate consists area of 122.2 (000 ha),
858.1 MT production and 7.0 MT/ha productivity (NHB, 2008) but in sub temperate and
temperate regions (J & K, H.P. and Uttarakhand) area under pomegranate cultivation is
very meager, attributed to very low production, productivity due to unavailability of quality
planting material, standard techniques of propagation despite the vast potential of cultivation
and plenty of availability of land. Only sporadic cultivation of “Anardana” and wild types
of seedling origin pomegranate in practiced. Propagation of pomegranate by cutting has
been tried by several workers with varying level of success in different ecological regions
and multiplication by cuttings is considered as most popular method for its vegetative
propagation (Purohit & Shekharappa, et al, 1985,; Baghel & Saraswat et al, 1989; Deol &
Uppal et al, 1990; Ghosh, 2001 and Dhillon & Sharma. et al, 2002). However, most of the
workers hav reported superiority of hardwood cutting and treatment of IBA. Moreover,
method of air-layering is not feasible under temperate region due to uncongenial weather
conditions, and propagation by cutting had poor response under open conditions. Considering
these facts, there was a need to analize appropriate rooting media for propagation and mass
multiplication.
Investigation was carried out at Central Institute Temperate Horticulture, Srinagar
during 2008-09 and 2009- 2010. Cuttings of Pomegranate cv. Dholka, collected from five-
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year-old mother plants. Size of cutting was 14-16 cm with 1.0 ± 0.2 cm diameter. The
treatments comprised of three type of cutting, i.e. hard wood cutting Semi hard wood and
soft wood cuttings seven types of rooting media (Soil+FYM 80:20, Soil+FYM+Cocopeat
60:20:20, Soil+FYM+Sand+Poultry 60:20:10:10, Soil+FYM+Vermiculite+Poultry
60:20::10:10, Soil+FYM+Vermiculite+Poultry+Sand 50:20:10:10:10, Soil+Sand 50:50 and
Soil as control. Cuttings of more than eleven months old-were considered as hard wood, 78 month as semi hard wood and 4-6 months as soft wood. All cuttings were treated with
fungicide and soil drenching by formalin (0.5%) was also done uniformly for all the
treatments in order to avoid fungal infection. The cutting were planted in black polybags of
20 x 10 cm size filled different rooting media and placed under mist unit. Irrigated regular
intervals through mist system. The time taken in sprouting of cuttings after transplanting in
polybags was recorded among treatments. In general, after 60 days of transplanting sprouting
was completed in all the treatments; thus percentage sprouting was recorded. From rooted
cuttings, 10 cuttings were selected for recording observations on number of roots and length
of roots per cutting under different treatments. Experiment was laid out in factorial
completely randomized design with three replications. Forty cuttings per treatment were
considered as treatment unit. The data (average of two years) was statistically analyzed
using FRBD by Online Statistical Analysis Package (OPSTAT, Computer Section, CCS,
Haryana Agricultural University, Hissar).
Among three types of cuttings, semi-hardwood cutting sprouted (78.23 days) little
earlier, than soft wood (78.19) and hardwood cutting (83.71). But a definite trend was
observed in spouting of cutting with use of different types of rooting media and lowest
number of days (71.66) taken to sprout by Soil+Sand 50:50 media. Treatments and types of
cutting interaction, lowest number of days (60) for sprouting taken by semi-hard wood
cutting with Soil+Sand (50:50) rooting media (Table 1). Main reason involved in the efficient
performance of sand is internal high temperature of the medium and proper aeration, which
causes quick sprouting. There was significant difference in percentage sprouting between
all three types of cuttings (table1). The higher percentage of sprouting was obtained in
semi-hardwood cuttings (77.61%), than hardwood cuttings (63.28%), and soft wood cutting
(48.10%). Among different treatments, highest sprouting (70.11%) of semi-hardwood
cuttings was obtained by Soil+Sand (50:50) rooting media, followed by (69.88%) in
Soil+FYM+Vermiculite+Poultry+Sand (50:20:10:10:10) and minimum in cost of only Soil
(control) media (51.66%). In various treatments and types of cuttings interaction, highest
sprouting percentage (95%) recorded by semi-hard wood cutting with Soil+Sand (50:50)
rooting media (Table 1). Maximum sprouts per cutting were recorded in semi-hard wood
types of cutting (7.42%) as compared to soft wood cutting (3.81%), where as hard wood
cutting 3.52%. Among various rooting media maximum sprouts per cutting (6.22) was
recorded with Soil+Sand (50:50) followed by Soil+FYM+Cocopeat (60:20:20) i.e., 5.55
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and minimum in control Soil i.e. (10.00) 2.77. Types of cuttings and treatments interaction,
maximum sprouts per cutting counted in semi-hardwood cutting with Soil+Sand (50:50)
rooting media (Table 2). Maximum sprout length measured in semi-hardwood cutting
(4.95cm) followed by hardwood (4.0cm) and soft wood (3.95cm). Among treatments
maximum sprout length (5.66cm) recorded in Soil+FYM (80:20) rooting media, followed
by Soil+Sand (50:50) i.e., 4.44cm and shortest in soil (control) media i.e., 2.88.cm Among
treatment and types of cuttings, mean interaction maximum sprout length measure in semihard wood cutting with Soil+FYM (80:20) media (Table 2). The reason for best performance
of this media is high organic matter, N and P content. Decomposed organic matter improves
pore spaces, water holding capacity and microbial activity that result in maximum shoot
growth (Wazir et al, 2004). Similar trend was recorded in primary root length, highest
primary root length measured in semi hard wood types of cutting (4.85cm) followed by
hardwood (4.00cm) and soft wood (3.95cm) type of cuttings (Table 3). Among treatments
maximum root length (5.44cm) recorded in Soil+Sand (50:50) rooting media followed by
(4.11cm) in Soil+FYM+Sand+Poultry (60:20:10:10), (4.00cm) in Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10) as compared to Soil (control) (2.33). However, the
interactions among the types of cuttings and treatments, semi -hard wood type of cutting
with Soil+Sand (50:50) rooting media had given best response (8.00cm).
Length of secondary roots also differs significantly in all the types of cuttings. aximum
secondary root length was recorded in semi-hard wood type of cutting i.e. (26.19cm) followed
by hardwood (20.81cm) and soft wood (15.81cm). Among treatments highest value for
secondary root length (23.55cm) was recorded in Soil+Sand (50:50) as compared to Soil
(control) i.e., 18.33cm. Rooting media and type of cutting interaction means showed longest
secondary root length (32.00cm) in semi-hardwood type of cutting with Soil+Sand (50:50)
media (Table 3). Among three types of cuttings, in semi-hardwood cutting longest root
recoded i.e., (22.33cm) followed by hard wood (16.31cm) and soft wood (10.76cm) but
there was also clear cut trend in length of roots with use of different types of rooting media,
and longest (18.22cm) was measured in Soil+Sand (50:50) rooting media then control
(13.33cm). In various treatments and types of cuttings interaction, longest root length (28cm)
was measured in semi-hardwood cutting with Soil+Sand (50:50) rooting media (Table
4).Similar trend was also found in root diameter and maximum root diameter was recorded
in semihard wood types of cutting i.e., (1.23cm) followed by hardwood (0.538cm) and soft
wood (0.405cm). In various treatments maximum root diameter (0.872cm) was recorded in
Soil+FYM (80:20) followed by Soil+FYM+Vermiculite+Poultry 60:20: 10:10,
Soil+FYM+Vermiculite+Poultry+Sand 50:20:10:10:10 i.e., 0.778cm as compared to Soil
(control) i.e. 0.567cm (Table 4). Among treatments and types of cuttings mean interaction,
maximum root diameter (1.75cm) was recorded in semi-hard wood cutting with Soil+FYM
(80:20) media. Only reason for the maximum root diameter was the availability of essential
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nutrient at surface of the medium so for effective absorption the plants had to produce more
roots. These results were similar to that of Merrow (1995). Mean root length was maximum
(10.00cm) in semi-hard wood type of cuttings and among all rooting media, maximum
mean root length (7.55cm) was recorded in Soil+Sand (50:50) as compared to control i.e.,
6.55cm. Treatments and types of cuttings mean interaction, maximum mean root length
(10.00cm) recorded in semi-hard wood cutting with Soil+FYM (80:20) media (Table 5).
Survival of rooted cutting was also found maximum in those cuttings which are from semihardwood type. Maximum survival was observed in semi-hard wood type of cuttings (77.90)
followed by hardwood (63.81) and softwood (58.71). Among rooting media maximum
survival was recorded in Soil+FYM (80:20) i.e., 70.88%, followed by Soil+Sand (50:50)
i.e 68.44% as compared to Soil (control) i.e., 64.11%. Among treatment and types of cuttings
mean interaction, maximum survival of rooted cuttings (90.00%) recorded in semi-hard
wood cutting with Soil+FYM (80:20) media (Table 5). High survival of rooted cuttings in
these soil media reflected the fact, that these combinations might have provided favorable
physical conditions and sufficient nutrients to the cuttings, needed for activating enzymatic
and biochemical processes (Wazir et al, 2003). Semi-hardwood cuttings produced better
rooting response than hardwood and softwood type of cuttings in all the treatments and
differences were significant (Table 1-5). These results are in contrary with (Baghel and
Saraswat, 1989, and Ghosh et al, 1990), where they reported hardwood cuttings were
generally superior to semi-hardwood cuttings. This indicated that, the physiological maturity
and condition of cuttings are more important. Sprouting of cuttings mainly depends upon
the physiological maturity of the shoots, and the conditions where cuttings have been planted
for sprouting and subsequent rooting but some of the sprouted cutting failed to survive
without producing roots (Purohit and Shekhrappa, 1981). The variable response may be
due to differences in endogenous levels of various metabolites and hormones in both types
of cuttings.
Best performance of the rooted cuttings in the medium containing Soil+FYM (80:20)
and Soil+Sand (50:50) may be due to nutritionally better conditions, containing organic
material and efficient performance of sand is due to internal high temperature of the medium
and proper aeration, which causes quick sprouting that resulted in maximum survival, sprout
length, root diameter, number of leaves per cutting, longest root, maximum sprouting and
minimum days to sprout. Mathad and Nalwadi (1989) reported that decomposed organic
material improve soil fertility by increasing soil aeration, water holding capacity and water
infiltration and lower surface crusting. Similarly, poor performance of rooted cuttings in
field soil (control) may be due to nutritionally poor medium, lacking in organic material,
low aeration, that resulted in minimum survival, sprout length, root diameter, number of
leaves per cutting thereby reducing the plant survival and growth.

79.190

Means

Types of cuttings× Treatments

5.022

1.4365

SE(d)

2.4881

1.7593

0.6650

1.0157

88.000

71.667

80.889

80.444

80.111

82.111

79.444

Mean

63.286

56.667

62.333

66.333

66.333

67.000

61.667

62.667

5.603

2.1176

3.2347

C.D.

77.619

65.000

95.000

82.333

79.000

75.667

74.000

72.333

Types of cuttings× Treatments

Treatments

Sprouting (%)

2.7756

1.0491

1.6025

SE(d)

48.810

33.333

53.000

61.000

56.000

51.000

44.333

43.000

Hardwood
Semi
Softwood
Cutting hardwood Cutting
Cutting

Types of cuttings

83.714

86.333

83.000

80.333

78.667

86.667

90.333

80.667

Softwood
Cutting

SE(m)

78.238

87.667

60.000

82.000

87.333

79.000

74.000

77.667

0.9404

90.000

Soil (control)

1.8983

72.000

Soil+Sand (50:50)

Treatments

80.333

Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10)

2.8997

75.333

Soil+FYM+Vermiculite+Poultry
(60:20::10:10)

Types of cuttings

74.667

Soil+FYM+Sand+Poultry
(60:20:10:10)

C.D.

82.000

Soil+FYM+Cocopeat (60:20:20)

Factors

80.000

Hardwood
Semi
Cutting hardwood
Cutting

Soil+FYM ( 80:20)

Treatment

Days to sprouting

Table 1. Effect of types of cutting and rooting media on days to sprouting and sprouting percentage of
pomegranate cuttings

1.9626

0.7418

1.1331

SE(m)

51.667

70.111

69.889

67.111

64.556

60.000

59.333

Means
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1.333
3.524

Soil (control)

Mean

Types of cuttings× Treatments

1.959

0.7404

3.667

Soil+Sand (50:50)

Treatments

2.667

Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10)

1.1310

3.667

Soil+FYM+Vermiculite+Poultry
(60:20::10:10)

Types of cuttings

4.333

Soil+FYM+Sand+Poultry
(60:20:10:10)

C.D.

5.333

Soil+FYM+Cocopeat (60:20:20)

Factors

3.667

0.9705

0.3668

0.5603

SE(d)

0.6862

0.2594

0.3962

2.778

6.222

5.111

5.222

5.000

5.556

4.556

Mean

4.000

2.000

5.333

4.333

4.333

4.667

3.333

4.000

Types of cuttings× Treatments

Treatments

Sprout Length (cm)

2.128

0.8042

1.2285

C.D.

4.952

3.000

5.000

3.000

6.000

4.667

4.000

9.000

1.0541

0.3984

0.6086

SE(d)

3.952

3.667

3.000

4.667

5.000

3.000

4.333

4.000

Hardwood
Semi
Softwood
Cutting hardwood Cutting
Cutting

Types of cuttings

3.810

2.000

5.000

4.000

5.333

3.000

4.000

3.333

Softwood
Cutting

SE(m)

7.429

5.000

10.000

8.667

6.667

7.667

7.333

6.667

Hardwood
Semi
Cutting hardwood
Cutting

Soil+FYM (80:20)

Treatment

Sprout/Cutting (No.)

0.7454

0.2817

0.4303

SE(m)

2.889

4.444

4.000

5.111

4.111

3.889

5.667

Means

Table 2. Effect of type of cutting and rooting media on number sprout/cuttings and sprout length of pomegranate
cuttings
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2.000
4.000

Soil (control)

Mean

Types of cuttings×Treatments

2.138

0.8080

5.333

Soil+Sand (50:50)

Treatments

4.333

Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10)

1.2343

4.333

Soil+FYM+Vermiculite+Poultry
(60:20::10:10)

Types of cuttings

4.667

Soil+FYM+Sand+Poultry
(60:20:10:10)

C.D.

3.333

Soil+FYM+Cocopeat (60:20:20)

Factors

4.000

1.0591

0.4003

0.6115

SE(d)

0.7489

0.2831

0.4324

20.810

2.333

5.444

4.000

5.111

4.111

3.889

5.000

Mean

26.190

19.333

20.667

20.667

19.333

21.000

23.000

21.667

Types of cuttings×Treatments

Treatments

Secondary root length

3.316

1.2533

1.9144

C.D.

15.810

23.000

32.000

25.000

24.667

24.667

26.667

27.333

1.6427

0.6209

0.9484

SE(d)

12.667

18.000

16.667

18.333

15.000

16.000

14.000

Hardwood
Semi
Softwood
Cutting hardwood Cutting
Cutting

Types of cuttings

3.952

3.667

3.000

4.667

5.000

3.000

4.333

4.000

Softwood
Cutting

SE(m)

4.857

1.333

8.000

3.000

6.000

4.667

4.000

7.000

Hardwood
Semi
Cutting hardwood
Cutting

Soil+FYM ( 80:20)

Treatment

Primary root lenghth (cm)

1.1616

0.4390

0.6706

SE(m)

18.333

23.556

20.778

20.778

20.222

21.889

21.000

Means

Table 3. Effect of type of cuttings and rooting media on primary root length and secondary root length of
pomegranate cuttings
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14.000
16.381

Soil (control)

Mean

Types of cuttings× Treatments

2.739

1.0353

17.000

Soil+Sand (50:50)

Treatments

16.000

Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10)

1.5814

16.333

Soil+FYM+Vermiculite+
Poultry (60:20::10:10)

Types of cuttings

16.000

Soil+FYM+Sand+Poultry
(60:20:10:10)

C.D.

18.000

Soil+FYM+Cocopeat (60:20:20)

Factors

17.333

1.3569

0.5129

0.7834

SE(d)

0.9595

0.3627

0.5540

0.538

13.333

18.222

17.111

17.111

16.111

17.444

16.111

Mean

1.231

0.567

0.567

0.500

0.567

0.533

0.533

0.500

Types of cuttings× Treatments

Treatments

Root diameter (mm)

0.208

0.0788

0.1203

C.D.

0.405

0.800

0.967

1.400

1.367

1.300

1.033

1.750

0.1033

0.0390

0.0596

SE(d)

0.333

0.467

0.433

0.400

0.433

0.400

0.367

Hardwood
Semi
Softwood
Cutting hardwood Cutting
Cutting

Types of cuttings

10.762

9.667

9.667

11.333

12.000

11.667

11.000

10.000

Softwood
Cutting

SE(m)

22.333

16.333

28.000

24.000

23.000

20.667

23.333

21.000

Hardwood
Semi
Cutting hardwood
Cutting

Soil+FYM ( 80:20)

Treatment

Longest root lenghth (cm)

0.0730

0.0276

0.0422

SE(m)

0.567

0.667

0.778

0.778

0.756

0.656

0.872

Means

Table 4. Effect of type of cuttings and rooting media on longest root length and root diameter of pomegranate
cuttings
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63.333
63.810

Soil (control)

Mean

Types of cuttings×Treatments

2.739

1.0353

62.667

Soil+Sand (50:50)

Treatments

63.333

Soil+FYM+Vermiculite+
Poultry+Sand (50:20:10:10:10)

1.5814

63.000

Soil+FYM+Vermiculite+
Poultry (60:20::10:10)

Types of cuttings

64.667

Soil+FYM+Sand+Poultry
(60:20:10:10)

C.D.

65.667

Soil+FYM+Cocopeat (60:20:20)

Factors

64.000

1.3569

0.5129

0.7834

SE(d)

0.9595

0.3627

0.5540

6.714

64.111

68.444

66.000

66.444

66.111

65.667

70.889

Mean

10.000

6.333

7.000

6.667

6.667

6.000

7.000

7.333

Types of cuttings×Treatments

Treatments

Root length (cm)

2.236

0.8453

1.2912

C.D.

5.524

8.333

10.000

9.333

10.333

8.000

9.000

15.000

1.1079

0.4188

0.6397

SE(d)

5.000

5.667

5.000

5.667

5.667

5.667

6.000

Hardwood
Semi
Softwood
Cutting hardwood Cutting
Cutting

Types of cuttings

58.714

58.333

59.667

58.667

59.000

58.667

58.000

58.667

Softwood
Cutting

SE(m)

77.905

70.667

83.000

76.000

77.333

75.000

73.333

90.000

Hardwood
Semi
Cutting hardwood
Cutting

Soil+FYM ( 80:20)

Treatment

Survival of rooted cutting (%)

0.7834

0.2961

0.4523

SE(m)

6.556

7.556

7.000

7.556

6.556

7.222

9.444

Means

Table 5. Effect of type of cuttings and rooting media on survival of rooted cutting and root length of pomegranate
cuttings
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Sweet and sour karonda (Carissa congesta) breed true to
mother and it is possible to differentiate them in nursery
S.H. Jalikop and Ravindra Kumar
Fruit Breeding Laboratory IV, Division of Fruit Crops,
Indian Institute of Horticultural Research, Bangalore, Karnataka 560089, India

Carissa congesta Wight (syn. C. carandas Auct.), popularly known as karonda or
Christ’s thirst, is indigenous to India and belongs to family Apocynaceae. It is an evergreen,
tropical shrub growing to a height of 3-5 m which produces ellipsoidal, edible fruits which
resemble grape berry in size and shape. It has attracted interest as a source of fruit and
medicinal plant. Fruits are good source of iron (39 mg/100g) and ascorbic acid (9 to 11 mg/
100g). The plants are very hardy, tolerant to drought and salinity (Bankar et. al., 1994),
once established require little or no attention. Thus it has an excellent potential to go as a
fruit crop of the neglected marginal wastelands of arid tracts.
Based on taste of ripe fruits, 2 types of karonda can be distinguished viz., sweet and
sour (Morton, 1987). The unripe fruits, of both the types are suitable for preparation of
pickles, sauces and chutney, but only the ripe fruits of sweet type can be consumed fresh or
used in the preparation of juice, carissa cream and jelly. The wine prepared from ripe
carissa berries contain about 15 percent alcohol (Nalawadi and Jaysheela, 1975). The milky
latex exudation of unripe berries is useful in the preparation of chewing gum and rubber
(Karale, 2002).
The berries of sweet karonda are relished for their good taste and characteristic flavor,
which are often eaten. Thus, sweet karonda is more suited as backyard or an orchard shrub
and the sour one is preferred as a hedge plant for its vigor, thorniness and not readily
consumable fruits. Propagation of karonda is possible from cuttings, air layers, grafting
and stooling (Morton, 1987; Misra and Jaiswal, 1993; Misra and Singh, 1990, Tyagi et al.,
1999; Rai and Misra, 2005). But such expensive propagation techniques are not essential if
a variety could be raised from the seeds without loss of genetic integrity.
Our objective in the present study was to know when whether open pollinated seeds
both sweet and sour-carissa breed true-to-type, and the possibility of discerning the two
types in the nursery based on morphological characteristics. Such findings will be helpful
in the seed propagation of this pomologically useful crop.
This investigation was carried out at the experimental farm of Indian Institute of
Horticultural Research, Bangalore from 2003 to 2007. In the Institute’s collection of ‘Less-
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known Fruits’ the seed origin plants of sweet and sour karonda were planted next to each
other, which exhibited similarity within-type for plant and fruit traits. The adult shrubs of
sweet and sour types are easily distinguishable based on leaf, fruit and seed traits. The
shrubs of sweet type have dark green, obovate, smooth and thick leaves, while the sour
once possess green, elliptic, relatively rough and thin leaves. The thorns were short and
thick in the sweet type but in sour one’s they were long and thin. The mature fruits of sweet
karonda were globular and black, while the fruits of sour karonda were oblong with a
reddish brown blush on the surface exposed to sun. The analysis of fruits revealed that
sweet type were high in TSS (240B) and low in total acids (0.61%) while sour ones were
low in TSS 160B with high fruit acidity (5.63%). Further, seeds of sweet types were larger
than the sour types.
In order to understand the level of purity and genetic stability of these two Carissas,
seedlings from the open pollinated seeds collected from 10-year old trees of sweet and sour
types were raised. For raising the seedlings, seeds extracted from the ripe fruits harvested
from 5-6 trees of sweet and sour Carissas were washed shade dried and sown separately in
1x 1m-raised beds made up of a mixture of red earth, compost and sand. A total of 2800
open pollinated seeds (1400 each of sweet and sour types) were sown separately. Beds
were regularly watered and maintained weed free. When the seedlings attained 105 days,
observations were recorded on 16 metric and morphological traits as indicated in Table 2.
Metric traits were recorded on 30 randomly selected seedlings while the morphological
traits were observed on 478 seedlings of sweet and 685 sour progeny. The seedling height
was recorded as the distance from the soil level to shoot tip. The internode length was
obtained by dividing the seedling height by number of nodes / seedling. Fifth and fourthleaf length and breadth were measured at the point they were maximum. The beds were
profusely watered and then the seedlings were carefully pulled out for studying the primary
(tap) and secondary roots. The primary root length was measured from the level at which it
was underground to root tip.

Seed germination:
It can be seen from Table 1 that the seed germination in general was better in sour
Carissa (48.92%) as compared to sweet type (34.14%).

Table 1. Seed germination per cent of sweet and sour carissa
Traits

Sweet carissa

Sour carissa

No. of seeds sown

1400

1400

No. of seeds germinated

478

685

34.14

48.92

Seed germination (%)
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Metric Traits:
A total of eight metric traits of both sweet and sour Carissas (Table 2) were studied
in the seedling stage. Significant differences at 1percent probability between sweet and
sour Carissas for seedling height, number of nodes, inter-nodal length, leaf size and number
of secondary roots were recorded. Sour Carissas were more vigorous with dense foliage.
The seedlings of sour types grew taller (8.34 cm), possessed more number of nodes (7.13)
with narrow inter-nodes (1.17 cm) and larger leaves (1.89 cm2) while the corresponding
mean values for sweet one’s were 7.00, 4.63, 1.51 and 1.37. Significantly higher mean leaf
length of sour Carissa was indicative of elliptic leaf shape of this type of Carissa. However,
the leaf shape became more clearer as the leaf matured. The dwarf nature of sweet Carissa
may be attributed to less number of nodes rather than inter-node length. Though no significant
difference was observed for mean primary root length between sweet (10.63 cm) and sour
(10. 74 cm) Carissas, differences existed for mean number of secondary roots. Mean number
of secondary roots was significantly more in sweet type (21.27) as against 17. 47 in sour
once. But it was interesting to note that the secondary roots of sour type were thicker and
longer than that of sweet type. The vigorous nature of sour Carissa seedlings may be
attributed to thick and long nature of secondary roots. Even in field the adult shrubs of sour
Carissa were found to grow vigorously.

Morphological traits:
These observations were made on all 478 sweet and 685 sour type seedlings except
the secondary root morphology which was observed on 30 uprooted seedlings. As mentioned
earlier, the morphology of leaves and thorns is distinctly different in the adult plants of
sweet and sour types. The expression of these traits was clearly noticed by us in 105-daysold seedlings (Fig 1A & B). This allow is to visually distinguish the sweet and sour types in
the nursery. We found the seedlings obtained from seeds of sweet types to possess uniformly
dark green, obovate, relatively thick but smooth leaves with acute leaf tip, while those
emerging from the seeds of sour types had green, elliptic, rough, thin leaves. As regards
development of thorns, in none of the sweet type seedlings thorns appeared at 105-day in
contrast at the same age about 90 percent of sour progeny had thorns, which might be due
to more vigorous nature of sour carissa. However, all seedlings of the sweet type developed
thorns after a couple of days. Sour types are suitable as protective hedge plant because of
their thornier nature.
Some seedlings of sweet and sour types were field planted for further observations.
Such of those plants that came to bearing confirmed the positive association between plant
morphology and the kind of fruit it produced. Thus it could be concluded that the sweet and
sour Carissas breed true-to-type and there was a good correspondence between the
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morphological traits noticed in the seedling stage and the type of fruit they yield as an adult
shrub.
Carissa flowers occur in cymose inflorescence and are composed of 5 each of sepals,
petals and anthers (Hooker, 1882). Close examination of flower structure of sweet and sour
Carissas revealed that it is a complete, perfect, perigynous flower with an inferior ovary
(Fig 1C&D). The flower structure does not encourage cross-pollination to take place, as
the ovary and short stamens are located inside the tubular corolla. The anthers almost cover
the stigma inside the narrow tube whose extremely small opening, and self-pollination
becomes almost obligatory. This conservative mechanism possibly might have made the
sweet and sour Carissas to maintain their genetic integrity. Further, lack of inbreeding
depression as indicated by the absence of weaklings in the seedling population showed that
the Carissa has adapted itself for self-pollination.
According to Hartmann and Kester (1989) seedling propagation is the most efficient
and economical method of propagation as long as genetic variability can be controlled
within acceptable limits. The well established root system of seed originated plants not
only provide good anchorage but also enable them to exploit soil moisture better which is
most important in arid zone crops. Bankar (1987) noted that the seed germination of Carissa
can be improved by soaking the seeds for 24 h in 100 ppm in GA3. In the present study we
observed even though the sweet and sour Carissas were growing in close proximity, they
produced pure seeds true to their mothers. Moreover without any treatment the seeds
exhibited moderately good seed germination. Hence this should encourage farmers and
nurserymen to go in for seed propagation of sweet or sour Carissa instead of expensive
vegetative propagation through cuttings and air-layers.
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Table 2. Seedling attributes of sweet and sour carissa
Traits

Sweet carissa

Sour carissa

‘t’ value

Metric traits
1. Seedling height (cm)

6.996 + 0.216 8.343 + 0.253

4.130**

2. No. of nodes

4.633 + 0.139 7.133 + 0.171

11.32**

3. Internodal length (cm)

1.513 + 0.035 1.171 + 0.033

7.357**

a. 3rd leaf

2.013 + 0.069 2.243 + 0.064

2.427**

b. 4th leaf

1.933 + 0.081 2.087 + 0.069

1.159ns

c. Mean

1.973 + 0.073

2.15 + 0.064

1.814**

a. 3rd leaf

0.983 + 0.028 1.183 + 0.032

4.630**

th

0.953 + 0.044 1.086 + 0.034

2.371**

0.96 + 0.033

1.135 + 0.039

3.789**

a. 3rd leaf

1.389 + 0.081 1.994 + 0.104

4.579**

b. 4th leaf

1.357 + 0.091 1.179 + 0.123

2.748**

c. Mean

1.373 + 0.081

3.751**

4. Leaf length (cm)

5. Leaf breadth (cm)
b. 4 leaf
c. Mean
2

6. Leaf area (cm )

1.887 + 0.11

7. Primary root length (cm)

10.626 + 0.493 10.743 + 0.246

0.211ns

8. No. of secondary roots

21.266 +1.459 17.466 +1.143

2.058**

Morphological traits
1. Leaf colour

Dark green

Green

2. Leaf shape

Obovate

Elliptic

3. Leaf base

Acute

Acute–Obtuse

4. Leaf tip

Acute

Acute

Smooth

Rough

6. Leaf thickness

Thick

Thin

7. Thorns

Absent

Present *

Thin & short

Thick & long

5. Leaf surface

8. Secondary roots

Each value represents mean + SE of 30 seedlings
*= Except in 3 seedlings; ** p= 0.01; ns = not significant
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A

B

C

D

A = Sweet carissa seedling,
C = Carissa flower,

B = Sour carissa seedling,
D = cross section of a flower (not to scale).
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Scion genotype and root stock interaction on graft success
and growth of composite plants of superior apple cultivars
Biswajit Das, Hare Krishna, N. Ahmad*, J. K. Ranjan and Pragya
Central Institute of Temperate Horticulture (CITH)-Regional Station, Mukteshwar-263 138(UK),
*CITH, Srinagar. 1E-mail: biswajitsom_dr@yahoomail.com

Apple is prime temperate fruit crop grown in Uttarakhand state with a total production
of 130630 MT over an area of 32 thousand hactre and productivity of 4.0 MT/ha
(Anonymous, 2010). However, this production and productivity trend is much lower in
comparison to Jammu & Kashmir and Himachal Pradesh. This is viewed mainly because of
old and senile orchards, dominance of old sour type cultivars such as Fenny, Early Shanburry
or Buckingham, and slow rate of replanting and area expansion with superior apple cultivars
in the state. Another aspect which has been observed in the mid-high altitude belt of the
state is, fulfillment of insufficient chilling hours due to drastic fluctuation in winter
temperature, and a sudden rise in temperature at late winter and early spring. Further, ‘Red
Delicious’ and ‘Royal Delicious’ cultivars are presently showing erratic trend in flowering,
fruit set and production especially in traditional apple growing areas of the state. Selection
of suitable cultivars with superior fruit quality, and production of quality planting materials
of these cultivars on superior root stocks are very important to sustain apple cultivation in
temperate zone of Uttarakhand. However, limited availability of quality planting materials
of these superior apple cultivars restricted replantation and area expansion under apple in
the state. Root stocks always have a significant effect on the composite plant growth (Talaie
et al, 2000) and moreover, scion genotypes such as spur type or non-spur type also regulate
ultimate growth habit of the plant and bearing habit as well as fruit quality. Though
standardized grafting methods are available, grafting plants on clonal root stocks are not
available for developing high density plantation system. In the present study, suitability of
clonal and crab apple seedling root stocks for these spur and non-spur type cultivars with
different maturity period was studied. A study like this shall pave way for production of
quality planting material of a wide range of apple cultivars.
The experiment was carried out at Central Institute of Temperate Horticulture, (CITH),
Regional Station, Mukteshwar, situated at an altitude of 2200 m above msl, during the
years 2006-2010. Three years evaluation data on 10-12 years old plants of different apple
cultivars were generated to classify these apple cultivars under different maturity groups.
Data recorded on fruit quality parameters included fruit length (cm), fruit diameter (cm),
fruit weight (g) and TSS (0B). Fruit skin colour was scored on the basis of linear scale of 1
(>25% skin colour) to 4 (<75% skin colour). Days from full bloom to harvest (DFBH) was
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calculated on the basis of ease of fruit separation from the spur attachment. Fruit yield was
recorded as kg/tree. Two years propagation data was generated for interpreting the effect of
root stock on graft success, and successive growth of grafted apple plants. Scion woods for
grafting were collected from marked mother trees of selected apple cultivars, spur and nonspur type with different maturity groups. Crab apple seeds were raised as per the procedures
described by Hartmen et al (2007), whereas, clonal root stocks viz., M 9, and MM 111 were
multiplied by stooling. Root stocks with 10-12 mm diameter were selected for grafting.
Tongue grafting as a standardized method was employed during first to third week of
February. Data on grafting success (%) and composite plant height (cm) of one year old
plants were recorded. Plant diameter (mm) below graft union, at graft union and above
graft union was recorded to examine uniformity of graft union. Disease and insects were
managed as per the recommendations. Data were analyzed in RBD with 3 replication and
20 grafted plants were taken per replication.
All spur and non-spur type apple cultivars were grouped under different maturity
group viz., early, early-mid and mid-late on the basis of harvest time (Table 1). Harvest
maturity differed significantly amongst different cultivars viz., ‘Shlomit’, ‘Maayan’,
‘Michal’, ‘Vance Delicious’, ‘Mollie’s Delicious’, ‘Prima’, ‘Summer Red’, ‘Tydeman’s
Early Worcester’ and ‘Red Gold’, took on an average 98.7 to 114.0 days to harvest from
full bloom (early maturity group). Cultivars ‘Well Spur’, ‘Starkrimson’, ‘Spur Type Red
Delicious’, ‘Sky Line Supreme’, ‘Oregon Spur’ and ‘Red Chief’ which took 117.5 to 123.5
days to harvest from full bloom and were grouped as early to mid maturing. Whereas, mid
to late maturing cultivars viz., ‘Rich-a-Red’, ‘Stark Spur Golden’, ‘Golden Spur Delicious’
and ‘Golden Delicious’ were harvested 130.7-145.0 days after from full bloom. All these
cultivars, were having good fruit quality in terms of fruit weight (121.0-199.0g), fruit
length (5.3 -7.4 cm), fruit diameter (6.0-8.0 cm), TSS (11.1-13.0 0B), fruit colour (3.3-4.0
score) and fruit yield (61-88 kg/tree). Fruit quality at harvest for different superior apple
cultivars have also been reported in these ranges in Himachal Pradesh. (Anonymous, 2003).
Selection of mother cultivars having early and mid harvest maturity period is important as
planting materials of this group are more in demand for mid and high hills of Uttarakhand.
Data on vegetative growth of one year old composite apple plants (Table 2 and 3)
show that all the apple cultivars resulted in higher graft success (70.3 to 91.4%) with mean
values of 85.5, 83.2 and 79.3 % in spur type and 83.8, 76.0 and 79.1 % in non-spur type
cultivars on seedling, M 9 and MM 111 root stocks, respectively. Spur type cultivars (Table
2) on seedling root stocks recorded higher plant height (123.1 cm), in comparison to clonal
root stocks viz., M 9 (82.4 cm) and MM 111 (107.5 cm). However, plant diameter below
the graft union were recorded to be higher in case of M 9 (13.6 mm) and MM 111 (13.7
mm) than on seedling (12.9 mm). Diameter at the graft union was14.0, 14.8 and 14.6 mm
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on the respective root stocks. However, there was no significant difference in diameter of
scion stocks just above graft union (12.1, 12.1 and 12.2 mm) on all the three root stocks.
Non-spur type cultivars (Table 3) when grafted on seedling, M 9 MM 111 root stocks,
average plant heights were 128.0, 97.1 and 113.9 cm, respectively and the respective stock
diameters below the graft union were 12.7, 14.6 and 14.2 mm. Graft union diameters were
14.2, 15.6 and 15.8 mm. Average diameters of non-spur scion stocks just above the graft
union were 11.8, 12.3 and 12.5 mm on respective root stocks. Data (Table 2 and 3) reveal
that grafted plant height was more in case of crab apple seedlings as root stock irrespective
of cultivar type in comparison to clonal root stocks, M 9 (dwarfing) and MM 111 (semi
vigorous), though spur type cultivars recorded slightly lesser height than non-spur type.
This may be due to genetic nature of spur type cultivars which show reduced growth habit
than the non spur type cultivars. Shorter shoot inter nodal length at early growth stage of
spur/compact type cultivars were considered to be characteristic feature (Visser et al, 1971
and Poll, 1974). Lesser scion growth on dwarfing clonal root stock like M 9 has also been
reported by Talaie et al (2000) and Atkinson et al (2000). Tworkoski and Miller (2007)
also reported that root stock-scion interaction had more influence on tree growth rate in
young stage and results in a wide range of growth habits on clonal and seedling root stocks.
Similarly, Yildirim and Kankaya (2004) recorded significant difference between apple
cultivars in terms of plants height and shoot diameter on M 9 root stocks. Higher graft
success, better growth and relatively uniform diameter at, above and below the graft union
indicated better compatibility for all apple cultivars grafted on crab apple seedlings and
clonal root stocks viz., M 9 and MM 111. The present findings on scion cultivar quality as
well as better composite plant growth depending upon scion and root stock interaction
indicate that all the cultivars exanined are suitable for production of quality planting materials
on these root stocks.

Cultivar

—

Spur

121.0-190.5

Fruit
weight(g)

Mid-Late maturing
Golden Delicious,
Golden Spur 184.6-199.0
Rich-a –Red
Delicious,
Stark Spur
Golden

Early-Mid maturing
Sky Line Supreme
Well Spur,
183.0-193.2
Starkrimson,
Spur Type
Red Delicious,
Oregon Spur,
Red Chief

Early maturing
Shlomit, Maayan,
Michal, Vance
Delicious, Mollies
Delicious, Prima,
Summer Red,
Tydeman’s Early
Worcester, Red Gold

Non-Spur

6.6-7.4

6.6-7.4

5.3-7.3

Fruit
length(cm)

7.2-8.0

6.9-7.7

6.0-7.7

Fruit
dia.(cm)

12.2-13.0

12.6-12.9

11.1-12.5

TSS
(0B)

3.3-4.0

3.6-4.0

3.2-4.0

Fruit
Colour (Score)

61.0-88.0

Yield
(kg/tree)

130.7-145.0 66.0-72.3

117.5-123.5 73.6-82.0

98.7-114.0

DFBH

Table 1. Fruit quality, harvesting time and yield record of selected apple cultivars
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81.0

86.2

83.2

83.6

84.9

85.4

85.5

Golden Spur

Stark Spur

Oregon Spur

2.6

81.7

Spur Type Red 88.7
Delicious

CD (P=0.05)

84.7

81.3

Well Spur

3.4

80.3

80.4

85.4

Red Chief

88.6

M9

89.7

Seedling

3.3

3.3

79.3 123.1

81.3 124.1

77.1 122.1

78.9 123.4

75.6 119.2

78.8 120.3

81.9 122.4

82.0 130.2

2.3

4.1

82.4 107.5

83.2 109.3

82.6 101.5

76.4 104.2

82.9 104.4

82.1 107.3

83.4 109.4

0.6

12.9

12.6

12.9

12.6

13.2

12.5

13.4

13.7

0.7

13.6

13.6

13.1

12.8

14.2

13.7

13.8

14.3

M9

0.7

13.7

13.9

12.7

13.5

14.1

13.9

13.4

14.1

0.6

14.0

13.7

13.8

13.7

14.3

13.8

13.9

15.1

0.7

14.8

15.6

14.1

13.9

15.5

14.7

14.6

15.2

M9

0.6

14.6

15.2

13.6

14.1

15.0

14.8

14.3

15.2

0.6

12.1

12.2

11.8

11.7

12.4

11.7

12.6

12.1

1.0

12.1

13.3

11.4

11.1

12.5

11.9

12.1

12.1

M9

0.7

12.2

13.5

11.9

11.2

12.4

12.2

11.9

12.6

MM 111

Above the graft union

MM 111 Seedling

Plant Diameter (mm)
At the graft union

MM 111 Seedling

Below the graft union

MM 111 Seedling

86.4 116.4

M9

Plant height (cm)

MM 111 Seedling

Grafting Success (%)

Starkrimson

Cultivar

Table 2. Vegetative growth parameters of grafted spur types apple cultivars on seedling and clonal root stocks
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81.6

89.2

76.1

77.8

79.0

81.4

85.8

84.4

88.3

86.1

83.8

Mollies
Delicious

Shlomit

Maayan

Michal

Prima

Summer Red

Rich-a-Red

Tydeman’s
Early

Red Gold

Golden
Delicious

Mean

2.6

85.4

Vance
Delicious

CD (P=0.05)

91.4

Seedling

3.3

76.0

76.1

70.3

73.5

82.4

72.3

75.4

73.2

72.7

75.3

81.5

79.4

80.6

M9

94.2 110.2

94.5 107.0

90.4 109.4

99.3 118.3

97.6 113.6

98.3 110.1

97.2 114.6

96.4 115.3

3.4

3.3

79.1 128.0

3.2

2.3

97.1 113.9

79.0 129.8 101.3 117.0

77.3 128.9

76.9 124.4 100.5 119.6

84.5 130.7

78.2 128.0

79.4 127.4 94.7.5 113.1

76.6 126.9

74.6 124.9

81.4 127.6

79.2 128.1

80.6 129.4

0.6

12.7

12.4

12.8

12.7

13.4

13.2

12.3

12.3

12.1

12.3

12.5

13.7

13.4

0.7

14.4

14.6

14.6

14.4

14.2

14.4

14.5

14.2

14.3

14.5

14.5

14.4

14.2

M9

0.7

14.6

14.4

14.7

14.6

14.6

14.5

14.7

14.6

14.8

14.5

14.7

14.6

14.5

0.6

14.2

13.9

13.5

14.8

14.5

14.6

13.8

13.5

13.8

13.7

13.9

14.9

15.2

MM 111 Seedling

Below the graft union

MM 111 Seedling

82.5 130.2 100.4 119.4

M9

Plant height (cm)

MM 111 Seedling

Grafting Success (%)

Skyline
Supreme

Cultivar

0.7

15.6

16.3

15.4

15.6

15.7

15.8

15.3

15.6

15.6

15.4

15.9

15.6

15.7

M9

0.6

15.8

16.7

15.4

16.5

15.6

15.4

15.6

15.5

15.4

15.6

15.9

15.7

15.9

0.6

11.8

11.4

11.9

11.8

12.6

12.1

11.5

11.4

11.5

11.7

11.6

13.4

11.8

0.7

12.3

12.3

12.2

12.4

12.5

12.2

12.4

12.5

12.5

12.3

12.5

12.3

12.4

M9

0.6

12.5

12.0

12.6

12.5

12.7

12.0

12.2

12.4

12.4

12.6

12.9

12.6

12.7

MM 111

Above the graft union

MM 111 Seedling

Plant Diameter (mm)
At the graft union

Table 3. Vegetative growth parameters of grafted non-spur apple cultivars on seedling and clonal root stocks
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Exploitation of apomixis to produce of planting material in
fruit crops
T.N. Balamohan, G. Karunakaran, and A.Thirugnanavel
Department of Fruit Crops,
Horticulture College & Research Institute,
TNAU, Coimbatore, Tamil Nadu.

Sexual reproduction is most common in of agricultural importance flowering plants.
Male and female gametes are separately produced with half the normal chromosome number.
They combine during fertilization and further develop to give rise to a seed. This seed
contains genes derived from both parents in a form that is distinct from both parents so that
once that seed germinates a plant of unique genetic constitution is generated. By contrast,
apomixis produces seeds through asexual processes. Apomixis is a reproductive process
that bypasses female meiosis and fertilization to produce embryos identical to the maternal
parent. It is an asexual mode of reproduction enabling clonal propagation of maternal
genotype through seeds (Figure.1).

Fig. 1. Features of sexual and apomictic reproduction. Apomictic events are indicated
in red and sexual in yellow
In some fruit crops embryo is not produced as a result of meiosis and fertilization,
but from a cell in the embryo sac or surrounding nucellus, which does not undergo meiosis
but produce zygote with same genetic makeup as female parent. Seedling plants produced
in this manner are known to produce apomicts. The genetic makeup of apomictic seedlings
is similar to the mother plant and hence propagation by means of apomictic seedlings is
similar to vegetative propagation. Plants that produce only apomictic embryos are called as
obligate apomicts. Those plants that produce both apomictic and sexual embryos are known
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as facultative apomicts. Apomixis produces embryos or seed progeny that are exact genetic
replicas of the mother plant.
Apomixis is currently receiving increasing attention from both scientific and industrial
sectors (Jefferson and Bicknell 1996 and Maheshwari et al. 1998). This is due to recent
scientific advances and a broader awareness of large potential that apomixis may have on
crop improvement and agricultural production. The prospect of introducing apomixis into
sexual crops could be so revolutionary that it justifies a sustained international scientific
effort. If apomixis could be generated with a sufficiently high degree of flexibility, its
impact on agriculture could be profound and its scope extremely broad to include: (i)
immediate genetic fixation of any desired plant; (ii) revolutionize breeding procedures, by
helping to move from family-based strategies to individual plant-based strategies; (iii)
preparation of number of hybrid cultivars from every crop species, facilitating the
development, mass production, and maintenance of elite parental lines and their derived
hybrids; (iv) replace the need for cuttings, artificial seeds or other vegetative propagules;
(v) environmentally and ecologically sound protection from horizontal transfer of transgenic
characters into neighbouring populations, by introducing autonomous apomixis into malesterile varieties (http://billie.btny.purdue.edu/apomixis/apotech.html). Apomixis occurs in
Apple, Citrus, Mango, Mangosteen, Beta species, in turf and forage grasses and berries but
is largely absent in other commercial crops (Koltunow et al., 2005).
Exploitation of apomixis should play a key role in case of sexually propagated crops
and also production of quality planting material in fruit crops. For viable and productive
fruit industry, elite and quality planting material is pre- requisite. In absence of disease
free, true to type planting materials, productivity and quality could not be achieved. Fruit
plants being heterozygous in nature do not produce the true to type progenies when raised
from seed. This makes vegetative propagation mandatory in fruit plants for multiplication.
But, main advantage of apomixis over sexual reproduction is the possibility to select
individual plants with superior characteristics and to propagate them clonally through seeds
with true to type and quality planting material.

Type of apomixis
1. Recurrent apomixis
An embryo sac (female gametophyte) develops from the egg mother cell. But complete
meiosis does not occur. Consequently, the egg has normal diploid number of chromosomes,
same as the mother plant. The embryo subsequently develops directly from egg nucleus
without fertilization. This type of apomixis is quite common in Malus species (Apple) and
Raspberry.
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2. Non recurrent apomixis
Embryo arises directly from the egg nucleus without fertilization. Since the egg is
haploid, resulting embryo will also be haploid. This type apomixis occurs very rarely and is
primarily of genetic interest. The following mechanisms involved in the occurrence of non
recurrent apomixis.
a. Androgenesis: In a fertilized egg the maternal nucleus disintegrates and only the
sperm continues to develop into a haploid sporophyte.
b. Gynogenesis: A sperm is deposited at the egg but only the egg continues to
develop into a haploid sporophyte; pseudo fertilization.
c. Apogamety: Any cell in the embryo sac other than the egg develops into an
apomictic embryo without the presence of a pollen tube.

3. Adventitious embryony
It also known as nucellar embryony; in this type of apomixis, embryos rise from a
cell or group of cells either in nucellus or from integuments. It differs from recurrent apomixis
in that such embryos develop outside the embryo sac and in addition to the regular embryo.
In citrus, fertilization takes place in an usual manner, and a sexual plus several apomictic
embryos develop. Adventitious embryony is an important mode of reproduction in Citrus
spp. for propagating and maintaining virus and disease-free rootstocks (Parlevliet and
Cameron, 1959). It also occurs in Mangifera spp., Malus spp. (Nogler, 1984 and Naumova,
1993). In Citrus spp. sexual and apomictic processes occur concurrently within the same
ovule, and apomictic embryo development from nucellus is morphologically similar, if not
identical, to the stages of sexually derived embryo development.

4. Vegetative apomixis
In this type, vegetative buds or bulbils are produced in the inflorescence in place of
flowers. These buds or bulbils may sprout into new plants while they are still attached to
the mother plant (Allium).

5. Polyembryony
The phenomenon in which two or more embryos are present within a single seed is
called polyembryony. One of the most common reasons being nucellar embryony as in
Citrus. Some times, more than one nucleus develops within embryo sac, which leads to
development of more than one embryo. Among fruit crops, polyembryony is quite common
in Mango, Citrus and Avocado.
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Apomixis: A tool for producing quality planting material
Function of any plant propagation technique is to preserve unique characters of a
particular genotype or combination of genotypes that will reproduce the particular kind of
plant being propagated. The asexual cycle utilizes vegetative methods of propagation
including cutting, grafting, budding, layering, specialized plant structures such as corms,
bulbs, and tubers and also aseptic micro propagation methods to preserve genotype of a
plant. Apomictic embryos give rise to seedlings that are genetic copies of the female parent
and apomixis provides a means to clonally propagate plants through seed.
The ability to reproduce plant cultivars apomictically has significant uses in
horticulture. Because, the seedling plant produced result from an asexual process, the
procedure is a means of producing genetically uniform seedling population. Such apomictic
seedling plants follow the seedling cycle as shown by sexually produced seedling, including
a juvenile - to - mature transition, except that both the upper and lower cycles are asexual.
Consequently, apomictic seedling production would be most useful for reproducing plants
in which juvenility is an important part of their development in horticulture.

A. Production of clonally uniform planting material
Production of clonally uniform plants has developed into an industry all over the
world. Apomixis has been observed in some horticultural plants including Apple, Citrus,
Mango and Mangosteen, and berries but it is not evident in most agricultural crops (Carman,
1997). The process provides a practical and useful means of assuring clonal seed propagation
but are dependent on percentage of apomictic seedlings germinating from harvested seeds
relative to zygotic seedlings. Apomictic seedlings are uniform and vigorous in contrast to
usually weaker and variable hybrid seedlings that might also germinate from a polyembryonic
seed. Commercial utilization of apomixis is exploited in Citrus and in Apple industry. Many
Citrus scions and rootstocks form polyembryonic seeds by adventitious embryony and
apomictic seedlings are used primarily for uniform rootstock production as well as for
direct planting especially in Acid lime and Mandarins (Wakana and Uemoto, 1988; Koltunow
et al., 1995). In Citrus, nucellar embryony is generally essential in citrus rootstocks because
it allows nurseries to propagate trees on highly heterozygous, but genetically uniform
seedling populations. This reduces variation in stock and scion performance in comparison.
Popular apple rootstocks like Mallus toringoides and Mallus sikkimensis are apomictic and
this could be exploited for large scale multiplication of uniform rootstocks.
B. Elimination of Viruses
Apomictic seedlings are currently used for elimination or reduction of seed borne
viruses/diseases. In citrus, use of grafting material from infected trees for nursery propagation
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is primarily responsible for dissemination of virus and virus like diseases, which ultimately
affect longevity and productivity of the orchards. Apomictic or nucellar seedlings are suitable
for screening out pathogens such as viruses, which in many cases are not transmitted by
seed.
Apple proliferation (AP) is a serious disease of Apple in Europe. Natural resistance
was found in apomictic Malus sieboldii-derived genotypes which can be used as rootstocks
(Ciccotti et. al., 2008). In several apomictic Apple rootstock selections derived from crosses
between M. domestica and the apomictic species M. sieboldii and M. sargentii (Schmidt,
1964; Schmidt, 1988) natural resistance towards Apple proliferation was observed.
Therefore, a promising way to control AP disease, is the use of resistant apomictic rootstocks
(Seemuller et al., 1992).
C. Apomictic seedlings are helpful for identification, as trifoliate leaf character in citrus
(Trifoliate orange), is found in apomictic seedlings.
D. Apomictic seedling plants have the ability to survive under local stresses like extreme
climate conditions or under pathogen pressure, would be fixed and used in propagation
(Jefferson, 1994).

E. Propagation of endangered cultivars
Large genetic advances can be made in a single step by selecting a single unique
superior plant from a seedling population and reproducing it asexually by vegetative
propagation. Exploitation of apomixis should play a key role in case of sexually propagated
crops. This may occur when propagating minor commercial cultivars, establishing
collections, transporting through quarantine barriers, or beginning a nuclear stock program.
Because, such a plant becomes the sole representative of that clone in future propagation,
it constitutes a new source clone. Propagation then takes place in a sequential pattern in
both time (vertical) and space (horizontal), and provides an historical vegetative pedigree
for the cultivar.

Barriers in exploitation of apomixis
A disadvantage of apomictic seedlings for the propagation of fruit and nut cultivar
producing plants is that the seedlings are in a juvenile state. They are vigorous but can
express juvenile characters such as thorns and are delayed in flowering and thus unsuitable
horticulturally until they attain an adult state (Hartmann and Kester, 1975).
The purity of maternal seed can also be difficult to control in apomicts. For example,
in apomictic citrus cultivars, the percentage of nucellar and zygotic seedlings is variable
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(Cameron and Frost, 1968). This also holds good for most facultative apomicts where sexual
and apomictic processes coexist in a plant. Apomictic Seedling from Malus species are not
necessarily identical and certain amount of variation can be found.

Identification of Apomixis
Apomixis seedling can be detected by progeny test, cytohistological techniques, flow
cytometric seed screen and also by on biochemical, isozyme and molecular markers.

Conclusion
Apomictic seedling could be a platform for propagating the true to type and disease
free planting material production. Currently, in asexual propagation, rootstock influence is
very much evidence due to its sexual origin. Mass production and utilization of apomictic
seedlings as rootstocks for asexual propagation may solve lot of problems faced in Mango,
Citrus and Apple industries.
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Mass multiplication of citrus through shoot tip grafting
V.J. Shivankar
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Citrus Industry of India is the third largest fruit industry of the country. India ranks
sixth among top citrus producing countries, contributing 4.8% to the world’s total citrus
production. Still, production per unit area is much lower than expectations. Nursery
management is the most important aspect of citriculture and is the basis for a sound and
productive citrus industry. The infected mother plant with virus and virus like pathogens
becomes the main source of disease spread through graft transmission. Similarly, use of
Phytophthora infected rootstock becomes the primary source of spread for Phytophthora
which causes several serious diseases like root rot, collar/ crown rot and gummosis in
orchards, and damping-off and root rot in nurseries and seed beds. Vidarbha region of
Maharashtra has the largest citrus cultivation area in India where more than 80 lakh Nagpur
mandarin nursery plants are raised and sold through 325-350 government and private
nurseries.
The productivity hovers around 10t/ha compared to 25-30 t/ha in developed, citrus
producing countries. At present, the total area under citrus cultivation is 60 lakh hectares
producting around 6.0 lakh tons of citrus fruits. The citrus basket includes mandarins (Nagpur
mandarin from Central India, Kinnow from Punjab and Rajasthan, Khasi Mandarin from
North-Eastern region, Coorg mandarin from Coorg area of Karnataka), sweet oranges
(Sathgudi from Andhra Pradesh, Maharashtra and Punjab and acid limes from Maharashtra,
Andhra, Tamil Nadu, Gujrath, Karnataka, etc.). Besides, grape fruit, pummelo, citron,
lemons, etc. are produced in different parts of the country.
To sustain the citrus nursery, countrywide requirement for planting material is to be
more than 1 lakh seedlings and budlings per year.

Containerized nursery system
In field nurseries, eradication of soil borne pathogens like Phytophthora once
introduced becomes very difficult. To avoid this problem, the concept of containerized
nursery system was adopted. The infrastructure required for such nurseries includes shade
net houses (50% shade), sterilized plastic trays, UV stabilized black polybags (100µ), UV
stabilized transparent polythene for solarization, fumigation of potting mixture, a separate
set of nursery equipments, etc.
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i. Potting mixture: The potting mixture, consisting one part virgin fertile soil, one
part FYM and one part sand was steam-sterilized and used in plastic trays for seed
sowing in the primary nursery. The same sterilized mixture was used for filling
polybags to be used in the secondary nursery.
ii. Soil solarization: The potting mixture was first collected on a concrete floor and
spread in the form of flat bed 8-10 inches thick. These beds were completely drenched
with water before covering with 100µ UV stabilized, transparent polythene sheets in
summer (April- May) when the atmospheric temperature goes up to 45 – 460C. Edges
of the polythene sheet were completely sealed with soil to avoid vapour loss, which
allowed the inside temperature to rise to 54oC. Soil solarization was done for 45
days.

Primary nursery
Sterilized plastic trays (60x40x12 cm) were used to raise rootstock seedlings. The
trays were filled with sterilized soil mixture and kept at least 1.5- 2 feet above the ground
level on a solid platform to avoid soil-borne contamination originating from the ground.
The floor of the nursery was covered with stone-dust and boulders (2 – 4 inch thick) to
avoid any splash of soil-borne pathogens and regularly sprayed / dusted with copper + lime
mixture.
i. Collection of fruits and extraction of seeds: Fully ripe fruits of the recommended
rootstocks resistant to Phytophthora diseases and fruits from elite acid lime trees
were collected. After extraction, thoroughly washed and surface-sterilized seeds were
used for germination. Seeds were treated with Ridomil MZ72 and Bavistin as an
added precaution before sowing in plastic trays.
ii. Seed sowing & germination: The seeds of Rangpur lime and rough lemon
(moderately resistant to Phytophthora) were sown at the depth of 1–1.5 cm spaced
2.5 -3.0 cm apart in the row and 5-7 cm between rows under 50% shade net. Seed
germination started within 20-25 days after sowing, depending upon the rootstock.
About 85-90% germination was observed in Rough lemon and rangpur lime.

Secondary nursery:
Nuclear stock selection: This program includes the following steps:
1. Initial selection of a nucleus of individual source plants(s), Candidate plants are
tested for their genetic potential
2. Maintenance of nuclear stock in special blocks with safeguards against reinfection
and genetic change, and
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3. A system of commercial propagation and distribution whereby source material is
multiplied and disseminated without reinfection and / or genetic change
Only nucellar seedlings (based on visual observations) attaining the desirable height
in primary nursery beds were selected to have true-to-type characteristics of selected
rootstock plants. The selected seedlings were uprooted carefully, to minimize root damage,
for transplanting into polybags by discarding too dwarf or too tall seedlings. The hooknecked, bent or twisted seedlings were also left out at the primary nursery level. Regular
monitoring was done to avoid any contamination by Phytophthora and other soil-borne
pathogens. The seedlings were transplanted in field polythene-bags (12’’ x 6’’size) in JuneJuly after commencement of monsoon, preferably during drizzle or during evening hours,
followed by watering.

Selection of mother plants and budwood
Mother plants that attained maturity with exceptionally good health, vigor, size and
record of consistently high yield of quality produce for at least 5 years, free from systemic
virus diseases, are selected through extensive surveys, and are kept under cover (insect
proof). Thus, pedigree-selected commercial source orchards can be used to provide buds.
To obtain planting stock of vegetatively propagating crops, it is essential that they meet the
following attributes: 1) true-to-name and type, 2) free of diseases and insect pests and 3)
proper physiological state so that grafts, buds and cuttings taken from these root properly.
Mother plants 10 - 15 years age having exceptionally good health, regular bearing,
and consistently high yield with good quality fruit were selected. The selected mother trees
were kept under protected cover. Virus detection tests were performed for disease status on
these trees.
i. Budwood selection: The buds were selected from fairly mature, non-bearing
current-year shoots having longitudinal white streaks on the bark, and swollen buds
ready to grow after budding.
ii. Budding operation: Budding was performed in the last week of January or first
week of February when seedlings attained the girth of 3 to 3.5 cm at not less than 9"
height. ‘T’ or ‘shield’ budding method was adopted. The rootstock stem was cut 24" above the bud union after budding.

Maintenance of budded plants
The budded plants were given frequent, light irrigation with automatic sprinklers
and misters. Urea spray was applied twice in a month to get good growth besides the regular
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recommended fertilizer mixture. The side shoots below the bud union should be removed
from time to time.

Plant protection measures
i. Monitoring Phytophthora diseases: In citrus nurseries, Phytophthora induced
diseases are a menace and may appear at any time of the plant growth in nurseries
through contaminated water, soil and even through nursery workers and implements.
A regular monitoring was done for Phytophthora infection, if any, and other diseases.
ii. Insect pests: The insect pests in secondary nursery are managed with regular
application of recommended insecticides. Dimethoate was used @ 1.0 ml /l. water
against leaf miner, Imidacloprid @ 0.3 ml/l. water against leaf-eating caterpillar,
Quinalphos @ 1.0 ml/l. water against aphids and Dicofol (kelthane) @ 1.5 ml or
wettable sulphur @ 3 g/l. water against mites. Neem oil (1 %) spray when rotated
with foliar sprays of any of the above pesticides gave better results against insect
pests.

Shoot tip grafting
To produce ‘disease free’ plants, a healthy nucleus stock could be developed by
selecting out one or more healthy plants and then multiplying them vegetatively; but, where
the entire population of a clone is infected, the only way to obtain a ‘pathogen-free plant’ is
through tissue culture. Using the apical portion of vegetative shoots and discarding lower
portions can often avert the possibility of selecting tissues infected with organisms that
cause vascular wilt e.g., Fusarium, Verticillium and Phytophthora. It has become increasingly
common to use tissue culture produced lines as sources of stock plants in development of
new cultivars and disease-indexed plants. Conventional macro-propagation techniques can
then be used after stock plant establishment.
Non-availability of healthy, superior clonal planting material of citrus was identified
as one of the main limiting factors for improving productivity and productive life of orchards
and the quality of produce. It therefore becomes imperative to develop methods for supply
of elite true-to-type disease-free planting material. Various technologies are available for
virus elimination. But shoot tip grafting (STG) is the best available technique to recover
pathogen-free citrus plants. STG also cleans the plants of pathogens that cannot be eliminated
by thermotherapy (Exocortis and Xyloporosis) and the resultant plants do not have juvenile
characters, as occurs with plants recovered through nucellar embryony.
The technique: In vitro shoot tip grafting (STG) is miniature grafting in vitro which
involves grafting a minute shoot tip (0.1 to 0.3mm) on two-week old seedling rootstock,
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performed under aseptic conditions. This technique proved very effective worldwide (Spain,
Brazil, USA, etc.) in eliminating virus and virus-like diseases, establishing true-to-type,
healthy mother-blocks, thus controlling the diseases and increasing productivity.
Rootstock preparation: Rootstocks are obtained by seed germination in vitro. Seeds
of Troyer citrange are peeled, surface sterilized, and then individually cultured and incubated
at a constant temperature of 270c in continuous darkness for 2 weeks. Seedlings of 6-8cm
tall with a diameter of 1.6-1.8mm at the point of grafting are used as rootstocks. Troyer has
the advantage of trifoliate leaves, which serves as morphological marker for identification
of adventitious shoots produced by rootstocks.
Scion Preparation: Green house grown, elite plants are the recommended source of
shoot tips for grafting work. Flushes of 3 cm long are used to avoid degeneration of shoot
tips. Shoots are stripped of larger leaves, surface sterilized by dipping in 0.25% sodium
hypochlorite solution containing 0.1% Tween 20 wetting agent .
In vitro grafting: Shoot tip measuring 0.1 to 0.3 mm (consisting of apecial meristem
and leaf primordial) are excised from the elite mother trees and grafted on two weeks old in
vitro grown rootstock seedling. Grafted plants are grown in a liquid nutrient medium in
controlled environment.
Care of in vitro grafted plants: Successfully grafted plants with 2 -4 expanded
leaves are transferred either by direct transfer in sterilized soil or by double grafting on
vigorous rough lemon and Rangpur lime rootstock seedlings under protected greenhouse
conditions. Direct transfer requires aseptic green house conditions and continuous care of
the plants .To avoid losses by direct transfer due to contamination and poor growth, double
grafting method is tried. In double grafting, successful shoot tip graft on the decapitated
stem portion of the rootstock is side grafted (double grafted) on one-year-old rough lemon
or Rangpur lime rootstocks as shown in the figure. Excellent subsequent growth is obtained
by this method. Double grafting provides more base material in less time for indexing and
subsequent multiplication.

Detection of pathogens
Indexing: Plants obtained by STG should be carefully tested for the diseases found
in mother trees.
Culture indexing: The principle of ‘culture indexing’ is to place pieces of plant
tissues in aseptic culture, via a medium favoring the growth of the pathogen for subsequent
detection, identification and characterization.
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Virus indexing: Virus indexing is a process of testing plants for the presence or
absence of viruses. Every meristem tip or callus derived plant must be tested before using
it as a mother plant to produce ‘virus free stock’. Many viruses have a delayed resurgence
period in cultured plants. This necessitates indexing of plants at periodic intervals by such
methods as sap transmission test, serology and EM examination.
Biodiagnosis: The primary method of detecting viruses is to transmit them by grafting
or budding to a sensitive indicator plant under insect-proof, controlled conditions (biological
indexing), which then develops identifiable symptoms within a certain length of time. Certain
viruses can be detected in herbaceous hosts by mechanical transfer of sap. Thus, virus free
plants among selected elite mother plants are identified for further multiplication.
Serodiagnosis: This test is performed by adding a drop of centrifuged sap from a
test plant to a drop of antiserum taken from the blood of a rabbit. If the virus is present, the
precipitation will take place because of the presence of specific antibodies in the blood.
Serology identifies unique proteins associated with particular pathogens. It can also be
combined with immunosorbent electron microscopy. Enzyme linked immunosorbent assay
(ELISA) is one of the serological methods used to identify virus (es) based on antibody
(monoclonal and polyclonal) reaction viz., citrus tristeza virus, mosaic, ringspot, exocortis,
polyviruses, greening bacterium etc. ELISA is not applicable to viroids and viruses which
have lost their coat proteins, and in diseaes that involve several related luteoviruses such as
potato leaf roll virus. All viruses may not react with the antiserum prepared against the
main virus. Such agents can be detected through cDNA/cRNA probes or by RT-PCR assays.

Elimination of pathogens from planting stock
Heat treatment (Thermotherapy): At temperatures higher than optimum, many
viruses in plant tissues are partially or completely inactivated with little or no injury to the
host tissues.
Chemical treatment: The use of virazole and vidarabine (antimetabolites) in the
culture medium have resulted in virus-free lily and apple plants production.
Meristem tip culture: Excision and aseptic culture of the small pathogen free apical
dome of a growing segment can be the start of ‘clean nuclear stock’
Micrografting: The meristems are grafted onto a virus free rootstock (seedling)
maintained and propagated in-vitro.
Somatic cell hybridization, gene transformation and somaclonal variation are other
in-vitro methods that can be utilized for regeneration of plants for disease resistance.
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Maintenance: Healthy plants after testing need to be maintained in field pots far
away from citrus plantings or as protected foundation blocks. To use the collection of
healthy plants in the foundation block as mother trees f or multiplication, each tree has to
be tested against five major graft transmissible pathogens namely citrus tristeza virus (CTV),
citrus mosaic badna virus (CMBV), Indian citrus ringspot virus (ICRSV), citrus exocertis
viroid (CEVd) and greening bacterium (candidates Liberibacter asiatians). This collection
of healthy plants is used simultaneously as the source of budwood for supply of healthy
certified planting material and for germplasm exchange.

Maintenance and prevention of reinfection of pest-free stocks
Pest free stocks are maintained in sterilized soils in a glass house or insect proof
cages. Large scale multiplication of these plants can be carried out by growing them in
fields in isolated areas where chances of reinfection are minimal or none at all. The planting
is usually referred to as a foundation (or mother) block. A limited amount of foundation
propagating material is provided from a foundation (or mother) block. It is then multiplied
to provide a nursery source block sufficiently large to provide propagules for commercial
propagation.
Release of disease free planting material: Through STG based citrus sanitation
program, NRCC produced and released 1,25,000 lakh certified healthy planting material to
the citrus growers/nursery men of Maharashtra, M.P., Gujarat, Rajasthan, Punjab, Haryana
and all Southern states of India. Raised healthy orchards (400 hectares) predominantly in
Central India.

Microbudding- a new propagation to cut the citrus nursery phase short
Micro-budding an innovative propagation technique standardized in Citrus reticulata
cv. Nagpur mandarin on two commercial rootstocks is a landmark in the propagation of
fruit crops for getting the plantable budded seedlings earlier at least by 1 year depending on
the rootstock. Unlike in traditional shield ‘T’ budding in citrus, micro budding can be
performed on just 5 months old commercial rootstocks (both rough lemon and Rangpur
lime) throughout the year in humidity controlled low cost green house structure that cuts
down huge cost on labour and maintenance and shortens the nursery phase.The method
consist of a mini crown grafting of young citrus liners of about 3 mm diameter in which the
bud is subsequently fixed and capped to the rootstocks, not tapped as with conventional
budding. Within 2 weeks the microbudded rootstock begins to grow and microtip caps are
removed.
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Large-scale production of disease-free planting material through
micrografting in Citrus reticulata cv. Nagpur mandarin

In vitro seed inoculation

Shoot-tip graft ready
for transfer

Field foundation block of
elite, healthy,
tested mother plants

A view of disease free STG
derived plants in net house

Double-graft with
budding tape

Micro-budding with
micropipette tip

Diagnostics for virus and virus-like pathogens in citrus
Citrus, being predominantly vegetatively propagated crop, always involves risk of
unknowingly spreading graft transmissible, virus and virus-like pathogens among which
Citrus tristeza virus (CTV), Citrus mosaic badna virus (CMBV), Indian citrus ring spot
virus (ICRSV) and Citrus exocortis viroid ( CEVd) are of major concern . Since no effective
chemical agents against these pathogens are available, most important step in managing
these diseases will be to correctly identify it. Conventional bio-diagnosis and recently
developed biotechnological tools based on proteins and nucleic acids of the pathogen has
been utilized in implementation of citrus bud wood certification program . A combination
of methods is generally needed for unequivocal diagnosis. Optimally, methods for detection
of citrus viruses should be sensitive, specific, and inexpensive and can be completed within
a relatively short period of time. Traditionally, biological indexing, electron microscopy
and some biochemical and staining tests have been used earlier for testing certain citrus
pathogens. Biological indexing using herbaceous and / or woody indicator plants,
electrophoresis characterization of protein or nucleic acids, electron microscopy, ELISA
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based serological techniques and recent tools of PCR, RT-PCR etc have been the choice in
recent times. For, detection of CTV, the most destructive disease of citrus biological indexing
on Mexican lime (Citrus aurantifolia) are the most powerful tool. The use of ELISA for
large-scale diagnosis of tristeza is well tested and proven technique. Virus particle of CTV,
ICRSV and CMBV can directly be seen under electron microscope. By using
biotechnological techniques like PCR /RT-PCR CTV, ICRSV, CMBV and CEVd can be
successfully detected both during periods of optimal and non-optimal virus concentration
in citrus plants (Fig. 1). Recently multiplex PCR technique has been standardized in which
several viruses can be detected simultaneously. Other molecular tools to detect these
pathogen include hybridization, dsRNA analysis, peptide mapping, single-strand
conformation polymorphism, gene sequencing, etc.
M 1 2 3 4 5

= 700 bp

Fig 1. RT-PCR detection of CTV by
amplifying the coat protein gene of the virus
PCR amplified product in 1% agarose
gel. M=1kb marker
Lane 1-3 CTV infected samples, Lane 5 known
CTV infected sample as positive control, Lane 4,
healthy virus free samples

Fig 2. Severe leaf epinasty in Etrog citron
indicator plant induced by CEVd infection

Diagnostic technology for Citrus Greening Disease:
Greening is one of the most severe diseases of citrus and affects the production of
citrus fruits in different parts of India. The etiologic agent of the disease is a Gram-negative
bacterium (Candidatus Liberibacter asiaticus), which is restricted to the phloem sieve tubes
of infected plants. Diagnosis of citrus greening is very important for disease management.
Correct identification of the disease under field condition is often very difficult because it
can be confused with mineral deficiency, root rot or other stress - related leaf symptoms.
Also the irregular distribution of the disease within the tree and slow disease development
make both visual detection and bioassays difficult. Indexing for citrus greening disease can
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be done in two ways: biological assay using indicator plants and molecular technique
using PCR technology.
Biological indexing: As of today, biological indexing using indicator plants is the
most easy and cheapest way to detect greening infection. In this technique, seedlings of
indicator plant are inoculated with side grafts/buds of a given source tree (Fig 1). The
inoculated plants are kept in screen house for symptom development under 200-300C
temperatures. Recommended indicator plants are seedlings of sweet orange (vars. Mosambi,
Malta, Pineapple or Valencia). Typical symptoms of disease generally appear with the first
emerging shoots within 3-4 months after inoculation.
The PCR technology: The polymerase chain reaction (PCR) is a very powerful tool
which has greatly facilitated detection of plant pathogens that would be difficult or time
consuming to detect using conventional techniques. PCR is used to produce enormous
numbers of copies of a specified nucleic acid sequence. The technique allows detection of
very small amounts of a pathogen in a sample by amplifying the pathogen sequences to a
detectable level and these tests are better suited to plant tissue that is likely to have lower
numbers of pathogens such as greening bacterium-infected citrus tissue.To detect the
presence of this bacterium through PCR, DNA is extracted from leaf midrib and bark tissues
and PCR is performed using specific primers for greening bacterium (eg., primers OI 1 and
OI 2c designed for amplification of 16S ribosomal RNA gene (16S rDNA) of Asian greening
bacterium). PCR product (amplified fragment) of expected size (1160 bp) is observed in
citrus samples infected by greening bacterium (Fig 2). No amplification usually obtained
from DNA extracted from healthy citrus. This technique offers a rapid and efficient method
for accurate diagnosis of citrus greening disease.

Figure1. Biological indexing for
presence of Greening bacterium
infection in Sweet orange indicator
host

Figure 2. Agarose gel electrophoresis of DNAs amplified
by PCR from citrus leaf midrib and bark tissue extracts
Lane 1: extract from healthy citrus
Lanes 2 to 6: extracts from greening infected citrus from
different areas of central India. M: 1kb ladder
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Production of disease free planting material
Insect pests: The insect pests in secondary nursery were managed with regular
application of recommended insecticides, such foliar sprays of dimethoale 1.0 ml or
quinalphos @ 1.0 ml or imidacloprid @ 0.3 ml/lit. water alternately against leaf miner,
quinalphos @ 1.0 ml/lit. water against leaf eating caterpillar and aphids, and dicofol
(kelthane) @ 1.5 ml or wettable sulphur @ 3 g/lit. water against citrus mites were used.
Neem oil (1%) spray when rotated with foliar sprays of any of the above pesticides gave
better results against insect pests.
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At the national level, it would be of utmost importance to have regulated movement
of planting material through a system of internal quarantine. There is a need to establish an
appropriate budwood certification program. Recent intensification of plant movements have
resulted in increasing contamination by several debilitating diseases. This has resulted in a
poor economic return on investments, while conversely ‘disease free planting material’
carefully established in a protected environment shall sustain a long lasting and profitable
crop production. The initial costs involved are high, but once the infrastructure is developed,
economic feasibility studies show that production of the planting stock becomes cheaper in
the long run through optimization of resources and maximization of profits ensuring
sustainable benefits both to consumers and producers.
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Scope of potato production through TPS technology
J. Gopal
Central Potato Research Institute, Shimla-171001, India
E.mail: jai_gopal@rediffmail.com

Sexual or botanical seed of potato commonly called “True Potato Seed” (TPS) is a
radical alternative to seed tubers for raising a commercial potato crop. Low multiplication
rate, high storage and transportation costs, carry-over of pathogens, and physiological
degeneration are some of the constraints associated with the use of seed tubers. Inevitably,
performance of seed tubers declines as viruses accumulate due to which an elaborate and
complex system of disease-free seed production is necessary. Costs of healthy seed tubers
may account for 50 percent of the total production costs. Compared to seed tubers, TPS
offers several advantages, such as low cost of planting material, reduced transmission of
pathogens/pests, and convenience as well as inexpensiveness of storage and transport etc.
With rare but important exceptions (e.g. potato spindle tuber viroid), TPS is indeed free of
virtually all diseases including systemically transmitted viruses. By using TPS, a considerable
amount of valuable potato stocks that is used as seed can be saved for consumption as food.
The possibility of raising commercial crop from TPS was first explored in India in
late 1940s. The attempts, however, were not successful because efforts were mainly made
to use self-seeds of cultivar Phulwa that flowers naturally under short days when potato
crop is grown in plains. The produce of this population was highly heterogeneous for most
of the economic characters and also had low yields due to inbreeding depression
(Ramanujam, 1950, 1954). Renewed interest and formal research efforts to exploit the TPS
as low cost alternative for potato production in developing countries were initiated by
International Potato Center (CIP) in 1977 (Mendoza, 1984). At present, there are few potato
producing countries in the developing world where TPS has not been tried. This paper
reviews the developments in TPS technology vis-à-vis its problems and prospectus.

Use of TPS
TPS can be sown directly in the field or in nursery beds, and seedling grown from
TPS can be left in place or transplanted. Seedling tubers, tubers harvested from TPS
seedlings) can either be sold as ware potatoes or used as seed tubers. Since plants grown
from TPS generally produce more and smaller tubers per stem than plants from seed tubers,
seedling tuber production is especially suitable to form the basis of a seed tuber system.
Direct seeding: Potato true seeds are small and seedlings rather delicate, and as
such make severe demands on horticultural skills. Thus, raising the crop from direct seeding
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(Fig.1) prone to risks involving failure due to poor germination and mortality of seedlings.
This method is thus rarely recommended for raising a commercial potato crop. However,
under experimental conditions direct sowing of 200 g TPS per ha and an emergence of 75%
in well-controlled field conditions was reported to produce a yield of 28-30 tons of seedling
tubers with an average weight of 25-30 g (Renia, 1995).

Fig 1. Direct seeding TPS crop

Seedling transplants: Raising seedlings in nursery beds and transplanting them to
field is the possible alternative of TPS use for potato production (Fig.2). Nursery beds
allow proper water and soil management, and ensure rapid germination and seedling growth.
Sowing in nursery beds also permits off-season production as nursery beds can be protected
against extreme temperatures and watered optimally. This shortens the growing period of
the crop in the field. Transplanting requires good field conditions, assured irrigation and
carries considerable labor costs. Direct seeding or transplanting for ware tuber production
seems to have potential only in areas where consumers accept small tubers.

Fig 2. TPS seedlings transplant crop
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Seedling tubers: Seedlings raised in the nursery beds can be allowed to grow to
maturity in the nursery beds itself to produce seedling tubers (Fig.3). Seedling tuber
production in nursery beds or otherwise well-controlled environments is the most feasible
way of using TPS at present. Maximum yields of seedling tubers in nursery beds are obtained
at plant densities of 80-100 seedlings per m2 resulting in seedling tubers of 1 to over 40 g
with an average size of 10-15 g. Only 750 kg of seed tubers of an average tuber size of 15
g suffice to plant one hectare of potatoes, compared with 2-3 tons for 40-60 g seed tubers.
This means that 6.0-7.5 g of TPS (0.60-0.75 mg per seed, 80% emergence) and 80 m2 of
nursery bed can produce seedling tubers for 1 ha potato crop.

Fig 3. TPS seedlings in nursery bed and seedling tubers

The use of seedling tubers or later-generation tubers from TPS- varieties is culturally
similar to the use of tubers from conventional cultivars (seed rate, initial crop development,
number of tubers per stem etc.). Also the yield potential of seedling tubers and later
generations of selected TPS varieties compares well with that of clonal cultivars. The
variation in performance of the tubers derived from selected TPS varieties is not significantly
larger than the tubers from a clonal cultivar.

Production of TPS
Production of large quantity of quality TPS at a low cost is of prime importance for
adoption of TPS technology on commercial scale. Thus, it is important that the parental
genotypes flower over a sufficient length of time and that the flowers do not drop, but
develop into fruits with enough seeds. Genotype, day length and temperature are the main
factors which determine flowering and fruiting in potato. In tropics and sub-tropics,
conditions conducive to flowering and fruiting are available only at high altitudes (> 1500
m above sea level) where the crop is grown during summer seasons. Under these conditions
too, not all genotypes flower (Gopal, 1994). Further combining ability differences have
been found for the success of hybridization both among females and males (Gopal et al,
2004). Thus selection of good general combiner for production of high number of seeds per
pollinated flower is important for improving the production of hybrid seed. For large scale
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production of hybrid seeds, emasculation of the flower is avoided as this besides being
cumbersome and costly, results in fewer seeds/berry as compared to those obtained from
hand-pollinated non-emasculated flowers (Gopal et al, 2004). Selection of male sterile
females is particularly useful for production of hybrid seeds without emasculation. Male
sterile lines are quite common in cultivated potatoes (Gopal, 1994).

TPS quality
The quality of TPS is determined by genetic constitution of the parents, stage of seed
development, nutritional status of mother plant and biochemical components of the seed.
Seed vigour generally defined as the superior performance of a genotype after planting
compared to the same genotype or other genotypes under defined experimental conditions
is a good indicator of quality of seed. Upadhya et al (1981) described an additional quality
component of TPS concerning the type of embryo shape of the seed. Seeds with a cercinnate
and inverted “U” shaped embryos are heavier than seeds with other types of embryos (rod
shaped, aborted etc.) and give a higher percentage of germination and more vigorous
seedlings with higher yield. However, we found that more than 90 percent seeds of both
open and hybrid families have cercinnate and inverted “U” shaped embryos and these two
classes of embryos were at par to each other for various seedling characters (Gopal, 2004).
By eliminating the poor vigour seedlings before transplanting the seeds with undesired
embryos get eliminated and help in improving the productivity of the seedlings.

Breeding TPS Families
The most dominating difference between potato crops grown from TPS and from
normal sized tubers is the slow initial development of plants grown from TPS. As a result,
a TPS crop has a slow development of the ground cover. It also gives the crop a longer and
more vulnerable establishment in the field. Although there is variation between progenies,
typically, a stem grown from TPS produces a larger number of tubers with a lower average
tuber weight than a stem from a normal sized tuber. This characteristic is further accentuated
when a larger number of stems per unit area are used in a crop grown from TPS to compensate
for the slower ground-cover. Identification of TPS progenies having quick seed germination
and fast seedling growth speed up the seedling establishment and development of groundcover, thereby improving on the most important drawback in the use of TPS.

Genetics and breeding of TPS
The cultivated potato is a complex tetraploid which exhibits tetrasomic inheritance.
As a result, the segregating population of potato is heterogeneous for various characters.
So selection of TPS families with acceptable level of plant to plant variability particularly
for tuber characters is the major objective in developing productive TPS families. While
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inbreeding can give the highest level of gametic uniformity and homogeneity, resulting in
completely uniform progenies, it also causes significant yield reductions and poor
performance stability. Deleterious effect of inbreeding is also due to the fact that most of
characters including tuber yield in potato are determined by genes with non-additive effects
(Gopal, 1998) and increase in homozygosity results in the loss of such interactions including
epistasis.
Hybrid vs. open-pollinated Families In potato, hybrid families are more productive
than the open-pollinated (OP) ones. For the production of hybrids, Tuberosum-Andigena
crosses are particularly useful, as heterosis for yield is spectacular in such families (Gopal
et al, 2000). However, OP families from some genotypes can be as productive as the best
hybrid families because OP seed in potatoes is not exclusively the product of selfing, it also
results from out crossing, thus offering us the possibility of using them in a TPS breeding
program with expected favorable results.

Short duration families
As mentioned above, TPS crop needs longer duration and does not fit into the
prevailing crop sequences particularly in tropical and sub-tropical countries where this
technology is considered to have best potential. Two alternatives i.e. early foliage maturity
and early tuber bulking exist for developing short duration families. However, the choice
would depend upon the comparative TPS production potential of the parent(s) so selected.
Gopal (2004) found that foliage maturity has positive association with duration of
flowering as well as intensity of flowering indicating that late maturing genotypes flowered
profusely and for longer duration. Very early clones generally did not flower at all. On the
other hand, early bulking as judged from average tuber weight had no association with any
of the flower production attributes. Thus, unlike early maturing genotypes, early bulker
may flower profusely, early as well as for longer duration. Hence, out of foliage maturity
and tuber bulking, latter is a better criterion for selection of parental clones for developing
short duration (early bulking) TPS families.

Hardy families
Seedling mortality after transplanting is the major risk to which TPS transplant crop
is exposed to after seed germination. Gopal (2004) found that transplant survival was highly
correlated with seedling vigour. Hardy seedlings thus can be indirectly selected before
transplanting based on their vigour. Other characters namely leaf area, root area, root length
and seedling dry weight were also associated with transplant survival to varying extent but
seedling vigor was a better indicator of seedling transplant survival than the root area or
root length. Vigor as indicator of hardiness also has the advantage, that it can be recorded
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visually and effectively, without any damage to the seedlings, whereas recording of leaf
area, root area, root length and dry weight is cumbersome and time consuming besides
being destructive.
Seedling vigor and other characters governing hardiness can be improved genetically,
as enough variability was present for these in a population of wild and cultivated species
(Gopal, 2004). Heritability and genetic advance values were also reasonably high. However,
it was found that seedlings of wild species were less hardy than those of the cultivated
ones. Wild species, in general, also had poorer performance for all characters associated
with transplant survival i.e. seedling vigour, leaf area, root area, root length and dry weight.
Majority (70%) of the tuber-bearing wild species are diploids (Spoomee and Salas, 2006).
These are self-incompatible and set seeds only when crossed with some other strain,
possessing compatible S gene combinations. Triploid and pentaploid species are mostly
sterile. Self fertile potato species too prefer to reproduce vegetatively as theoretically infinite
number of exact replicas of the initially successful biotypes can be produced by this method
(Hawkes, 1958). Predominance of vegetative reproduction thus might have led to poor
seedling hardiness in tuber-bearing wild species. On the other hand, high vigour in cultivated
potatoes might be because these had been subject to selection since domestication initially
by farmers and later by potato breeders.

Concluding remarks
Inspite of suggested potential, sustained research and promotion efforts, TPS has
never reached a significant number of farmers. Even in China, which once had gained
recognition for its pioneer work on true potato seed (Li and Shen, 1979; Bofu, 1984), now
has little area under potato crop grown from TPS (Bofu et al, 1987, Gaur et al, 2000). This
is attributed to the better availability of virus free seed tubers after the establishment of the
tuber seed farms throughout most of the potato areas of northern China after 1976 (Bofu et
al, 1987). Besides genetic, physiological and agronomic problems associated with TPS
crop, as discussed above, economic considerations are also responsible for non-adoption
of this technology. Though several calculations (Van der Zagg and Horton, 1983; Dayal et
al, 1984; Upadhya et al, 1985; Singh and Jee, 1990) suggests that economic returns are
higher from TPS than seed-tuber crops, the fact remains that these calculations are too
sketchy and far from being realistic (Simmonds, 1997). Need thus is to make this technology
economically competitive to the conventional method of raising crop from seed tubers.
If we summarise the experience gained with this technology, we can safely conclude
that direct seeding (drilling) as method to raise a TPS crop has failed, transplants were
better, but seedling tubers, still better. Technically, a crop raised from seedling tubers cannot
be regarded as a TPS crop. The only practical way to raise a truly TPS crop is through
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seedling transplants. Further, for production of seedling tubers too, raising a successful
seedling crop either in nursery beds or as transplants in field is mandatory. In its present
state a successful crop of TPS seedlings can be raised at the most in restricted niches where
small farmers grow potatoes with irrigation and intensive management in small plots. Those
who have experience of raising vegetables’ seedlings and enough family labor could better
manage potato seedlings crop.
Breeding for hardiness and early bulking using conventional as well as nonconventional approaches is thus absolutely essential if this technology is to be popularized
on a larger scale. On the other hand, a little variability within the produce of a TPS crop
might not matter particularly for consumers in developing countries. Rather this might
even be biologically advantageous for achieving good disease resistance. Identification of
parents producing open-pollinated seeds under varying thermo-photoperiodic conditions
and having reasonably uniform tuber progenies with high tuber yield is another aspect that
needs to be further researched upon. This will help farmers to produce their own seed at a
low cost and getting good returns for their efforts and time spent on production of seedling
tubers and then raising normal potato crop from the seedling tubers. All this needs sustained
efforts to overcome various intrinsic problems associated with TPS technology.
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Effect of nitrogen and seed size on seed production of
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Potato is an important cash crop of north Gujarat region. It has got great potentiality
for cultivation in rabi season under field condition and caught up in many areas of Gujarat
state during the last decade due to its high harvest index per unit time area and short duration.
Healthy seed is an essential input for successful cultivation of potato. It shares about 45%
of the total cost of cultivation. Potato crop in Gujarat gets heavily infested with virus during
later growth stage (after 15th January) because of increase in thresh hold value of aphids
and thereby damage due to virus. To save the crop from such damage, the seed should be
dehaulm before 15th January, the duration from planting to dehaulming is too short to obtain
economical seed yield. Hence, the alternatives are to be thought for maximizing the yield
of seed crop without changing the growing period.
The economically optimal yields are often lower than the biologically maximum
yields. That puts clear limit to the need of fertilizers for seed potato crop. Moreover, early
haulm destruction is often necessary to prevent degeneration, lead to limited use of fertilizers.
Thus, the demands of a seed crop are often less than the demands of a ware crop, especially
relating to the nitrogen. The shorter growing cycle restricts nitrogen application. Nitrogen
application delays tuber initiation and reduces the early tuber-bulking rate. Lower dose of
nitrogen in seed crop is less sensitive to some diseases and less attractive to insects. Higher
dose of nitrogen tends to affect plant resistance. Therefore, nitrogen requirement of seed
potato needs to be investigated.
The importance of seed size (tubers) on the produce and its preferential prices cannot
be ignored in seed production programmes of potato. The large seed tubers are known to be
physiologically more advanced and therefore, emerge earlier, produces excellent early
vegetative growth, respond better to the essential inputs and produce more number of seed
sized tubers. Reestman and de wit (1959) concluded that the development of number of
main stems on a tuber correlated with the surface area of the tuber. The growth rate of
sprouts developing on big seed is faster than those developing on small seed (Morris 1966).
1
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Availability of quality seeds at a reasonable rate during planting period is the major
limiting factor in improving potato production and productivity in Gujarat state. Hence,
the present investigation was carried out to study effect of nitrogen and seed size on yield
and economics seed production of potato.
A field experiment was conducted during rabi seasons of 2002-03 and 2003-04 at
Potato Research Station, Deesa (Gujarat) on loamy sand soil having pH 8.1, organic carbon
(0.32 %), available N (181.2 kg ha-1), available P (33 kg ha-1) and K (315 kg/ha). The six
treatments consisted of combination of three levels of nitrogen viz. N1: 110 kg N/ha (50 %
of recommended dose of N for ware potato crop), N2 :165 kg N/ha (75 % of recommended
dose of N for ware potato crop), and N3 :220 kg N/ha (Recommended dose of N for ware
potato crop), and two seed sizes i. e. S1: 31-50 g and S2: 51-70 g were laid out in factorial
randomized block design with four replications. Seed tubers were planted on 1st November
in both the years at the spacing of 50 X 20 cm. Nitrogen was applied as per treatments,
while P2O5 and K2O were applied at 140kg P2O5 and 275 kg K2O per hectare. Half dose of
N and full dose of P2O5 and K2O were applied as basal dose at the time of planting. Remaining
half dose of N was applied at 30 days after planting. Other cultural operations and plant
protection measures were followed as per package of practice recommended for potato
crop in the region. For canopy cover percentage, a quadrate divided into 100 squares of 5
x 5 cm was placed at two places in each plot and the number of squares with more than 50%
canopy under it were counted and expressed as the % ground cover. Haulms were removed
at 75 days after planting and the crop harvested 10 days later. The tubers were graded into
three categories i.e. small size(<25g), seed size (25 - 125g) and large size (>125g) and
weighed. Statistical analysis was carried out by following standard analysis of variance as
described by Gomez and Gomez (1984).

Ground cover (GC)
The data presented in Table 1 indicated that different levels of nitrogen failed to
show their significant influence on percent ground cover in pooled analysis at all the growth
stages. However, the highest level of nitrogen i.e. N3 (220 kg/ha) produced significantly
higher ground cover at 30 DAP during 2002-03, 45 DAP during 2002-03 and 2003-04 and
60 DAP during 2003-04. The magnitude of increase in ground cover under N3 (220 kg/ha)
and N2 (165 kg/ha) over N1 (110 kg/ha) were to the tune of 23.38 and 16.18 per cent at 30
DAP during 2002-03, 0.67 and 0.12 per cent at 45 DAP during 2002-03, 10.19 and 8.08 per
cent at 45 DAP during 2003-04 and 1.64 and 0.20 per cent at 60 DAP during 2003-04,
respectively. This might be due to increased uptake of nitrogen, a constituent of protein and
component of protoplasm, has magnitude to increase the synthesis of carbohydrates, which
ultimately enhance cell elongation and resulted in higher plant growth which cover more
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ground area. These findings are in accordance with the findings of Sahota and Singh (1985)
and Perumal and Sahota (1985)
It is evident from the data (Table 1) that treatment S2 (51-70g) showed its superiority
over S1 (31-50g) in terms of per cent ground cover during both the years and in pooled
analysis at all the stages of growth except at 45 and 60 DAP during 2003-04 and on pooled
basis, where the differences were found non significant. The increase in GC with large seed
size might be due to more number of stems per seed tubers, which give better and rapid
emergence, resulted in higher GC. The percent findngs are in accordance with results
obtained by wiersema 1989.

Number of stems hill-1
The results presented in Table-2 revealed that the number of stems hill-1 differed
significantly due to the different levels of nitrogen during the year 2003-04 and in pooled
results. Maximum number of stems hill-1 was recorded with the application of 165 kg N ha1 (N2) during both the years and in pooled results. The dose of nitrogen beyond 165 kg
reduced the number of stems hill-1 significantly. The higher number of stems hill-1 at 165 kg
N ha-1 may probably due to the limited capacity to plant to utilize the greater amount of
nitrogen beyond a certain optimum. Singh (1985), Kumar et al. (1991), and Malik et al.
(2002) also reported the increase in number of stems hill-1 due to nitrogen application,
whereas, Sharma and Singh (1988) recorded the constant number of stems hill-1 at different
levels of nitrogen.
The results pertaining to number of stems hill-1 (Table-2) indicated that seed size S2
(51-70g) produced significantly higher number of stems hill-1 than S1 (31-50g) during both
the years and in pooled results. The higher number of stems hill-1 under S2 (51-70g) over
S1 (31-50g) were to the extent of 20.15, 21.96 and 21.25 per cent during 2002-03, 2003-04
and in pooled results, respectively. Large size of seed tubers has more number of eyes
which develop more number of sprouts which later on developed into the stems. Similar
results were also observed earlier by Singh et al. (1998), Divis and Batra (2001), Khalafalla
(2001) and Malik et al. (2002).

Plant height
In the present study the results with respect to plant height (Table-2) showed that
application of nitrogen enhanced the rate of elongation consistently during both the years
as well as in pooled results. However, the highest level of nitrogen N3 (220 kg ha-1) was at
par with N2 (165 kg ha-1) during both the years and in pooled results. Plant height increased
consistently up to crop maturity with each incremental level of nitrogen. This might be due
to increased uptake of nitrogen, a constituent of protein and component of protoplasm, has
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magnitude to increase the synthesis of carbohydrates, which ultimately enhance cell
elongation and resulted in higher plant growth. These findings are in accordance with the
findings of Sharma and Singh (1988), Kushwah (1989), Sahota et al. (1990), Meena and
Gupta (1996) and Malik et al. (2002).
The results of the study pertaining to plant height (Table 2) indicated that seed size
S2 (51-70g) produced taller plants as compared to S1 (31-50g) during both the years and in
pooled results. The increase in plant height at harvest in S2 (51-70g) over S1 (31-50g) was
to the tune of 9.32, 8.36 and 9.07 per cent during 2002-03, 2003-04 and in pooled results,
respectively. The differences in plant height might be due to the better growth in terms of
more number of stems per hill and more number of compound leaves per seed tuber appeared
to have been due to more photosynthesis and eyes present in the large size tubers, which
resulted in higher plant height. The results are in accordance with the findings of Sidhu
et al. (1982), Singh et al. (1998) and Malik et al. (2002).

Number of total tubers plant-1
With reference to the results number of total tubers per plant (Table 2) indicated that
nitrogen levels did not show its significant effect on number of total tubers plant-1 during
both the years and in pooled results. The number of all grades tubers per plant was remained
more or less same at all the levels of nitrogen.
Bigger seed tubers S2 (51-70g) produced significantly more number of total tubes
plant-1 than smaller seed tuber S1 (31-50g) during both the years and in pooled analysis
(Table 2). Seed size S2 produced 8.46, 7.28 and 7.80 per cent number of total tuber plant-1
during 2002-03, 2003-04 and in pooled results. It might be due to larger seed size has more
sprouts per tuber which produces more stems per seed tuber which result in higher number
of tubers per plant.

Grade wise tuber yield
The results presented in Table-3 showed that the yield of seed size tubers (qha-1)
remarkably increased with increase in level of nitrogen up to 165 kg ha-1 during both the
years and in pooled results. The results are in accordance with the findings of Khurana and
Pandita (1985), Hemandez et al. (1995) and Lal (1999).
The different levels of nitrogen failed to exert its significant effects on yield of tuber
bigger than seed size (qha-1) (Table-3) during 2002-03 and in pooled results. This might be
due to the early haulm distribution, which is responsible for the non-availability of assimilates
for tuber development though they are more under higher nitrogen levels. So far as total
tuber yield is concerned, the results presented in Table 3 indicated that the total tuber yield
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was significantly influenced by different levels of nitrogen. Treatment N2 (165 kg ha-1)
produced significantly the highest total tuber yield in second year (264q ha-1) and in pooled
analysis (258.9 q ha-1) but it remained at par with treatment N3 (220 kg ha-1) in first year.
Significantly, the lowest tuber yield of 222 and 228 q ha-1 was recorded under treatment
N1 during 2003-04 and in pooled results, respectively.
A perusal of data presented in Table 3 indicated that treatment S2 (51-70g) proved
significantly better over S1 (31-50g) in terms of yield of seed size tubers of potato during
both the years as well as in pooled analysis. The yield of standard seed size tuber recorded
was 171 in 2002-03, 172 in 2003-04 and 171 qha-1 in pooled results under treatment S2 (5170g), whereas 156, 160 and 158 qha-1 under S1 (31-50g), respectively. Further treatment S2
(51-70g) also produced significantly higher yield of tubers bigger than seed size (74 q ha1) as compared to treatment S1 (31-50g) having value of 70 q ha-1 during second year only.
The treatment failed to exert significant effect during first year and in pooled analysis.
The data given in Table 3 revealed that the total tuber yield was significantly affected
by different seed size during both the years as well as in pooled analysis. Treatment S2
(51-70g) produced significantly higher total tuber yield (252, 253 and 253 q ha 1) as
compared to S1 (31-50g) with the figures of 231, 238 and 235 q ha-1 during 2002-03,
2003-04 and in pooled results, respectively. The higher tuber yield of seed size S2 over S1
might be due to rapid emergence and higher growth and yield attributes viz., ground cover,
plant height of shoots plant-1, number of stems plant-1, ground cover duration, haulm yield,
number of tubers plant-1. Khan et al. (1980), and Malik et al. (2002), obtained similar
results.

Economics
There was an appreciable increase in net realization due to nitrogen application up to
165 kg ha 1 as shown in Table 4. The highest net return of Rs.72, 770 ha-1 was obtained
with treatment N2 (165 kg ha-1) followed by Rs.64, 944 ha-1 with N3 (220 kg ha-1). The
lowest return of Rs.54, 806 ha-1 was accrued under treatment N1 (110 kg ha-1). As far as
BCR is concerned, it was apparent from the data that treatment N2 (165 kg ha-1) gave the
highest BCR of 1.90 followed by treatment N3 (220 kg ha-1) with the value of 1.80 whereas,
the lowest BCR of 1.69 was recorded by the treatment N1 (110 kg ha-1).

Effect of seed size
Smaller seed size S1 (31-50g) showed its superiority with respect to net realization
of Rs.71,410 over S2 (51-70g) (Table-4). Though the total tuber yield was remarkably
higher under S2 (51-70g) (253 qha-1) than S1 (235 qha-1), however, due to higher seed rate
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incurred under S2 due to bigger seed size, the seed size S1 gave an extra net profit of
Rs.14,773 over S2.
From the results of the present investigation, it was concluded that seed potato crop
should be raised using 51-70g seed tubers and fertilized with 165 kg N ha-1 to secure
maximum yield of seed tubers. However, to maximize the net return from seed potato crop,
the seed size of 31-50g should be preferred as it reduces the seed cost.

Table 1: Effect of nitrogen and seed size on per cent ground cover of potato
Treatments

30 DAP
45 DAP
60 DAP
2002-03 2003-04 Pooled 2002-03 2003-04 Pooled 2002-03 2003-04 Pooled

Nitrogen levels (kg ha-1)
N1 (110 kg ha-1)

27.8

40.9

34.4

89.3

85.4

87.3

97.0

97.3

97.4

-1

32.3

40.5

36.4

89.4

92.4

90.9

96.6

97.5

97.1

-1

N3 (220 kg ha )

34.3

40.7

37.5

89.9

94.1

92.0

96.8

98.9

97.9

S.Em.±

0.58

0.25

1.7

0.17

0.81

2.19

0.13

0.40

0.45

C.D. (0.05)

1.63

NS

NS

0.48

2.31

NS

NS

1.15

NS

S1 (31-50 g)

30.1

39.1

34.6

88.9

90.1

89.5

96.6

97.9

97.2

S2 (51-70 g)

32.8

42.3

37.5

90.2

91.1

90.7

97.0

97.9

97.5

S.Em.±

0.47

0.20

0.30

0.14

0.67

0.34

0.11

0.33

0.17

C.D. (0.05)

1.33

0.58

0.70

0.40

NS

0.94

0.31

NS

NS

interaction

NS

NS

NS

NS

NS

NS

NS

NS

NS

C.V.%

8.96

2.99

6.01

0.93

4.39

3.19

0.67

2.02

1.52

N2 (165 kg ha )

Seed size (g)
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Table 2: Effect of nitrogen and seed size on number of stems hill-1, plant height (cm)
at harvest and number of total tubers plant-1
Treatments

Number of stems hill-1

Plant height (cm) at harvest Number of total tubers plant-1

2002-03 2003-04 Pooled 2002-03 2003-04 Pooled 2002-03 2003-04 Pooled

Nitrogen levels (kg ha-1)
N1 (110 kg ha-1)
N2 (165 kg ha-1)
N3 (220 kg ha-1)
S.Em.±
C.D. (0.05)
Seed size (g)
S1 (31-50 g)
S2 (51-70 g)
S.Em.±
C.D. (0.05)
Interaction
C.V.%

5.84 5.72 5.78
5.99 5.88 5.94
5.89 5.67 5.78
0.045 0.028 0.027
NS 0.079 0.074

46.6
50.1
51.5
0.75
2.13

46.5
54.0
55.7
0.51
1.44

46.5
52.0
53.6
1.20
3.40

6.77
6.73
6.83
0.04
NS

6.54
6.54
6.56
0.04
NS

6.65
6.64
6.65
0.30
NS

5.36 5.19 5.27
6.44 6.33 6.39
0.037 0.023 0.024
1.005 0.065 0.060
NS
NS
NS
3.74 2.38 3.15

47.2
51.6
0.61
1.74
NS
7.43

49.8
54.2
0.41
1.18
NS
4.78

48.5
52.9
0.37
1.02
NS
6.18

6.50
7.05
0.03
0.10
NS
2.98

6.32 6.41
6.78 6.91
0.032 0.023
0.09 0.064
NS
NS
2.92 2.95

Table 3: Effect of nitrogen and seed size on seed size, bigger than seed size and
total tuber yield (q ha-1) of Potato
Treatments

Seed Size
Bigger than seed size
Total
2002-03 2003-04 Pooled 2002-03 2003-04 Pooled 2002-03 2003-04 Pooled

Nitrogen levels (kg ha-1)
N1 (110 kg ha-1)
N2 (165 kg ha-1)
N3 (220 kg ha-1)
S.Em.±
C.D. (0.05)
Seed size (g)
S1 (31-50 g)
S2 (51-70 g)
S.Em.±
C.D. (0.05)
Interaction
C.V.%

155
171
164
3.99
11.3

149
180
168
1.7
4.8

152
176
166
2.2
6.0

72
71
71
3.8
NS

66
75
76
1.4
3.9

69
73
73
2.0
NS

233
251
242
3.4
9.6

222
264
251
1.8
5.2

228
258
246
6.6
18.8

156
171
3.3
9.3
NS
11.96

160
172
1.4
4.0
NS
5.04

158
171
1.8
4.9
NS
9.14

69
73
7.6
NS
NS
26.00

70
74
1.1
3.2
NS
9.27

70
73
1.6
NS
NS
19.44

231
252
2.7
7.8
NS
6.82

238
253
1.5
4.2
NS
3.61

235
253
1.6
4.3
NS
5.54
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Table 4: Mean realization, average cost of production and benefit : cost ratio
for different nitrogen and seed size (Pooled basis)
Tuber yield (q ha-1)
Treatments

Seed
size

Bigger than Smaller than
seed size seed size

Average
cost
(Rs. ha-1)

Mean realization
Gross
(Rs. ha-1)

Net
(Rs. ha-1)

B : C ratio

Nitrogen levels (kg ha-1)
N1 (110 kg ha-1)

152

69

8

79,994 1,34,800 54,806

1.69

N2 (165 kg ha )

176

73

10

80,630 1,53,400 72,770

1.90

N3 (220 kg ha-1)

166

73

8

81,256 1,46,200 64,944

1.80

S1 (31-50 g)

158

70

8

67,990 1,39,400 71,410

2.05

S2 (51-70 g)

171

73

10

93,263 1,49,900 56,637

1.61

-1

Seed size (g)

Selling price of produce: Seed sized tuber = Rs. 700 q-1, Bigger than seed sized tuber = Rs.400 q-1,
Smaller than seed sized tuber = Rs. 100 q-1
Cost of fertilizer: N1 = Rs. 4484 ha-1, N2 = Rs. 5096 ha-1, N3= Rs.5696 ha-1;
Cost of seed: S1= Rs. 47,700 (53 qtl), S2 = 72000 (80 qtl.);
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and ex vitro potato plant growth
Gaigove V.B1. Dalvi S.G2. Pawar G.B3, Tawar P.N4.
Vasantdada Sugar Institute, Manjari(Bk), Tal. Haweli Dist.Pune- 412307, India.
Email : sgdalvi@gmail.com

Potato (Solanum tuberosum L.) ranks fifth among major food crops. World’s annual
yield of potato is 325.28 million tones (FAO, 2008). In vitro propagation of potato done by
the serial culture of axillary shoots with nodes for rapidly multiplying new or existing
variety in disease-free conditions (Bizarri et al. 1995; Naik, and Chandra, 1993; Sabzevar
et al. 2007). In many countries these techniques have boosted first multiplication steps in
seed production programs by using in vitro plantlets, microtubers (Ranalli et al 1994; Sharma
etal, 2005) or minituber production (Ahloowaliya, 1994; Chandra and Birhman, 1994;
Naik and Karihaloo, 2007). The multiplication coefficient of this propagation system is
very high. MS medium (Murashige & Skoog, 1962) without hormones was used for
proliferation (Aburkhes, 1984; Rosell, 1987; Hannapel, 2007). Improvements have been
made with GA3 based medium which is generally used nowadays (Badoni and Chauhan,
2010; Ewing, 1995; Machackova 1998; Naik and Chandra, 1993). The media is replaced
for microtuber induction or plants are transferred to greenhouse for minituber production.
GA3 stimulated development of nodal cuttings but produced thin, elongated shoots with
tiny leaves, affected, microtuberization and survival during acclimatization due to nonsturdy plantlets which are prone to post-transplant shocks. There is lodging of long shoots
and less number of internodes gets buried inside the soil resulting in less number of tubers.
GA3 is a negative co-regulator for tuberization (Novak et al. 1980;Carrera et al. 2000;
Farhatullah 2007; Sabzevar, et al. 2007). Therefore to overcome GA3 problems medium in
the last phase is supplemented with anti-giberellin compounds, viz. Jasmonic acid, CCC,
Daminozide, Chlormequat Chloride, Coumerin, Triazols, Abscisic acid, which act as growth
retardants. Reduced level of GA3 accompanies changes in morphology, metabolism and
gene expression in leaves of plants induced into tuberization (Jackson and Prat, 1996;
Castro et al. 2007; Rodriguez-Falcon et al. 2006). Cytokinins used for induction of
tuberization also stimulate growth of plant (Machackova et al. 1998). Kinetin and BAP are
generally used in plant tissue culture frequently, for shoot induction in many crops. Therefore,
present investigation was initiated to develop media without GA3 for rapid in vitro potato
micropropagation for getting sturdy plantlets with shorter internodes, free from GA3 traces.
1.

Summer Trainee for M.Sc. Project, 2. P.I. Potato Minituber Production Project,
Minituber Production Project, 4. I/c. Head, Plant Tissue Culture

3.

SRF, Potato
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Plant material and sprout induction
The nodal segments of 20 day old, well-grown cultures of Kufri Jyoti and cvs. Kufri
Pukhraj were subcultured aseptically on Murashige & Skoog medium containing sucrose
at 2%, with cotton as a support matrix (Dalvi et al. 2008). Five single-node cuttings (SNC)
were inoculated in each bottle.

Culture growth conditions
Plant materials were grown in standard growth room conditions in 500g glass bottles
with 40 ml growth medium (Naik and Karihaloo, 2007).

Composition of medium
Combinations of BAP (0.1, 0.25, and 0.5 mg/l) and Kinetin (0.1, 0.25, and 0.5 mg/l)
along with 2% sucrose, 0.001mg/l NAA and 2mg/l calcium pantothenate were used (Table1).
MS medium with supplements of 0.1mg/l GA3 and 0.001mg/l NAA was treated as Control
(Naik and Karihaloo, 2007).

Growth Hormone Combinations in MS Medium
Combination

BAP +

KN

+ GA3 + NAA

A

0.0

+

0.0

+

0.1

+

0.1

B

0.1

+

0.1

+

0.0

+

0.1

C

0.1

+ 0.25 +

0.0

+

0.1

D

0.1

+

0.5

+

0.0

+

0.1

E

0.2

+

0.1

+

0.0

+

0.1

F

0.2

+ 0.25 +

0.0

+

0.1

G

0.2

+

0.5

+

0.0

+

0.1

H

0.5

+

0.1

+

0.0

+

0.1

I

0.5

+ 0.25 +

0.0

+

0.1

J

0.5

+

0.0

+

0.1

0.5

+

Observations and statistical analysis
Visual observations were recorded every day for percent establishment by recording
axillary bud sprouting in SNC. Average number of shoots per bottle, shoot length, number
of nodes, branches; fresh weight and dry weight per plant were recorded at 25th day after
inoculation. Dry weight was recorded after drying samples at 60ˆC for three days. Exvitro establishment percentage was recorded after 10 days of transplanting the plantlets in
coco-peat. A set of 50 bottles was inoculated per replication; three replicates were carried
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out in each experiment and the experiment was repeated three times. Randomly, five bottles
were selected for analysis of different parameters. Average of each parameter of five shoots
per bottle was considered for statistical analysis. All data was subjected to test significance
using standard statistical methods.
The data for effect of various concentrations of BAP and kinetin on the shoot length
of Kufri Pukharaj and Kufri Jyoti is shown in Table2. In vitro effects of different
concentrations of BAP and kinetin on shoot development showed wide variation in response
to these plant growth regulators in both the cultivars. Best results were obtained for all
parameters in the combination C. In in-vitro conditions, the highest percent bud sprouting
(79.33 %) of shoots was obtained in Kufri Jyoti and 100 % shoots were obtained in Kufri
Pukharaj in combination C. Increase in BAP concentration inhibited shoot regeneration
and shoot elongation in combinations H, I and J. BAP concentration of 0.5 mg/l in all
combination with kinetin resulted in callus growth at the cut end of explants. In the case of
Kufri Pukharaj, all the combinations showed decreased growth.
In the case of Kufri Jyoti, significantly higher number of nodes (9.28 ±0.92) were
found in combination C compared to Control [6.05 ±0.92 (i.e., Combination A)]. In the
case of Kufri Pukharaj, combination C showed significantly higher number of nodes per
plantlet (20.45 ±1.53) as compared to Control (11.79 ±1.53). Kufri Jyoti in combination E
gave higher number of branches (0.67*) compared to control (0.44*) whereas, Kufri Pukharaj
showed higher number of branches (1.18o) in combination C compared to Control (0.60o)
(oExcepting the main shoot). Media combination C showed high internode number even
though height of the plantlet was less. There was significant increase in biomass
accumulation, i.e. dry weight of 0.05±0.004 and 0.06±0.004 in Kufri Jyoti and Kufri
Pukharaj, respectively. This shows that the plantlets obtained in media with kinetin and
BAP were more strong and sturdy, whereas plantlets from Control having GA3 had a declined
weight. In the case of Kufri Jyoti, combination C showed higher percentage of culture
establishment (86.54 + 0.68) compared to the Control (76.83 + 0.68). The short height and
high biomass accumulation showed increased sturdiness of plantlets, resulting in high
survival rate. It has been reported that longest main shoot and highest node numbers can be
obtained in a medium containing NAA and BAP (Uranbay, 2005; Youse, et al. 1997) but, in
our experiment, we observed callus development at higher BAP concentration. If increase
in number of nodes is calculated up to seventh cycle, there is a vast difference in the number
of plants produced in combination C giving higher survival. As mentioned above, survival
percentage is contributing to production cost greatly. It has been reported earlier by various
workers that there is an average 80% survival during acclimatization. Cytokinins enhance
the tuber production and an average 6-8 minitubers are produced per plant (Naik and
Karihaloo, 2007); Yoursuf, et al, 1997; Zang et al 2003). Actually, media used for
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multiplication control these cost contributing factors. It has been reported that the media
contributes less than 15% of the production cost and, in some cases, the cost is less than 5%
(Prakash, 1993). We observed that the media has a major role to play in production cost as
it governs the quality of plants, which is the main cost contributing factor responsible for
better survival during acclimatization. The efficiency of survival during acclimatization
not only governs the cost of production but also the success of any tissue culture technology.
It has been observed that there is increase in production efficiency in terms of number of
bottles producing higher number of shoots, having better survival, ultimately resulting in
more number of minitubers. Thus, even if there is a slight change in media cost, it has a
high impact on cost of production.
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B
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A

1
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Table 2. Effect of media combinations on various growth parameters in potato cvs Kufri Jyoti and Kufri Pukhraj
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Modern fruit tree culture is based on growing them as composite plants involving
both standard rootstocks as well as scion cultivars, selected on the basis of worthy
horticultural characteristics-harmonizing delicate interrelationships to form a multiple
genetic system, the ‘stion’. Initially, use of rootstocks primarily focused on possible treesize control, later extending to understanding reciprocal influences of ‘stock’ and ‘scion’
on metabolism of the entire unit attaining equilibrium. Subsequently, details of the sensitive
communication and interaction between roots and the above-ground system in respect of
anatomical and histological compatibilities when understood, the aspect’s precocity,
hardiness, water and nutrient uptake, resistance or tolerance to abiotic and biotic stresses,
yield and quality of fruits started assuming focus. With emergence of sophisticated
commercial fruit culture, the finer options of addressing the problems associated with
production viz., nucellar embryony, higher number and germination per cent of seeds,
adaptability to climatic aberrations (heat, cold etc.), soil related issues of depth, salinity or
alkalinity, pH, drainage conditions, soil-borne pathogens, insects, nematodes, etc. assumed
critical importance. With rootstock interventions considered by pomologists as early as the
fifteenth century, and advances made in the research arena later, still there are major
problems, and rootstock breeding programmes in different tree fruits across the world are
striving to develop rootstocks for the attributes mentioned earlier. Many of the commercial
fruit crops of the country, viz., mango, guava, grapes, passion fruit and a couple of potential
ones, avocado, jack fruit, annonaceous fruits, fig. ber , mangosteen, durian, rambutan, jamun,
karonda, mulberry, kiwi fruit, bread fruit etc. are yet to be addressed for their rootstock
needs, in order to optimize the production system. Some useful leads, although, are available
in citrus crops, ideal rootstock(s) for exploitation under complex situations still elude
effective integration in production systems. Rootstock breeding programmes presently
undertaken in different countries have well defined objectives of addressing, graftcompatibility, soil stress (good root systems that develop both horizontally as well as
vertically, mycorrhizal associations, heavy and poor soils, tolerance to lime induced
chlorosis, etc.), salinity stress, tolerance to calcareous soils, dwarfing- HDP systems,
resistance to Phytophthora root rot, other root diseases, nematodes, other pests, improved
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yield and fruit qualities, extending range of cultivation and markets. With advancement in
knowledge of frontier areas of diversity of gene sources, molecular genetics (association
mapping, functional genomics, markers, marker assisted selection, allele mining,
recombinant DNA, gene cloning etc.), somatic cell genetics, genetic manipulation, cell and
tissue culture could open up new vistas in targeted rootstock development with specificities.
Integrating scion and specific rootstock characteristics into one genetic system for fruit
crops through breeding and modern biotechnological approaches may open up exciting
options to offer sustainable and viable solutions to the major problems of biotic and abiotic
stresses. Establishment of seedling procedures for rootstocks that can adequately predict
field performance of mature fruit-trees for any characteristic is very crucial for effective
integration and to tackle emerging problems of fruit production.
This paper deals with rootstock needs of major fruits relevant to the country,
incorporating developments made in other producing countries and possible biotechnological
interventions.

Approaches and achievements
Mango (Mangifera indica L.)
Development of ideal rootstock in fruit crops continues to remain a great challenge.
The focus in mango includes development of rootstocks that could confer resistance to
adverse soil conditions and affect vigour of the scion. In this background, aspects of
polyembryony for uniformity; dwarfing characters for establishing HDP systems; tolerance
to calcareous soils; tolerance to soil borne problems / pathogens and physiological
compatibility to scion, assume specificity.
In mango, a standard, horticultural and commercially acceptable rootstock is yet to
become a reality. Obviously, such a rootstock needs to be polyembryonic one, for ensuring
homogeneity of orchards. Literature in 1968 says that in mango, polyembryony is inherited
as a recessive trait. However, 30 years later, it was understood to be under the control of a
single, dominant gene. The variability in polyembryonic varieties available now is very
limited, which needs to be widened with introgression of dwarfing genes from
monoembryonic varieties for realizing the vision of high-density planting system (HDP)
for enhancing mango productivity. In our research programmes presently, very little emphasis
is laid on rootstock development. Rootstocks need to have the feature of polyembryony for
uniformity, tolerance to calcareous soils, soil-borne pathogens and ensure high degree of
compatibility (Iyer and Degani, 1998). Globally, only Israel currently has mango rootstock
breeding programme. None of the selections, monoembryonic or polyembryonic, are better
than the existing ‘13-1’ polyembryonic rootstock currently in use (Lavi et al, 1993).
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In our country, adoption of uniform nucellar seedlings as rootstock in nurseries is
uncommon as their differentiation from zygotic ones is diificult. Use of protein markers for
differentiating zygotic from nucellar seedlings from open pollinated polyembryonic
rootstocks, in this regard, appears crucial. Using IDH, LAP, PGI, PGM and TPI in this
direction appears to hold promise (Schnell and Knight, 1992). Mango is not a subject for
marker assisted selection (MAS) so far. With 40 chromosomes, it has comparatively a
small haploid-genome size. This feature of small mango genome should facilitate
identification of molecular markers and creation of a genetic map efficiently. The focus
required in this regard includes intensive exploration of functional genomics to identify
genes lacking. As of now, only a few fruit-specific sequenced genes are located; it requires
efforts to determine ESTs and more cDNA libraries from tissues other than fruit. Molecular
tools, map-based breeding and use of genomics to identify gene function could perhaps
provide useful leads in this regard.

Citrus (Citrus spp.)
Globally, citrus (Citrus spp.) cultivation is bogged down by common problems
associated with biotic and abiotic stresses and a need for conservation of its rich biodiversity.
Great stresses associated with root system, rootstocks that are seedy, highly nucellar, graft
compatible with commercial cultivars, high degree of horticultural performance along with
ensuring parity of fruit quality parameters with those of seedling origin have still remained
a great challenge to the citrus industry. In this background, citrus rootstock breeding
objectives need to precisely focus on developing tolerance or resistance to biotic and abiotic
stress factors viz., Phytophthora diseases, nematodes, salinity, etc., conform to horticultural
performance requirements induced by the stock-scion interaction with respect to tree-size,
scion precocity, fruit size, dwarfness, yield and vigour. In accomplishing these aspects of
citrus reproductive biology, viz., pollen and ovule sterility; sexual incompatibility; apomixis
and nucellar embryony; prolonged juvenile phase and high heterozygosity and inbreeding
depression are the greatest hurdles in citrus rootstock breeding efforts. Additionally, nucellar
embryony (facultative apomixis), common in a majority of the commercially important
citrus cultivars, is a major obstacle.
Two contrasting predicaments to breeding are visualized, role of apomixis - the
assurance of genetic uniformity of rootstocks and the identification of hybrid seedlings; a
majority of citrus rootstock cultivars are heterozygous at several isozyme loci; thus, zygotic
seedlings produced via selfing could be easily distinguished from nucellar seedlings. Stress
diagnostics (salinity, drought, cold, CTV, CGB, Phytophthora, nematodes) are critical aspects
for establishing a thriving citrus industry anywhere. In view of this, following areas need
due focus:
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• Molecular mechanisms of disease development, host-pathogen relationships,
mechanisms of signal transduction, virus-vector relations with respect to important
biotic stresses caused by pathogens like Phytophthora spp, Xanthomonoids,
nematodes, viral pathogens, etc.
• ELISA (Enzyme linked immuno-sorbent assay) and nucleic acid amplification and
hybridization-based methods
• Reproducible protocols for regeneration through tissue culture via somatic
embryogenesis and organogenesis
• Exploitation of somaclonal variation for finding desirable genetic changes, leading
to stress resistance
As prevalent elsewhere, rootstock scene in our country is also dominated by Sour
orange, Rough lemon, Rangpur-lime, Cleopatra mandarin and a few others. Some interesting
developments of the recent past are yet to be exploited commercially. Notable among them
are: Citranges (C. sinensis x P. trifoliata); Citrumelos (C. grandis x P. trifoliata)- Soost and
Roose (1996); ‘Carrizo’, ‘Troyer’ citranges and ‘Swingle’ Citrumelo rootstocks are now
widely used for harnessing benefits of Phytophthora, virus and nematode tolerance.
Molecular approaches for crop improvement viz., MAS as available in ‘Flying
Dragon’ P. trifoliata, a dwarfing phenotype, is probably due to a single dominant gene
(Cheng and Roose,1995); QTLs: map of region surrounding a gene Ctv (Gmitter et al,1996);
single genetic locus for rootstock-mediated scion dwarfing (Cheng and Roose,1995);
resistance to citrus nematode (T. semipenetrans), Tyr1 (Ling et al. 2000); 73 potential QTLs
of backcross population of C. grandis x P. trifoliata showed accumulation of Na and or Cl
(Tozlu et al, 1999); embryogenic cell lines of P. trifoliata tolerant to increased levels of Na
Cl have been produced (Beloualy and Bouharmont,1992). Tyr1 closely linked to Ctv (Ling
et al, 2000) may provide ample scope for biotechnological interventions. Production of
somatic hybrids of complementary rootstock parents for disease-resistance, dwarfing and
horticultural performance is possible (Grosser et al, 2000); somatic cybrids for rootstock
improvement (Tusa et al, 2000) also hold promise.
Genetic transformation is another exciting area available. Carrizo citrange
transformed with a gene, HAL2 ,isolated from yeast –salt tolerance mechanisms (Cevera et
al, 2000); expression of tomato pathogenesis related protein PR-5 constitutively in transgenic
sweet orange, increasing tolerance to Phytophthora citrophthora (Fagoaga et al, 2001)
have been reported. Other research outcomes viz., micro-grafting to eliminate viruses; in
vitro shoot tip grafting (Navarro, 1981); minigrafting (grafting of tissue culture derived
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material) (Yang et al, 2000); somatic embryogenesis from stigma and style tissues to
eliminate psorosis (D’Onghia et al, 2001) await commercial exploitation.

Guava (Psidium guajava L.)
The crop traditionally is raised in many commercially-producing areas through
seeds even today, resulting in variable tree and fruit characteristics. The crop world over is
highly susceptible to wilt disease and soil-borne pathogens including Phytophthora spp.
Three rootstocks resistant to guava wilt were selected in South Africa (Schoeman and Vas,
1998). CISH, Lucknow has released wilt-tolerant hybrid rootstock P. molle x P. guajava
which may hold promise. Chinese guava (P. friedrichsthalianum) had indicated dwarfing
(Mitra and Bose, 1985), resistance to wilt and Meloidogyne incognita and compatibility
with guava. Other potential species as rootstock include P. cujavillis, P. molle, P. cattleianum
and P. guineense. ‘Riverside Vermelha’ rootstock may have the potential for earliness,
vigour and high growth-rate (Vasconcelos and Cardoso, 1997). P. pumilum was also shown
to have a dwarfing effect. The available feature of dominant red mesocarp may serve as a
marker.
Somatic cell genetic technologies hold promise.

Grapes (Vitis spp.)
Commercial viticulture in the country has undergone a sea change in the country
impacted by rootstock, variety and canopy management interventions in the last two decades.
Rootstocks were first obtained directly by selection from nature, V.champini Planchon
‘DogRidge’, a ruling rootstock in Indian vineyards; V. rupestris Scheele, ‘St.George’ and
there are others in the pipeline. B2-56 rootstock having similarities to V. berlandieri x V.
rupestris parentage has shown better exclusion of sodium than Dogridge, which may have
practical implications. Exploitation of rootstock usage against salinity is linked to ability
to exclude moderate to high chloride and sodium exclusion, combined with vigour imparting
mechanism. Ramsey (V. champini) is the most preferred rootstock for warm growing-regions
of Australia, as it produces the largest berry size (Cameron, 2006) and performs best in low
fertility soils, in vineyards where soil or water salinity is a problem. Schwarzmann, 99
Richter and 34EM performed best in cooler regions in fertile soils. CSIRO-developed
rootstocks Kober 5Bb, 140 Ruggeri and other hybrid rootstocks may have potential of
early-ripening and performance under subtropical regions. Incompatibility of Red Globe
with Teleki 5C, Kober 5BB and 1103 Paulsen implies that systematic investigations are
essential prior to recommendation. The breeding objectives (Winkler et al, 1974) include
tolerance to environmental conditions (lime-induced chlorosis, along with graftcompatibility), pest and disease resistance, e.g. various fungi, nematodes and drought –

340

‘Tampa’ (Mortensen and Stover, 1982) and transmission of high-vigour and / or fruit yield
to the scion.
Genetic manipulation for in vitro selection (useful for gene discovery) at cellular
levels for resistance to heavy metals, lime or salt; lime tolerance from V. berlandieiri –
tolerance to calcareous soils (Galet and Morton, 1990) need focus. Transgenic plants have
been recovered with coat protein genes from grapevine viruses (Golles et al, 2000; Martinelli
et al, 2000). Identification of Bar gene-resistance to the herbicide, phosphinothricin
(Basta)(Levenko and Rubtsova, 2000) may have useful applications.

Avocado (Persea americana Mill.)
Major challenges in commercial production include: control of fruit ripening;
Phytophthora root rot (PRR)- P. cinnamomi Rands.-worldwide with no resistance in avocado
and other species of Persea recorded. The fact that species within subgenus Eriodaphne
have demonstrated the feature of high-resistance but are sexually and graft-incompatible
with Persea (Zentmyer, 1980; Lahav and Lavi, 2002) may open up opportunities for new
frontier areas of research. Other aspects, viz., rootstocks with dwarfing and salinity tolerance
is the urgent need of avocado industry.
Duke,and its progeny Duke 7, Barr-Duke, D9, and Thomas – good tolerance; G6
selection (Mexican) are reported fairly tolerant to PRR. PRR-tolerant selections have
following limitations:
• Martin Grande (P. schiedeana x P. Americana - Guatemalan race) provide lowyielding trees (Ellstrand et al, 1986)
• Some rootstocks tolerant to P. cinnamomi are not tolerant to P. citricola (Tsao et
al, 1992)
• Guatemalan rootstocks are more sensitive than Mexican ones to Dothiorella and
Verticillium wilt (Zentmyer et al, 1965)
• As regards dwarfing, Colin V-33 may have potential either as rootstock or as interstock, but its testing positive for avocado sun blotch viroid (ASBVd)- Sa’nchez
Colin and Barrientos-Priego (1987) is a matter of serious limitation. Dwarfing
character of P. schiedeana appeared to be controlled by a single gene (Bergh and
Lahav, 1996). Rootstock selection D9, derived from irradiation of ‘Duke’ indicated
good resistance to PRR, along with dwarfing.
Abiotic stress tolerance could be harnessed, though the West Indian avocados
demonstrat greater salinity resistance than Mexican; variability within race (Kadman and
Ben-Ya’aco, 1976) can provide many opportunities of selection of superior types. Resistance
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to Ca-induced chlorosis has been reported among WI cultivars (Ben-Ya’aco, 1972) but WI
rootstocks indicated poor performance in heavy soils and waterlogged conditions (BenYa’aco et al, 1974). Studies have shown that avocado sun blotch viroid (ASBVd) can not
be eliminated either by in vitro micrografting or nucellar culture (Suarez, 2003). In vitro
mutation induction and selection holds promise.

Passion fruit (Passiflora spp.)
Passiflora germplasm is diverse but remains unexploited. Disease resistance is one
of the breeding objectives (Coppens D’ Eeckebrugge et al, 2001). Phytophthora blight and
Fusarium (Fusarium oxysporium f. passiflorae) wilt are devastating and use of Fusarium
resistant rootstocks appears to be the only viable option. P. giberti is reported resistant to
Fusarium wilt (Oliveira and Ferreira, 1991) and is used as rootstock for P. edulis. P. caerulea
has cold tolerance, nematode tolerance, collar rot and Fusarium wilt (Grech and Rijkenberg,
1991); tolerance to salinity and poorly drained soils and has potential for use as rootstock
for P. edulis. P. manicata, an Andean species, is found very hardy, with resistance to
nematodes and fungal diseases - anthracnose, vine mildew and Alternaria, and is used as
rootstock for P. mollissima (Coppens D’ Eeckebrugge, 2001). Development of horticulturally
acceptable rootstock is the need and introgression of resistant genes through interspecific
hybridization (attempted between P. edulis f. flavicarpa and wild Passiflora species) has
resulted in low fertility of F1 hybrids (Vieira, 1997) and biotechnological interventions
may hold promise.
In Australia, ‘Purple’ grafted onto resistant lines of Yellow form- control Phytophthora
blight and Fusarium wilt. In Brazil, P. alata, P. caerulea, P. giberti, P. nitida are used as
rootstocks for P. edulis (Oliveira et al, 1984; Menezes et al, 1994). In Africa, P. caerulea
(the blue passion-fruit) as rootstock (Menzel et al, 1990) was tried. P. quandrangularis, P.
edulis and P. edulis f. flavicarpa were used in hybridization, and three genotypes were
selected under waterlogged conditions and used as rootstocks resistant to Fusarium wilt
(Breedt, 1997). P. alata as resistance source to Fusarium wilt (Yamashiro and Landgraf,
1979) may also hold potential. Linkage maps have been constructed based on molecular
markers (Carneiro et al, 2002) offering scope for precision breeding. QTLs for resistance
to X. campestris pv. passiflorae (Lopes, 2002) has been reported. Regeneration (Dornelas
and Vieira, 1994) and virus indexing (Huang et al, 1997) protocols are available. Molecular
markers can aid in mapping, cloning and sequencing of important genes.

Summary
Although good leads have been provided in areas of rootstock development and
exploitation in temperate fruit crops, pace of the same in tropical fruits is far from satisfactory.
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For targeted rootstock development, specific leads are required to be obtained from frontier
areas of diversity in gene sources, molecular genetics (association mapping, functional
genomics, MAS, allele mining, recombinant DNA, gene cloning); somatic cell genetics,
genetic manipulation, cell and tissue culture technologies. In this regard, there are exciting
options for integrating scion and specific-rootstock characteristics into one genetic system
for fruit crops against biotic and abiotic stresses. Horticultural science is yet to establish
seedling procedures for rootstocks to adequately predict field performance of mature trees.
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Papaya is one of the fruit crops that is grown both commercially as well as a backyard
crop. It has emerged as a main commercial crop during the last few years, because of the
high nutritive value. Papaya fruits are rich in of vitamin A (2020 I.U), vitamin B1 (40 mg),
vitamin C (46mg), protein (0.5%) and mineral matters (0.4%). Papaya, Carica papaya L.
(2n=2x=18), is a member of the family Caricaceae, a small dicotyledonous family consisting
of five genera of tree-like herbs (Badillo, 1993). Although opinions differ on the origin of
C. papaya from tropical America (Garrett, 1995), it is likely that papaya originated from
the lowlands of eastern Central America, from Mexico to Panama (Nakasone and Paull,
1998). The seeds were distributed to the Caribbean and Southeast Asia during the 16th
century, and to India and Africa (Villegas, 1997). Seed is a commercial and practical means
of multiplication of papaya. Papaya being highly cross pollinated, purity of seeds can only
be maintained by controlled pollination. Papaya being partially perennial, production of
impure seeds can end up in drastic reduction of yield especially in the case of dioecious
varieties, wherein male plants do not yield fruits.

Floral parameters, sex type and seed production
Understanding types of flowers and pollination pattern is very important in carrying
out seed production in any crop but more so in a highly cross pollinated crop like papaya.
In the case of papaya, there are two groups of varieties, one is dioecious and another
gynodioecious. Papaya is a polygamous species having male, female and hermaphrodite
forms of inflorescence (Storey, 1953). Papaya, though dioecious in nature, the sex expression
has been one of the most perplexing and lacking in explanation. Storey (1958) classified
papaya flowers into eight broad categories according to modifications of sex. He categorized
them as ‘staminate’, ‘reduced elongata’, ‘elongata’, ‘carpelloid elongata’, ‘pentandria’,
‘carpelloid pentandria’ and ‘pistillate’.

Genetic constitution of sex and sex change
The genetic constitution of sex in papaya is as follows:
M1m: Male,

M2m: Hermaphrodite,

mm: Female
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In the above genetic constitution, crossing of males and females will result in a
population of females and males and dominant homozygous are lethal and do not occur in
nature. Due to unique sex inheritance in papaya, it is important that a basic understanding
has to be developed while taking up crossing of desired plants for seed production. The
female types are stable types, the male and hermaphrodite flowers often change sex
depending on climate. During winter, when temperatures are low, high fertility is observed
both in stigma and stamen rendering even the male plants to bear fruits. The tendency of
stamens to become carpel during cooler months is known as ‘Carpellody’. The result of
‘Carpellody’ is the formation of misshapen fruits, which develop due to parthenocarpy
both in male as well as in hermaphrodite flowers. During hotter months, both stigma and
stamen have tendency to become sterile. This kind of variation is due to presence of genetic
factors, which bring about a change in heterozygous unstable males and hermaphrodites.
The change of sex that takes place while there is a change in temperature regime needs to
be understood as sterile hermaphrodites pose a unique challenge in production of seeds.
The genetics of female sterility and stamen carpellody have not yet been fully understood,
so the numbers of genes responsible for each of these character modifications have not
been determined. Studies to date suggest, that at least two pairs of genes but possibly more
are concerned in each. Male and hermaphrodite trees fall into five readily recognizable
classes with regard to female sterility and fertility. These classes are:
(1) Continuously female sterile throughout the year;
(2) Female sterile during most of the year, but female fertile for a short period,
usually three months or less;
(3) Female sterile for about half the year, and female fertile the rest of the year;
(4) Female sterile for a short period, usually less than three months;
(5) Continuously female fertile throughout the year.
It has been observed in Hawaii and elsewhere that female sterility in sex reversing
trees is enhanced by warm weather and long days, and female fertility by cool weather and
short days. Trees which are female sterile in the warm moths, may become female fertile in
the cool months. Trees, which are female sterile in the cool months, remain sterile for the
rest of the year and, trees, which are female fertile in the warm months, remain fertile for
the rest of the year. No deviation from this pattern has ever been observed. The increase in
the population of sterile hermaphrodites can result in the production of misshapen fruits,
thereby decreasing the marketability. Hence, controlled pollination carried out to produce
seeds would be the ideal method.
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Floral biology
Knowledge of flowering, pollen characteristics pollination biology, fruit set and fruit
development is pre-requisite for any planned hybridization programme. Besides, it is helpful
in selecting cultivars having a good set and to adjust cultural practices in relation to flower
emergence and fruit development. Information on pollen characteristics and stigma
receptivity would facilitate right interpretation, on hybridization studies so that lack of
obtaining hybrid seed is not merely ascribed to crossability basis between them. Many
workers have studied the season of flowering, flowering height, period of anthesis and
dehiscence, pollen viability, stigma receptivity and seed set (Sharma and Bajpai, 1969;
Khuspe and Ugale, 1977; Madhava Rao and Khader, 1962; Allan 1963; Singh, 1959, 1960,
Subramanyam and Iyer, 1986). It has been noticed that there is variation in all these
parameters depending on the climate existing in different regions. It is our experience that
crossing can be carried out in papaya in the morning hours till 12 noon. However, during
summer it is better to carry out crossing till 11 AM in the morning.
The different Carica species, viz., C. papaya, Vaseoneellea. monoica, V. cauliflora
and V. goudotiana were found to flower throughout the year in India. The period of flower
at anthesis after bud initiation varies in all the three sex forms. The female flowers develop
within 32 days while the male flowers in 42 days, after bud initiation. However, variation
ranging from 45 to 47 days was observed in some regions. Which is presumed due to the
change in climate. The anthesis in three sex forms viz., staminate, hermaphrodite and female
takes place between 6 AM to 11 AM. With regard to the dehiscence of anther also variation
depending on the existing climate has been observed. It takes place 24 before anthesis in all
the species of Carica. However, there have been reports that dehiscence in staminate and
hermaphrodite flowers takes place between 10 to 12 before anthesis. High temperature and
low humidity hastens the time of anther dehiscence.
The pollen grain in papaya remains viable 2-3 days before and 2 days after anthesis
with maximum on the same day of anthesis. Allan (1963) was first to germinate papaya
pollen in vitro by utilizing boric acid. Later, it was found that the 100% pollen could be
germinated only with the help of 5% sucrose solution (Subramanyam and Iyer, 1986). The
amount of pollen produced in a single anther in different varieties of papaya showed the
number of pollen grains to be in the range of 7,500 to 23,750 per anther among papaya
cultivars. Papaya pollen can be stored up to 5 years without losing the viability, if proper
conditions are created for storing. Pollen stored at room temperature in desiccation with
50% relative humidity could remain viable for 48 days. It could be stored successfully at
sub-zero temperature at various relative humidity levels for up to 5 years. The receptivity
of stigma as evidenced by percentage of fruit set was found to be maximum on the day of
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anthesis. The stigma of female and hermaphrodite flowers remains receptive two days
before and two days after anthesis.

Fruit shape
In the case of gynodioecious varieties, generally two types of fruits are seen. The
hermaphrodite flowers produce oval shaped fruits and the female flowers produce round
fruits. The variation in fruit shape is also seen to some extent within a variety.

Seed as a source of variability
Papaya being highly cross pollinated, there is no denying the fact that most of the
variability that is seen to day among varieties, is due to the open pollinated seeds.
Uncontrolled pollination followed by selection has resulted in present day varieties, which
are to the tune of about twenty in number if entire country is taken. However, cultivation of
improved varieties has come to the forefront due to the consumer demand for quality fruits.
In some countries like Brazil and China, propagation by cuttings is a commercial practice.

Stored pollen and seed production
As it has been proved in papaya that there is a seasonality barrier, to carry out seed
production throughout the year using fertile pollen would be one of the challenges. It has
been observed that pollen at ultra low temperature undergoes negligible changes in terms
of physiological and biological processes (Towill, 1981). In this direction, work carried out
has shown that pollen cryopreserved at -196°C can be effective even after storage for eight
years. The pollen of wild species V. cauliflora also showed germination to the extent of 82
to 83% (Shashikumar et al., 2007). The methodology can also be used for intergeneric
hybridization by storing the pollen of wild species like V. cauliflora.

Seed production in gynodioecious varieties
In the case of gynodioecious varieties, there are only female and hermaphrodite plants.
Controlled pollination is carried out either by bagging bisexual flowers or by pollinating
female flowers using pollen from bisexual flowers. Flowers prior to a day of opening are
selected for crossing. The dusty pollen grains are taken and smeared on to the female
flowers and are then covered using butter paper bags. The fruit grow after set, which
automatically breaks the butter paper cover. Use of polythene covers should be avoided as
it increases the temperature within the bag and fruit set gets reduced greatly.

Seed production in dioecious varieties
In the case of dioecious varieties crossing is carried out between male and female
flowers in the same way as in gynodioecious types. The only difference is that selfing
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cannot be carried out as both the female and male flowers are unisexual. Flower buds of the
female trees are crossed with the bisexual flowers, labelled and bagged using butter paper
bags. It is better to carry out crossing during cooler morning hours.

Seed production by isolation
Another method of seed multiplication is by open pollination. Since papaya is a
cross-pollinated crop and wind is the main pollinating agent. An isolation distance of 5 km
radius should be maintained to facilitate production of pure seeds. However, this method is
not advisable as slightest contamination inspite of isolation can bring about impurities in
the seeds produced. Papaya being polygamous, there is every chance of getting male plants
in a gynodioecious population.
Storage and viability of seeds has been one of the main drawbacks and a case for
debate in papaya. Inspite of the work carried out at several places, it has been shown that
the viability and storage conditions depend on the variety and region. Since the viability of
papaya seeds is extremely low, it is important that we need to understand the germination
requirements of the papaya. The irregular germination in papaya is due to the presence of
phenolic compounds present in the sarcotesta and seed coat, which act as inhibitors (Chow
and Lin, 1991). Hence, the general practice in papaya is to remove the sarcotesta before
sowing. However, across the varieties it is believed that a moisture level of 6-8% seems to
be ideal. It has been observed that using growth regulators, removing sarcotesta and certain
treatment with chemicals have helped in the germination.

Seed production vs Vegetative propagation
Vegetative method of propagation is very widely practiced in Brazil and China
(Peçanha et al., 2008). In the case of gynodioecious varieties, sterile hermaphrodites can be
removed and fertile hermaphrodites can be retained, which would have uniform oval shaped
fruits suitable for marketing. The mother trees are grown in the gunny bags and the top is
pinched to encourage lateral growth. The matured cuttings are taken and made to root
using growth hormones. Another method of propagation is by way of grafting. In this case
both in situ and as well as inside the polyhouse grafting is done. However, these methods of
vegetative propagation need to be standardized for Indian conditions.

Seed standards for papaya
I. Application and amplification of general seed certification standards:
A. The general seed certification standards are basic and together with the
following specific standards constitute the standards for certification of papaya.
B. The general standards are amplified as follows to apply specifically to papaya
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II. Nursery requirement / land requirement
1. The soil to be used for raising the seedlings should be free from organisms
like nematode, Pythium, Phytophthora, Rhizoctonia etc.
2. The seedlings should be raised in perforated polythene covers of the size
7² x 4².
3. The medium that is selected for sowing should be sufficiently firm and dense,
at the same time should be able to hold the seeds firmly.
4. The volume of media must be fairly constant when either wet or dry, excessive
shrinkage after drainage is undesirable.
5. The media should be free from excess salts.
6. The seeds should be sown in the top 1cm of the soil.

III. Field inspection / Nursery inspection

IV.

·

Seeds germinate in about 2 to 3 weeks time depending on the temperature.
The first inspection should be made soon after 80% of the germination
takes place. The second inspection should be made after about 7 to 10 days
after germination. This is mainly to check the mortality of seedlings and to
rectify it.

·

The third inspection should be made after 40 days of germination to see
the growth of the seedlings and to decide about the date of transplanting.
Generally 45-60 days old seedlings are used for transplanting.

Field standards
A. General requirements
Isolation: The seed production plots of papaya shall be isolated from the
contaminants as shown in following tables.
Contaminants

Foundation

Certified

Fields of other varieties

500 m *

500 m*

Fields of the same variety not conforming
to varietal purity requirements for
certification

500 m *

500 m*

* *Under controlled pollination
1 For seed production by open pollination isolation distance should be 5 km.
2. Spacing: The spacing in the nursery between the varieties should be atleast 3m.
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B. Specific requirements
Sl. No

Standards

Foundation

Certified

1

Uniformity of the crop

0

0

2

Presence of disease
‘PRSV’
Anthracnose
Stem and Root rot
Powdery Mildew

0
0
0
0
0

0
0
0
0
0

3

Presence of pests Red Spider Mites

10*

0

* Applicable only during summer months
1. Seed extraction, cleaning and drying
Papaya seed should be extracted from well-developed mature fruits. As the sarcotesta
covering the seed contains inhibitors, it needs to be washed off with water and the
seeds are dried in shade.
2. Seed quality
The most important aspect of seed production of hybrid variety of papaya is that
production of seeds by open pollination should not be done.
Seed production should be taken up either by selfing the hermaphrodite (bisexual)
flowers or by crossing females with bisexual flowers in the case of advanced
generation hybrids. However, for F1 hybrids crossing the parental lines are the only
way.
The germinability of papaya seeds and seedling vigour can be influenced by the size
of the seed.

V. Seed standards
Sl. No

Particulars

Class of seed %
Foundation
Certified

1
2
3
4
5

Pure seed (Min)
Inert matter (Max)*
Other plant seeds
Other distinguishable variety seed
Germination percentage (Min)

98
2
Nil
Nil
65

98
2
Nil
Nil
65

6

Moisture for ordinary container

6-8

6-8

* broken seeds, dirt, dust, stone and similar extraneous materials
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FUTURE NEEDS
o Production of seeds by controlled pollination and doing away with isolated distance
open pollination methods
o Standardization of seed extraction methods and storage
o Production of advanced generation hybrid lines so that seed cost can be greatly
reduced
o Standardization of propagation by cuttings
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Evaluating the reaction of Citrus rootstocks to the citrus
nematode, Tylenchulus semipenetrans Cobb
V. Bamel and I.P. Singh
National Research Centre for Citrus,
Shankarnagar Post Office, Amravati Road, Nagpur, Maharashtra, India – 440 010

The citrus nematode, Tylenchulus semipenetrans Cobb, is an important nematode
pest of citrus plants in India and other areas of the world. The degree of infection and
damage to trees greatly depends upon the rootstock used. The nematode causes a disease
syndrome that result in debilitation of the citrus plant. With the purpose of finding out
resistant rootstocks, 21 rootstocks were screened against T. semipenetrans in pots under
screen house conditions.
Screening of citrus rootstocks was carried out under screen house conditions. Openpollinated seeds from rootstock trees grown at NRCC Farm, Nagpur, were used in these
studies. Seeds of each rootstock were planted in plastic trays containing steam sterilized
soil. One-year-old seedlings were transplanted in earthen pots (20 cm. diameter) filled with
steam sterilized soil mixture of field soil and sand in 1:1 ratio. Each rootstock was replicated
five times. Two weeks after transplanting, each seedling was inoculated with 5000 active
juveniles of T. semipenetrans obtained from culture pots maintained at N.R.C.C. Nagpur.
The plants were watered regularly and maintained. One year after inoculation the experiment
was terminated. Juvenile population in soil was determined by processing 250 cc soil from
each pot as per Cobb’s decanting and sieving technique. Roots were dried off water with
blotting paper and weighed. The fibrous roots were cut into pieces and mixed well before
taking half gram of roots for staining in hot acid fuschin lactophenol for 30 seconds. The
stained roots were cleared in plain lactophenol before counting females infecting the roots.
The reproduction factor (Rf) of T. semipenetrans on each rootstock was calculated by
dividing the final population (soil population + root- wash population + root population)
with initial population. Based on reproduction factor of the nematode, plant reaction was
classified into three groups: highly resistant, resistant and susceptible.
Wide variation in the reaction of rootstocks to T. semipenetrans was observed (Table
1). Trifoliate Oranges (Poncirus trifoliata) namely Trifoliate orange Yamaguchi, Trifoliate
Orange Rubidox and Trifoliate Orange Argentina were found highly resistant (Rf = 0.0).
The nematode did not multiply on trifoliates. Trifoliates have also been reported resistant
to citrus nematode by Baines et al. (1960); Bamel and Singh (2009); Hutchinson and
O’Bannon (1978); Ibrahim et al. (1989) and Singh and Awtar Singh (1997). Troyer citrange
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(Rf in Troyer citrange Australia = 0.80) were found to be resistant. All other rootstocks
were found to be susceptible to Tylenchulus semipenetrans.
It was interesting to note that in some rootstocks, which were more heavily infected
roots had proportionately less reproduction of the nematode while in some other rootstocks
more reproduction was observed with less root infection. This may be because of host
specificity, excessive infectivity or nutritional requirements of the nematode, which needs
further investigations. This could have an important bearing in a breeding programme where
a variety may react differently in different locations.
Table 1. Reaction of different rootstocks to the citrus nematode, Tylenchulus
semipenetrans
S. No.

Rootstock

Scientific name

Rf*

Reaction

1.

Trifoliate orange (Yamaguchi)

Poncirus trifoliata

0

HR

2.

Trifoliate orange (Rubidox)

Poncirus trifoliata

0

HR

3.

Trifoliate orange (Argentina)

Poncirus trifoliata

0

HR

4.

Trifoliate orange (U.S.A.)

0.08

R

5.

Trifoliate orange (English Large)

Poncirus trifoliata

0.06

R

6.

Trifesta trifoliate

Hybrid

0.06

R

7.

Troyer citrange (Australia)

C. sinensis x P. trifoliata

0.08

R

8.

Rangpur lime (Australia)

Citrus limonia

20.50

S

9.

Rough lemon (Telenkhedi)

Citrus jambhiri

16.45

S

10.

Rough lemon (Assam)

Citrus jambhiri

22.50

S

11.

Rangpur lime (Knors)

Citrus limonia

30.80

S

12.

Rangpur lime (A.P.)

Citrus limonia

21.74

S

13.

Rough lemon

Citrus jambhiri

27.02

S

14.

Carrizo citrange

C. sinensis x P. trifoliata

9.50

S

15.

Rangpur lime (Kirimuki)

Citrus limonia

22.34

S

16.

Rangpur lime (7247)

Citrus limonia

30.00

S

17.

Rangpur lime (8748 )

Citrus limonia

17.00

S

18.

Rangpur lime (Poona)

Citrus limonia

27.14

S

19.

Rangpur lime (Brazil Orange)

Citrus limonia

25.70

S

20.

Rangpur lime (Srirampur)

Citrus limonia

30.90

S

21.

Rangpur lime (Limocro Brazil)

Citrus limonia

20.60

S

Poncirus trifoliata
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Rf

Reaction

0 - 0.09

Highly resistant (HR)

0.1 - 1.0

Resistant (R)

1.0

Susceptible (S)
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Quality planting material production of kiwifruit and
strawberry
G. Pandey
Central Institute for Subtropical Horticulture, Lucknow - 227 107, India
E-mail: pandeyg36@rocketmail.com

Kiwifruit (Actinidia deliciosa) has gained world wide popularity in the recent past
because of its wider climatic adaptability, delicious fruits, precocity, high nutritive value as
well as very high returns per unit area to growers. This is the reason why growers are
showing keen interest to adopt the kiwifruit cultivation. In India, kiwifruit was an introduced
crop in early seventies and proved its cultivation in late nineties. With a result, it is being
popularized amongst the farmers from North-Western Himalayan to North-Eastern
Himalayan region as well as Sikkim, Kalimpong in west Bengal and Nilgiri hills of Tamil
Nadu. The foremost limiting factor in expansion of growing areas are the scarcity of quality
planting material and lack of dissemination of technical know how to growers. Presently,
the popular cultivars of kiwifruit viz., Hayward, Allison, Bruno, Abott and Monty (female)
and Allison & Tomuri (male) are grown by the farmers. Kiwifruit is dioecious fruit plants.
Hence plantation of one male plant is must for 6-8 female plants in order to harvest good
yield.
The kiwi fruit is a vine with a long productive life but the provision of vegetative
propagated planting material and expensive supporting structures for obtaining good crop
can make it costly to establish the orchard. Hence, growers must be well advised to plant,
only high quality planting material having good potential for growth and fruitfulness. The
planting material of the quality kiwifruit is required on large scale to meet the increasing
demand, necessitating the easier development, quicker and economical method. As a result
of considerable research work on vegetative propagation of kiwifruit, methods of propagation
are enumerated in this paper.
The cultivated strawberry (Fragaria sp) is an octoploid (2n=8x=56) belongs to family
Rosaceae. This is one of the delicious and nutritious fruits with wider adaptability. This is
mainly grown in temperate climate and because of its greater adaptability, its cultivation
can be possible in subtropical to even at high altitudes of tropical climate. Medium size
dark red colour fruits of strawberry have rich sources of various nutrients and antioxidants.
It has great export value and high demand in urban and semi-urban areas especially in
hotels and super store in malls. Frost free site make strawberry cultivation comparatively
easy although it can be grown under protected conditions. It is a short day plant, which
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requires exposure to minimum 10 days of less than 8 sunshine for initiation of flowering. In
winter, the plants become dormant and growth remains ceased. The exposure to low
temperature during this period helps in breaking dormancy of the plant. In spring, when the
days become longer and temperature rises, the plants resume growth and begin flowering.
The varieties grown in milder subtropical climate do not require chilling and continue to
make some growth during winter. In India, it is generally grown in hills and in some main
pockets such as Nainital, Dehradun, Kashmir valley, Kalimpong (West Bengal), Bangalore
and Mahabaleshwar. However, in recent years, strawberry is being cultivated in plains of
Maharastra around Pune, Nasik and Sangli. This is most widely adopted among other soft
fruits.

Vegetative propagation
The kiwifruit plant was multiplied by almost all the vegetative methods of propagation
such as grafting, budding, top working, softwood and hardwood cuttings, root cuttings and
micro-propagation.

Cuttings
Cutting is one of, principal methods of propagation employed for mass multiplication
of kiwifruit at global level. Propagation of kiwifruit by various types of stems cuttings
along with or without the use of plant growth regulators under mist have been found
successful, though the techniques and success in rooting varied (Rathore, 1984a; Biasi
et.al., 1990; Pandey, 1997).

Semi hard wood cutting
The method of kiwifruit propagation was first put into practice in New Zealand in
1960s and has since become practiced to produce rapidly plants of good quality. Propagation
of kiwifruit by softwood cuttings is the commercial method. However, provision of mist,
bottom heat and application of growth hormone are essential for better rooting as well as
quality of roots. Semi hard wood cuttings taken from current season growth, usually in the
month of July should be selected. The ideal size of cuttings is 0.5-1.0 mm thick, with
relatively short internodes having 15-20 cm in length. When the cuttings are collected it is
imperative that they are kept turgid because, on account of their leaf mass and soft spring
growth, water loss is very rapid and leaf damage can occur within a very short time. The
absence of active leaf tissue (one leaf) will greatly reduce the percentage of rooting.
The base of cutting is then dipped in indole-3-butyric acid (IBA) which may be used
either in the form of powder or as quick dip method. A concentration of 0.8g/100g IBA in
talc or 2000-5000ppm in 50% ethanol is satisfactory (Rana and Verma, 1993).
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Hardwood cutting
Propagation of kiwifruit by hardwood cutting has been studied by various workers.
Matured, dormant shoots of the preceding summer growth are harvested. Cuttings at least
2-3 modes in length are prepared and the bases are wounded and treated with 5000ppm
IBA (50% ethanol). The cuttings are then set deeply in moist coarse textured rooting medium
either on a propagating bench, or in the field through polythene film mulch. After shoot
emergence to prevent desiccation, adequate shading and watering should be provided through
fine mist. On the winter cutting the use of high concentration of IBA appeared to give
better results. Beyl et al, (1985) investigated the root development of hard wood cuttings of
A. arguta in relation of size and number of buds after being treated with 0.3% IBA in talc in
oasis foam cubes and place under intermittent mist. He found that the cuttings with 5-7
buds having 8 cm length has given the best root development in terms of number of roots,
root length and fibrous roots quality. In northern Iran, Anvari et, al (1992) reported that
hardwood cuttings collected during January- February produced best root development.
Kishore et.al. (2001) obtained maximum rooting percentage (45.64%) in hard wood cuttings
treated with 3000ppm IBA in saw dust although, cuttings rooted in sand exhibited greater
number of fibrous root and secondary roots as well as new shoot development.

Propagation of Grafting
Raising of seedlings for rootstocks
The kiwifruit was earlier raised from seed in New Zealand which resulted in the
progeny of highly variable plants. Some seedlings were, however, to be of superior in
producing good fruit quality and bearing, which were selected and propagated vegetatively.
Rice (1929) reported that in New Zealand, the first plant was raised through seed and many
growers had plants of only one sex where the fruiting was rarely observed. The major
problem is inability to identify the pistillate and staminate cultivars until they flower and
mostly the plants raised through seed is predominantly proved to be staminate. These are
heterozygous, the seedlings are undesirable for commercial production and no longer for
planting except for root stock on which commercial cultivars are grafted/budded.
Large soft, well ripened fruits have been pulverized for a short period at low speed in
a blender. The pulp is passed through a fine sieve and readily washed to collect the seed.
Then the dried seed is stored at 4.4oC in a sealed polythene bag. The seeds may be stored
after extraction, but the germination rate decreases with increasing storage period. However,
seed extraction is best carried out shortly before the seed is sown. Very low germination is
obtained, if kiwifruit seed has not been stratified before sowing. Hence, stratification
of kiwifruit seeds at 4.4oC for 6-8 weeks is essential to increase seed germination.
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(Bailey, 1961). However, stratification at 4.4oC for more than 2 weeks resulted in faster
germination especially when combined with diurnally fluctuating temperatures during
germination (Smith and Toy, 1967) although, highest germination was obtained when either
stratified or non stratified seed was treated with gibberellic acid (GA3) at 2500-5000ppm
for 24h prior to sowing (Lawes and Anderson, 1980).
Seeds were sown between late winter and mid summer in the well aerated and drained
growing medium, provide an adequate and uniform moisture supply, and free from
pathogenic organism. Usually a 50:50 V/V peat: sand mix medium is satisfactory. Because
of uncertain weather conditions and to provide easily alternate temperature always it is
safe to sow the seed under glasshouse or polyhouse condition. The soil and seed boxes
must be sterilized to take care of damping off. Generally, the germination occurs in about
22-3 weeks. After germination the application of suitable fertilizers, environmental control
and by using good watering techniques is essential to achieve uniform and healthy seedlings
with good vigour and well developed root system. When the seedlings are large enough
these should be lining out in out door under well protected nursery structures. Later on 2-3
shifting is essential in order to provide the adventitious root formation and avoid tap root.
Hence, second shifting is poly bag is beneficial. Generally, the seedlings become ready for
grafting and budding usually at the end of first growing season at least in a year.

Grafting
The grafting is preferably done during dormant season, January-February being the
best time to perform the grafting operation. The scion wood of the same thickness of root
stock should be selected and wrapped in moist sphagnum moss. It can be stored at 4 oC in a
refrigerator, if necessary, Among the different methods of grafting tested, the whip and
tongue grafting has been found to be the best (Zuccherelli, 1979). After preparing the scion,
the similar cut is made in the stock at about 10-15 cm above the ground level. The scion is
firmly inserted and secured in the strip is cut gently by a sharp knife after the satisfactory
union has taken place. In India, grafting on seedling rootstocks during the month of JanuaryFebruary resulted in 90-95% rooting under Himachal Pradesh.

Budding
Seedlings become ready for budding normally at the end of first growing season in
September when the stem diameter is about 8mm. Buds are obtained from current season
growth then the bud are inserted on the root stock by T budding about 10-15 cm above the
ground. The bud is firmly secured into position by tying with alkathene strip. When the bud
has slightly sprouted the top of root stock is cut off above the union in coming dormant
season. If top removal is delayed till spring, the vine will bleed. The protection of the

362

young growing shoot from the bud is very important because it is very brittle and easily
broken. Zuccherelli (1979) recommended that Chip budding was more effective and
convenient than T budding. Celik et al. (2006) also reported that chip budding gave the
highest bud take (98.34%) perform in mid May under open field condition of Turkey.
Similarly, Rana et.al., (2004) reported that chip budding during March resulted in 90-95%
success under the agro-climatic condition of Himachal Pradesh.

Micro propagation
Propagation of kiwifruit through tissue culture has been standardized and it can be
utilized for rapid and large scale multiplication. Tissue from pistillate plants regenerated
better than the staminate one. Almost all the organs viz. dormant bud, actively growing
shoot tips, stem segments and mature embryos responded well to in vitro culture. The
organogenetic potential has been maintained even after repeated sub culturing without loss
of morphogenetic capacity. Wang et al. (1982) cultured, mature embryos on half strength
Murashige and Skoog medium supplementing with root promoting substance and casein
and got shoots from 83% of the embryos. Protoplast fusion and embryo rescue techniques
were also successfully done.

Production of quality planting material of Strawberry
Availability of high quality material is one of the most crucial factors for obtaining
good yield from strawberry. Hence, production of healthy plants that has bigger crown
size, longer roots and higher starch contents provides to grower a greater opportunity of
high productivity with quality fruits. According to FAO, the global production of strawberry
averages approximately 3.8 million metric tones from almost 256 thousand hectares. It
requires a well drained medium loam soil rich in organic matter. Soil should be acidic with
pH 5.7-6.5. However, at higher pH root formation and growth will be affected. Presence of
excessive calcium in soil cause yellowing of leaves. In light soils, those rich in organic
matter, the runner formation is better. It should not be cultivated in same field for a number
of years. It is preferable to plant in green manured field. Alkaline soils and infested with
nematode should be avoided.
Commercial multiplication of strawberry is usually accomplished by means of
vegetative methods i.e. through runners and micro-propagation techniques. However, seed
propagation in strawberry has little importance. High quality transplants are important for
a profitable strawberry industry where as inferior planting material often fails to establish,
or crops poorly, reducing total returns to producers. The quality of strawberry planting
material appears to be related to plant size (diameter of the crown, numbers of leaves at
planting, viability of the root system and possibly the amount of chilling accumulated prior
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to digging. Commercial methods of vegetative propagation of strawberry employed are
detailed as follows.

Propagation through runners
The runners are used as propagules in vegetative propagation of strawberry. Hence,
a separate mother block is required to establish for commercial runner nursery production.
Selection of soil has paramount importance for establishing the runner’s production as
heavy soils are not suitable for raising nursery. The soils rich in organic matter can produce
abundance of runners. Sandy to sandy loam soil rich in humus with irrigation facilities free
from soil borne disease are advisable for runner production. The suitable time for planting
freshly dug runner in nursery bed is early winter or the spring while July is best time for
cold stored runners. Runners are planted in nursery bed at spacing of 1.2m X 1.2m to 1.8 X
1.8m depending upon cultivars, soils and nature of growth.
During summer, stolons are produced in the leaf axils and grow at a distance of
mother plant. Generally, a runner plant is formed at the 2nd or 3rd node of the stolons.
Subsequently, new stolons arise from this runner plant and the process is continued. The
runners first produced few anchoring roots and the fibrous root system develops later on it.
Once the runner attains standard size, they are detached from the mother plant by cutting at
the stolons and used as initial propagules. Vigorous and healthy runners free from diseases,
pests and other disorders are only used for the purpose of propagation.
Pertuze et al. (1996) reported no significant differences among the total number of
commercial size plants. However, treatment elimination of mother plants showed
significantly higher starch content in crowns (73.8mg) than control (37.9mg) but no
significant differences were detected for crown diameter and root length.
Bare rooted runners of strawberry cv. Festival were planted at different times from
early March to early May and the impact on fruit production was determined. Runners
taken from warm growing season yielded 15% more than cool growing season. Similarly,
49% more yield was recorded with planting during late March to mid April. These results
suggests that intermediate chilling and reasonably long fruiting season planted from late
March to mid April contribute to acceptable cropping.

364

Table1. Effect of planting time on dry weight and yield of bare rooted
strawberry cv. Festival (Menzel and Toldi, 2007)
Planting time

Dry weight at
planting (g)

Dry weight in
early August (g)

Yield (g/plant)
in early October

Early March

2.2

26.6

370

Late March

3.1

31.5

727

Early April

2.8

27.5

725

Mid April

2.9

23.2

733

Early May

4.2

18.0

560

Menzel and Toldi (2007) also evaluated the performance of small and large bare
rooted strawberry plants of cv Festival and reported that average temperature between
January and May during runner development are about 3 to 6oC. The results show that
plants produced 20% more yield than the small plants. Moreover, the plant size more
important than chilling in determining the productivity of strawberry on the increase in
yield of 20% translates to an increase in gross return/ha. Temperature had a strong effect on
total plant growth and the plants grown at 15oC had thick, dark green leaves compact shoots
and large root system while those at 30oC had thin, light green leaves, tall shoots and weak
root system. From the above results, it is concluded that temperature can have strong effects
on growth and development of strawberry plants.

Propagation of strawberry by Plug transplant technology
Strawberry plugs are fast replacing traditional bare root transplants in many parts of
the world since growers recognized that container grown plant material usually provides a
better opportunity to control critical production factors that influence plant health, rate of
transplant establishment, early total yield, better fruit size and grade characteristic (Durner,
2002). Moreover, container grown strawberry plug plants offer a important alternative to
conventional field grow strawberry. Since the straw berry plugs are grown in controlled
environments in less time and not exposed to soil borne pathogens. Plugs afford greater
control of transplanting dates, provide mechanical transplanting opportunities and allow
improved water management to new transplants establishment relative to fresh bare rooted
plants.

Advantage of plug transplant
Reduction in soil borne disease
Strawberry plug plants are grown in from uprooted runners called tips. These tips
are directly rooted into specially designed tray that usually contains a peat base media or
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some other designed for it. In a peat base root media, there is little chance of plugs becoming
infected with important diseases viz., Verticillium wilt, Phytophthora root rot, unless the
water supply is contaminated.
The primary site of infections for phytophthora is in the eremitic region behind the
root cap (Milholland and Daykin, 1993). Stem tissues such as salons are not serious infection.
Hence, runner tips are ideal propagules for avoiding the transmission of these roots in
avoiding diseases.
There is common thinking at global level, to initiate action to reduce the use or
eliminate methyl bromide as soil fumigants. In this context, greater scientific and individual
interest in process of producing runners tips and strawberry plug that are not dependent on
soil probation phase. Plug transplants are produced in not more than five weeks time where
as in warmer areas it can be possible in only three and half weeks. This short cycle make it
less likely that plugs will have as many problem of insect vector transmitted diseases similar
to fresh dug transplants which exposed to field conditions for about four month from spring
to late summer planting. During this period, significant damage from spread of viruses’ of
phytoplasma may occur during this lengthy period of field exposure. However, additional
benefits such as more selective uses of pesticides, lower exposure to workers to pesticides,
less residue etc. can be obtained.

Ease of transplanting
Fresh dug transplanting of strawberry is more labour intensive since they are highly
perishable. However, plugs can be mechanically transplanted requiring a very less workers
using a two row plug transplanter. Moreover a mechanical transplante can consistently
plant each plug at appropriate depth so that crown portion is leveled on soil surface. Where
as fresh dug plant, in experimental planting areas fails to set the plants at correct depth
resulting in poor plant performance or even death.

Reduced water requirement
Generally with fresh dug plants, over head irrigation is a must within 1h of planting
and require intensive daily over head sprinkling schedule at least for two weeks depending
upon weather. However, under hot sorties conditions, it is imperative to irrigate plugs for
few hours the day of transplanting and from the first day very little overhead sprinkling.
Irrigation can be furnished to the plugs through drip irrigation system. Overhead sprinkling
programme needed for fresh dug plants is require and more labour intensive and cost more
for water. More over, disease management strategy is also not followed in overhead irrigation
after transplanting.
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Improved plant survival
Approximately cent per cent survival of plug transplants are assured after trans
planting, where as in fresh dug plants, it is necessary to replace a significant number of
each or dead plants that do not survive during establishment phase after transplanting.
Generally, plugs keep more root hair, which quickly absorbs water and nutrient resulting to
allow more uniform and faster plant growth. Mover over, transplanting can also be delayed
at least up to 50 days in plug transplants compared to optimum planting dates from fresh
dug plants.

Industrial uses of plug transplants
In order to achieve full production, finally planting is one of the most critical aspects
if strawberry production under plastic culture systems and greenhouse production to be
carried at.

Plug plant production
Plug propagation leads to several un rooted plantlets on the tips of runners and ending
with a fully rooted plug that is ready for transplanting and shipping in cold storage conditions.

Runner tip production
The first and fore most important propagation step is to generate a supply of fresh
runner plantlets which is commonly called tips. A common approach is to grow tips from
mother plant blocks, transplanted in double hedgerow (43000 plants/ha) on fumigated raised
beds covered with black plastic mulch. Generally, following this system, the first harvesting
of runner tip can be achieved in 8-10 weeks time after planting in June and carried up to
September.
These tips are harvested at frequent intervals (2-3 times per week depending upon
temperature) to provide uniform size. However, recommended specification for runner tip
propagation are as follows:
Stock planting material

•

Use only certified stock that is free of diseases.

Number of intact leaves

•

Two trifoliate leaves are needed. The leaves should
not be cut off and petiole should not be injured.

Height of oldest trifoliate •

Manage the cultural requirement in such a manner
so that plantlet does not have older trifoliate to
>10cm in height from crown.

•

Plant let size with oldest trifoliate must be in between
6.5 – 10cm. Hence smaller and larger tips should be
disordered.

Grading b leaf height
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Crown diameter

•

20 – 50 mm

Stolen attachment to crown•

1 – 1.5 cm section is ideal for a anchoring the dip in
peat based soil media.

Root system

•

Peg root should be whitish up to 1 cm free from soil
particle.

Rooting

•

Commonly in green house or plastic tunnel can be
used for rooting under mist

•

Non reusable, round, strained sided, 20 cell,
polyethylene traces of 5.7 x 27 x53 cm

•

Plug trays are normally filled with plug mix consist
of peat, vermi-culture and some amount of compost
allowing 6% air and 75% water control.

•

Planting of number tips followed by misting of over
head irrigation.

Initially, the runner staff serves to action the planted until new roots develop in
length which usually penetrates the plug mix. An intermittent mist spray over the leaf tips
is the most effective way to root strawberry plugs up to 7-10 days. For the next week, the
plugs are watered regularly till the end of third week. Then, the plug trays can be moved
into full sunshine for 4 to 5 weeks. By the end of 5th week plugs are ready to be pulled from
the tray for transplanting.

Conditioning
Before transplanting strawberry plugs can be conditioned in glasshouse in winter for
production in regions with moderate temperature. Short day low chill cultivars are good for
conditioning programme in areas with moderate winter temperature conditions and
photoperiods of less than 14 h.

Storage
Runner tips are generally cut and graded in field and then move quickly to cooler
(0-1 C and 95% RH). Tips are frequently collected under warm to hot conditions and it is
essential to remove them from field as quickly as possible with in 45 minutes or less. Tips
should be cooled to 0-1oC. Hence, a good cold chain from the runner tip producer to the
plug grower is essential for best rooting success. The temperature of tip should not be
allowed to rise above 2-3oC in transit. Tips may be safely held in a cooler at the plugging
location for a few days at 3oC.
o
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Micro-propagation
Propagation of strawberry through micro-propagation techniques is the most economic
and acceptable methods of clonal propagation of strawberry plants. This method has the
potential to produce thousands of disease free and genetically identical plants in relatively
short time and space. Generally the in vitro regeneration of strawberry plants is possible
from meristematic callus, anther, excised petiole segments, flower buds, runner tissues and
leaf lamina.
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Banana a dessert fruit is also used regions as a staple food in different owing to its
rich and easily digestible carbohydrates. Banana and plantains together rank fourth as the
most important food commodity in the world only after rice, wheat, milk or milk products.
India is the largest producer of banana contributing about 26% of total world production
with the production of about 26.91 million tones covering 0.49 million hectares. Banana is
propagated conventionally through suckers because being a triploid plant, seed-setting and
propagation by seed is not possible (Bhatt and Bhatt, 2003). Conventional clonal propagation
of Musa cultivar is seriously limited by its low rate of multiplication of suckers ranging
between 5-10 per year (Vuylsteke and De Langhe, 1985). It also encourages the spread of
pathogens which results in a significant loss of productivity in banana (Cronauer and
Krikorian, 1987).
In vitro propagated plants are increasingly becoming the planting material of choice
because of disease control, uniformity and rapid multiplication. However, growers have to
face higher costs and pay up to five times more than for suckers (Robinson, 1996). The
high cost of plant is due to high price of purified agar (Nene et al, 1996), tissue culture
grade sucrose, gelrite and artificial light (Kodym et al, 2001) and high energy tariff (Bhat
and Bhat, 2003). The present study was, therefore, undertaken with the objective to find
out low cost alternatives with the objective to reduce the cost of tissue culture production
of banana cv. ‘Grande Naine’ plantlets.
The study was conducted at the Plant Tissue Culture Laboratory, Division of
Horticulture, University of Agricultural Sciences, GKVK, Bangalore, during the year 20072009. Healthy and vigorously growing sword suckers of cv. ‘Grande Naine’, apparently
free from viruses and other diseases, were selected as a source of explants (Fig.1.a and b).
Aseptic culture was established according to the protocol standardized by Besagarahally
(1996) (Fig.1).
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a

d

b

e

f

c

g

Fig. 1. Initiation of aseptic culture of banana cv. Grande Naine by shoot-tip culture: (a) and (b)
Sword suckers; (c) and (d) Shoot-tip; (e) and (f) Shoot-tip culture; (g) Aseptic shoot-tip culture

The successfully established cultures (Fig.1.g) were excised by trimming the
discoloured tissues and making 2-4 vertical at the tip of each explant and then they were
used to carry out further experiments.
Different low cost alternatives tried were gelling agents: sago, isubgol, tapioca starch,
corn starch, semolina, rice powder, wheat starch, ragi flour and agar; support matrices:
cotton fiber, filter paper (Whatman No.1), blotting paper, glass wool, glass beads, fine
sand, polystyrene foam block, Luffa sponge, coir, bagasse and agar; carbon sources: sucrose
LR grade, common grade sugar, cube sugar, rock sugar, candy sugar, jaggery, sugarcane
juice, glucose, fructose, maltose and sucrose AR grade; water sources: aquaguard water,
double distilled water, single distilled water, autoclaved potable tap water and millipore
water; Simple low cost bioreactors with four different liquid medium culture methods;
explants density: 1, 2, 3, 4 and 5 explants/culture bottles and growth conditions: standard
culture room (CR) (artificial light and controlled temperature), greenhouse (GH) (natural
light and controlled temperature), shadehouse (SH) (natural light and un- controlled
temperature) and polyhouse (PH) (natural light and un-controlled temperature).
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Explants were incubated for eight weeks (the cultures were transferred to fresh media
after four weeks) maintaining standard culture conditions. Individual microshoots were
obtained by cutting the multiple shoot clumps and cultured on rooting medium containing
IBA 2 mg L -1 + NAA 1mg L -1 + activated charcoal 2.5 g L -1 for four weeks. At the end of
experiments, morphological characteristics (number of shoots/explant, shoot length, number
of leaves, roots/shoots, fresh weight etc.,) were measured. An analysis of variance (ANOVA)
was conducted on data concerning shoot and root morphological parameters using the
statistical program wax vms FORTRAN.

Effect of different gelling agents on shoot proliferation and in vitro rooting
Explants cultured on the medium gelled with sago at 80, 100, and 120 g/l produced
higher number of shoots per explant which did not significantly vary with commercial
grade agar at 6 g/l. Besides this, medium solidified with sago at 80 g/l produced superior
quality plantlets as compared to commercial grade agar. This may be because of the reason
that rich nutrients present in sago may have supplemented the growth and development.
These findings are in close agreement with the reports of Prabhakara and Reddy (2004)
and Shailaja and Patil (2004). On heating, this starch gets converted into a complex
polysaccharide, dextrin. Along with the nutrient media, the polysaccharide dextrin supports
the growth of cells (Prabhakara, 1999). Root growth was better with the medium solidified
with tapioca, corn starch and sago as compared to agar gelled medium. Better root growth
might be due to the presence carbohydrates, amino acids, minerals etc., in sago gelled
medium. Similar observations were also reported by Prabhakara (1999). The media gelled
with other starches such as isubgol, tapioca, corn and semolina gave poor response in terms
of shoot growth as compared to agar and sago gelled media. This might be due to the
presence of lesser supporting nutrients in medium gelled with them. It is evident that sago
reduced the cost of plantlets to a large extent besides improving the quality of plantlets in
commercial propagation of banana. Agar, therefore, could be successfully replaced by sago.
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Table 1. Effect of different gelling agents on shoot multiplication in banana cv. ‘Grande
Naine’
Sl No.

Treatment

No. of Propaga- Shoot
No. of
No. of
shoots/
tion
length adv. buds/ leaves/
explant
rate
(cm)
explant
shoot

Shoot
dia.
(mm)

1

Agar 6 g/l

12.75

4.24

3.68

4.37

3.36

3.76

2

Sago 80 g/l

10.35

3.44

5.01

1.55

3.40

4.31

3

Sago 100 g/l

11.55

3.84

4.78

1.10

3.23

3.73

4

Sago 120 g/l

9.70

3.23

4.16

2.60

2.41

2.91

5

Sago 140 g/l

7.40

2.46

4.02

1.30

2.66

2.64

6

Isubgol 20 g/l

7.85

2.61

5.63

0.45

4.29

4.26

7

Isubgol 30 g/l

6.80

2.26

4.52

1.90

2.99

3.76

8

Isubgol 40 g/l

6.17

2.05

3.91

1.95

3.39

2.85

9

Isubgol 50 g/l

4.60

1.53

3.12

1.60

2.80

2.66

10

Tapioca starch 80 g/l

6.10

1.77

3.39

1.30

3.04

3.81

11

Tapioca starch 100 g/l

7.65

2.54

4.22

1.15

3.37

3.66

12

Tapioca starch 120 g/l

5.25

1.74

2.63

2.30

2.24

3.37

13

Tapioca starch 140 g/l

3.35

1.11

2.99

1.73

2.36

3.05

14

Corn starch 80 g/l

6.30

2.09

3.49

1.75

2.91

3.66

15

Corn starch 100 g/l

5.50

1.83

2.65

3.30

2.02

3.46

16

Corn starch 120 g/l

3.65

1.21

2.53

1.85

2.25

1.73

17

Corn starch 140 g/l

3.35

1.11

2.59

1.21

2.37

1.63

18

Semolina 50 g/l

4.15

1.38

3.27

0.75

2.47

3.87

19

Semolina 60 g/l

3.30

1.09

3.18

0.76

2.81

3.74

20

Semolina 70 g/l

3.25

1.07

3.15

2.55

2.49

2.02

21

Semolina 80 g/l

3.00

0.99

2.72

0.95

3.35

1.93

SEm ±

1.22

0.39

0.21

0.53

0.23

0.16

CD at 1 %

4.60

1.48

0.81

2.01

0.88

0.62
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Table: 2. Effect of different gelling agents on in vitro rooting in banana cv.
‘Grande Naine’
Sl No.

Treatment

Percent No. of
rooting primary
(%)
roots/
shoots

Root
No. of
Plant Fresh. wt.
length secondary dia.
of plant
(cm)
roots/
(mm)
(mg)
shoots

1

Agar 6 g/l

100 (90)*

5.12

4.70

13.21

3.93 2310.00

2

Sago 80 g/l

100 (90)

5.95

3.80

7.85

4.70 3013.50

3

Sago 100 g/l

100 (90)

4.90

2.98

7.30

5.35 2616.50

4

Sago 120 g/l

100 (90)

2.95

1.97

1.60

4.65 2109.50

5

Sago 140 g/l

100 (90)

2.75

1.80

0.70

4.50 1963.00

6

Isubgol 20 g/l

100 (90)

5.75

3.17

3.60

4.34 2578.80

7

Isubgol 30 g/l

100 (90)

4.35

2.95

2.90

3.69 1880.00

8

Isubgol 40 g/l

100 (90)

4.00

3.05

1.45

2.96 1807.00

9

Isubgol 50 g/l

100 (90)

3.15

1.19

1.20

2.84

10

Tapioca starch 80 g/l

100 (90)

8.50

3.46

7.10

3.93 2269.35

11

Tapioca starch 100 g/l 100 (90)

8.50

3.43

10.10

4.15 1994.25

12

Tapioca starch 120 g/l 100 (90)

7.90

3.32

9.10

4.16 2315.45

13

Tapioca starch 140 g/l 100 (90)

5.95

2.62

3.60

3.07 1482.00

14

Corn starch 80 g/l

100 (90)

6.50

3.38

2.80

3.59 2130.80

15

Corn starch 100 g/l

100 (90)

8.70

2.78

6.80

3.24 1199.00

16

Corn starch 120 g/l

100 (90)

5.00

2.36

2.40

2.92 1064.05

17

Corn starch 140 g/l

100 (90)

3.70

2.23

2.00

2.70

18

Semolina 50 g/l

100 (90)

6.10

2.03

2.45

3.87 2186.20

19

Semolina 60 g/l

100 (90)

6.40

2.20

12.40

3.83 1869.05

20

Semolina 70 g/l

100 (90)

5.53

2.05

7.86

3.42 1501.66

21

Semolina 80 g/l

100 (90)

7.73

1.61

5.46

3.40 2161.96

SEm ±

NS

0.49

0.15

1.17

0.23

170.28

CD at 1 %

—-

1.86

0.56

4.43

0.90

639.63

889.05

882.90

Effect of different support matrices on shoot proliferation and in vitro rooting
Considerably maximum number of shoots and higher rate of propagation was obtained
in liquid medium with cotton fiber support as compared to agar-gelled medium. In terms of
quality of microshoots cotton fiber support was found statistically on par with agar gelled
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medium. Apparently the diffusion of the nutrients into the cotton fiber medium was more
efficient, thus inducing a better metabolic activity leading to enhanced shoot proliferation.
Saeed (2006) opined that the use of cotton fiber enhanced the availability of nutrients and
inoculated plants of banana cv. ‘Amrit Sagar’ showed vigorous growth and maximum number
of buds as compared to agar gelling medium.

a

b

c

d

Fig. 2. Multiple bud clump & microshoots obtained from medium gelled with (a) and (b) agar 6 g/l;
(c) and (d) sago 80 g/l

a

b

Fig. 3. In vitro rooted plantlets obtained from medium gelled with; (a) agar 6 g/l; (b) sago 80 g/l

Support matrices like Luffa sponge, coir, bagasse, sand and glass beads produced
poor response, whereas, glass wool was found unsatisfactory, as all the cultures inoculated
were dried. This may be probably caused due to reduced absorption of nutrients by explants,
as these support matrices has a reduced liquid retentivity. These results indicate the
potentialities of using cotton fiber as the alternative matrix along with liquid media for
economizing micropropagation of banana cv. ‘Grande Naine’.
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Table 3. Effect of different support matrices on shoot multiplication in banana
cv. ‘Grande Naine’
Sl No.

1
2
3
4
5
6
7
8
9
10

Treatment

Agar 6 g/l
Cotton fiber
Filter paper
Blotting paper
Glass beads
Sand
Foam block
Luffa sponge
Coir
Bagasse
SEm ±
CD at 1 %

No. of Propaga- Shoot
No. of
No. of
shoots/
tion
length adv. buds/ leaves/
explant
rate
(cm)
explant
shoot

Shoot
dia.
(mm)

12.75
15.85
12.20
8.25
5.97
6.80
6.10
3.25
3.35
3.70
1.03
4.02

3.76
3.28
2.46
2.59
2.93
2.76
2.78
2.57
2.92
2.21
0.14
0.55

4.24
5.28
4.06
2.74
1.99
2.26
2.03
1.08
1.11
1.22
0.34
1.33

3.68
3.26
3.15
3.86
2.68
2.55
3.27
2.76
3.03
3.09
0.15
0.60

4.37
4.10
2.90
2.25
1.92
1.85
2.60
0.80
1.00
0.80
0.46
1.80

3.54
2.92
3.62
2.93
2.27
2.47
3.10
2.16
3.16
2.45
0.16
0.64

Table: 4. Effect of different support matrices on in vitro rooting in banana cv.
‘Grande Naine’
Sl No.

1
2
3
4
5
6
7
8
9
10

Treatment

Agar 6 g/l
Cotton fiber
Filter paper
Blotting paper
Glass beads
Sand
Foam block
Luffa sponge
Coir
Bagasse
SEm ±
CD at 1 %

Percent No. of
rooting primary
(%)
roots/
shoots

100 (90)*
100 (90)
100 (90)
100 (90)
100 (90)
100 (90)
100 (90)
100 (90)
100 (90)
100 (90)
NS
—

5.25
3.45
3.50
3.90
4.30
3.55
4.55
2.65
1.90
3.15
0.31
1.21

Root
No. of
Plant Fresh. wt.
length secondary dia.
of plant
(cm)
roots/
(mm)
(mg)
shoots

3.34
3.42
4.66
4.69
3.35
3.24
3.86
3.66
4.36
4.19
0.25
0.99

*Figures in parentheses indicate arc sin-transformed values

5.70
2.90
11.35
11.90
6.50
8.70
4.90
4.60
4.55
4.75
0.81
3.16

3.63
2.75
2.62
3.19
3.35
3.50
3.27
2.89
3.25
3.01
0.09
0.36

961.55
888.80
904.15
951.35
788.80
641.05
950.15
702.05
982.80
840.85
62.14
241.68
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a

b

c

d

Fig. 4. Multiple-bud clump and microshoots obtained from: (a) and (b) medium gelled with agar 6 g/
l; (c) and (d) liquid medium with cotton fiber support

a

b

Fig. 5. In vitro rooted plantlets obtained from: (a) medium gelled with agar 6 g/l; (b) liquid medium
with cotton fiber support

Effect of various carbon sources on shoot proliferation and in vitro rooting
The media supplemented with two grades of commercial sugars, rock sugar and
common grade sugar at 30 g/l each were found superior for shoot multiplication and in
vitro rooting respectively (Table 1 and 2; Fig. 2 and 3). This may be attributed to their
efficient assimilation to provide energy and carbon skeletons for metabolic processes
conducted by the cells. Similar findings were also reported in banana (Ganapathi et al.,
1995; Kodym and Zapata- Arias, 2001; Saeed, 2006; Das and Gupta, 2009), anthurium
(Prabhakara, 1999), strawberry (Kaur et al., 2005), Centella asiatica (Raghu et al., 2007)
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and potato (Demo et al., 2008). However, sugar cubes, laboratory grade sucrose, sugar
candy, glucose and fructose were found inferior in their performance as compared to sucrose
AR grade and rock sugar with respect to shoot multiplication and sucrose AR grade and
common grade sugar in terms of in vitro rooting (Table 5 and 6). Poor response was observed
with candy sugar, whereas, sugarcane juice and jaggery were found unsatisfactory. This
may be due to inhibitors already present or formed during autoclaving. Joshi et al., (2009)
reported that the incorporation of jaggery in the medium for micropropagation of Wrightia
tomentosa was not useful and rather it adversely affected the shoot and root growth. Prakash
(1993) and Prakash et al., (2004) opined that the sugarcane juice adversely affected culture
growth and led to drying of leaves tips.
The rock sugar 30 g/l was found to be a low cost replacement for analytical grade
sucrose for shoot proliferation of banana cv. ‘Grande Naine’ and it reduced the cost by
95.85 per cent. For in vitro rooting, common grade sugar 30 g/l was found cheaper alternative
to analytical grade sucrose and reduction of the cost of medium was by 96.91 per cent. It is,
therefore, rock sugar at and common grade sugar each at 30 g/l can replace successfully the
sucrose AR grade for shoot multiplication and in vitro rooting respectively for large-scale
tissue culture propagation of banana cv. ‘Grande Naine’.

Effect of simple, low-cost bioreactors on shoot proliferation and in vitro rooting
After four weeks of cultures, the explants cultured in simple container bioreactor
with cotton fiber support matrix produced significantly maximum number of shoots,
multiplication rate, shoot length and number of leaves as compared to conventional agar
gelled medium (Table 7; Fig.8. d and e). Cent per cent rooting was recorded in all the
treatments. In terms of root growth, microshoots cultured in simple container bioreactor
with cotton fiber support matrix showed higher number of primary roots, root length and
number of secondary roots than those grown in conventional baby jars with agar gelled
medium (Table 8; Fig.8 f). The plantlets produced in liquid medium with cotton fiber support
matrix were also sturdier and of better quality when compared with conventional agar
gelled medium (Fig.8). Thus is evident that the type of liquid medium application greatly
influences the development of banana explants in micropropagation. Up to five-fold
differences were observed with the same medium composition (Table 7). The cotton fiber
support matrix to explant may have afforded better aeration. The low proliferation rate
observed in banana cultured with full immersion of explants might be due to problem of
oxygenation as entire explants were immersed in the medium. Continuous contact of explants
with the medium may be cause of the hyperhydrocity observed (Fig. 8). The results
demonstrate the feasibility of using simple low cost bioreactor as a cost effective system
for micropropagation of banana cv. ‘Grande Naine’.

379

Effect of explant density on shoot proliferation and in vitro rooting
With increase in the explants density from 2 to 5/ culture bottles, the capacity of the
shoot formation, shoot length and number of leaves/shoots were reduced (Table 9). Increasing
the density of explants/culture bottles from 3 to 5 resulted in significantly higher total
shoots/liter of medium than using 1 and 2 explants/culture bottles and reduced the cost
from 1.754 and 1.696 rupees at density of 1 and 2 explants to 1.307 to 1.096 rupees at
density of 3 to 5 explants/culture bottles.

Table: 5. Effect of various carbon sources on shoot multiplication in banana cv.
‘Grande Naine’
Sl No.

Treatment

No. of Propaga- Shoot
No. of
No. of
shoots/
tion
length adv. buds/ leaves/
explant
rate
(cm)
explant
shoot

Shoot
dia.
(mm)

1

Sucrose AR Grade 30 g/l

16.80

5.59

3.93

2.95

3.92

3.49

2

Sucrose LR Grade 20 g/l

6.70

2.23

4.18

2.85

3.06

2.39

3

Sucrose LR Grade 30 g/l

7.60

2.53

4.97

1.25

3.51

3.14

4

Sucrose LR Grade 40 g/

6.00

1.99

4.05

2.50

2.77

3.44

5

Sucrose LR Grade 50 g/l

5.40

1.79

3.78

3.20

2.31

3.55

6

Common grade sugar 20 g/l

6.10

2.03

4.10

1.60

2.43

2.19

7

Common grade sugar 30 g/l

8.60

2.86

4.13

4.90

3.10

3.09

8

Common grade sugar 40 g/l

8.20

2.73

4.14

2.65

2.96

3.59

9

Common grade sugar 50 g/l

1.50

0.49

2.95

0.50

1.75

3.53

10

Cube sugar 20 g/l

7.90

2.63

4.22

2.70

4.16

3.16

11

Cube sugar 30 g/l

8.30

2.76

3.99

2.25

3.41

3.39

12

Cube sugar 40 g/l

7.10

2.36

3.46

1.65

2.44

3.35

13

Cube sugar 50 g/l

1.75

0.84

3.03

1.70

2.37

2.23

14

Rock sugar 20 g/l

13.40

4.46

2.82

6.55

2.70

2.39

15

Rock sugar 30 g/l

14.10

4.69

3.48

3.65

3.40

3.03

16

Rock sugar 40 g/l

8.50

2.71

3.20

2.55

2.81

3.21

17

Rock sugar 50 g/l

5.95

1.98

2.97

2.25

2.29

3.44

18

Candy sugar 20g/l

5.45

1.81

3.78

1.55

3.08

2.37

19

Candy sugar 30 g/l

4.20

1.39

4.25

0.45

2.91

2.82

20

Candy sugar 40 g/l

5.40

1.79

3.29

1.71

2.20

3.36
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21

Candy sugar 50 g/l

3.45

1.14

3.01

3.10

2.16

3.62

22

Glucose 20 g/l

7.40

2.46

3.37

3.35

2.89

2.46

23

Glucose 30 g/l

8.12

2.70

3.33

2.42

2.85

3.11

24

Glucose 40 g/l

7.30

2.43

3.29

1.90

2.75

3.15

25

Glucose 50 g/l

2.85

0.94

2.49

3.30

2.20

3.17

26

Fructose 20 g/l

8.05

2.68

3.06

2.95

2.95

2.46

27

Fructose 30 g/l

7.60

2.53

3.39

2.45

2.90

3.34

28

Fructose 40 g/l

3.70

1.23

3.62

1.05

2.83

3.63

29

Fructose 50 g/l

3.00

0.99

3.49

1.15

2.58

3.94

30

Maltose 20 g/l

2.55

0.84

2.94

1.32

2.73

2.79

31

Maltose 30 g/l

10.05

3.34

3.50

1.45

3.00

3.17

32

Maltose 40 g/l

7.30

2.23

3.30

1.65

2.71

3.40

33

Maltose 50 g/l

3.17

1.05

3.20

3.30

2.51

3.51

SEm ±

0.77

0.26

0.16

0.37

0.15

0.11

CD at 1%

2.88

0.98

0.59

1.37

0.56

0.43

Table 6. Effect of various carbon sources on in vitro rooting in banana cv ‘Gande
Naine’
Percent No. of Root No. of
Plant Fresh. wt.
rooting primary length secondary dia.
of plant
(%)
roots/ (cm) roots/
(mm)
(mg)
shoots
shoots

Sl No.

Treatment

1

Sucrose AR Grade 30 g/l

2

Sucrose LR Grade 20 g/l

100 (90)

3

Sucrose LR Grade 30 g/l

4

100 (90)* 4.70

4.18

7.85

4.07 1428.75

3.47

2.69

3.95

3.17

900.25

100 (90)

5.25

3.34

5.70

3.63

961.55

Sucrose LR Grade 40 g/

100 (90)

4.15

3.98

3.40

3.77

984.35

5

Sucrose LR Grade 50 g/l

100 (90)

3.30

3.14

11.27

4.24 1093.50

6

Common grade sugar 20 g/l 100 (90)

3.45

4.05

5.95

3.83 1148.55

7

Common grade sugar 30 g/l 100 (90)

6.55

4.10

8.00

3.59 1317.60

8

Common grade sugar 40 g/l 100 (90)

6.50

4.30

5.20

3.85 1431.75

9

Common grade sugar 50 g/l 100 (90)

4.25

5.71

15.60

4.40 1782.70
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10

Cube sugar 20 g/l

100 (90)

3.40

3.72

3.80

3.29

912.15

11

Cube sugar 30 g/l

100 (90)

4.40

4.51

6.65

3.34

961.15

12

Cube sugar 40 g/l

100 (90)

3.90

4.48

5.90

3.53 1067.30

13

Cube sugar 50 g/l

100 (90)

3.30

4.85

17.00

4.21 1540.75

14

Rock sugar 20 g/l

100 (90)

4.05

2.53

3.70

3.32

767.50

15

Rock sugar 30 g/l

100 (90)

5.70

3.49

4.80

3.39

910.85

16

Rock sugar 40 g/l

100 (90)

4.30

3.99

6.95

3.76

968.55

17

Rock sugar 50 g/l

100 (90)

3.90

3.19

6.60

3.90 1048.55

18

Candy sugar 20g/l

100 (90)

3.65

2.50

3.32

3.16

691.00

19

Candy sugar 30 g/l

100 (90)

5.25

3.40

4.37

3.32

804.90

20

Candy sugar 40 g/l

100 (90)

4.60

3.74

6.35

3.54

889.25

21

Candy sugar 50 g/l

100 (90)

4.30

2.87

4.65

5.01 1186.60

22

Glucose 20 g/l

100 (90)

3.05

3.16

1.80

3.03

841.30

23

Glucose 30 g/l

100 (90)

4.75

3.38

4.45

3.40

944.75

24

Glucose 40 g/l

100 (90)

4.40

3.47

5.80

3.98 1209.70

25

Glucose 50 g/l

100 (90)

2.80

3.49

3.05

4.03

26

Fructose 20 g/l

100 (90)

3.90

3.41

5.30

3.68 1096.60

27

Fructose 30 g/l

100 (90)

4.45

3.76

9.80

3.73 1103.15

28

Fructose 40 g/l

100 (90)

4.35

4.23

14.85

4.04 1424.90

29

Fructose 50 g/l

100 (90)

4.10

2.40

13.15

4.81 1437.00

30

Maltose 20 g/l

100 (90)

3.20

3.15

5.15

3.35

940.30

31

Maltose 30 g/l

100 (90)

4.65

3.92

6.85

3.64

1111.90

32

Maltose 40 g/l

100 (90)

4.30

5.17

6.25

3.84 1225.05

33

Maltose 50 g/l

100 (90)

4.10

4.65

5.45

3.96 1528.30

SEm ±

NS

0.20

0.18

1.05

0.11

58.47

CD at 1%

—-

0.76

0.69

3.92

0.44

217.14

*Figures in parentheses indicate arc sin-transformed values

972.45
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b

a

c

Fig. 6: Different sources of carbon: (a) sucrose AR grade; (b) rock sugar; (c) commercial grade sugar

a

b

c

d

Fig.7. Multiple-bud clump & microshoots obtained from medium supplemented with (a) & (b) sucrose
AR grade 30 g/l; (c) & (d) rock sugar 30 g/l
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b

a

Fig. 8. In vitro rooted plantlets obtained from medium supplied with: (a) sucrose AR grade 30 g/l;
(b) commercial grade sugar 30 g/l

Table 7. Effect of simple, low-cost bioreactors on shoot multiplication in banana
cv. ‘Grande Naine’
Sl No.

Treatment

No. of Propaga- Shoot
No. of
No. of
shoots/
tion
length adv. buds/ leaves/
explant
rate
(cm)
explant
shoot

Shoot
dia.
(mm)

1

Growtech bioreactor

5.90

1.96

4.47

4.00

3.75

3.57

2

Simple bioreactor with
cotton fine support

8.05

2.68

5.00

4.75

4.75

3.47

3

Simple bioreactor with
half immersion

4.45

1.48

4.02

4.50

3.75

3.23

4

Simple bioreactor with
full immersion

1.50

0.51

2.60

6.75

2.00

2.41

5

Conventional bottle with
agar gelled medium

5.12

1.70

3.30

4.50

3.00

3.72

SEm ±

0.54

0.18

0.15

NS

0.19

0.12

CD at 1

2.28

0.76

0.64

—-

0.80

0.50

Compared to density of 1 explant/culture bottle, density of 4 and 5 culture/ bottle
increased the total shoot production and reduced the cost per shoots. Maximum number of
secondary roots/shoots and fresh weight/plantlet were observed when there were 10
microshoots/culture bottle (Table 9 and Fig. 9). However, the maximum response with
regard to root characters had not yet reached. Therefore, more than 12 microshoots/ culture
bottle might produce still greater response.
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Table 8. Effect of simple, low-cost bioreactors on in vitro rooting in banana cv.
Grande Naine
Sl No.

Percent No. of Root
No. of
Plant Fresh. wt.
rooting primary length secondary dia.
of plant
(%)
roots/ (cm)
roots/
(mm)
(mg)
shoots
shoots

Treatment

1

Growtech bioreactor

100 (90)* 10.6

3.64

10.05

3.86 1848.50

2

Simple bioreactor with
cotton fibre support

100 (90) 9.85

3.55

7.65

3.71 1350.50

3

Simple bioreactor with
half immersion

100 (90) 7.55

3.28

6.65

3.55

831.50

4

Simple bioreactor with
full immersion

100 (90) 3.70

0.60

1.84

2.68

501.00

5

Conventional bottle with
agar-gelled medium

100 (90) 8.05

3.16

3.00

3.88 1476.00

SEm ±

NS 0.70

0.12

1.15

0.16

112.14

CD at 1

—- 2.95

0.49

4.79

0.67

467.38

*Figures in parentheses indicate arc sin-transformed values
The enhancing effect of inoculation density on shoot and growth has been reported
in asparagus (Matsubara, 1973) and potato (Sarkar et al., 1997). This effect may be due to
some growth promoting substances diffusing from the explants. In conclusion, compared
to explant density of 1/culture bottle, the cost of the in vitro shoot production of ‘Grand
Naine’ banana could be reduced by 33% by culturing at a density of 4 explants/ culture
bottles. Similarly, cost of root induction/shoot could be lowered by 50% at density of 12
microshoots/culture bottle as compared to 6 microshoots/culture bottle.

Table 9. Effect of explants density on in vitro shoot formation of banana cv.
‘Grande Naine’
Explants/
culure
bottle (No.)

No.of
Shoots/
explant

Shoot
length
(cm)

Shoot
dia.
(mm)

No. of
leaves/
shoot

1
2
3
4
5
CD @1%

21.90
11.33
9.80
8.18
6.98
7.14

3.59
3.77
3.41
3.22
2.37
0.65

4.00
3.75
3.50
3.00
1.77
1.03

3.08
3.53
3.00
2.81
2.29
0.45

Fresh wt. Total No.
of shoots of shoots/l-1
(mg)
medium

641.25
612.50
551.50
357.00
291.25
66.26

195.56
202.25
262.44
291.94
312.94
116.62

Cost/
shoot
(Rs)

1.754
1.696
1.307
1.175
1.096
——
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The calculated cost included only the variable items of cost (MS salts, sucrose,
hormones, electricity cost of running the autoclave, laminar air-flow hood operation and
incubation room, and wages of labour).

Effect of growth conditions on shoot proliferation and in vitro rooting
A cent per cent explants response was observed with CR and GH. At the end of
multiplication stage, the number of shoots/explant and propagation rate of in vitro banana
cultures grown in GH was significantly higher when compared to those grown in standard
CR (Table 11; Fig.12). A cent per cent rooting was recorded in all treatments. However,
root length, number of secondary roots and shoot diameter was significantly highest in
microoshoots grown in GH than plantlets from CR (Table 12; Fig.13). Plantlets grown
under natural light i.e., GH, SH and PH showed cent per cent plantlet survival than grown
under CR (87.5 %) during hardening. No polymorphism or changes in the amplified DNA
were detected among the micropropagated plants and mother plants as indicated by RAPD
marker (Fig.14). Morphological variations observed during in vitro growth were disappeared
and all the micropropagated plants showed normal and healthy growth after hardening.
The improved in vitro growth in the greenhouse could have resulted from increased light
intensity which in turn may have led to improved in vitro photosynthesis, as the cultures
grown in the GH received several times higher irradiance than plantlets grown in the standard
CR. Many studies have shown that by increasing light intensity in the in the CR, it is
possible to increase in vitro photosynthesis (Fuentes et al., 2005).
The findings of this study confirmed that the exposure of the banana cultures during
in vitro culture to the greenhouse conditions enhanced in vitro growth and ex vitro survival
of plantlets. Greenhouse conditions, therefore, could be used as a cheaper alternative to
growth room for micropropagation of banana cv. ‘Grande Naine’.

a

b

(For legand please see next page)

c
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d

e

f

g

h

i

j

k

l

m

n

o

Fig. 9. In vitro multiplied plantlets obtained from: (a), (b) and (c) Growtech bioreactor; (d),
(e) and (f) simple bioreactor with cotton fiber support; (g), (h) and (i) simple
bioreactor with half immersion; (j), (k) and (l) simple bioreactor with full immersion;
(m), (n) and (o) conventional baby jars with agar gelled medium
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Table 10. Effect of microshoot density on in vitro root formation in banana cv. ‘Grande
Naine’
No. of
No. of
Microshoots/ primary
culture
roots/shoots
bottle (No.)

Root
length
(cm)

No. of
secondary
roots/shoots

Plantlet
dia.
(mm)

Fresh
Wt. of
plantlets
(mg)

Cost/
plantlet
(Rs)

6

5.29

4.77

10.08

3.35

2132.5

2.285

8

5.69

4.69

10.37

3.1

1827.5

1.714

10

4.87

4.66

13.4

3.78

2282.5

1.371

12

4.98

3.8

7.23

4.47

1547.5

1.143

CD@1%

1.97

1.45

5.38

1.4

770.56

——

Table 11. Effect of different growth conditions on shoot multiplication in banana
cv. ‘Grande Naine’
Sl No. Treatment

1
2
3
4

No. of Propaga- Shoot No. of
No. of Shoot
shoots/
tion
length adv. buds/ leaves/ dia.
explant rate
(cm) explant shoot (mm)

Growth room
Greenhouse
Shadehouse
Polyhouse
SEm ±
CD at 1 %

6.12
8.68
2.29
0.94
0.36
1.5

2.03
2.89
0.76
0.31
0.12
0.5

3.63
1.92
2.12
1.52
0.07
0.3

1.52
1.94
1.53
1.24
0.25
1.06

3.29
3.32
2.2
2.2
0.12
0.53

Percent
response

3.23 100.00 (90.00)*
4.76 100.00 (90.00)
3.32
47.50 (43.44)
4.26
45.00 (42.10)
0.1
2.02
0.45
8.36

*Figures in parentheses indicate arc sin-transformed values

Table: 12. Effect of different growth conditions on in vitro rooting in banana cv.
‘Grande Naine’
Percent
rooting
(%)

No. of
Root
primary
length
roots/shoots (cm)

No. of
Plant
secondary
dia.
roots/shoots (mm)

Fresh Wt.
of plant
(mg)

Sl No.

Treatment

1

Growth room

100 (90)*

5.32

3.41

5.88

3.65

1024.92

2

Greenhouse

100 (90)

5.22

4.08

13.82

5.39

1038

3

Shade house

100 (90)

5.04

2.96

15.88

3.73

1027.44

4

Polyhouse

100 (90)

8.22

4.06

15.64

5.11

1386.64

SEm ±

NS

0.23

0.09

1.75

0.1

59.82

CD at 1 %

—

0.98

0.4

7.24

0.41

247.11

*Figures in parentheses indicate arc sin-transformed values
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a
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d

f

g

h

i

j

Fig. 10. Multiple-bud clump & microshoots obtained from; (a) and (b) 1 explant/culture bottle; (c)
and (d) 2 explants/culture bottle; (e) and (f) 3 explants/culture bottle; (g) and (h) 4 explants/
culture bottle; (i) and (j) 5 explants/culture bottle.
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a

c

b

d

Fig. 11. In vitro rooted plantlets from: (a) 6 microshoots/culture bottle; (b) 8 microshoots/culture
bottle; (c) 10 microshoots/culture bottles; (d) 12 microshoots/culture bottle

390

a

b

c

d

e

f

g

h

Fig. 12. Multiple-bud clump and microshoots obtained from: (a) and (b) standard culture room
(CR); (c) and (d) greenhouse (GH); (e) and (f) shade house (SH); (g) and (h) polyhouse
(PH)
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a

c

b

d

Fig. 13. In vitro rooted plantlets obtained from: (a) standard culture room (CR); (b) greenhouse
(GH); (c) shade house (SH); (d) polyhouse (PH).
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Fig.14. Assessment of genetic stability of micropropagated plants using RAPD marker with the
primers: (a) RAPD OPA16; (b) OPB20; (c) OPC07; (d) OPD13, 1-GH; 2-PH; 3-SN; 4-GR;
5-MP; 6-Marker DNA (DNA Ladder 500bp)
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Shoot tip grafting for production of disease free quality
planting stock and citrus health management
N. Vijayakumari, D.K. Ghosh and A.K. Das
National Research Centre for Citrus, Amravati Road, Nagpur – 440010,
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E-mail: vasu91098@yahoo.co.in

Citrus constitutes one of the largest fruit industries in the world, with average
production of 104.505 million tons per year out of a total world fruit production of 475.504
million ton per year (FAO, 2002), India ranks 6th among citrus producing countries,
contributing 4.8% to world’s citrus production. In India, it is the 3rd largest fruit industry
after mango and banana. However, most citrus orchards are now suffering from virus and
virus-like diseases (Shyam Singh et al, 2008). The average lifespan of citrus orchard in
tropical countries is less than ten years, mainly because of these diseases and the productivity
is much lower (8 tonnes/ha) compared to that in advanced citrus gowning countries (25-30
tonnes/ha) like Spain, USA and Brazil. Genuine and healthy planting material of quality
indigenous and exotic selections inadequate quantities is indisputably a major reason
(Vijayakumari and Shyam Singh, 2009; Vijaykumari et al, 2006). Citrus nurseries have
mushroomed in the recent past without laying much attention to sanitary status and quality
during the process of commercial multiplication there is a growing need for planting stock
of quality selections, which is not met even by 15 – 20 % by both private and government
nurseries. Farmers are less sensitive to prices if exclusive planting material is provided.
Higher planting-cost is compensated with higher yield. Hence, the basis for any fruit tree
industry is to start with high quality trees. The NRC for Citrus, Nagpur, is surging ahead
with a comprehensive citrus improvement programme to clean the elite selections through
STG to produce, maintain, releases certified, elite, healthy planting-material to citrus growers
and to demonstrate superior performance of field-transferred STG derived disease-free
planting material, compared to conventionally raised plants.
The improvement and certification programme on the production of quality planting
material of the citrus (cv. Nagpur mandarin) through STG started in September 1998 and
consisted of the following steps:
• Selection of mother trees of local cultivars
• Indexing of mother trees
• Recovery of pathogen-free plants by shoot tip grafting in vitro; Indexing of the
plants recovered
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• Horticultural evaluation of healthy plants
• Maintenance of healthy plants
After surveying candidate plus trees were selected based on horticultural performance
such as superior production and better fruit colour, etc. Selected mother trees are indexed
for citrus tristeza virus (CTV), ring spot mosaic virus, citrus exocortis viroid (CEVd),
Citurs yellow corky vein viroid and the greening bacterium, major pathogens associated
with citrus decline in India both biologically and serologically (Cambra et al, 1990). The
standard procedure of STG used consisted of grafting 0.1 to 0.3mm long shoot tips composed
of apical meristem and three leaf primordia on one-week old seedling rootstock
(Vijayakumari et al, 1994). Healthy, elite shoot tip grafted plants after indexing were
maintained in protected and field foundation blocks as a repository of virus-tested mother
trees for future multiplication. These plants are re-indexed as required (Vijayakumari et al,
2000).
Each tree in foundation-block collection is also examined several times each year
for overall health, stability, and fruit quality and checked for abnormalities. The foundationstock after evaluation was found to be true-to-type without juvenility. Multiplication blocks
were made under low-cost greenhouses. Solarized, disinfected potting mixture only was
used for filling the polybags. The rootstocks were grown from seed, which breaks the cycle
of virus transmission. The virus free Foundation blocks supply the budwood for grafting.
The registered, healthy mother trees in the repository (protected and field-foundation blocks)
are utilized for large-scale multiplication and supply of certified, healthy, horticulturally
superior planting material to citrus growers. The STG-derived, quality healthy bud-grafts
planted in farmers’ orchards at various locations in different districts of central India were
evaluated in terms of growth and vegetative parameters right at the age of one year through
properly laid out experiments and the data analysed statistically in Randomized Block
Design.
Best candidate trees were selected, based on superior horticultural characteristics
and maintained in the greenhouse as a source of scion wood. Through in vitro STG(Fig 2)
more than 300 micrografts were produced, indexed and healthy micrografts were maintained
in a protected foundation block (insect-proof-screen house) and in field-foundation block
as a repository of mother trees (scion sources ) for future large-scale multiplication (Fig. 3)
From this repository of registered mother trees 1.75 lakh elite, certified, diseases-free
planting stock were produced & released to citrus growers/ nursery-men of Maharashtra,
M.P., Gujarat, Rajasthan, Haryana, Punjab, Sikkim, Orissa, A.P., Tamil Nadu, Karnataka
and Kerela states (Fig. 4). About 600 hectares of healthy orchards were established in
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farmers’ fields, predominantly in Central India. Data was recorded on initial performance
of STG-derived and conventionally-budded plants at the orchards of the farmers located in
Nagpur and Chindwara (MP) Districts. The results obtained with respect to initial
performance of field-transferred in vitro shoot-tip-grafting derived, elite, certified planting
stock are given in Table 1, 2 & 3. The data presented in the tables indicate that plantingstock derived from STG established well in the field and showed significantly higher plant
height, stem height, stock girth, and scion girth and canopy volume compared to
conventionally raised plants procured from private seed sources in Chindwara District of
MP. The STG plants out-performed significantly in terms of stock girth and scion girth and
the other vegetative growth parameters, viz. plant stem height and canopy volume were
also comparatively better compared to the conventionally raised plants. Evidences are
available to suggest the definite yield advantages, prolonged bearing-life and increased
longevity of plants from disease-free budwood (Navarro et al 1981; Santos Filho et al.
1984) of all the citrus variety improvement programs at Spain, Brazil and USA. The NRCC
at Nagpur has successfully modified and improved the technique and applied to the citrus
improvement programme (Vijayakumari et al, 1994; Vijayakumari and Shyam Singh, 2000).
Shoot tip grafting has the advantage of yielding less thorny plantlets avoiding the nucellar
juvenility phase and true to type performance in the field. The other authors (Navarro and
Juarez, 1977; Starrantiano et al, 1984) also similarly reported on this subject. Indisputably,
starting a new orchard using disease-free planting material obtained through STG has great
advantages. Foundation-stock of disease-free budwood source and cleaning of virus from
time to time through in vitro STG is certainly a fundamental part of disease management in
citrus.
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Fig. 1. Flowchart of the steps involved in citrus sanitation program at NRCC, Nagpur

Table 1. Comparative field-performance of 4-year old STG plants (Rough lemon) vs
conventional budded plants at Sausar (Chhindwada District)
S.
No.

Type of
budding

Plant
Stem
Stock
Scion
Canopy
height (m) height (m) girth (cm) Girth (cm) volume(m3)

1

Shoot tip grafting

4.98

0.38

53.71

49.38

29.97

2

Conventional budding

4.17

0.35

53.48

41.95

16.32

C.D. Value at 5%

0.71

N.S.

N.S.

N.S.

2.42

Table 2. Comparative field-performance of 5-yearold STG derived plants vs
conventional budded plants at Sausar (Chhindwada District)
S.
No.

Type of
budding

Plant
Stem
Stock
Scion
Canopy
height (m) height (m) girth (cm) Girth (cm) volume(m3)

1

Shoot tip Grafting

4.75

0.38

57.25

52.99

34.05

2

Conventional Budding

4.33

0.36

52.40

48.40

20.18

3

SE (M)

9.43

1.96

1.19

1.95

1.78

C.D. Value at 5%

0.28

N.S.

3.62

N.S.

5.44
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Table 3. Comparative field-performance of 6-yearold STG derived plants vs
conventional budded plants at Sausar (Chhindwada District)
S.
No.

Type of
budding

Plant
Stem
Stock
Scion
Canopy
height (m) height (m) girth (cm) Girth (cm) volume(m3)

1.

Shoot tip grafting

4.59

0.38

62.16

58.66

36.49

2.

Conventional budding

4.14

0.32

57.02

54.83

21.78

3.

SE(M)

0.09

2.28

1.79

1.62

1.29

C.D. Value at 5%

0.72

N.S

N.S

N.S

3.95

Fig.2. One week old shoot tip graft.

Fig.3. Shoot tip grafted mother plants in protected
foundation block.

Fig.4. Disease free STG derived plants
two months (ht 50 cm) after budding.

Fig.5. Field performance of Five years Old
STG derived plant at (ladgaon, Katol )
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Fig.6. Field performance of Five years
Old Conventional plant at
(Sausar Chindwara district)

Fig.8. 6 year old conventional tree in
ambia bearing at Saunsar

Fig.7. Field performance of Five years
Old Tissue culture plant at
Sausar (Chhindwada district)

Fig.9. Six year old STG derived tree in
ambia bearing at Saunsar
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Fleshy stone fruits comprising peaches, plums, cherries and apricots (belonging to
the genus Prunus, a member of family Rosaceae), are important temperate fruits grown all
over the world, and are second only to apples and pears. Area and production statistics
indicate very low productivity levels of these in India compared to world standards despite
the fact that these stone fruits are cherished commodities reaching fresh markets at the
earliest in the season, when virtually no other fruits are available.
One of the major reasons for low productivity in peaches, plums and apricots is the
continued use of seedling stocks beneath these fruits, unlike clonal rootstocks elsewhere.
Seedling rootstocks that are in vogue, although hardy and long-lived, exhibit variation,
excessive vigor and delayed bearing, thus, adversely affecting cropping efficiency of these
fruit crops.
Over the last 20-30 years, stone fruit rootstock development has begun shifting from
seedling to clonal types, with many originating as interspecific hybrids between Prunus
species. Public funded breeding programmes in Europe and USA produced genetically
improved Prunus rootstocks which are now available across the world featuring modern
day horticultural traits, viz, dwarfism, precosity, wider adaptation and suitability to a broad
range of scion cultivars, including graft compatibility and enhancement of scion performance
in terms of fruit quality and yield. Interspecific hybridization has led to evolution of improved
rootstocks such as Jaspi, Julior and Myrocal which were introduced in 2005. These rootstocks
are not only high-yielding or dwarfing/ precocious but also resistant to drought, waterlogging, insect pests and diseases. The preliminary studies under HP conditions have
indicated adaptation of the above introduced rootstocks and are seen to be compatible with
commercially important peach, plum and apricot scion cultivars. However, their
multiplication through conventional means of vegetative propagation (e.g. stooling, rooting
of cuttings, etc.) is quite low. Considering their dwarfing nature (suitable for high density
planting in view of land constraints and inherent potential of these rootstocks to tolerate
biotic and abiotic stress conditions), there is an urgent need to make available these clonal
rootstocks to the orchardists in sufficient quantities. In a situation like this, micropropagation
is a viable and alternative method to mass-multiply these improved rootstocks in a short
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span of time. In view of the above, the study was taken up to develop a complete protocol
for in vitro propagation of three clonal rootstocks, namely Jaspi, Julior, Myrocal for apricot,
peach and plum, respectively.

Collection of source plant
Twigs of the rootstocks were collected from the field of Fruit Breeding and Genetic
Resources, Dr. Y. S. Parmar University of Horticulture & Forestry, Nauni, Solan, India.
The explants of Myrocal, Jaspi, Julior were prepared by excising axillary buds from
twigs along with a slice of the stem using a sharp scalpel blade, and collected in water in a
beaker.

Sterilization of explants
The following two sterilants in combination were used for different time-periods for
sterilization of excised explants:
a) Bavistin (0.3%)
b) Mercuric chloride (0.1%)
The axillary buds were washed under running tap water with Tween-20 (2-3 drops/
100ml of water) for half an hour and then washed thoroughly with distilled water. In the
first treatment (T1), the washed buds were treated with 0.3 per cent Bavistin for 5 minutes,
washed thrice with sterilized water, followed by sterilization with 0.1 percent solution of
mercuric chloride for 2 minutes. These were subsequently washed thrice with sterilized
water. In the second treatment (T2), firstly the buds were sterilized with 0.3 per cent Bavistin
for 6 minutes, followed by treatment with 0.1 per cent mercuric chloride for 3 minutes,
washing with sterile water after every sterilization (Table 1).

Establishment of cultivars
The sterilized explants were cultured on MS and QL media supplemented with
different growth regulators, namely, BAP (Benzylaminopurine), Kn (Kinetin), GA 3
(Gibberellic acid) and TDZ (Thidiazuron). The buds were then incubated for explant
establishment.

In vitro shoot multiplication
In vitro shoot multiplication was carried out from the proliferated explants after
establishment. Four suitable media combinations, with respect to bud-sprouting were
identified for each rootstock and, subsequently; shoot multiplication was attempted.
Observations were recorded on the number of shoots per explant, shoot length (cm) and
number of leaves per shoot.
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In vitro root induction
Rootable shoots of about 2-3 cm length were excised from multiplying shoot cultures
and transferred to culture tubes (15x150 cm) each containing 15 ml of rooting medium. MS
medium of different strengths supplemented with IBA and varying quantities of sucrose
was used for induction of in vitro rooting. Observations on rooting percentage, root length
(cm) and number of roots were recorded.

Transplanting and hardening of in vitro regenerated plantlets
After 4-6 weeks on the rooting medium, plantlets showing fully developed root system,
after thorough washing, were transferred to plastic pots of 15 cm diameter containing soil,
sand and FYM (1:1:1). The plantlets were routinely watered and kept covered with glass
jars to maintain high humidity. After two weeks, the jars were removed. The plants were
transferred to soil in larger earthen pots at room temperature, and subsequently, to the field.
Sterilization treatment T2 with 0.3% Bavistin for 6 minutes, followed by treatment
with 0.1% Mercuric chloride for 3 minutes was more effective, giving 88.89%, 86.67%
and 86.05% uncontaminated bud-cultures in Myrocal, Julior and Jaspi, respectively, at the
end of two weeks of initial culturing compared to teatment T1 in MS and QL media
supplemented with various combinations and composition of growth regulators. All
responded by sprouting in all the three rootstocks. However, M1 supplemented with BAP
(1.0 mg/l) + Kn (0.5 mg/l) + GA3 (3.0 mg/l) proved to be best for Myrocal, giving 94.44 per
cent bud-sprouting. For Julior, M13 medium [i.e. QL supplemented with BAP (0.5 mg/l),
Kn (0.5 mg/l)] and GA3 (3.0 mg/l) was best with respect to bud-sprouting. However, medium
M9 [i.e. MS supplemented with BAP (0.25 mg/l), KN (1.0 mg/l) and GA3 (3.0 mg/l)] proved
best for Jaspi.

In vitro shoot multiplication
Myrocal: Apart from best medium (M1) for establishment, three other media, viz.
M11, M18, and M19 were tested for in vitro shoot multiplication (Table 3). Data on in
vitro shoot multiplication of Myrocal after 4 weeks revealed that average number of
shoots per explant was significantly higher on Medium M1 (6.39), followed by M11
(4.70). Significantly higher average shoot length of 1.34 cm was recorded on M11
and maximum average number of leaves per shoot was recorded on M11.
Julior In addition to the best medium M13, three other media viz., M17, M19, and M20
were tested for shoot multiplication (Table 3). M13 is the best medium with reference
to average shoot number; shoot length, while M17 gave highest average number of
leaves per shoot.
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Jaspi M9 proved to be the best at bud establishment stage. For in vitro shoot
multiplication, three additional media namely M11, M19, M21 were tested and maximum
shoot length was obtained on M9 (Table 3). Photo images of in vitro propagation are
shown in Fig1 (a-f)

In vitro root induction
A total of eight media combinations were tested for in vitro root induction in in vitro
multiplying shoots of the three rootstocks. Medium MR2 (MS full strength +30 g sucrose
+1.0 mg/IBA) gave in vitro induction of rooting only in Myrocal and Jaspi, yielding 83.33
percent and 20 percent rooting, respectively. No rooting was induced on any of the media
in in vitro shoots of Julior. In non-responding media in all the three rootstocks, either the
shoots turned brown and died or no root primordia were observed.

Effect of subculture on subsequent growth of in vitro shoots of Prunus clonal
root stocks
In the case of Myrocal, as number of subcultures increased, the number of shoots per
sprouted explant also increased and reached an average of 11.23 at the end of 7th subculture.
However, average shoot length and average number of leaves declined after 4th
subculture. It is inferred that fresh establishment of cultures or modification of medium
with respect to growth regulators is needed. Initial establishment of cultures took longer.
By the time in the other two rootstocks cultures were initially established, Myrocal had
completed about three subcultures of multiplication. A maximum of 5.9 shoots per explant
at the end of 4th subculture and 4.7 shoots per explant at 3rd subculture was recorded in
Julior and Jaspi, respectively. Average shoot length declined in both Julior and Jaspi after
3rd subculture, but was equal to that recorded in 4th subculture. In vitro rooting was induced
in Myrocal and Jaspi on medium MR2 (full strength + 30 gm/l Sucrose + 1.0 mg/IBA) and
yielded 83.33 per cent and 20 percent rooting, respectively. No rooting was induced in
Julior on any of the media. Survival rate of micropropagated plants of Myrocal was 100 %
and that of plants of Jaspi was only 33%.
In vitro propagation has proved to be a viable option for rapid and mass multiplication
of disease-free, quality planting material of uniform nature.
Already a number of commercial units have come up in recent times in the developed
world to multiply Prunus rootstocks en masse through tissue culture. An attempt has been
made in the present study to standardize culture conditions, media composition, shoot
multiplication and root induction protocol for in vitro propagation of the three rootstocks,
viz,. Jaspi, Julior and Myrocal. The surface sterilization of explants in all the three rootstocks
was successfully achieved by treating with 0.3 % solution of Bavistin (Carbendazim),
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followed by treatment with 0.1% solution of Mercuric chloride. Similarly, various rootstocks
of Prunus have been sterilized before in vitro culturing (Goudarzi et al, 1997; Kamali et al,
2001; Hartmann et al (2004). All the three rootstocks responded differently on w. r. t. the
basal medium and composition of growth regulators. This type of differences have been
demonstarted by Snir (1982) in seven sweet-cherry cultivars and by Zilkah et al (1992) in
three interspecific hybrid selections between Prunus avium and P. mahaleb. Torneto et al
(1999) obtained best establishment of in vitro cultures of apricot cvs. Canino, Corrot, Bulidia
and Bergeron in Quorin and Lepoivre (1977) medium. In the present stud-MS basal medium
proved to be better than QL basal medium for culture establishment though, both
supplemented with similar levels of growth regulators. Our group has reported that 80% to
90% explants proliferated (irrespective of the season extending from November to May)
revealing that explants are available for a period of about seven months for initiating in
vitro cultures. The current rates also reveal that shoot multiplication is 4 to 6 times just
after initiation, but now (after about four years of culturing) there is about 25 fold increase
in the rate of shoot multiplication in Myrocal and Jaspi, though Julior is slow in tissue
culture. Overall growth of all the three rootstocks is satisfactory, and is at a steady rate.
Hammerschlag (1982) and Silva (2003) obtained 10-25 fold multiplication. However,
Radice et al (1999) observed only 3 to 5 fold multiplication rate in nodal segments from
vegetative sprouts of three Prunus rootstocks, i.e., Mr. S. 2/5, Julior and St. Julien hybrid.
As far as in vitro rooting is concerned, 83.33 per cent rooting with 2.7 cm root length and
2.77 roots per plantlet was obtained in in vitro shoots of Myrocal on MS medium
supplemented with 10 mg/l g IBA; whereas in vitro shoots of Jaspi gave only 20 per cent
rooting. In vitro shoots of Julior, however, failed to root on any medium tested for rooting.
Goudarzi et al (1997) obtained best rooting in in vitro shoots of cherry rootstocks on LS
medium with 1 mg/l IBA. Cos et al (2004) obtained only 20 percent success rate in rooting
in vitro shoots of peach x almond hybrid Mayor ® with 1mg/l IBA. Plants that are produced
under culture conditions (high humidity, regulated photoperiod, constant temperature), when
transferred to field environment, are required to be acclimatized. This remains a critical
step due to reduced amounts of epicuticular wax and improper functioning of stomata.
Survival rate of plants depend on quality of roots. Actively growing and sturdy roots are
beneficial for hardening. Another factor that plays an important role during hardening is a
potting mixture that has better holding capacity. Under the present investigation, in vitro
rooted plants were transferred to a potting mixture of FYM: Soil: Sand (1:1:1). Kramerenko
(1999) obtained 70-80 percent success in apricot in sterile soil. Tornero et al (1999) achieved
acclimatization of rooted plantlets of Prunus americana L. cv. Canino by transferring them
to pots with a mixture of peat and pertile (1:1), while Channuntapipat et al (2003) obtained
92 percent survival of rooted micrografted plantlets of Titan x Nemaguard rootstocks when
transferred to a potting mixture of peat and perlite (1:1).
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Table1. Different sterilant treatments for explants of clonal rootstocks of
Prunus spp
Treatment

Sterilant

Duration (minutes)

T1

Bavistin (0.3%) + Mercuric chloride (0.1%)

5+2

T2

Bavistin (0.3%) + Mercuric chloride (0.1%)

6+3

Table 2. Establishment of cultures of Prunus clonal rootstocks on basal MS
and basal QL media supplemented with varying levels of growth regulators
Growth regulator (mg/l)

Per cent bud-break after 4 weeks
of culturing
Myrocal
Julior
Jaspi
(P.
(St. Julien x (Methley x
Cerasifera) Pershore) P. spinosa)

Medium
code

Salt

BAP

Kn

GA3

TDZ

M1

MS

1.00

0.50

3.00

-

94.44

19.44

19.44

44.44

M2

MS

1.50

-

2.00

-

73.33

16.67

12.50

34.17

M3

MS

2.00

-

2.00

-

11.11

9.72

6.95

9.26

M4

MS

0.50

1.00

-

-

59.72

23.61

12.50

31.95

M5

MS

-

2.00

-

-

30.55

9.72

34.72

25.00

M6

MS

-

2.00

2.00

-

33.33

11.11

43.06

29.17

M7

MS

0.25

0.50

-

-

50.00

9.72

27.78

29.17

M8

MS

0.50

0.50

-

-

15.28

52.78

16.67

28.24

M9

MS

0.25

1.00

3.00

-

13.89

9.72

79.17

34.26

M10

MS

-

-

-

0.25

33.33

9.72

12.50

18.52

M11

MS

-

-

-

0.50

29.17

11.11

8.33

16.20

M12

QL

0.25

0.50

-

-

29.17

6.95

40.27

25.46

M13

QL

0.50

0.50

3.00

-

37.50

81.94

11.11

43.52

M14

QL

0.25

1.00

-

-

25.00

11.11

9.72

15.28

M15

QL

0.50

1.00

-

-

25.00

15.28

12.50

17.59

M16

QL

-

-

-

0.25

29.17

20.83

18.06

22.69

M17

QL

-

-

-

0.50

25.00

9.72

11.11

15.28

36.18

19.36

22.14

Mean
CD
Treatment
Rootstock
Treatment x Rootstock

0.05
3.95
9.42
16.31

Mean

408

Table 3. Effect of different media on in vitro shoot multiplication in Prunus
clonal rootstocks after 4 weeks of subculture
Character

Average number of
shoots per explant

Average shoot
length (cm)

Average number of
leaves per shoot

M1 (MS + 1.0 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

6.39

3.00

16.45

M18 (MSA-E + 0.96 mg/l
Edda Ferric 1.0 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

2.70

1.64

10.06

M19 (MS + 0.5 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

2.76

1.54

12.42

M11 (MS + 0.5 mg/l TDZ)

4.70

1.34

20.20

CD-0.05

0.89

0.30

2.25

M13 (QL + 0.5 mg/l BAP +5.06
0.5 mg/l kn + 3.0 mg/l GA3)

2.30

12.10

M20 (QLA-E + 0.96 mg/l
Edda Ferric + 0.5 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

1.42

1.08

10.26

M19 (MS + 0.5 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

3.14

1.10

9.40

M17 (QL + 0.5 mg/l TDZ)

2.84

1.08

16.00

CD-0.05

0.95

0.31

3.39

M9 (MS + 0.25 mg/l BAP +
1.0 mg/l kn + 3.0 mg/l GA3)

4.16

2.20

15.50

M21 (MSA-E + 0.96 mg/l
Edda Ferric + 0.25 mg/l
BAP + 1.0 mg/l kn +
3.0 mg/l GA3)

2.32

1.46

12.08

M19 (MS + 0.5 mg/l BAP +
0.5 mg/l kn + 3.0 mg/l GA3)

1.64

1.08

8.62

M11 (MS + 0.5 mg/l TDZ)

3.06

1.06

14.80

CD-0.05

0.79

0.35

1.86

Medium

a) Myrocol (P. cerasifera)

b) Julior (St. Julien x Pershore)

c) Jaspi (Methley x P. spinosa)

MS full
strength

MS full
strength

MS full
strength

MS full
strength

MS full
24

MS half

MR3

MR4

MR5

MR6

MR7

MR8

30

30

30

20

30

15

30

30

1

3

1

1

3

1

1

0

No rooting after one month
Shoots died after 3 days

MS full
strength

MR2

*
*** -

MS full
strength

MR1

Medium
Salt
Sucrose IBA
code formulation (g/l) (mg/l)

**
****

-

*

***

****

*

****

*

83.33

**

Rooting
(%)

Shoots died after 24 hours
Shoots died after 15 days

-

In vitro rootable shoots were
treated with 50 ppm IBA for 24
hrs before transferring to MR8

In vitro rootable shoots were
treated with 50 ppm IBA for 24
hrs before transferring to MR7

-

-

-

-

In vitro rootable shoots were
treated with 1000 ppm IBA for
2 hrs before transferring to MR1

Pre-treatment with IBA

-

-

-

-

-

-

2.70

-

-

-

-

-

-

-

2.77

-

*

***

****

*

****

*

*

**

Not tried

***

Not tried

Not tried

****

Not tried

20.00

**

Julior
Jaspi
Root Number of (St Julien x (Methley x
length roots per Pershore) P. spinosa)
(cm)
plantlet

Myrocal (P. cerasifera)

Table 4. In vitro induction of rooting in in vitro shoots of Prunus clonal rootstocks
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Fig. 1 (a-f)

a. M9(MS+0.25mg/lBA+
1.00mg/l Kn +
3.00 mg/l GA3) for Jaspi
is the best medium

b. For Myrocal,
M1 (MS+ 1.0 mg/l BA +
0.5 mg/l Kn + 3.0 mg/l GA3)
is the best medium

d. In vitro rooting of Myrocal and Jaspi

c. Julior could form
shoots on M10
(MS + 0.25 & 0.5 mg/l TDZ)
medium

e. Hardened Plants in pots

f. Hardened plants of Myrocal and Jaspi in field
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Performance of potato microplants raised through tissue
culture under polyhouse
N. Jabeen, S. H. Khan., M.A. Chattoo and K. Hussain
Division of Olericulture, Sher-e-Kashmir University of Agricultural Sciences and Technology (K),
Shalimar-191121, Srinagar (J&K)
E-mail: nayeema_jabeen@yahoo.com

Information on performance of potato microplants is essential for selection of the
best genotypes for rapid multiplication and large-scale commercial production. Potato is
the world’s fourth largest crop after wheat, rice and maize. Since potatoes are usually grown
from tubers rather than botanical seed, the seed tubers often are a major source of disease
infection. Generally, lack of supply of quality-seed results in small tubers from one year’s
crop being retained as seed in the next year. With developments in in vitro culture of potato
plantlets over the recent years, together with development in disease detection techniques,
it has become possible to maintain disease-free potato plantlets in culture. Virus-free
microplants can be used for direct transplanting after hardening to field or nursery beds for
production of normal tubers or minitubers, respectively. The present investigation was,
therefore, an initial attempt to evaluate the performance of virus-free microplants produced
in vitro for large-scale commercial production of potato minitubers under Kashmir
conditions.
The present study was undertaken during 2009 under polyhouse conditions (semicontrolled) at Experimental Station, Division of Olericulture, SKUAST-K, Shalimar,
Srinagar. Application of fertilizer, plant-protection measures and other agro-techniques were
followed as per recommendation. Potato microplants (50 numbers each) of four different
varieties (Shalimar Potato -1 , Shalimar Potato-2, K. Jyoti, and K. Giriraj,) produced through
tissue culture (using MS-Media supplemented with 0.2mg/l Gibberellic acid and 0.07mg/l
NAA, 30g Sucrose and 2mg/l Calcium pantothenate) were transplanted on well-prepared
nursery beds in a semi-controlled polyhouse on 17-07-2009. Each variety/genotype was
sown in nursery bed of 3mx1m size with spacing of 30cm X 20cm in three replications,
accommodating fifty plants per bed. Good cultural practices were followed to raise healthy
plants. Observations were made on a daily basis to record survival of potato microplants in
nursery beds under polyhouse conditions. Data obtained was subjected to analysis of variance
as per the method given by Panse and Sukhatme (1978).
The yield and yield-attributing characters are given in Table 1. Significant differences
were observed among varieties for the parameters studied. The data revealed that maximum
plant height was recorded by Shalimar Potato-2 (56.40 cm), followed by Shalimar Potato-
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1 and K.Giriraj (48.80 cm each), while, minimum in K. Jyotyi (33.20 cm). Plant spread and
number of shoots per plant were maximum in Shalimar Potato-1 and K. Giriraj (65cm and
19.80 cm, respectively), followed by Shalimar Potato-2 (35.50cm and 17.80, respectively)
while being minimum in K. Jyoti (34.46cm and 14.80cm, respectively). Maximum tuber
length was recorded in K. Giriraj (10.38cm), followed by Shalimar Potato-2 (9.68cm),
Shalimar Potato-1 (7.84cm) and K. Jyoti (7.20cm). Maximum tuber diameter was recorded
in K. Giriraj (5.82cm) followed by Shalimar Potato-1 (5.12 cm), K. Jyoti (4.90cm) and
Shalimar Potato-2 (4.40cm). Minitubers were harvested and graded into large, medium and
small on the basis of size. Maximum number of large-sized minitubers were obtained in
Shalimar Potato-1 (72 per bed), followed by K. Giriraj (67 per bed), Shalimar Potato-2
(red-skinned variety) (57 per bed), while, minimum was seen in K. Jyoti (38 per bed).
Maximum weight was recorded in K. Giriraj (7.01kg per bed), followed by Shalimar Potato1 (6.67kg per bed), Shalimar Potato-2 (4.20kg per bed) and minimum in K. Jyoti (3.92kg
per bed). For medium-sized minitubers, K. Giriraj recorded maximum number (77 per bed)
followed by Shalimar Potato-1 (75 per bed) and Shalimar Potato-2 (75 per bed), and the
least in K. Jyoti (38 per bed). However, maximum weight was recorded in the variety K.
Jyoti (2.05kg), followed by Shalimar Potato-2 (1.95kg per bed), K. Giriraj (1.85kg per bed)
and Shalimar Potato-2 (1.50kg per bed). Shalimar Potato -1 recorded maximum number of
small-sized minitubers (120 per bed), followed by K. Jyoti (113 per bed), K. Giriraj (92 per
bed) and Shalimar Potato-2 (25 per bed). However, maximum weight was recorded in the
variety K. Jyoti (0.98kg per bed) followed by Shalimar Potato-1 (0.56kg per bed), K. Giriraj
(0.56kg per bed), K. Giriraj (0.38kg per bed) and Shalimar Potato-2 (0.21kg per bed).
Maximum total number of minitubers produced were recorded in Shalimar Potato-1 (267
per bed), followed by K. Giriraj (236 per bed) and K. Jyoti (196 per bed) and minimum in
Shalimar Potato-2 (157 per bed). Total weight was maximum in Shalimar Potato-1 and K.
Giriraj (9.18kg each per bed), followed by K. Jyoti (6.95kg per bed) and minimum in
Shalimar Potato-2 (5.91kg per bed). Thus, from the present investigation, it may be inferred
that microplants of Shalimar Potato-1 give maximum yield in respect of both number as
well as weight of minitubers harvested followed by K. Girira, K. Jyoti and minimum in
Shalimar Potato-2 under the experimental conditions reported above. These results are in
agreement with findings reported by Naik, (1986).

48.80

56.40

48.80

33.20

5.01

5.50

Shalimar Potato-1

Shalimar Potato-2

K. Giriraj

K. Jyoti

CD at 5%

CV (%)

1.74

1.70

34.46

65.00

35.50

65.00

Plant
spread
(cm)

2.35

0.78

14.80

19.80

17.80

19.80

No. of
shoots/
plant

7.79

1.16

7.20

10.38

9.68

7.84

95.40

12.14

4.90

5.82

4.40

5.12

Tuber Tuber
length breadth
(cm)
(cm)

2.18

2.55

38

67

57

72

4.47

0.44

3.92

7.01

4.20

5.40

2.10

2.80

45

77

75

75

7.50

0.25

2.05

1.85

1.50

1.95

Grade
Large-sized Medium-sized
tubers/plot
tubers/plot
No. Wt. (kg) No. Wt. (kg)

1.32

2.27

113

92

25

120

213

5.68

0.98

0.38

0.21

0.56

Small-sized
tubers/plot
No. Wt. (kg)

Naik, P.S.1986. Rapid multiplication of potato from in vitro plantlets. Ind. J. Potato Assoc.13:91-95.

Panse, V.G. and Sukhatme, P.V. 1978. Statistical methods for agricultural workers. ICAR, New Delhi, pp. 68-75.
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Plant
height
(cm)

Variety

0.30

1.28

196

236

157

267

No.

2.56

0.36

6.95

9.24

5.91

7.91

Wt. (kg)

Total yield/
plot

Table 1. Performance of potato (Solanum tuberosum L.) microplants raised through tissue culture under
polyhouse (semi-controlled) in Kashmir valley.
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In vitro multiplication of saffron (Crocus sativus L) and
development of stigma like structures
J.I. Mir, N. Ahmad, Shabir. H. Wani, Rizwan Rashid, H. Itoo, M.A. Sheikh
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Central Institute of Temperate Horticulture, Rangreth, Srinagar-190007
Corresponding Author E-mail: javidiqbal1234@gmail.com

Saffron is an important spice derived from the stigmas of Crocus sativus, a species
belonging to the family Iridaceae. It is a sterile triploid which can only be multiplied through
vegetative means. Saffron stigmas are used as food formulations and as a coloring agent.
The stigmas are dried for use in medicine, food seasoning and coloring since centuries and
are characterized as the most expensive spice by weight. Saffron contains more than 150
volatile and aroma-yielding compounds. It also has many non-volatile active components
many of which are carotenoids, including zeaxanthin, lycopene and various á- and âcarotenes. However, saffron’s golden yellow-orange colour is primarily the result of ácrocin (Abdullaev, 2002). Saffron is propagated by corms, as, the flowers are sterile and
fail to produce viable seeds. A corm survives for only one season, producing upto ten
“cormlets” that eventually give rise to new plants (Deo, 2003). Conventional propagation
methods are very slow and propagation by tissue culture represents an important potential
to effectively propagate it. Micropropagation is a very good alternative for quality planting
material/seed production and large-scale multiplication of disease-free saffron (Ascough et
al, 2009; Karaoglu et al, 2007)). In-vitro propagation techniques have been successfully
used for corm multiplication and development of ‘Stigma-Like Structures’ (SLS) in saffron
(Raja et al, 2007; Jun et al, 2007; Sarma et al, 1990). In the present study, our objectives
were to standardize the selection of explants for corm multiplication and development of
stigma like structures under various cultural conditions.

Explants
Apical buds and ovary halves of saffron were used as explants for corm multiplication
and development of SLS. These explants were washed thoroughly under running tap water
and sterilised by dipping in 70% ethanol for 3 min, followed by soaking in sodium
hypochlorite solution for 10 min. and rinsed 4 times with sterile distilled water. Ovaries
without stigmas and anthers were carefully separated from other floral parts.

Culture conditions
Basal media employed were MS (Murashige and Skoog, 1962), LS (Linsmaier and
Skoog, 1965) and G-5 (Gamborg et al, 1968), each at pH 5.8 and with 0.9% or 1% agar and
BA (1, 2 or 3 mg/l) and NAA (0.5 mg/l) in combinations. After preparing the media, two
types of explant (apical-bud and half-ovary) were cultured in glass tubes (90x 25mm).
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Cormlet formation and development of SLS
Cultures were maintained at 25±1°C under 16/8 h (light/darkness) photoperiod with
light intensity of approximately 4000 Lux. These cultures were sub-cultured every 3 weeks.
Observations with respect to shoot development, cormlet formation, stigma formation, etc.
were taken every 5 weeks. This study was carried out as a factorial experiment based on
Completely Randomized Design (CRD), with 18 treatments in 4 replications.

Statistical analysis
Each treatment was replicated 4 times and observations on stages of development
were recorded periodically. The data was analyzed by comparing means using one way
ANOVA and the significance was determined by Duncan’s Multiple Range Test using SPSS
for Windows (v. 15. SPSS Inc USA). Data given in percentages were subjected to arc-sine
(X) transformation) before statistical analysis.

In-vitro corm multiplication
Among the two explants cultured on different culture media, difference, was observed
with respect to type of response. Microcorm development was observed on different media
when apical bud was used as an explant while SLS appeared on media where half-ovary
was used as the explant, (Table 1). Maximum size (1.2g) of micro-corms were obtained on
LS media supplemented with 2 mg/l BAP and 0.5 mg/l NAA. Our results showed
improvement over protocols developed earlier (Ding et al, 1979, 1981), who first reported
tissue culture of C. sativus using MS medium containing IAA and/or 2, 4-D. Development
of microcorms on the surface of explants (1/8 corm fragments) and differentiation of corms
into buds (Homes et al, 1987; Illahi et al, 1987) was also reported.

In vitro proliferation of stigma-like structures
Different response was observed with respect to medium and type of explant used
(Table 1). Highest response (64.5%) was observed with half ovaries on G-5 media
supplemented with 2 mg/l BAP and 0.5 mg/l NAA, followed by 46.5% on LS media with 2
mg/l BAP and 0.5 mg/l NAA with half-ovary as the explant (Table 1). Maximum number
(10) and size (6cm) of SLS was observed on G-5 media supplemented with 2 mg/l BAP and
0.5 mg/l NAA when half-ovary was used as the explant, followed by eight of 5cm long SLS
on G-5 media supplemented with 3 mg/l BAP and 0.5 mg/l NAA with half-ovary as the
explant. Development of stigma-like structures from half-ovaries on White’s medium
supplemented with zeatin and NAA (Fakhari and Evans, 1990) and half ovaries on different
media using auxins, has been reported earlier (Himeno and Sano, 1987).
During this study, explants to be used for production of Stigma Like-Structures (SLS)
have been standardized. The frequency of in vitro stigma-like structure development was
very low, but the observations reported here will be useful as a base to develop possibly an
industrial production method for the spice saffron.
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Table 1. Morphogenetic response of saffron explants cultured on various media
supplemented with NAA and BA in different combinations.
Medium

Explant

Hormone
conc. (mg/l)
BAP NAA

% Response

Nature of response

MS Apical bud

1

0.5 13.5 (21.12ab±0.0) Microcorm formation (0.3g in
weight)

Apical bud

2

0.5

Apical bud

3

0.5 18.2 (25.5bc±0.64) Microcorm formation (0.8g in
weight)

Half ovary

1

0.5 13.7(21.7ab±0.93) 2-3 SLS regenerated (2cm in length)

Half ovary

2

0.5

Half ovary

3

0.5 27.2(31.5de±0.71) 3-4 SLS regenerated (2cm in length)

Apical bud

1

0.5 14.0(21.9ab±0.48) Microcorm formation (0.8g in
weight).

Apical bud

2

0.5

Apical bud

3

0.5 21.2(27.4cd±0.88) Microcorm formation (1g in weight)

Half ovary

1

0.5 16.2(23.6bc±1.44) 4-5 SLS regenerated (2cm in length)

Half ovary

2

0.5

46.5(42.9f±2.76)

Half ovary

3

0.5

28.7(32.4e±0.70) 5 SLS regenerated (3cm in length)

G-5 Apical bud

1

0.5

10.2(18.6a±0.46) Microcorm formation (0.2g in
weight)

Apical bud

2

0.5 25.2(30.1de±0.73) Microcorm formation (0.6g in
weight)

Apical bud

3

0.5 17.2(24.5bc±0.36) Microcorm formation (0.4g in
weight)

Half ovary

1

0.5

30.0(33.1e±1.38) 8 SLS regenerated (4cm in length)

Half ovary

2

0.5

64.5(53.4g±0.99) 10 SLS regenerated (6cm in length)

Half ovary

3

0.5

32.2(34.5e±0.77) 7-8 SLS regenerated (5cm in length)

LS

42.5 (40.6f±2.8)

43.5(41.2f±2.46)

41.7(40.1f±2.8)

Microcorm formation (1g in
weight)

4-5 SLS regenerated (2-3cm in
length)

Microcorm formation (1.2g in
weight)

5-6 SLS regenerated (3cm in length)

* Figures in parentheses are angular transformed values; Means followed by the same
letter within the columns are not significantly different (P= 0.05) using Duncan’s
multiple range test
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Walnut tree (Juglans regia L.), is native to Eastern Europe and North Asia, but is
also found throughout North, Central and South America. Walnut is propagated through
grafting and budding, but survival rate is very low. Micropropagation provides a more
efficient technique for large-scale multiplication (McGranahan et al, 1988; Vahdati et al,
2004). Various attempts have been made using different types of explants, media, culture
conditions and rooting techniques with promising results (McGranahan et al, 1988; Saadat
and Hennerty, 2002; Vahdati et al, 2008). Phenolic content in explants affect in-vitro
multiplication of walnut. There are two opinions on interactions between phenolics and
plant growth and development. One indicates that phenolics are negatively related with
plant in-vitro proliferation while others mention the opposite (Lorenzo et al, 2001). In
tissue culture studies, phenolic substances, especially oxidized phenolics, generally affect
in-vitro proliferation negatively (Lupez, 2004). Frequent sub-culturing and use of some
antioxidants such as citric acid, ascorbic acid, PVP (polyvinyl pyrrolidone) and activated
charcoal can reduce phenolic oxidation and contribute to regeneration from explants (Toth
et al, 1994; Ravinder et al, 2005). In this study, suitable antioxidant concentration was
standardized for efficient regeneration and shoot multiplication of difficult-to-regenerate
walnut genotype Hamdan.

Plant material
Plants of Hamdan variety were maintained in a polyhouse of Central Institute of
Temperate Horticulture, Srinagar, India. Proper plant protection measures were taken while
maintaining these plants. Axillary buds and nodal segments were taken from 1-2 year old
plantlets germinated under greenhouse conditions; these had been kept under stringent
plant protection conditions. Present experiment was conducted during the year 2008-09.

In-vitro multiplication of walnut
The media used was DKW medium (Driver and Kuniyuki, 1984). Nodal explants (1
to 2 cm long) were excised and placed upright in 25 x 95 mm culture vials containing 20 ml
of DKW medium supplemented with 3% sucrose, 0.7% agar and BAP (1.5 mg/l) and Kin
(1 mg/1). The pH of the medium was adjusted to 5.7 before autoclaving at 121 oC for 20
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min. All explants were transferred to fresh medium weekly for 4 weeks. Cultures were
incubated at 25oC with 16-h photoperiod. To decrease explant exudation, sub-culturing
was done regularly every 10-15 days. To prevent phenolic oxidation, antioxidants like
ascorbic acid and citric acid (@150, 250 and 350 mg/l each) were used.

Statistical analysis
Each treatment was replicated 4 times and observations in stages of development
were recorded periodically. The data was analyzed by comparing means using one way
ANOVA and the significance was determined by Duncan’s Multiple Range Test using SPSS
for windows (v. 15. SPSS Inc USA).

Effects of anti-oxidants on in-vitro multiplication in walnut
DKW medium gave very good results with respect to shoot multiplication in walnut.
Application of ascorbic acid and citric acid to media (DKW supplemented with 3% sucrose,
0.7% agar and BAP (1.5 mg/l) and Kin (1 mg/1) greatly influenced the regeneration rate
and survival of explants. Results showed that the average number of shoots arising from
the micro-shoots was highest (9.5) on media supplied with 350 mg/l ascorbic acid and 7.25
on media with 350 mg/l citric acid, compared to the Control (Table 1). Application of
antioxidants also influenced the rate of shoot initiation. Media supplemented with 350 mg/
l ascorbic acid took only a few days (7.5) for shoot initiation, followed by 10 days on
medium with 250 mg/l citric acid (Table 1). Role of antioxidants in improving tissue culture
response has been earlier reported by a number of workers (Akram and Aftab, 2009; Aslam
and Khan 2009; Ko et al, 2009; Saenz et al, 2010).
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Table 1. Effect of different antioxidant concentrations on in vitro
multiplication of walnut genotype “Hamdan”
Antioxidant

Concentration
of antioxidant (mg/l)

Days to shoot
initiation

No. of
shoots

Control
(no antioxidant)

0.0

26.5e ± 0.65

2.25a ± 0.63

Ascorbic acid

150

16.7c ± 0.85

3a ± 0.41

250

11.25b ± 0.85

6.5b ± 0.65

350

7.5a ± 0.65

9.5c ± 0.65

150

20.75d ± 1.1

3.7a ± 0.85

250

10b ± 0.41

4a ± 0.41

350

14.5c ± 1.04

7.25b ± 0.48

Citric acid

Means followed by the same letter within the columns are not significantly different
(P= 0.05) using Duncan’s multiple range test
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Medicinal plants occupy pre-eminent role in the health security of people; nearly
80% of people in developing world depend on herbal medicine. Medicinal plants are mostly
collected from wild sources (> 90%) leading to dwindling of natural sources and warrant
conservation and cultivation of these plants. While in situ conservation of medicinal plants
has been the preferred choice, ex situ conservation efforts which include herbal gardens
and cultivation of medicinal plants need increased attention. Cultivation of Medicinal
plants has facilitated diversification of agriculture. However, these efforts require proper
supply of quality materials in required quantities. Since, scientific information on
propagation behavior of there plants is relatively meager when compared to agri/horticultural
crops, efforts are required to streamline Research & Development and also proper networking
and policy efforts to meet the growing demand of quality planting materials in our country.
The present paper describes the various aspects and efforts that need to be put into action
towards production of quality planting material of medicinal plants.
Ex-situ conservation: Ex-situ conservation has Medical Plants gained importance
for production of medicinal plants. This method involves developing herbal gardens; which
form repository of mother plants of authentic planting materials. In order to expand this
concept, clusters of nurseries around the herbal gardens both in private and public sectors
have to be developed. These clusters must be financially rewarding and scientifically
managed. Select medicinal plant species need cryopreservation under controlled environment
(Decruse et al., 1999, Brahmi et al., 2010).
Agro techniques: Cultivation of medicinal plants has gained attention since medicinal
plants of required quality and quantities needed for herbal drug industry have to be met.
This effort requires cultivation of uniform, (botanically and chemically) varieties of
medicinal plants. The agrotechniques facilitate economical production of medicinal plants
in farmers’ fields thus facilitating diversification of cropping systems with economic and
ecological gains (Prakasa Rao, 2009). However, availability of quality planting materials
of medicinal plants has been a major constraint in the cultivation of medicinal plants. The
various components for production of quality planting material are given below:

424

• Identity of medicinal plants: Correct botanical identity is the first step in propagation
of medicinal plants. For eg. ‘Shankhapuspi’ is known by different botanical names
such as Clitoria ternatea, Evolvulus alsinoides, Canscora decussata, Convolvulus
microphyllus, Taphrosia purpurea etc. ‘Punarnava’ is known by Boerhavia diffusa,
Trianthema portulacastrum etc. A good genotype of medicinal plant is important
to yield economical quantities of required secondary metabolites. The chemotype
of medicinal plant should have correct chemical profile which is an important
factor for economical production of medicinal plants. A lot of variation in chemical
profiles in natural populations of medicinal plants is well known; through selection
of right chemotype further multiplication through vegetative propagation and
cultivation of these can be taken up.
• Seed characteristics: Medicinal plants which are propagated by seeds are widely
distributed in nature. Maturation behavior of fruits and seeds have to be studied.
While producing seeds, genetically pure seeds have to be developed. Protocols
for seeds production from herbs, shrubs and trees need standardization. Even
storage of seeds in open conditions (eg. Eucalyptus sp.) or under cold storage (eg.
Vitex sp.) has to be standardized. Germination characteristics of widly propagated
medicinal plants has to be studied.
• Propagating structures: Poly houses/green houses are widely used for propagation
of important medicinal plants. Controlled environmental chambers are required
for propagation of RET (rare, endangered, threatened) medicinal plants which
have narrow requirements of climatic conditions. Even the type of media mixtures
(soil, manure) have to be standardized besides use of right type of fertilizers
depending upon the pH and fertility of the soil.
• Seed management : Cultivation programmes for medicinal plants require knowledge
on seed maturation and time of seed collection, seed processing, seed dormancy
date, pretreatment of seeds, seed testing and certification, time and method of
sowing and good agronomic practices.
• Asexual propagation : Some medicinal plants are asexually propagated eg.
Adathoda zeylanica, Aegle marmelos, Bacopa monnieri, Coleus barbatus etc.
The nature of cuttings – soft/semi hard, length, grafting of root stocks, fresh stem
cuttings, rhizome slices etc. have to be standardized for different species/crops.
• Agronomic methods for increasing seed production/planting stock: Good
agronomic methods increase the production of seeds/planting stock. For eg.: The
seed production of Artemisia annua (Singh et al., 2009) and Withania (Puttanna

425

et al., 2005) can be increased by proper agronomic methods such as proper time
of planting and application of nutrients from organic and inorganic sources. Prakasa
Rao (2009) showed the importance of agronomic methods such as improved
cropping systems, efficient nutrient and water management methods and proper
time of planting and harvest in increasing production of Medical Plants while use
of micronutrients was highlighted for their increased production (Prakasa Rao &
Puttanna 2009). Proper management of organic and inorganic nutrients greatly
increase the production of biomass in Centella asiatica (Puttanna et al., 2006),
and Bacopa monnieri (Prakasa Rao et al. 2005).
• In vitro propagation: Some important criteria for micropropagation of medicinal
plants include difficulty in propagation by conventional methods (eg. Rauvolfia
serpentina), rapid multiplication requirements to cater market dynamics (eg.
Mappia foetida), selective mass multiplication of clones possessing high medicinal
principles (eg. High yielding varieties), rare and endangered species of medicinal
plants (eg, Taxus baccata, Picrohhiza kurroa), automa … of micropropagation in
bioreactors, eg. Ginseng (Pareek et al., 2005). Protocols for micropropagation of
MPs have been established for several medicinal plants (Mathur and Mathur, 2003,
Chaturvedi et al., 2007).
• Seed quality and Intellectual Property Right (IPR): Creation and maintenance of
seed quality testing facilities has to be in place to have access to good quality
seeds of medicinal plants. While multiplication and use of seeds/planting materials,
IPR protection modalities such as ‘material transfer agreements’ etc., have to be
taken care of.

End-to-end approach
For production and supply of quality planting material of medicinal plants, it is
necessary to involve farmers/farmer clusters, industry (with buy back arrangement) and
public institutions in an end-to-end approach. Region wise facilitation of such clusters of
planting material supply with good revenue models will help in the long run to vitalize this
sector in which quality planting material supply is a crucial component.

Conclusions
In order to achieve sustainable supply of quality planting material of medicinal plants
the various components that need attention are (1) In situ conservation of forest, sacred
groves etc, (2) Ex situ conservation of medicinal plants through cultivation, JFM, gene
banks etc,. (3) R & D on agrotechnologies of select medicinal plants including seed
processing and storage (4) End-to-end approach connecting farmer clusters, industry and
public institutions (R & D, development).
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Medicinal plants are the living resources, if used in a sustainable manner, will serve
the mankind for a long period. The forest area has been the traditional source for plants and
herbs, but due to destructive and unsustainable methods of harvesting, the resource base
have been depleting very alarmingly. In contrast, the demand for medicinal plants is
increasing in both developing and developed countries due to growing recognition of natural
products, being non narcotic, having no side effect and some time believed to the only
source of healthcare. In the last three decades, several institutes initiated R&D work on
medicinal plants and brought out useful information on crop improvement, post harvest,
development of improved varieties and analytic procedures of several medicinal plants.
The area under medicinal plants cultivation is expanding at faster rate and farmers are
require for quality seed and planting material along with the agro technology.
In order to synergize commercial cultivation with quality seed and planting material,
to develop a network for multiplication and distribution of the quality seed and planting
material to the users of Jharkhand, to consolidate the information on various developed
varieties, Facilitation Centre on Medicinal Pants, Directorate of Research has been
established at Faculty of Forestry, Birsa Agricultural University, Kanke, Ranchi by the
financial assistance of National Medicinal Plants Board, Department of AYUSH, Ministry
of Health & Family Welfare, Government of India, New Delhi.
Keeping the importance of quality planting material of medicinal and aromatic plants
and its active principles for remunerative marketing and scientific cultivation by farmers,
large scale multiplication and seed production of 64 improved and released varieties of
medicinal and aromatic plants of 20 crops has been going on under organic farming at
BAU campus. The details are given in Table 1.
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Table 1 – Improved and released varieties of medicinal plants multiplied at
BAU, Ranchi (Jharkhand)
Sl. No.
Scientific name
1.
Aloe vera

Local name
Ghritkumari

2.

Andrographis paniculata

Kalmegh

3.

Asparagus racemosus

Satawar

4.
5.

Baliospermum montanum
Cassia angustifolia

Danti
Senna

6.

Catharanthus roseus

Sadabahar

7.

Chlorophytum borivilianum

Safed Musli

8.

Cymbopogon flexuosus

Lemon grass

9.

Cymbopogon martini

Palmarosa

10.

Hyoscymus niger

Kursani ajwain

11.
12.

Lepidium sativum
Mucuna pruriens

Chandrasur
Kewach

Varieties
Source
IC 111271
1
IC 111280
1
IC 111269*
6
AK 1*
2
CIM Megha
3
IC 111286
1
IC 111287
1
IC 471890
1
JK 1*
4
IC 471900*
1
IC 471903*
1
IC 471905*
1
IC 471907
1
IC 471908
1
IC 471923*
1
IC 471924*
1
JS 1*
4
1
AFLT 2*
2
Sona
3
IC 49581*
1
IC 120837*
1
IC 415024*
1
ASM 1*
2
MCB 405*
5
CPK 25
4
RRL 16*
4
IW 31245
1
PRC 1
4
Aela
3
IC 66
1
GA 1 *
2
CIM Ajar
3
IC 2534
1
IC 15809 A*
1
IC 326953*
1
IC 385841
1
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IC 385925*
IC 385926*
IC 385927*
IC 395753
IC 395793*

1
1
1
1
1

13.

Ocimum americanum

Shyam tulsi

GAU 2*
IC 381185*
IC 436153 *

1
1
1

14.

Ocimum sanctum

Tulsi

CIM Angana
GAU 2
IC 75730

3
1
1

15.

Plantago ovata

Isabgol

JI 4*
Niharika

4
3

16.

Psoralea clorylifolia

Babchi

IC 111238*
IC 111249
IC 111251
IC 111256*

1
1
1
1

17.

Rauvolfia serpertina

Sarpgandha

RS 1*

4

18.

Tinospora cordifolia

Amrita

IC 281959
IC 281972

1
1

19.

Withania somnifera

Ashwagandha

IC 204612*
JA 20*
JA 134*
Poshita *

1
4
4
3

20.

Vitiver zizinoides

Vetivar

HYB 8
NC 66404
NC 66416

1
1
1

1 - National Bureau of Plant Genetic Resources, New Delhi
2 - All India Coordinated Project on Medicinal Plants, Anand, Gujrat
3 - Central Institutes of Medicinal and Aromatic Plants, Lucknow
4 - Jawaharlal Nehru Krishi Vidyapith, Jabalpur, M.P.
5 - College of Horticulture, Mandsaur, M.P.
6 - National Research Centre on Medicinal & Aromatic Plants, Boriavi, Gujrat.
* - Large scale multiplication
Besides this, nursery practice and mass multiplication of important six medicinal
plant varieties has also started at three Zonal Research Stations of BAU namely Chianki,
Palamau; Darisai, East Singhbhum & Dumka and also at Krishi Vigyan Kendra, Dhanbad
& Giridih to distribute among interested medicinal plants growing farmers. These are Senna,
Ashwagandha, Chandrasur, Kalmegh, Isabgol and Lemon grass. (Table 2)
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Table 2 – Improved and released varieties of medicinal plants multiplied at
ZRS & KVKs of BAU, Ranchi (Jharkhand)
Sl. No.

M&AP species

Varieties

JK 1

ZRS

KVK

NGO

1.

Andrographis
paniculata

Chianki, Dhanbad
Darisai,
Dumka

-

2.

Cassia angustifolia AFLT 2

Chianki, Dhanbad
Darisai,
Dumka

-

3.

Chlorophytum
borivilianum

MCB
405

-

-

4.

Cymbopogon
flexuosus

RRL
16

Chianki, Dhanbad
Darisai,
Dumka

-

5.

Lepidium sativum

GA 1

Chianki, Dhanbad
Darisai,
Dumka

-

6.

Plantago ovata

JI 4

Chianki, Dhanbad
Darisai,
Dumka

Hindustan Samaj Vikas
Sansthan, Daltonganj

7.

Withania somnifera JA 20
JA 134

Chianki, Dhanbad
Darisai,
Dumka

Hindustan Samaj Vikas
Sansthan, Daltonganj

Hazaribag

Value addition of three important medicinal plants has also being done at
Entrepreneurship block of Faculty of Forestry. (Table 3)

Table 3 – Value addition of medicinal plants at BAU, Ranchi (Jharkhand)
Sl. No.

M & AP species

1.

Andrographis paniculata

2.

Asparagus racemosus

3.

Withania somnifera

Parts used

Resultant product

Whole plant

Tablet

Rhizomes

Powder

Roots

Powder
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Sale of commercially important M&APs has also been done to Horticulture and
Agroforestry Research Station (ICAR), Krishi Gram Vikas Kendra, Ranchi and Department
of Forest, Govt. of Jharkhand. (Table 4)

Table 4 – Sale of medicinal plants by BAU, Ranchi (Jharkhand) to other
institutions
Sl. No.

M & AP species

Varieties

Institution

Number

Rate

1.

Andrographis paniculata

AK 1

HARP

800

@ 3.00 per
seedling

2.

Asparagus racemosus

JS 1

HARP
KGVK

800
100

@ 10.00 per
seedling

3.

Withania somnifera

JA 20, HARP
JA 134 KGVK
Deptt. of Forest

900
400
100

@ 5.00 per
seedling

4.

Rauvolfia serpertina

RS 1

KGVK

100

@ 15.00 per
seedling

5.

Plantago ovata

JI 4

KGVK
Deptt. of Forest

600
100

@ 1.00 per
seedling
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Seabuckthorn (Hippophae sp), belongs to the family Elaeagnaceae, is a thorny,
dioecious bush found growing wild in cold and dry regions of higher Himalayas. It has
been reported from about 30 countries of Asia, Europe, South and North America. It is
found in European countries like Russia, Belarus, Ukrain, Germany, Britain, Sweden, Poland,
Hungry, Norway, Czech Republic, Finland, Netherlands and Romania. In these countries,
seabuckthorn is distributed along the coastal areas of seas (Singh and Dogra, 1996). In
Asia, it grows mainly in countries like China, India, Mongolia, Russia, Nepal, Bhutan,
Pakistan, Afghanistan etc. China possesses world’s maximum seabuckthorn resource of
about 1.2 million hectare followed by India 1.0 million ha. In Asian mountains, it has been
found growing at an elevation range of 5000 ft to 16000 ft above mean sea level. Three
species of seabuckthorn (H. rhamnoides ssp turkestanica, H. salicifolia and H. tibetana)
been found growing in various parts of India, Pakistan, Nepal and Afganistan. In India,
seabuckthorn grows mainly in high altitude, cold arid conditions of Ladakh (Leh and Kargil),
Lahaul-Spiti, (parts of Chamba Pang) and upper Kinnaur districts of Himanchal Pradesh
and Badrinath and Chamoli in Uttarakand (Dwivedi et al, 2006, a). Seabuckthorn has also
been reported from Sikkim (Basistha et al 2001) and in Dibang valley in Arunachal Pradesh
(Tiwari & Singh, 2001). Seabuckthorn has been growing naturally mainly along the rivers,
channels and around the agricultural fields. It has also been found growing in rockey, barren,
wasteland and even in salt affected soils. (Singh et al,.2005,a). Moreover, it is also found
growing in plenty near hill locked lake, where soil is sandy and highly saline. It has excellent
ability to tolerate abiotic stresses like soil, moisture and nutrient besides tolerating -30oC
temperature during winter months (Dwivedi et al., 2002,c). Most of the populations of
seabuckthorn in India are wild and are of seedling origin. However, dense and inpentrable
population is due to profuse suckering ability of the plant. General characteristics and
distribution of seabuckthorn in India has been presented in Table-1 & 2.

Ancient wisdom
Seabuckthorn is one of the most fascinating plant species in the world and can be
termed as natural biofactory capable of synthesizing more than 200 biomolecules having
immense medicinal, nutraceutical and cosmeceutical values. The array of biomoceluces
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synthesized by seabuckthorn has imparted a central role to the plant not only as health
promoter but also for prevention and treatment of different diseases. Traditionally, Tibetan
Amchi (Traditional hearbal doctor) use it for curing of skin diseases, boils and blisters,
asthma, jaundice, stomach disorder weakness etc. for more than 1300 years. The classical
Tibetan medical book “Siu Yidian” written in 8th century has devoted 30 chapters on
medicinal use of seabuckthorn mainly for expectorant improving lung function, dispersing
dampness, strengthening spleen, stomach and promotes blood circulation. The Amchies
use the fruit, seed and bark of this plant in various medications for preventing cold,
malnutrition, skin diseases, ulcers and lung problems. The bark of seabuckthorn is said to
be an effective blood purifier. The fruits are supposed to be an effective cure for preventing
cracking of lips in dry climate and also for protection from cold. In modern drugs
development every plant part are being bio-prospected for protection against cancer radiation
and use of its specific flavonoides in wound healing as an important antioxidant.

The miraculous fruits:
Seabuckthorn bears small, soft, orange/yellow highly nutritive fruits with numerous
foods, medicinal and cosmetic uses. The fruits are very soft and juicy but perishable. Ripe
fruits of seabuckthorn are rich sources of various nutrients, minerals and biomolecules. It
contains vitamin C (300-1600mg 100g-1), vitamin E (162-255mg/100g), vitamin A (11 mg
100mg-1), vitamin B1 (0.04mg 100 mg-1), vitamin B2 (0.56mg 100g-1), sucrose (glucose,
fructose and xylose) and organic acid 2-4 per cent i.e., malic and oxalic acid. It also contains
lysine and 27 micro-elements such as iron, cobalt, selenium, molybdenum etc. Aqueous
extract of fruits of seabuckthorn are added to other products for increasing their freezing
points. Various products from seabuckthorn were used in the diet of Russian cosmonauts
and seabuckthorn cream for protection of cosmetic radiation. The fruits of seabuckthorn
have the potential for extraction of natural colouring substances for colouring edible food
products.

The ecological importance
Seabuckthorn has a very strong, deep tap root system. Roots have been found growing
3-4 times faster than shoots. Its extensive root system helps in making the plant capable to
tolerate moisture stress and protect it from strong winds. The plant is a soil binder and
prevents erosion, especially of sandy soils. It is also a windbreak to check high wind velocity.
It is because of this reason; seabuckthorn is being extensively used for flood protection,
wasteland development, sand dune fixation, control of soil erosion through wind and water
and also on river banks or checking streams in China and India. Roots of seabuckthorn
contain nodules which are produced by symbiotic mycorrhizal fungus –Frankia, which
help in nitrogen fixation and improve soil fertility.
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Dried twigs and branches are used as firewood and fuel for heating of houses. It is
also being used for charcoal making. It has been estimated that one tone of seabuckthorn
yields about 700 kg good quality coal. Six year old one hectare wild plantation of
seabuckthorn can easily produce 18 tones of firewood. The dried branches are used for
preparing handles of agricultural tools and also as poles for fencing. The branches laden
with brightly coloured berries are a pleasing sight and are used as ornamental garden plant
in the USA and dry décor in India.

The fodder value
Seabuckthorn has been reported to provide nutritive feed and fodder for 51 bird and
29 animal species world wide. Seabuckthorn leaves are rich source of protein (18 -22%),
fat (4-5%), ash (6.3%), copper (0.2 ppm), zinc (39.6 ppm), iron (648 ppm) and other
micronutrient required by animals. In India, animals like double hump camel, yak, cattle
and pashmina goat mainly survive on this thorny bush.

Seabuckthorn: A valuable oil yielding plant
The mature seeds contain about 8-20 per cent oil whereas, fruit pulp/pomace contain
about 1.5 – 3.5 per cent oil (on dry weight basis). Seabuckthorn oil is very rich in â carotene
(159-1159 mg 100g-1), vitamin K (109.8-203 mg 100g-1) and vitamin E (40-104 mg 100g-1)
which has use in medicinal and cosmetic industries. Seabuckthorn oil has been reported to
be the carrier of bio-active substances. Out of total fatty acid, more than 80 per cent is
unsaturated fatty acid. It contains about 60 per cent linoleic and linolenic acid. Pulp oil has
more bio-active substances than seed oil. The oil is being extensively used for cosmetic
and medicinal purposes. It has also been used for protection against cosmic, UV and nuclear
radiations.

Nutraceutical values
Fresh seabuckthorn fruits are rich in nutrients such as carbohydrates, organic acids,
amino acids and vitamins. Because of its high content of vitamin C, seabuckthorn is usually
used to make soft drinks and other similar food products. The seabuckthorn juice is a good
source of several amino acids and minerals. The fruits are very soft and juicy but perishable.
Ripe fruits of seabuckthorn are a rich source of various nutrients, minerals and biomolecules.
Fruits also contain betaine compound which has anti ulcer activity. Fruits of seabuckthorn
are a very rich source of vitamin ‘C’ and vitamin ‘E’ which indicates its strong antioxidant
property. Fruit juice of seabuckthorn is rich in organic acids (2-3.5 % malic acid, oxalic
acid, etc), which has been found to remit the toxicity of some antibiotics and barbitals,
preventing teratogenesis and damage from X-rays. Presence of vitamin ‘C’, organic acid
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and tannic acids in the fruit of seabuckthorn make it an ideal source for production of
several beverages particularly health protection juices. Fruit of seabuckthorn is a very rich
source of many carotenoids (total 39 identified), particularly ß-carotene which is one of the
most bio-active substances and a precursor of Vitamin’A’. Flavonoides isolated from
seabuckthorn fruits and leaves have been found to improve the immunity of body, retard
osmosis of the capillary wall and prevent vitamin C from breaking up. Many flavonoides of
seabuckthorn have been found to neutralize free radicals; therefore they are anti-aging and
anti-tumor. Some flavonoides of seabuckthorn reduce serum cholesterol level. Leaf catechins
and flavonoides have also been proposed for the food industry. There is a 0.09-0.36%
betaine compound (methylated product of glycine) which has very strong anti-ulcer activity
and also curative effect on arteriosclerosis. Fruit yields about 33.5 per cent yellow pigment
which can be used as natural food colour. Fruits are rich in 5 hydroxytryptamine (5-HT)
which is rarely present in plant kingdom. This rare compound of the plant kingdom is
found in seabuckthorn. It regulates human emotion, blood pressure, and body temperature
and hormone level. It has been found to be anti-infection, anti-radiation and promotes
coagulation of blood by transforming fibrinogen into fibrin. The leaves and fruits contain
certain coumarines which strengthen the function of blood circulation in capillaries, are
anti-vitiligo, anti-tuorigenesis and regulate disorders of gall bladder. Leaves of seabuckthorn
contain this compound which dilates the cardiac and cerebral vessels, facilitates blood
circulation and also lower blood pressure slightly. Seabuckthorn juice is highly flavoured
with exotic flavour and considered to be a good appetizer, which has health imparting
attributes. A total of 60 volatile flavour components are identified in seabuckthorn fruit.
The aroma of seabuckthorn is generally due to the presence of certain aliphatic esters such
as ethyl; 3-methylbutyli and cis-3- hexen-1-yl esters and the most important compounds
are ethyl hexanoate, 3-methylbutyl, 3-methylbutanoate, 3-methylbutanoic acid, 3methylbutyl benzoate and 3-methylbutyl octanoate.

Value added food products
In India seabuckthorn fruits have been processed in the form of various stable products
viz., good quality beverages, syrup, bended juice, pickles, sauce, wine, jam, jelly, sweet
cream etc. These products maintain the natural colour, flavour, taste and maximum quantity
of vitamins and other mineral nutrients of seabuckthorn. Various bakery products like
biscuits, rusks, cake, buns and cosmetics and medicinal products like creams, balm, lotion,
soaps, shampoos, food supplements etc. have been produced using seabuckthorn pulp, oil,
leaves etc. These products are readily available in the market and food products are served
to army soldiers in Siachen Battle field and other high altitude areas and also in Indian
Airline, railways, Hospitals, Schools, Canteens, Mega Marts etc.

436

Scientific methods of propagation
Seabuckthorn has been growing wild under natural conditions, has been planted by
local farmers or by Forest department for protection of flood/ soil erosion on river banks,
sand dunes fixation or for fencing the new plantation or agricultural fields where fruit yield
and its quality has no importance. However, for commercial cultivation, it is imperative
that the crop be multiplied from the best material which has been selected for its fruit yield
and other desirable parameters. Therefore there is a need to develop scientific methods of
propagation not only for boosting the commercial cultivation but also for conservation of
valuable diversity, exchange of germplasm and for breeding purposes. Keeping the above
in mind, Defence Research and Development Organisation (DRDO), has conducted several
studies to standardize and evaluate various methods of propagation. Seabuckthorn can be
propagated by various methods. A brief description of various methods of propagation is
given below:-

Propagation through seeds
Seabuckthorn can be propagated successfully by seed which are viable for a period
of two years, after which they lose viability rapidly. Seabuckthorn seeds are small (4.5 mm
in length) with brown and hard seed coat. (Singh et al,.2005, b). One gram seed may contain
about 100-105 seeds (Dwivedi et al., 2005, a). The freshly harvested seeds have a short
physiological dormancy and thus can not germinate immediately after harvesting. May is
the best time for sowing of seeds in nursery beds. Before sowing the mature seeds should
be stratified for about 25 days by keeping in a box in alternate layers of moist sand. These
boxes are kept under cool and shady condition for about 25 days. This method gives over
85% germination (Dwivedi et al.,2001,b). Seed can also be sown directly in nursery beds
in the month of November where cold treatment is given before germination under natural
conditions. Both male and female plants are borne from seeds. The method is useful only
in raising large-scale nurseries for afforestation for conservation of mountainous wastelands.

Propagation through suckers
Seabuckthorn has profuse suckering habit and has been reported to yield 13-40
suckers per plant depending upon the growing conditions and age of the plants. These
suckers are true to the type which can be separated along with the roots from the mother
plants and planted directly at the planting site. The best time for separation of suckers and
planting is March before bud break (Dwivedi et al., 2001, a). Care should be taken to
identify and tag the plants during the fruiting season in order to avoid mixing of male and
female suckers. This being an asexual method of propagation produces true to type plants.
However, the major disadvantage is difficulty in separation due to thorns and also due to
poor field establishment of suckers.
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Propagation through hard wood cuttings
Seabuckthorn can be propagated successfully by stem cuttings and this method has
been recommended for commercial propagation. It helps in development of proper canopy
of the plant and maintenance of male/ female ratio in the orchard. One to two year old stem
cuttings having pencil thickness are ideal for its propagation. The stem cuttings are taken
from identified male and female plant to get elite planting material. The best time for
taking cutting is in the month of March. The side branches and thorns are removed and 30
cm long cuttings are made. The cuttings are then placed in running water for a period of 23 days. Seabuckthorn cuttings are not easy to root on their own, thus the plant bioregulator
viz., indole butyric acid (IBA) is applied @ 500 ppm before planting it in the nursery beds.
The best time for planting of cuttings has been found to be the month of April (Dwivedi et
al., 2002,a). Properly treated cuttings should be planted soon after treatment in well prepared
nursery beds. Planting should be done in rows 30-45 cm apart and proper spacing between
the cuttings (Dwivedi et al., 2004). Seabuckthorn normally takes 60-75 days in rooting
depending upon soil and climatic conditions. About 85 percent success has been recorded
in rooting of stem cuttings under Ladakh conditions. These cuttings are ready for plantation
in the main field in March of the following year. (Dwivedi et al., 2006, a).

Propagation through soft wood cuttings
DRDO has successfully standardized asexual method of propagation of seabuckthorn
through soft wood cuttings using 200-300 ppm NAA. The technique has yielded over 90
percent rootability in cuttings with excellent root quality under mist condition having course,
sand rooting media. The plantlets get ready for transplantation in poly bags within 90 -100
days after planting of cuttings (Dwivedi, et al. 2007). The method is much faster than hard
wood cuttings with superior root quality and better establishment percentage and also has
no chance of transmission of diseases through bud wood. The method can be adopted for
quick and fast multiplication of disease free quality planting material of seabuckthorn for
its commercial cultivation.

Propagation through Micropropagation
Micro propagation is the most modern method of propagation and fast multiplication
of elite planting material. It helps in production of disease free planting materials throughout
the year and in conservation of valuable, exotic and indigenous materials under laboratory
conditions. Shoot proliferation in seabuckthorn has been achieved by using actively growing
shoot tip in Murashige and Skoog’s (MS) nutrient media having 30 g sucrose, 08 g agar and
plant bio regulators viz, 0.1 ppm IBA and 2.0 ppm BA for shoot proliferation and 2.0 ppm
NAA for rooting the plantlets. About 64% plantlets may be obtained after hardening in
greenhouse, for commercial plantation (Anon, 2006).
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Identification of root stock and budding
Oleaster (Elaeagnus spp), belonging to the Elaeagnaceae family, is a medium sized
hardy tree in found growing in abundance in Ladakh and other cold arid regions of the
country. The preliminary study conducted on the possibilities of using it as rootstock for
seabuckthorn has shown encouraging results. Seabuckthorn scion budded on one year old
rooted cutting of oleaster as root stock has shown good growth in initial three years. However,
delayed incompatibility is yet to be studied. It seems that olester is a potential plant to be
used as rootstock for seabuckthorn, since it has very deep and strong root system and fast
growing habits. Moreover, it is easily propagated through hard wood cuttings and does not
have sucker problem as faced in seabuckthorn. Use of root stock may help in shaping the
canopy of seabuckthorn.
Initial studies showed that inter-generic budding in seabuckthorn is an effective
method to reduce the thorn intensity and control profuse suckering. The budded scions
have shown faster growth, larger leaf size and reduced number of thorns as compared to the
control. The budded unions have not shown any sign of incompatibility or over/under growth
even three years after budding. However, delayed incompatibility and fruit yield and quality
need to be studied in future.

Nursery management
Light and well drained soils are ideal for nursery area. Soil should be at least 1-2 m
deep. Heavy soils having poor drainage facilities should not be selected for nursery purposes.
The selected site should be in a sunny location with assured irrigation facilities. Salt effected
soils are not suitable for nursery. Nursery bed should be rich in organic matter and other
nutrients. Before sowing seeds in nursery the bed should be ploughed deep and all stones,
roots, etc., should be removed. Well rotted FYM @ 4 kg/m2 should be incorporated into
the soil 20-30 days before sowing/planting. Beds should be dug properly and should be
free from stones, pebbles, roots weeds, etc. Soil should be light and organic manure should
be mixed properly. The bed should be 2 meter wide since this helps in ease in cultural
operations. Beds can be of any desirable length, as per the slope and method adopted for
irrigation. Before planting the cuttings or sowing of seeds, the bed should be prepared to
fine tilth and adequate arrangements should be made for assured irrigation and protection
from animals. In heavy soils, additional FYM and sand should be added to make the soil
light (Dwivedi, et al, 2006, b).

CONCLUSION
Seabuckthorn, an underutilized and neglected plant of the cold arid regions, is a
goldmine with an untapped potential. Efforts towards preparation of food products from
seabuckthorn have suitably highlighted its immense potential commercially. The need of
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the hour is to establish commercial orchards by using scientific methods of propagation
and harvest its economic potential to the full by further developing seabuckthorn based
industry. Development of high yielding cultivars, standardization of agro techniques,
Standardization of fruit harvesting methods/tools, post harvesting and processing
technologies, value addition to plant produce through standardization of seabuckthorn food
products and cosmetics are some important areas where research studies need to initiate
systematically.

Table: 1- General characteristics of Hippophae species found in India
Species

Distribution

Growing
Altitude (m)

Plant
height

Flowering
Fruit
time
Ripening time

Hippophae
rhamnoides

India, China,
Tibet

600-4200

5-6 m

May

SeptemberOctober

Hippophae
salicifolia

India, Tibet,
Bhutan, Nepal

2700-3700

3-10 m

June

October

Hippophae
tibetana

India, Tibet,
China

3000-5200

0.8-1.2 m May

AugustSeptember

Table: 2 Distribution of Seabuckthorn species in India
Species/
Local Name

Ladakh
(Tsermang)

Himanchal
Pradesh
(Chharma)

Uttaranchal
(Ames, Chuk
or Chu)

Hippophae
rhamnoides
subsp turkestanica
sub Sp gytansis

Indus, Nubra,
Suru and
Changthang
valley
Turtuk (?)

Kukumsari
Lahaul
Kaza
Tabo

Hippophae
salicifolia

—————

Lahaul valley, Yamunotri,
Kaza
Badrinath,
Harhindun
(Garhwal) and
Gori valley,
Kali valley,
Dharma, Buddi,
Bagnitiyar
(Kumon)

Hippophae
tibetana

Zanskar

Sangrum
(Pin Valley)
Kibbar
Takcha (Spiti)

_____

North East
Region
(Tare,Taroobo)

Nathula
(Sikkim)

Lachen,
Lanchug,
Domang
(North Sikkim)
Arunachal
Pradesh

Gomukh Ranimini North Sikkim
Niti Nelong
Bital Shinla
Milan
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Ashwagandha belongs to the family solanaceae, this is an erect, herbaceous, evergreen,
tomentose shrub, and 130-150 cm high. The fruit is a berry and it turns orange red in
colour when they mature. The seeds are yellow in colour and reniform in shape, the flowering
season is from July to September and ripe fruits are available in December. Ashwagandha
is multiplied through seed but no systematic work has been done to know the causes for
their poor germination and storage potentiality, so, there is a need to study these problems
especially on germination, seed viability, dormancy, storage etc. in order to enhance the
quality for better and quick germination. Further, there are no seed standards and guidelines
available to determine the planting value of seed material and standardization of seed testing
protocols is warranted for routine seed testing. Therefore, an attempt has been made to
investigate seed testing procedure and storage behaviour of ashwagandha.
Freshly harvested seeds of ashwagandha were obtained from ‘Sanjivini Vatika’,
Department of Horticulture, University of Agricultural Sciences, Bangalore. Experiments
were conducted in the Laboratory of the Department of the Seed Science and Technology,
College of Agriculture, University of Agricultural Sciences, Bangalore. Fresh seeds were
tested for germination in four replicates of 100 seeds each at three temperature regimes i.e.,
20ºC, 30ºC and 25/30ºC (alternate temperature) and three substrata viz., between paper
(BP), top of paper (TP) and sand (S). Seeds sown as per the treatments were incubated in
germinator maintained at required levels of temperature until completion of germination.
Observation on radicle emergence was recorded daily and counts of such seeds were taken
till maximum attainment of germination. The cumulative germination was computed on
the basis of normal seedlings at first count (50% of germination out of the total number of
seeds germinated) and the final count (day on which maximum germination was obtained).
Later speed of germination was computed by using Bartlett’s Rate Index (BRI) as per the
procedure outlined by Bartlett (1973).
For standardization of seed viability test, 0.5 and 1.0 per cent Tetrazolium (TZ)
solutions were prepared. Seeds were preconditioned by soaking in water for 18h, before
soaking with TZ solutions and incubated at 30oC and 40oC, at four different durations like

442

2, 4, 6 and 8 hours. Observations were recorded based on staining pattern of embyos. The
observation on fully stained, partially stained and non-stained embryos were recorded and
expressed as percentage. For breaking seed dormancy, various treatments like soaking in
water for different durations, GA3 and chilling treatments were imposed to seed and then
tested for germination. For storage studies, both treated (thiram @ 2 g/kg) and untreated
seeds, packed in cloth bag, were stored under ambient conditions up to nine months. Samples
were drawn at three months interval and evaluated for seed quality attributes after treating
with GA3 @ 500 ppm. The data obtained were statistically analyzed as per the methods
outlined by Sundararaj et al. (1972) adopting “Fisher’s Analysis of Variance Techniques”.

Standardization of seed germination in ashwagandha
Seeds tested by using Between paper (BP) method resulted in higher germination
(88.4%) and it was on par with TP method (87.1%) but significantly superior over sand
method (70.7%). The BRI was significantly higher (0.283) in TP method followed by sand
(0.275) and BP method (0.262). These results were in accordance with Vakeshwaran (2001)
who also reported top of paper method was found best for conducting germination test of
Withania somnifera. The time taken for first count was significantly less (4.7 days) in BP
method followed by sand (6.0 days) and TP method (5.7 days). Number of days for final
count (9.8) was significantly lower in BP method and it was on par with TP method (9.9
days). However, seeds tested in sand method took comparatively longer period (11.8 days)
to complete germination (Table 1). In Withania somnifera, the germination was significantly
higher (85.8%) at constant temperature of 300C, followed by alternate temperature of 25/
30oC (83.4 %) and 20oC (77.0%). The BRI was also higher (0.295) at 30oC and it was
lowest (0.246) at 20oC. Time required to attain first count was significantly lower at 30oC
(5 days) followed by 20oC (5.4 days) but it was on par with 25/30oC (5.7 days). However,
days to final count differed significantly due to temperature, it was significantly lower at
30oC (7.4 days) followed by alternate temperature of 25/30oC (10.3 days). Comparatively
longer period was taken for final count (13.7 days) at 20oC. These results were in accordance
with Cesevenyes and Baleanu (1987) who suggested constant temperature of 30oC was
best for Solanum sclera.
Among interactions, higher germination was observed when seeds were tested in
between paper at 30oC (94%) followed by TP method at 30oC (91.3%) and BP method at
alternate temperature of 25/30oC (90.3%). However, lowest germination (68%) was observed
in sand medium at 20oC. However, highest BRI (0.315) was at 30oC in BP followed by TP
at 30oC (0.293) and it was lowest (0.207) in BP method at constant temperature of 20oC.
The seed attained 50 per cent germination within 4 days when germinated in BP at 30oC. It
was on par with same media at an alternate temperature of 25/30oC, whereas the sand
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method delayed the first count (6 days), irrespective of temperatures. Similarly, seeds
completed their germination within 6 days at 30oC when tested in BP, whereas TP and Sand
methods took 7 and 9.3 days, respectively at the same temperature. On the other hand, the
final count was slightly delayed at 20oC, irrespective of the media used (Table 1).

Seed dormancy breaking treatments
When seed dormancy is due to intrinsic factors located within the embryo, treatments
such as pre-chilling and growth regulators may be applied to enhance germination. Seeds
treated with GA3 @ at different concentrations of 500, 750 and 1000 ppm recorded higher
germination (88.0 to 89.5 %) followed by the seeds imbibed for 18 h followed by chilling
for 7 days and GA3 treatment @ 500 ppm recorded significantly higher germination (89.0%)
over untreated seeds. Choudary and Gupta (1995) obtained 100 per cent germination in
Catharanthus roseus treated with GA3 @ 500 ppm. This may be due to higher activity of
respiratory enzymes like dehydrogenase triggered by GA3. Among the hormones, gibberellin
(GA3) gains importance when it is imbibed by the seed, activating the aleurone cells. The
secretary apparatus of the aleurone proliferates, and stimulate the synthesis of hydrolases
and thereby degrade the starchy endosperm that results in ATP production (energy) required
for seed to germinate faster. It also found to substitute light and temperature requirement
during germination of various kinds of seeds.

Standardization of quick viability test
Viability of ashwagandha seeds were tested by tetrazolium test. However, the protocol
for testing viability of Withania somnifera has not been developed so far. In the present
study of tetrazolium test for viability, it is clearly indicated that the concentration of TZ
solution, temperature and duration of treatment showed positive influence on staining pattern
of ashwagandha seeds. When the embryos immersed in 1 per cent TZ solution at 40°C for
8h recorded maximum staining (87.33%) which was on par with embryos exposed at 40°C
in 0.5 per cent TZ solution for 8h (87.33%) followed by 40°C in 1 per cent TZ solution for
6h (86.67%) and 30°C in 0.5 per cent TZ solution for 6h (86%). It was lowest at same
temperature and concentration exposed for 2h (34%). Therefore, the seeds of Withania
somnifera were pre-conditioned in cold water for 24 hours and cut transversely along the
side of seed coat without any damage. The scooped embryos were immersed in 0.5 per cent
TZ solution and incubated at 40oC in dark for 6h. Grabe (1970) also opined that better
staining would take place at 40°C compared to 30°C.

Seed storage studies
In Withania somnifera, the seed dormancy dissipated to the extent of 54 per cent
over nine months of storage. Thiram (2g/kg of seeds) treated seeds maintained higher (89.0
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to 85.30%) germination even after nine months of storage. However, untreated seeds showed
lower germination (87.3 to 80.6 %) over storage (Fig 1). Although loss in seedling vigour
was evident from third month onwards, loss in seed germination was noticed only at the
end of ninth month of storage. Significant reduction in Seedling Vigour Index (SVI) was
observed in control (814 to 687) in comparison to treated seeds (818 to 756) at the end of
storage period. Electrical conductivity of seed leachate was increased from 110 to
165dSm-1 whereas treated seeds recorded slightly lower EC (108 to 125dSm-1) values. These
findings are in conformity with the findings of Kalavathi (1996) in Cassia anguslifolia,
Hibiscus sabdariffa. Further, she also opined that increased electrical conductivity of the
leachate was due to the degradation of cellular membrane and subsequent loss of membrane
permeability. With increase in seed storage duration, concomitant increase in seed infection
was noticed. At the end of storage period 12 per cent infection was observed in control
seeds, where as 6 per cent infection was observed in treated seeds. At the end of 9th month,
treated seeds recorded 50 per cent lower fungal infection over control. Therefore,
ashwagandha seeds stored under ambient conditions of Bangalore maintained higher
germination and vigour up to nine months.
The present study revealed that seed dormancy of Withania somnifera can be safely
removed by treating seeds with GA3 @ 500-1000 ppm. Top of paper and between paper
methods are advisable for testing germination of ashwagandha at 300C. First and final
count should be taken on 5th and 7th day in case of TP method, where as in BP method it is
on 4th and 6th day. Viability should be tested by using 0.5 per cent TZ and incubate at 400C
in dark for 6h. Ashwagandha seeds maintained better germination even after nine months
of storage.
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Production of high quality seeds is fundamental to success of agriculture since crop
production relies heavily on high-quality planting seeds. Every farmer is sensitive to the
need for rapid, uniform seedling emergence because it is the foundation on which standestablishment is based and potential yield is determined. Therefore, fundamental knowledge
of the mechanism underlying seed development, germinability, dormancy and storability is
required to improve performance of the seed. Under the Seeds Act (1966) of India, labeling
is compulsory and certification is voluntary for seeds sold in the market. Therefore,
Government of India has prescribed standards so that seeds sold conform to the minimum
limits of physical purity, genetic purity and germination, maximum limit of moisture content
and status of seed health. These seed quality parameters, known as ‘Seed Standards’, have
been notified for more than 95 crops, viz., cereals, millets, pulses, vegetables, etc. However,
no such standards for seed quality parameters are available for medicinal crops.
Seed testing protocols (prescription for sampling, physical purity, other seed
determination parameters, germination and moisture determination, seed vigour, etc.) are
also not available, although these are a pre-requisite for determining seed quality and, also,
for National / International seed trade.
The subject has been a matter of concern in the recent past. A project was initiated by
us with an aim to formulate seed quality parameters (Seed Standards) and standardize
methodology for evaluating these quality parameters. These two important components are
vitally essential for Seed Quality Assurance in medicinal and aromatic crops to ensure that
seeds sold conform to prescribed standards. In order to have uniformity in seed testing, it is
important that methods employed for seed testing by different laboratories are the same.
Uniformity in seed testing procedure is also necessary statutory under Seeds Act, 1966.
Uniformity is further needed for reproducing results in different laboratories. For this
purpose, it is essential to develop rules for seed testing. Such rules have been developed
extensively in agricultural crops. But, in medicinal plant species, information on standard
seed testing procedure is not available till today. Among the various tests designed for
determination of seed quality, germination test is undoubtedly the most dependable because
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a number of comparable tests (under controlled conditions of media and temperature) can
be performed and the test can be repeated with reproducibility, reliability and uniformity.
Quality of a seed lot is determined mainly by seed germination capacity which is an
expression of viability. Interest in germination behaviour of medicinal plant seeds has grown
rapidly with increase in seed trade and movement across international frontiers. For this
purpose, emphasis has been laid on seed quality tests. Standardization of basic requirements
for germination (like temperature and media) is essential to develop uniformity and
reproducibility of results in a seed testing laboratory.
The present paper discusses a portion of work carried under NMPB project focusing
majorly on seed morphology and seed germination protocols in some important medicinal
crops (Table 1).
MATERIAL AND METHODS
Freshly harvested seed lots of various medicinal crops (Table 1) were collected from
different agroclimatic zones of India and working samples were drawn from a submitted
sample as per ISTA rules. Pure seed fraction was collected for experimentation. Each lot
was tested separately.
Morphological studies in Seeds
Observations like seed colour, shape, texture, test weight, seed length, width and
thickness were recorded in each crop.
Seed moisture content
Moisture estimation was tested using hot oven air method and halogen moisture
meter from powdered and pre-weighed (0.5 to 5g) samples and average values were
submitted (Table 7).
Seed testing
Seed lots in each crop were tested initially for viability status using tetrazolium (TZ)
test. Hundred seeds each of four replicates were subjected to the germination test at different
temperatures using various media. Pre-soaking treatments (Table 2) were imposed wherever
germination was poor due to various reasons, (e.g., physical and physiological dormancy
and presence of inhibitory substances).
Germination test
Germination test was conducted with the pure seed fraction of a seed lot. Growth
media used for germination tests were ‘top of paper’, ‘between paper’ and sand. The test
was carried out at different temperature regimes (200C, 250C, 300C, 20/300C and 25/320C)
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in a germinator maintained at 90% RH. For alternate temperature, the lower temperature
level was maintained for 16 hours and the higher temperature for 8 hours in a day cycle of
24 hours. Hundred seeds each of four replicates were used for germination studies in each
crop.
‘Top of paper’ method
Two moist Whatmann filter papers (No. 1) were placed in a glass Petri dish of 20cm
diameter. Seeds were placed on moist blotters and the lid was placed to minimize evaporation
loss, and these were placed in a seed germinator maintained at 90% RH and temperature
levels as per treatment. Moisture was maintained throughout the experimentation by wetting
the paper when required.
‘Between’ paper method
Seeds were placed between two layers of moist germination towels, rolled and covered
with a plastic wrapper. The rolled towels were placed in upright position in a germinator
maintained at 90% RH and temperature as per the treatments.
Sand medium
Sand was sieved through 0.5mm diameter mesh, washed and sterilized in a hot air
oven at 103ºC before filling it in bread boxes measuring 20x10x9cm, each holding about
2.5kg of sand. Hundred seeds each of four replicates were placed at equidistance on moist
sand and covered with another thin layer (1") of sand. After planting the seeds, the sand
boxes (covered with lid) were placed inside a seed germinator maintained at 90% RH, at
different temperatures as per treatments.
Germination (%)
The observation on germination percentage was recorded when radicle protruded
about 2mm out of the seed coat and the counts were made daily until no further increase in
germination was noticed, both in BP and TP methods. In the case of sand method, emergence
of the two cotyledonary leaves above the sand layer was considered as the seed having
germinated, and was expressed in percentage. Germination count was made daily until
completion of germination. Only normal seedlings were considered for calculation of per
cent germination.
First count and final counts
The first count and final count of germination were fixed based on 50% germination
out of the total number of seeds germinated, and 100% germination out of total germinating
ability of a seed lot.
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RESULTS AND DISCUSSION
Seed morphology (seed colour, seed shape, seed texture, test weight, seed length,
width, thickness) studies were carried out in the above listed (Table 1) crops and data were
tabulated (Table 3) for identification, based on morphological features. Germination capacity
of medicinal plant seeds is generally low due to their dormancy. Any aberrations or
mechanical injury to the seed coat, or, any chemical treatment applied, may release seed
dormancy. Physical and chemical treatments aimed at breaking dormancy improved
germination percentage in medicinal crops (Sriram, 2004). Hard seededness is one of the
reasons for delayed germination in some accessions of Mucuna sps. (Yogeesha et al, 2006).
However, In our present investigations, fresh seed lots of Mucuna pruriens exhibited full
(100%) germination potential at all the temperatures tested (20,25,30, 35 and 20/300C).
First and final count was noted as 3 and 14, respectively, in this crop. Among the substrata,
Between Paper (BP) method was found suitable for better germination assay. In Clitorea
ternatea, fresh seeds exhibited lower germination rate due to a hard seed coat. Pre-treatments
increased fresh seed germination. Among various pre-treatments, mechanical scarification
or acid scarification resulted in 100 % germination. With respect to temperature requirement,
250C was identified as the optimum temperature for germination (Table 4). First and final
count days were identified as 4 and 10, respectively, and BP method was best suited for
germination studies in this crop. In the case of Caesalpinia sappan, mechanical scarification
and pre-chilling at 40C were the best among various treatments imposed. These treatments
recorded 8-10% higher germination over the control (80%) at different temperatures. BP
and sand media were found to be suitable substrata for germination assay and, days for first
and final count were 4th and 9th, respectively. In the case of Lawsonia inermis, washing
seeds in running water for 24h, followed by GA3 treatment at 1000ppm recorded higher
germination (94%) compared to Control (10%). Seeds are positively photoblastic and exhibit
better and higher rate of germination in light. Both BP and TP were found to be suitable
substrata for germination assay. With respect to temperature requirement, either 300C or
20/300C was best for higher rate of germination (Table 5). However, in the case of Lepidium
sativum, fresh seeds showed high rate of germination (98%) at all the test temperatures
and, hence, no pre-treatments were imposed. The day for first and final count observations
was noted as 4th and 10th, respectively. In the case of Ammi majus, thermo-dormancy was
observed at 300C as they showed lower germination per cent compared to 20, 250C (Table
6). Among various substrata, top of the paper method was best suited for conducting
germination assay in this crop. First and final counts were at 4th and 10th day, respectively.
Seeds of Psoralea corylifolia exhibited very low germination levels (7%) and no significant
improvement in germination was noticed in this crop by imposing various pre-treatments,
represented in Table 2. In the case of Aegle marmelos, among various seed treatments
imposed, soaking in running water for 24 hours was found to be the best as it resulted in
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higher germination rate compared to Control. Highest germination was obtained at 300C
compared to other treatments. BP was the best substratum for germination and 10th and 17th
day can be considered for first and final count, respectively. In the case of Silybum marianum,
fresh seeds showed good germination at all the temperatures, but the highest germination
(100%) was noticed only at 25 or 300C. First and final counts were observed as 3rd and 9th
day, respectively, and BP method emerged as the best for germination studies in this crop.
In the case of Artemisia annua, highest germination was observed (94%) at 200C or 20/
300C compared to constant temperatures of 250C or 300C (Table 6). Top of the paper was
noticed as the best substratum for germination studies and first and final counts in this crop
can be recorded on 7th and 21st day, respectively. Seeds of Bixa orellana exhibited hard
seed-coat dormancy. Clipping the seed coat at the distal end imposed seed germination
from 0 to 82%. Rubbing and pricking also enhanced germination to an extent of 65% in
this crop, and BP was the best substratum for germination studies. In the case of Nigella
sativa, best temperature for germination was either 20 or 250C. Thermo-dormancy was
observed at 300C, as, there was decrease in germination when temperature was raised from
20 to 300C. However, soaking for a day and drying for three days increased germination to
50 percent, even at 300C, in this crop. BP was the best substrate for germination assay in
this crop. In the case of Phyllanthus amarus, alternate temperature (200C for 8 hrs and 320C
for 16 hrs) was found best as this resulted in higher germination rate (44%) compared to
200C (20%). However, no change in germination was noticed with different pre-treatments
(Table 2). Similar to our studies, enhancement in germination due to pre-treatments, different
temperatures and different substrata was reported earlier in various medicinal and aromatic
crops: Bael (Hore and Sen., 1995), Clitorea ternatea (Pietrosemoli and Mendiri, 1997),
Ammi majus (Poojar, 2000), Phylanthus amarus (Revathi, 2001); Caesalpina sappan
(Channe Gowda et al, 2001), Psoralea corylifolia (Vivek mitta et al, 2003), Mucuna pruriens
(Yogeesha et al, 2006), Bixa orellana (Yogeesha et al 2007), Lawsonia inermis (Lal et al,
2007) and Nigella sativa (Shah, 2007). The findings from the present investigations are
presented in Table 7 for easy reference.
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Table 1. List of medicinal species chosen for the study
Sl. No. Botanical Name

Common Name

Family

1

Mucuna pruriens

Velvet bean

Papilionaceae

2

Clitoria ternatea

Aparajitha

Papilionaceae

3

Caesalpinia sappan

Patang

Caesalpiniaceae

4

Lawsonia inermis

Mehndi

Lythraceae

5

Lepidium sativum

Chandrasur

Brassicaceae

6

Ammi majus

Ajwain

Apiaceae

7

Psoralea corylifolia

Babuchi

Fabaceae

8

Aegle marmelos

Bael

Rutaceae

9

Artemisia annua

Malariabuti

Compositae

10

Silybum marianum

Silaras

Asteraceae

11

Carthamus tinctorius

Kusum

Compositae

12

Bixa orellana

Achitoe/annatto

Bixaceae

13

Nigella sativa

Black cumin

Ranunculaceae

14

Phyllanthus amarus

Bahupatra/Bhumya amalakai

Euphorbiaceae

Table 2. List of treatments imposed
Sl. No.

Treatment

1

Pre-chilling @ 40C

2

Pre-washing

3

Hot water treatment (600C, 30 min)

4

Water soaking: 24 h

5

Running water treatment

6

Acid scarification (H2SO4, 30 min)

7

Mechanical scarification

8

GA3 treatment (500-1000 ppm)

9

Clipping

10

Alternate wetting and drying

Caesalpinia sappan Tree
Herb

Lepidium sativum

Lawsonia inermis

Aegle marmelos

Artemisia annua

Psoralea corylifolia Herb
Shrub

Clitoria ternatea

Simmondsia
chinensis

Ammi majus

Silybum marianum

2

3

4

5

6

7

8

9

10

11

Seed
colour

Herb

Herb

Herb

Tree

Shrub

Reniform

Reniform

Seed shape

Oval

Oval

Brown

Dark
brown

Elliptical

Oval

Metallic Elliptical
red

Black

creamishOblong

Yellow Rhomboid

Light
Triangular
brown to
light red

Brick
red

Copper Elliptical
brown

Herb/
Black
climber

Herb/
Cream
climber

Mucuna pruriens

1

Habit

Medicinal species

Sl.
No.

Table 3. Seed morphology of various medicinal crops

Smooth

Rough

Rough

Slightly
rough

Fine/
Smooth

Hairy,
Rough

Coarse/
rough

Smooth

Smooth

Rough

Slightly
rough

Seed
Texture

1.78

0.055

82.21

1.736

0.0325

10.69

0.214

0.192

46.75

4.68

104.02

100 seed
weight (g)

5.90

2.44

16.78

4.53

0.81

9.02

2.56

2.48

14.06

6.23

15.97

Length

2.66

0.68

8.56

3.06

0.39

6.48

1.90

1.14

9.13

4.28

12.00

1.52

0.56

10.82

1.90

-

3.22

1.35

0.92

5.35

2.76

8.82

Seed size (mm)
Width
Thickness

452
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Table 4: Effect of various treatments on seed germination in Clitoria ternatea
at 300C
Treatment

% Germination

Control
H2SO4 , 30 min
Mechanical scarification
Water soaking (18h)
Pre-chilling (40C, 24h)
Hot water treatment (600C, 30 min)
CD (p=0.01)

44
88
100
52
40
2
3.6

Table 5. Effect of various treatments on seed germination using BP method in
Lawsonia inermis at 20/300C
Treatment

% Germination

Control
H2O soaking, 24h
H2O soaking, 48h
Running water, 24h
Running water, 24h+ GA3 1000ppm
CD (p=0.01)

11
65
79
92
94
1.8

Table 6. Effect of different temperatures on % germination in Artemisia
annua and Ammi majus
Treatment

20
25
30
20-30
CD (p=0.01)

% Germination
Artemisia annua
Ammi majus

94
82
71
89
3.2

96
93
76
62
5.4

Crop species

Mucuna pruriens

Clitoria ternatea

Caesalpinia sappan

Lawsonia inermis

Lepidium sativum

Ammi majus

Psoralea corylifolia

Aegle marmelos

Silybum marianum

Artemisia annua

Sl.
No.

1

2

3

4

5

6

7

8

9

10

6.28

7.34

9.78

6.78

7.81

8.46

8.91

8.80

8.58

10

Moisture
%

TP

BP

BP

BP

TP

TP

BP, TP

BP, Sand

BP

BP, Sand

Substrate

9
13
10

25/ 30/ 25- 320C 4
25/ 30/ 20- 300C 6
4
6
10
3
4-7

20/20- 300C
20 / 25 / 300C
300C
300C
25/ 300C
20/ 20-300C

21

9

17

-

10

10

25/ 30/ 25- 320C 4

Final
count

14

First
count

-

20/ 25/ 30/
20-300C

Suitable
temperature

Table 7. Seed standards in various medicinal crops

-

-

Running water - 24h;
Soaking- 24h

Mechanical
scarification

-

-

Running water
treatment (48h)+light

Pre-chilling (40C, 24h)

Mechanical
scarification;
Acid scarification

-

Mode of pre-treatment

89-94

93

82- 93

7

96

93-98

90-96

88

98-100

98

%
Germination

454

455

ACKNOWLEDGEMENTS
The authors are thankful to NMPB, Dept of Ayush, for funding support and IARI,
New Delhi and DMAP, Gujarat for supply of seed material and collaboration in this project.
REFERENCES
Channe Gowda, S., Farooqi, A.A., Srinivasappa, K.N. and Vasundhara, M.M. 2001. Pre-germination
treatments influencing the seedling growth in Caesalpinia sappan: An anti-cancerous tree.
p187. In: Conservation and utilization of medicinal and aromatic crops. S. Sahoo, D.B. Ramesh,
Y.R. Rao, B.K. Debata and V.N. Misra (eds). Allied Publishers, New Delhi
Lal, G., Roy, P.K. and Singh, Y.V. 2007. Effect of different treatments on germination behaviour of
henna seeds. SAARC J. Agril. Res., 5:69-76
Pietrosemoli and Mendiri. 1997. Scarification of Clitorea ternatea seeds. Arch. Latinoam. Prod.
Animal., 3:28-29
Poojar, I. C. 2000. Standardization of germination method in some medicinal crops. M.Sc. (Agri.)
thesis, UAS, Dharwad
Sriram, 2004. Seed technological studies in selected medicinal crops. M.Sc. (Agri.) thesis, UAS,
Bangalore
Vivek Mitter, K. Srinivasan and Singh, B.M. 1993. Overcoming hard seededness in Psoralea
corylifolia. Seed Res., 21:31-34
Yogeesha, H.S., Vasantha Kumar, T., Bhanuprakash, K. and Naik, L.B. 2006. Studies on hard seed
content and seed storage in six accessions of Mucuna pruriens L. under ambient conditions.
J. Med. Arom. Pl. Sci., 28:187-189
Yogeesha, H.S., Shivananda, T.N. and Bhanuprakash, K. 2005. Effect of seed aturity, seed moisture
and various pre-treatments on seed germination of annatto (Bixa orellana L.). Seed Sci. Tech.,
33:97-104

456

Time course of seed germination and germination
behaviour at different temperatures and storage duration
in Plantago ovata, P. indica and Lepidium sativum
Manish Das1 and Manisha Sharma
Directorate of Medicinal and Aromatic Plants Research
Boriavi-387 310, Anand, Gujarat (India)
1
manishdas50@gmail.com

The standard for judging seed quality (viability) is always a germination test under
optimum conditions. Temperature, media and light are the critical factors affecting seed
germination. Optimum temperature varies with ecotype; at this temperature, seeds are
biochemically active, and any fluctuation above and below it, retards the rate of biochemical
activity, which in turn results in inhibition or slowing of the rate of germination (Bewley
and Black 1994; Phartyal et al, 2002). Germination of seed is the initial and most critical
step in the propagation or laboratory testing of seed for certification. Reports regarding the
germination behaviour of some medicinal plant species are available (Thakur and Thakur
2006, Nautiyal et al. 1987, Nautiyal et al. 2002, Butola and Badola 2004), however, the
work on germination behaviour and seedling vigour of Plantago species and Lepidium
sativum has not been attempted seriously till date. The study on germination behaviour of
some related medicinal herbs indicated the late, erratic and poor germination with substantial
loss of viability of seeds (Thakur et al. 2004, Thapliyal and Thapliyal 2005). In order to
encourage the successful commercial cultivation of these species by seeds, a systematic
study on germination behaviour and seedling vigour is essential which are of paramount
importance for formulation of seed quality parameters (seed standards) and standardizing
the methodology for evaluating seed quality parameters for Seed Quality Assurance in
medicinal and aromatic crops. These seed quality parameters known as Seed Standards
have been notified for more than 95 crops. However, no such standards of seed quality
parameters are available for medicinal crops.
Plantago ovata and P. indica are two important medicinal plant species grown for its
husk and seeds and the mucilage content present in their husk has medicinal properties and
used against constipation etc. These are grown as Rabi crop in India. Cultivation of P.
indica has started of late but yet to achieve its important place compete to already established
crop P. ovata (Isabgol) in terms of yield and quality aspects. Lepidium sativum, known as
Garden cress is a small herbaceous annual herb used in treatment of asthma, coughs and
bleeding piles and recently has been brought under cultivation in India. It is commonly
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known as Chandrasur in Ayurveda is a Rabi crop predominantly grown in temperate region
(Chopara et al. 1986). In India, it is an important medicinal crop of Malwa plateau of
Madhya Pradesh grown in winter season (Tiwari and Kulmi, 2004) and is also cultivated in
UP, Rajasthan, Gujarat, Maharashtra and Madhya Pradesh in rabi season. In view of its
medicinal value and commercial significance these species are identified for the present
study to understand germination behaviour. Moreover, no such report is available to
substantiate the germination behaviour of these species under Indian condition elsewhere.
It is also essential to understand the behaviour of seeds after a specified period of storage to
test its viability and germination to fulfil the demands of growers. The objectives of the
present research were to determine time course of seed germination and germination
behaviour at different temperatures and storage duration in Plantago ovata, P. indica and
Lepidiun sativum.
Freshly harvested seeds of P. ovata (var. GI-2 and Niharika), P. indica and L. sativum
(var. GA-1) were received from the farm of the Directorate of Medicinal and Aromatic
Plants Research, Anand in the last week of March, 2007 and were stored in the following
orders:
T1- Freshly harvested seeds (almost 1 month old seeds), T2- 7 months old seeds
(MOS), T3- 12 MOS, T4-19 MOS, T5- 24 MOS and T6- 31 MOS. Immediately after
collection, the seeds were dried at room temperature for one week (27 ± 2°C), and stored at
room temperature (temp: Max. 39°C ±3°C, Min 17°C ±3°C during the storage period) in
air tight plastic containers for above periods. Also, moisture content was determined
immediately after harvest and after every storage duration following the method of Bhatt et
al. (2005) with slight modification using three replicates of 1000 seeds from each species.
The fresh weight was recorded and seeds were kept at 80°C for 48 h. Thereafter, the seeds
were weighed and the difference calculated as moisture content. Viability test using 2,3,5,
Triphenyle tetrazolium (TZ) chloride solution could not be performed as the seeds were so
small that the embryo could not be detached to observe the staining pattern and also mucilage
was inhibitory to the process of TZ testing.
For germination study, hundred seeds in four replicates were placed in sterilized
petri plates (95x17 mm) on a moistened filter paper (Whatmann No 1) and incubated in
fixed temperatures of 15, 20, 25 and 30 °C in growth chambers under dark condition. Seeds
were considered to have germinated upon initiation of radicle. Number of seeds germinated
was counted daily. Mean germination time (MGT) was calculated as: MGT= Ó (nd)/N;
where, n is the number of seeds which germinated after each incubation period in days d,
and N is the total number of seeds emerged at the end of the test (Hartmann and Kester,
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1989). Onset and completion of germination was also recorded for each species and storage
duration for each temperature tried as per ISTA rule (ISTA, 2006). The experiment was laid
in complete randomized block design with vertical rows as treatments and horizontal blocks
as replications. Analysis of variance was applied for all the experiments. Least significant
difference (LSD) was estimated separately for comparison of treatments i.e. temperature
and storage duration (Panse and Sukhatme, 1985).

Physical characters
Results revealed that test weight (1000 seeds) of seeds of P. ovata, P. indica and L.
sativum was 1.22, 1.56 and 1.46 g, respectively. Moisture content ranged from 7.1 to 8.3 %
after harvest, however, moisture content remained between 7.1 to 9.2 % when determined
at every storage duration upto 31 months of storage. Average seed length (L, 2.4-2.7 mm)
and breadth (B, 1.0-1.4 mm) also varied in both the species of Plantago, while seed length
of L. sativum was 2.31 mm and breadth was 1.02 mm. Seed thickness (T) ranged from 0.69
- 0.82 mm in these species. Shape Index (L/B) ranged from 1.94 to 2.37 and Size Index
(L×B) from 2.37 to 3.70.

Onset of germination
Results revealed that onset of seed germination (seeds were considered germinated
i.e. onset upon radicle emergence of size of e 2 mm) occurred within 1.5 to 4.5 days
differing significantly among the temperature and storage duration. Seeds of all these species
germinated on the second day and 7 months old seeds germinated in one day, however,
onset was delayed beyond 3 days in 19 months old seeds in all the species (Fig, 1,2,3).
Onset of germination was earliest at 20 °C followed by 25, 15 and 30 °C, however, result of
onset between 20 and 25 °C at any storage time was at par, whereas, with others it was
significantly different.

Completion of germination
Results revealed that seeds of all the species completed germination within 7-8 days
(Fig 1,2,3). However, germination was completed by 2 days in seeds stored for 7 months
after harvest (T2) in all the species which is 70-75% decrease in time as compared to other
storage duration. While one month old seed (T1) took 7-8 days for completion of germination
in all the cases (Fig 1 and 2) except Asalio which was completed by 5th day (Fig 3). However,
upto 19 months of storage (T4) completion was possible within 6 days but beyond that it
was in 7-8 days. Again at 20 °C, completion was fastest followed by either 15 or 25 °C.
Completion was delayed at 30°C.
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Germination and mean germination time
Results on germination revealed that the crop species, test conditions (temperature
and storage duration), and number of days to counting affected the germination, as in the
case of Tagetes minuta, T. erecta (Kumar et al. 2008a, 2008b), Bunium persicum (Sharma
and Sharma, 2010), Solanum nigrum (Suthar et al., 2009) and L sativum (Mukhopadhyay
et al, 2010). Variation caused by these three main factors was significant, as was the variation
attributable to interactions between/among the three factors (Fig1,2,3). According to ISTA
rules, first and final count in the case of Plantago lanceolata could be on days 4–7 and day
21, respectively, at 20–30°C temperature (ISTA Rule 2006). In the present study, percentage
germination (first count) was recorded from day 1.5 or 2 days onwards and completed in 78 days (Fig 1 and 2). Assuming the interactions of varieties within P. ovata with other
factors to be negligible, we used the overall means for comparison. The mean in situ percent
germination irrespective of temperature at seven months after harvest was 98.8 % for ‘GI2’ and 96.7% for ‘Niharika’, whereas percent germination for ‘P. indica’ was 97% and ‘L.
sativum’ 95% (Fig 1,2,3), which was several fold more as compared to germination one
month after harvest. However, for percent germination, Isabgol varieties favoured day,
2 or 3 for the first count and day, 5 or 6 for the final count. Asalio also followed the same
trend. In a previous study with P. ovata, either day, 3 or 5 was best for first day count and
day, 5 or 7 for final count at 20ºC with 82–95% seed germination (Kumar et al. 2009;
Parihar and Kumar, 2006).
There was no significant difference in percent germination at 20 and 25ºC at any
storage duration, however, thermo inhibition of germination was observed at 30ºC. With
increase in storage duration beyond 19 months, a decline was visible in germination but it
was not due to any variation in moisture content recorded at the time of harvest and after a
given storage time which varied from 7.1 to 9.2%. Such result was reported by
Mukhopadhyay et al. (2010) in Asalio in which they did not find any significant difference
in germination and vigour due to desiccation with different moisture content of 2, 5 and 8%
over a period of 6 months of storage. Therefore, in the present study, it was found that after
31 months of storage at room temperature mean germination was to the extent of 68 % in
Asalio and 53-55% in P. ovata varieties, interestingly P. indica had only 46% at 20ºC,
however, at other temperatures germination further decreased (Fig 1,2,3) in all the species.
Mean germination was more than 80% at 20ºC upto a storage limit of 19 months. A
reasonably high viability status (40-60%) even after substantial storage of seeds (more
than 2 years old seeds) under ambient conditions suggests the suitability of seeds for
regeneration/cultivation of these species, particularly P. indica. The loss of viability after
prolonged storage of seeds in dry state is reported to be associated with the production of
Reactive Oxygen Species (ROS) (Hendry, 1993; Bailly, 2004) and various ROS react with
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all biological molecules including lipids, DNA and proteins leading to oxidative stress and
related deteriorative events (Pukacka and Ratajczak, 2005).
Mean germination time (MGT) was minimum at 20 ºC and followed the same trend
as that of onset and completion of germination (Fig 1,2,3). MGT increased with increase in
storage duration in all the species. MGT was highest (maximum) at 30 ºC after 31 months
after storage. Time course on germination rate reveals that germination usually increased
linearly with storage time over a period of 12 months from the month of harvest up to a
peak in the month (>95 %) of its sowing (October, both Plantago and Lepidium species) to
an optimum and then decreases linearly (Fig. 4).
The percent germination happens to be one of the most vital characteristics of the
seed to be used commercially; hence it would be desirable on the part of anyone who is
working with seed to have precise information about the maximum mean percent germination
within a specific time period. Further, effective stand after the germination (associated
germination parameter like mean germination time, germination energy, germination period,
etc.) is another important characteristic that gives an idea about the final population (Baskin
and Baskin, 1998). Thus, it would be desirable to have information regarding these
parameters for developing quality seed. Detailed presentation of percent germination and
mean germination time from the day of first count till the end of the experiment for every
successive day in respect to all storage time conditions is depicted in Figures 1-3 for a
thorough understanding of these two parameters. The study revealed that variety ‘GI-2’
had the maximum germination (98.8%) followed by P. indica (97%), Niharika’ (96.7%)
and L. sativum (95%) at final count day.
Several workers have studied the importance of temperature in seed germination
(Bewley, 1997; Sharma and Lavania, 1987; Suthar et al. 2009). Suthar et al. (2009) reported
that Solanum nigrum had shown the maximum germination percentage at 27ºC on 3rd and
4th day of its germination cycle and below or above this temperature showed considerable
reduction in germination percentage. In our study also a particular temperature at 20ºC
germination was always maximum except at T2 when the response was irrespective of
temperature. Similar observations were made in various studies (Rao et al, 1981;
Ramkrishnan, 1963; Agarwal and Prakash, 1978; Menon and Kulkarni, 1987;
Mukhopadhyay et al. 2010).
Initially after harvest a period of after ripening was allowed for the seeds for the
release of dormancy i.e. a dry state was induced. Freshly harvested mature water-permeable
dormant seeds had primary dormancy, which could have been induced with the
involvement of abscisic acid (ABA) during seed maturation on the mother plant (Finch-
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Savage and Leubner-Metzger, 2006). Subsequent dormancy release in the field, following
dispersal, may involve the same factors that are commonly used in the lab: either afterripening in the relatively dry state, or dormancy-release treatments in the imbibed state
(Kucera et al. 2006). In our study, seeds were subjected to stratification with varying
temperature and subjecting seeds to water medium until seeds germinated i.e. seeds had
primary dormancy before dormancy was released in the first month. However, it was proved
that seeds of Isabgol species and L. sativum are dormant of non-deep type.
Present data on storage-dependent changes in seed germination and their
responsiveness to temperature of Isabgol species and L. sativum are of potential implication
for propagation of these plant species. The present study further revealed that the Isabgol
varieties ‘GI-2’ and ‘Niharika’, P. indica and Asalio showed more than 95 % seed germination
with an optimum germination time of 5 d under in situ conditions. These results would
benefit growers and would also be useful for Isabgol-producing industry and researchers in
developing the quality standards for quality seed and farmers in producing good yield/ unit
area. Further, work is needed towards understanding of factors/treatments that might enhance
the seed longevity and similarly modify the requirement of temperature treatments.
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Fig. 1. Effect of temperature (15, 20, 25 and 30 °C) and storage duration (months of storage after
harvest) on germination behaviour in P. ovata; Data are mean value of (n=4) ±SEm. A-E; onset of
germination, B-F; completion of germination, C-G; germination (%) and D-H; Mean germination
time (days). A,B,C,D are for GI-2; E,F,G,H are for Niharika.
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Fig. 2. Effect of temperature (15, 20, 25 and 30 °C) and storage duration (months of storage after
harvest) on germination behaviour in P. indica; Data are mean value of (n=4) ±SEm. A; onset of
germination, B; completion of germination, C; germination and D; mean germination time (days).
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Fig. 3. Effect of temperature (15, 20, 25 and 30 °C) and storage duration (months of storage after
harvest) on germination behaviour in L. sativum, Data are mean value of (n=4) ±SEm. A; onset of
germination, B; completion of germination, C; germination and D; mean germination time (days).
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Fig. 4. Time-course of seed germination (%) in (A) Plantago ovata vars. GI 2 and Niharika, (B) P.
indica and (C) Lepidium sativum from the month of harvest (April) to a period of 12 months at every
one month interval at 20 and 25 ºC, Data are mean value of (n=4) ±SEm.
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Gladiolus by far the best suited bulbous plant in India known as the queen of
ornamental bulbous crops because of its wide range of flower colours and large number of
florets per spike, occupies 4th position in international market. The use of growth regulators
in horticulture has brought about a revolution in the floriculture industry (Vijaykumar and
Singh, 2005). Growth regulators like gibbrellic acid and kinetin helps in breaking dormancy,
retards senescence, stimulates synthesis of specific RNA and helps in protein metabolism.
Also, synthetic growth regulating chemicals were reported to be very effective in
manipulating growth, flowering and corm production in gladiolus (Mishra et al., 1993).
Therefore, the present investigation was carried out to investigate the role of plant growth
regulators on corms and cormel production of gladiolus.
The field trials were laid out to identify the response of gibberellic acid and kinetin
on corm and cormel production of gladiolus cv. Jessica. The corms of gladiolus after
removing the tunica were dipped overnight separately in gibberellic acid at 100ppm, 200ppm
concentration or kinetin at 50ppm and 100ppm, a day before planting in the field. Gladiolus
corms were planted following the spacing of 30cm x 30cm in the mid October. Foliar spray
in the respective treatment was applied 45 days after planting of the corms. Recommended
dose of fertilizer, 115 kg/ha N, 135 kg/ha P and 114 kg/ha K were FYM @ 55tons/ha
applied to the crop. Full dose of phosphorous, potash and 1/3rd of nitrogen was applied as
basal dose at the time of planting of corms. Rest of the nitrogen was applied in two equal
doses as top dressing, one at the time of spike emergence and second after harvesting the
spikes for providing nourishment to the growing corms.
The experiment was conducted in Randamnized Block Design for studying the corm
characters with three replications and 13 treatment combinations viz. T1(control), T2(presoaking in GA3 100ppm), T3(pre-soaking in GA3 200ppm ), T4(pre-soaking in Kinetin
50ppm), T5(pre-soaking in Kinetin 100ppm), T6(foliar spray GA3 100ppm), T7(foliar spray
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GA3 200ppm), T8(foliar spray Kinetin 50ppm), T9(foliar spray Kinetin 100ppm), T10(presoaking and foliar spray GA3 100ppm), T11(pre-soaking and foliar spray GA3 200ppm),
T12(pre-soaking and foliar spray Kinetin 50ppm), T13(pre-Soaking and foliar Spray Kinetin
100ppm). Crop was grown successfully with all the recommended cultural practices
throughout the cropping period and the corms and cormels were collected after removal of
spike and shade dried to avoid any disease infection.
The observations on days taken for sprouting of corms, number of corms and cormels,
mean weight of corms and cormels were undertaken and corm diameter was measured with
the help of digital vernier callipers. For each replication, five plants were randomly tagged
for different treatments in the middle row; an average value of tagged plants for particular
parameters was recorded. Statistical analysis was carried out to know the variance for
different parameters, effect of treatments using IRRISTAT statistical package and
significance was identified at 5 per cent level.
The Table -1 pertaining to number of days required for sprouting of corms revealed
that pre-soaking and foliar spray of GA3 at 200ppm reduced the period of sprouting of
corms. However, there was no effect of foliar application of either of the two plant growth
regulators on the days required for sprouting. It is evident from the data that maximum
number of corms, mean weight of corm, maximum number and weight of the cormels was
observed under pre-soaking and foliar spray of GA3 at 100ppm. GA3 was more effective in
enhancing number and weight of the cormels in comparison to kinetin particularly when
applied in combination as pre-soaking and foliar spray. The increase in corm production
may be attributed mainly to higher number of leaves with increased photosynthates which
are ultimately translocated to the corm thereby increasing the corm size, corm weight,
cormel number and cormel weight. These results are in close conformity with the findings
of Kamble et al. 2004; Pal and Choudhary, 1998; Arora et al., 1992; Leena et al., 1992 and
Bhattacharjee, 1984.
Diameter of the corms was improved by all the treatments over the control but the
differences were significant only under pre-soaking in GA3 100ppm, pre-soaking in GA3
200ppm, pre-soaking and foliar spray of GA3 200ppm, pre-soaking and foliar spray Kinetin
50ppm and pre-Soaking and foliar Spray Kinetin 100ppm. However, maximum diameter of
corm was produced by pre-soaking and foliar spray GA3 200ppm. GA3 application presoaking or foliar spray or pre-soaking and foliar spray significantly enhanced the diameter
of corm. Other as Jhon et al., 1997 also reported the influence of plant growth regulation
corm diameter.
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SUMMARY
The number of corm and cormels, diameter of corm, weight of corms and cormels
were significantly influenced by treatment with GA3 or kinetin either as resolving or as
spray or as a concentration treatment. All the treatment resulted in a significant increase in
the corm attributes as compared to the control. The maximum number of corms per plant,
mean weight of cormels and diameter of the corm were observed under treatment
concentration of pre-soaking and forial spray GA3 100 ppm. Higher doses of GA3 or kinetic
did not prove beneficial in comparison to the lower concentration.
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Table-1
Days taken
for
Sprouting
of Corms

Number
of corms

T1(control)

19.65

4.08

6.04

20.06

13.57

4.69

T2 (Pre-soaking in GA3
100ppm)

13.12

4.71

7.86

26.16

18.03

5.29

T3 (Pre-soaking in GA3
100ppm)

11.07

4.67

7.64

25.67

17.80

5.16

T4 (pre-soaking in
Kinetin 50ppm)

12.38

4.25

7.13

23.92

16.55

4.91

T5 (Pre-soaking in
Kinetin 100ppm)

13.20

4.21

7.03

23.03

15.94

4.90

T6 (Foliar Spray GA3
100ppm)

18.69

4.38

7.27

24.58

16.97

5.00

T7 (Foliar Spray GA3
200ppm)

18.84

4.34

7.20

24.78

16.83

4.97

T8 (Foliar Spray
Kinetin 50ppm)

19.94

4.17

6.89

22.80

15.32

4.85

T9 (Foliar Spray
Kinetin 100ppm)

19.54

4.16

6.87

23.14

15.54

4.72

T10 (Pre-Soaking and
foliar Spray GA3
100ppm)

11.62

4.91

8.12

27.15

18.78

5.60

T11 (Pre-Soaking and
foliar Spray GA3
200ppm)

11.47

4.81

7.95

26.65

18.70

5.34

T12 (Pre-Soaking and
foliar Spray Kinetin
50ppm)

12.79

4.58

7.53

25.55

17.30

5.14

T13 (Pre-Soaking and
foliar Spray Kinetin
100ppm)

13.25

4.46

7.32

25.46

17.50

5.09

1.31

0.31

0.64

1.38

1.47

0.38

Treatments

CD (0.05)

Number
of cormels

Mean
Mean
Diameter
weight of weight of
of corm
corms (g) cormels (g)
(cm)
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China aster is an important flowering crop of our country and it belongs to the family
asteraceae. It is a hardy, free blooming annual crop. All over the world it is used as cut
flower. In India, it has been grown extensively in Karnataka, Tamil Nadu, Andrapradesh,
Maharastra and West Bengal. In India, it is estimated that it occupies 3,500 ha area (Kolavalli
et al, 1991). It is extensively grown due to its attractive colour and comparatively longer
vase life. In commercial flower production, important objective to be reclined on the aspects
such as increased flower production, quality of flowers and seed yield. Even though, nutrient
requirement of aster are available but information on effect of organic and inorganic source
of fertilizer management is lacking. Due to raising cost of inorganic fertilizers, problems of
environmental pollution has become imperative to arrive at an organic practice for china
aster to achieve the targeted flower yield, seed yield and quality and economic use of plant
nutrients. Hence, an attempt was made to reduce the amount of nitrogenous and phosphatic
fertilizers by substituting with organic manures.
A field experiment was conducted to study the effect of organic and inorganic source
of nutrients on growth and yield components of china aster cv. Kamini at Agricultural
Research Station, Malnoor, Gulbarga District of Karnataka state. Experiment was conducted
during kharif of 2004-05 in sandy loam soil with pH in nature. Electrical conductivity was
0.36 dsm-1. The available nitrogen, phosphorus and potassium content of soil were medium
in range. The physic-chemical properties were determined by using the standard procedure
as given by Jackson (1967). Randomized complete block design (RCBD) with six different
treatments with four replications were used for one of the experiment. Experiment treatment
details are T1: recommended dose of fertilizer (RDF) (180:120:60 NPK kg/ha + Farm yard
manner (FYM) 20 t/ha), T2: 75 % RDF + vermicompost (VC) (2t/ha), T3: 50 % RDF + VC
(2 t/ha), T4: VC (2 t/ha), T5: RDF only, T6: FYM (20 t/ha). Transplanting was done on forty
days old healthy and uniformly grown seedlings with spacing of 30 x 30 cm at the rate of
one seedling per hill. The size of the gross plot was 2.7 x 3.0 m. Five plants were selected
randomly for recording the various parameters like plant height (cm), No. of leaves per
plant, leaf area (dm2) No. of primary branches, No. of secondary branches, days to first
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flowering, days to 50 per cent flowering, No. of flowers per plant, stalk length (cm), diameter
of flower (cm), vase life of the cut flowers, flower yield per plant (g), flower yield per
hectare (t/ha), 1000 seed weight (g), seed yield per plant (g) and seed yield (kg/ha). After
completion of the experiment No. 1, seeds were randomly collected from each treatment
and germination test was conducted as per ISTA procedure (Anon, 1985). The vigour index
was calculated as suggested by Abdul-Baki and Anderson (1973). Crop protection measures
were carried out as per recommended package of practices of University of Agricultural
Sciences, Dharwad (Anon. 2002). Fisher’s method of analysis of variance was applied for
the analysis and interpretation of the experimental data as given by Panse and Sukhatme
(1967).
Parameters like plant height, leaf area, number of branches, numbers of leaves per
plant differed significantly as days to first flowering was non-significant (Table 1) due to
application of organic and inorganic fertilizers. Data revealed that, maximum plant height,
number of leaves per plant, leaf area and number of primary and secondary branches were
significantly higher in the treatment comprising of 75 per cent RDF and VC (2 t/ha). This
may be due to production of growth regulators like auxin and gibberllins which are known
to promote growth of the plant. Vermicompst is a rich source of micro nutrients like Fe and
Zn which enhances the microflora and enzymatic activity which might have augmented
more plant growth such as plant height, leaf area, and number of primary and secondary
branches. The results are in confirmity with earlier findings of Nether et al (1999) and
Srinivas and Naryana Gowda, (1999) in China aster, Kusuma (2001) in golden rod and
Gangadharan and Gopinath (2000) in gladiolus.
Days to first flowering was non-significant for organic and inorganic fertilizer.
However, minimum days taken for the flower initiation was noticed in the treatment T2
comprising of 75% RDF + vermicompost (2 t/ha) whereas, T6 treatment comprising of
FYM (20 t/ha) taken maximum days for flower initiation.
The data of reproductive parameters (Table 2) such as stalk length, diameter of the
flower, number of flowers per plant and total yield of flowers per hectare significantly
differed due to the organic and inorganic fertilizers. Significantly higher stalk length,
diameter of the flower, No. of flowers per plant, flower yield per plant, vase life of cut
flowers and total flower yield per hectare was noticed in the treatment comprising (75%
RDF + vermicompost t/ha) and lowest in the treatment T6 (FYM 20 t/ha) . These may be
attributed to better nutrient uptake which might have lead to higher photosyntyhetic efficiency
of crop, better source to sink relationship. It may also be attributed to supply of macro and
micro nutrients by vermicompost which enhances the enzymatic activity and also growth
hormones production which leads to better growth and development of crop. The results of
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present investigation confirm the earlier findings of Kusuma (2001) in golden rod and
Gangadharan and Gopinath (2000) in gladiolus.
There was significant difference in the seed parameters like 1000 seed weight and
seed yield, noticed due to the nutrient management with organic and inorganic nutrients
(Table 3). Treatment comprising 75% RDF + vermicompost recorded 1000 seed weight of
2.5 g, seed yield per plant was 3.20 g, seed yield per plot was 209.16 g and seed yield per
hectare was 553.43 kg/ha. Which was significally higher Seed quality parameters like
germination percentage, shoot length and vigour index were significantly different due to
organic and inorganic fertilizers (Table 4). Maximum shoot length (1.65), germination
percentage (95.50%) and vigour index of 285 was noticed in the treatment T2 and lowest
was noticed in the treatment which was supplemented with FYM 20 t/ha and were
significantly different.

Table 1. Effect of organic and inorganic sources of nutrients on growth
parameters of China aster cv. Kamini
Plant
height
(cm)

Number of
leaves/
plant

Leaf
area
(dm2)

No. of Branches
SB

Days to
first
flowering

T1: RDF + FYM
180:120:60 kg.NPK/ ha

59.86

99.86

21.92

19.96

21.98

74.96

T2: 75% RDF + VC (2t / ha)

60.12

100.18

22.64

20.68

23.16

73.68

T3:-50% RDF+ VC(2t/ ha)

58.96

88.63

20.13

17.32

19.65

76.94

T4: VC (2 t/ ha)

47.80

75.61

17.25

15.97

16.94

79.60

T5: RDF

57.12

97.68

19.40

17.10

18.98

77.10

T6:FYM (20 t/ ha)

42.63

70.01

15.12

13.88

16.00

80.14

SEM ±

1.50

1.40

1.00

0.83

1.28

1.73

CD at 5%

4.52

4.22

3.03

2.45

3.86

NS

Treatment

PB

VC: Vermicompost; RDF: Recommended dose of fertilizer; FYM: Farm Yard Manure:
PB: Primary branches; SB: Secondary branches NS: Non-significant
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Table 2. Effect of organic and inorganic sources of nutrients on reproductive
parameters of China aster cv. Kamini
Treatment

Days to
50%
flowering

Stalk
length
(cm)

Dia.
of flower
(cm)

T1: RDF + FYM
180:120:60 kg.NPK/ha

80.64

28.64

5.20

44.98

122.42

11.12

T2: 75% RDF + VC (2t / ha)

79.34

29.16

5.80

45.72

123.60

11.60

T3:-50% RDF+ VC(2t/ ha)

82.80

27.96

5.10

43.63

120.70

10.96

T4: VC (2 t/ ha)

85.40

25.13

4.65

30.12

70.63

6.70

T5: RDF

83.90

27.66

5.00

44.08

121.00

10.10

T6:FYM (20 t/ ha)

86.40

24.00

4.10

29.96

69.60

5.96

1.60

1.19

0.28

1.09

1.10

0.54

NS

3.60

0.84

3.30

3.32

1.62

SEM ±
CD at 5%

No. of
Flower
Total
flowers/
yield/
flower
plant plant (gm) yield (t/ha)

NS: Non-significant

Table 3. Influence of organic and inorganic source of nutrients 1000 seed weight
and seed yield of China aster cv. Kamini
Treatment

1000 seed
weight (g)

Seed yield/
plant (g)

Seed yield/
plot (g)

Seed yield/
ha. (kg/ha)

T1: RDF + FYM
180:120:60 kg.NPK/ ha

2.40

3.00

172.62

456.75

T2: 75% RDF + VC (2t / ha)

2.50

3.20

209.16

553.43

T3:-50% RDF+ VC(2t/ ha)

1.75

2.80

178.92

473.39

T4: VC (2 t/ ha)

1.50

2.10

131.46

347.84

T5: RDF

1.80

2.90

166.74

441.19

T6:FYM (20 t/ ha)

1.45

1.80

124.32

328.95

SEM ±

0.07

0.14

4.94

13.06

CD at 5%

0.22

0.43

14.88

39.18
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Table 4. Influence of organic and inorganic source of nutrients of shoot and
root length, germination percentage and vigour index of China aster
cv. Kamini
Germination
percentage after one
month of storage

Vigour
index

Shoot
length
(cm)

Root
length
(cm)

T1: RDF + FYM
180:120:60 kg.NPK/ ha

93.20

256

1.50

1.25

T2: 75% RDF + VC (2t / ha)

95.50

285

1.65

1.33

T3:-50% RDF+ VC(2t/ ha)

90.10

236

1.40

1.22

T4: VC (2 t/ ha)

89.15

203

1.27

1.01

T5: RDF

88.25

227

1.38

1.20

T6:FYM (20 t/ ha)

86.75

190

1.11

1.08

SEM ±

1.07

9.26

0.07

0.08

CD at 1%

4.31

12.68

1.1

NS

Treatment

NS: Non-significant
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Evaluation and production of good quality plants of
bougainvillea cultivars in polyethylene bags using plant
growth regulator.
KISHAN SWAROOP and T. JANAKI RAM
Division of Floriculture and Landscaping,
Indian Agricultural Research Institute, New Delhi-110012
E-mail: KISHAN.SWAROOP@rediffmail.com

Bougainvilleas are abundantly grown in parks, home and institutional gardens in
various ways viz. bush, climber, hedge, topiary, ground cover, standard, pot plant, bonsai,
on pergolas, arches and trees. There is a great value of bougainvillea plant for its beauty,
and it finds prominence among the flowering plants. It has beautiful and considerable colours
which attract the people’s eyes. Multi-bracted, multicoloured and leaf variegated varieties
are more appealing than a single color. Due to its multipurpose utility for beautification,
demand is increasing day by day, but availability of genuine quality planting material is
limited. Its commercial method of vegetative propagation is by stem cuttings, but few
cultivars show very shy rooting under normal conditions. Growth regulators play an
important role for rooting in cuttings of bougainvillea. Dipping cuttings in solution of
growth hormone like (IBA) of 4000-6000 ppm initiates good rooting development in
bougainvillea (Sindhu and Zile Ram, 2009). Mature or hardwood cuttings of the previous
year’s growth are best for propagation (Gangasawamy, 2002 and Choudhry et al, 2002).
IBA also translocates poorly and remains near the site of application (Singh, 2002). Hence,
for mass multiplication of quality planting material and to increase rooting and survival
percentage in bougainvillea, the present investigation was planned and conducted at the
Division of Floriculture and Landscaping, Indian Aareagricultural Research Institute,
New Delhi during July, 2008. Fourteen varieties namely Mary Palmer Special, Torch Glory,
Dr. Hado, Pink Beauty, Dr. Bhabha, Dr. B.P.Pal, Lady Mary Baring, Dr. R.R. Pal, Summer
Time, Shubhra, Stanza, Vishakha, Refulgens and Zakiriana were selected for the study. The
basal end of uniform hardwood cuttings of 20 cm were length treated with 4000 ppm of
IBA solution by quick dip method for 10 seconds. In control, cuttings were dipped in distilled
water. For each cultivar one hundred cuttings were made. The cuttings were then planted in
polyethylene bags filled with coarse sand and maintained under partially shaded condition.
The observations on various parameters were recorded in one year old plant and the data
were analyzed statistically.
The results revealed that almost all varieties had shown significant differences in
survival percentage, growth and bract characters. Maximum rooting and survival of plants
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(88.88 %) was recorded by Shubhra cultivar followed by Dr. R.R. Pal (76.27 %), whereas,
it was minimum in cultivar Dr. Bhabha (27.07%). Kumar (2002) reported that rooted cuttings
with highest survival rate were observed in cuttings taken from hardwood portion and with
4000 ppm IBA concentration. Out of all the cultivars, variety Stanza markedly recorded
maximum length and width of leaves and internodes length i.e. 9.0, 6.0 and 3.0 cm
respectively; whereas, minimum value of these characters was recorded by Refulgens, Pink
Beauty and Torch Glory. Maximum plant height (75.0 and 72.0 cm) was recorded by Torch
glory and Dr. Hado cultivars, respectively. Maximum and minimum length of petiole (1.8
and 0.5 cm) was recorded by Dr. B.P. Pal and Pink Beauty, respectively. The maximum
length and width of bract (3.3 and 2.2 cm respectively) was recorded in Dr. B.P. Pal cultivar
and the second best were Refulgens, Dr. Hado and Summer Time, respectively. Maximum
length of flower tube (2.0 cm) was found in variety Refulgens followed by Dr. Hado (1.4
cm), Summer Time and Dr. R.R. Pal (1.0 cm each). Gupta et al., 2006 reported that hardwood
cuttings of bougainvillea cvs ‘Los Banos variegata’ and ‘Cherry Blossom’ treatment with
IBA 4000 ppm was most effective for large scale vegetative propagation to meet demand of
floriculture trade and these results are in close conformity to present investigation.
It may be concluded on the basis of performance in terms of survival percentage of
plants, growth and flowering characters of all bougainvillea cultivars, almost each cultivar
has its own significance which can be used for different purpose such as hedge, pot plant,
climber, standard, bonsai, topiary, arches, hanging baskets and ground cover etc., and cuttings
should be treated with root promoting growth regulators for mass multiplication and good
quality plants of bougainvilleas using polyethylene bags for easy handling during
transportation.
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Table 1. Survival percentage and growth characters of bougainvillea cultivars
Cultivars

Survival
%

Plant
height (cm)

Length of
leaf (cm)

Width of
leaf(cm)

Length of
petiole (cm)

Zakiriana

69.69

70.00

5.60

4.50

1.40

Vishakha

47.88

41.50

6.00

4.00

1.00

Stanza

73.91

50.00

9.00

6.00

1.50

Shubhra

88.88

55.00

8.90

4.00

1.50

Summer Time

53.65

40.00

7.00

4.20

1.20

Dr. R.R.Pal

76.27

71.00

6.00

3.50

1.00

Lady Mary Baring

36.17

38.00

4.50

3.50

1.50

Dr. B.P. Pal

75.00

60.00

7.20

5.10

1.80

Dr. Bhabha

27.07

13.00

4.50

2.50

1.00

Pink Beauty

39.47

20.00

2.70

1.50

0.50

Refulgens

33.00

2.50

2.00

1.00

Mary Palmer Special

35.71

31.00

5.20

4.50

1.20

Torch Glory

36.00

75.00

3.50

2.10

0.60

Dr. Hado

45.00

72.00

7.00

3.50

1.00

1.99

2.00

0.99

0.33

0.09

C D at 5%
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Table 2. Flower tube and bract characters of bougainvillea cultivars
Cultivars

Length of
internodes (cm)

Length of
flower tube (cm)

Length of
bract (cm)

Width of
bract(cm)

Zakiriana

2.00

0.50

2.20

1.60

Vishakha

2.00

0.50

2.00

1.50

Stanza

3.00

0.60

1.50

1.00

Shubhra

2.00

0.50

3.00

1.99

Summer Time

1.50

1.00

2.70

2.10

Dr. R.R.Pal

2.80

1.00

1.40

1.10

Lady Mary Baring

1.50

0.70

2.00

1.95

Dr. B.P. Pal

2.00

0.60

3.30

2.20

Dr. Bhabha

1.20

0.50

0.60

0.90

Pink Beauty

1.00

0.60

2.00

1.00

Refulgens

1.00

2.00

3.10

1.50

Mary Palmer Special

1.30

0.70

2.30

1.80

Torch Glory

0.50

0.60

1.50

1.00

Dr. Hado

2.00

1.40

2.80

2.00

C D at 5%

0.06

0.036

0.66

0.09
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Production of quality planting material in different
genotypes of gladiolus (Gladiolus hybridus Hort.)
Basappa S. Kamble, B.S. Reddy, Shantappa Tirakannanavar, B.S. Kulkrni
and P.M. Gangadharappa
K.R.C. College of Horticulture, Arabhavi,
Department of Floriculture and Landscape Architecture.

Gladiolus (Gladiolus hybridus Hort.) is a bulbous flower of beauty and perfection. It
is said to be the queen of bulbous flower crops grown in many parts of the world. The word
gladiolus’ was coined from the Latin word ‘gladiolus’ meaning a sword. It is also called as
sword Lily on account of the shape of its leaves. In the international cut-flower trade,
gladiolus occupies fourth place and it is next to rose, chrysanthemum and carnation. In
India, major gladiolus growing states are Karnataka, Maharashtra, Tamil Nadu, Punjab,
Haryana, Uttar Pradesh and Delhi. Gladiolus is commonly propagated by corms and cormels.
Gladiolus is very popular for its attractive flower spikes. There are many excellent genotypes
of gladiolus with magnificent inflorescence, exhaustive range of colours, different shades,
varying number of florets, size, wide range of keeping quality and adaptability to different
seasons. These characters have made it very attractive for use as a cut flower, for vase,
bouquet preparation, window boxes and pot cultivation. India has varied climatic conditions
in different parts, which offer possibility of growing gladiolus throughout the year in one
or the other parts of the country.
The present investigation was carried out at K.R.C College of Horticulture, Arabhavi,
Belgaum district of Karnataka state to study the performance of nine gladiolus cultivars
(Sylvia, Trust, Majic, Vedanapoli, American Beauty, Melody, Snow White and Yellow Cup)
in Randamnized Block Design (RBD) with 3 replications. Well-decomposed farmyard
manure was applied before land preparation at the rate of 25t/ha and mixed well into the
soil. Fertilizers were applied at the rate of 20:60:20 g NPK / plot of 1.08sq m area. Fifty
percent of nitrogen and full dose of phosphorus and potash were applied as basal dose and
remaining 50% of nitrogen was applied at 45 days after planting.
Before planting, corms were dipped in carbendizim (0.2%) solution for 10 minutes
and dried under shade. Planting was taken up at 30 x 20cm spacing at a 5 depth of 6 cm in
plots of 1.5 m x 1.2 m size. Light irrigation was given immediately after planting. Plots
were kept weed free by hand weeding. Irrigation was given at regular intervals so as to
maintain adequate soil moisture in the soil. Pest and disease control measures were taken
up whenever necessary. The various yield attributing parameters like, number of corms per
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plant, cormels per plant, weight of corms per plants/plot/hectare, corm size, weight of
cormels per plant/plot/hectare and cormel size were recorded. The corm weight was worked
out by using the formula:
Corm yield (weight) / ha = Corm weight per plot x 10000
Plot size (1.8m2)
The cormels weight was worked out by using the formula;
Cormels weight / ha = cormels weight per plot x 10000
Plot size (1.8m2)
The results of the experiment revealed that the variation in corm yield among the
genotypes was significantly different. The genotype Sylvia recorded the maximum corm
yield in terms of number of corms per plant (3.13), while the genotype Trust recorded the
minimum number of corms per plant (1.13). The genotype Vedanapoli (2.67) was on par
with American Beauty (2.13), while genotypes Yellow Cup (1.87), Summer Sunshine (1.80),
Melody (1.67), Majic (1.33) and Snow White (1.20) were at par with each other with
respect to corm yield per plant (Table-1) .
Number of cormels produced per plant varied significantly among the genotypes.
Genotypes Sylvia, Melody and Vedonapoli recorded more number of cromels per plant.
(119.53, 117.00 and 93.67, respectively) Genotypes Yellow Cup (56.80) and Summer
Sunshine (55.33) were on par with American Beauty (48.87), where as Majic (76.20) was
on par with Snow White (72.00). The cormel production in terms of number of cormels
produced per plant was the lowest in genotype Trust (48.22). The production of corms and
cormels generally depends upon the shoot production per plant. In the present investigations,
the cultivars which produced the highest corm also had higher shoot production. This could
be ultimately attributed to genetic make up of the cultivars. Similar variations in corms
yield due to cultivars were also observed previously be Hegde (1994) and Shiramagond
(1997) in Gladiolus.
Significant differences were noticed for size of the daughter corms among the gladiolus
genotypes. It was maximum in genotypes Summer Sunshine (6.83 cm), Melody (6.69 cm),
Snow White (6.40 cm) and American Beauty (6.10 cm). However, these were at par with
each other, while the corm size was minimum in Sylvia (4.27 cm). Genotypes Majic (5.97cm),
Trust (5.92 cm), Yellow Cup (5.33 cm) and Vedanapoli (5.25 cm) were at par with each
other with reference corm size.
Significant difference was found among the genotypes with respect to weight of the
corms. Weight of corms per plant was maximum in Summer Sunshine (143.87g), while it
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was minimum in Snow White (61.67g), Melody (123.60g), Vedanapoli (107.33g). The
genotypes Trust (107.23g), Sylvia (99.10g) and Majic (97.43g) were at par with each other,
while genotype Yellow Cup (74.11g) was on par with American Beauty (71.63g) for corm
yield on individual plant basis.
Weight of cormels differed significantly among the genotypes. It varied between 17g
to 52g. The genotypes Yellow Cup, Melody, Sylvia, and Summer Sunshine (52.50, 43.81,
42.90 and 39.30g, respectively) recorded higher cormel weight per plant. Genotype Snow
White (34.77g) was on par with Majic (34.48 g) while, Vedanapoli (28.60g) was on par
with American Beauty (20.67g).
Weight of corms per plot also varied significant among the different genotypes of
gladiolus. Corm yield on weight basis per plot was maximum in Summer Sunshine (4.31
kg) while, it was minimum in Snow White (1.84 kg). Genotypes Melody (3.70 kg),
Vedanapoli (3.23 kg), Trust (3.22 kg) and Sylvia (2.92 kg) were at par with each other.
While Yellow Cup (2.26 kg) was on par with American Beauty (2.15 kg). The variation in
weight of corms could be attributed to the variation in corm size and number of corms per
plant, which might be attributed to the genetic constitution of cultivars. The variation with
respect to weight of corm was also recorded earlier by Hegde (1994) and Shiramagond
(1997) in gladiolus.
Genotypes differed significantly with respect to cormel yield per plot and it was
maximum in Yellow Cup (1.60 kg) and minimum in Trust (0.5 kg). Comparatively higher
cormel yield was recorded in genotypes Melody and Summer Sunshine (1.50, 1.30 and
1.20 kg, respectively). Genotype Vedonopoli (0.85 kg) was on par with American Beauty
(0.62 kg). The variation in weight of cormels might be attributed to the number of cormels
produced per plant and size of cormels, which inturn are genetically controlled factors.
Similar results were reported by Pasannavar (1994) and Sindhu et al (1995) in gladiolus.
From the present study it is concluded that, genotypes Summer Sunshine, Vedanapoli,
American Beauty and Melody are promising ones for production of planting materials
under Ghataprabha Command area.
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Table 1. Corm yield parameters in different cultivars of gladiolus
No. of
corms per
plant

Weight of
corms per
plant(g)

Weight of
corms per
plot(kg)

Weight of
corms per
ha. (kg)

Corm
Size
(cm)

Summer Sunshine

1.80

143.87

4.32

23977.80

6.83

Sylvia

3.13

99.10

2.97

1651.43

4.27

Trust

1.13

107.23

3.22

17870.37

5.92

Majic

2.67

97.43

2.92

16238.89

5.97

Vedanapoli

2.13

107.53

3.23

17930.37

5.25

American Beauty

1.67

71.63

2.15

11937.79

6.10

Melody

1.20

123.60

3.70

20600.02

6.69

Snow White

1.87

61.67

1.84

10277.72

6.40

Yellow Cup

0.31

74.11

2.26

12573.33

5.53

SEM ±

0.31

0.94

12.06

670.91

0.03

C.D. at 5%

0.94

4.16

36.14

2010.50

0.09

Genotypes

Table 2. Cormel yield parameters in different cultivars of gladiolus
Genotypes

Summer Sunshine

No. of
cormels
per plant

Weight of
Weight of
Weight of
cromels per cormels per cormels per
plant(g)
plot (kg)
ha. (kg)

Cormels
size
(cm)

55.33

39.30

1.20

6550.00

0.81

Sylvia

119.53

42.90

1.30

7150.00

0.71

Trust

48.27

17.00

0.51

2833.33

0.78

Majic

76.20

34.48

1.03

5746.67

0.76

Vedanapoli

93.67

28.60

0.85

4766.67

0.73

American Beauty

48.87

20.67

0.62

3444.45

0.80

117.00

43.81

1.50

7300.00

0.77

Snow White

72.00

34.77

1.04

5794.50

0.82

Yellow Cup

56.80

52.50

1.60

8787.03

0.75

3.63

3.66

14.60

656.86

0.02

10.87

11.85

43.60

1968.40

0.06

Melody

SEM ±
C.D. at 5%
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Standardisation of planmting of material production in
Bush Jasmine (Jasminum sambac)
A. Sobhana
Cashew Research Station, Kerala Agricultural University,
Madakkathara, Thrissur- 680651.
Email- sobhakau@yahoo.co.in

Jasmine, one of the oldest fragrant flowers cultivated by man, symbolizes deep
affection, happiness and elegance. The flowers and buds are used for making garlands,
decorating hair of women and for religious offerings. They are also used for production of
jasmine oil. The ever increasing demand for jasmine is an indication of the ardent love for
the flower. There is high demand in Kerala for flowers especially during festival seasons
and special occasions. The climatie and soil condition of Kerala are ideal for cultivation of
bush jasmine, a variety of Jasminum sambac, and many farmers have started the venture on
a commercial scale. But there are certain factors which limit production in the state of
Kerala. One such problem is selection of good planting material.
Large genetic variation noticed in jasmine affects flowering time, duration of flowering
and yield. Proper selection of planting material is highly essential for a good crop since a
commercial crop stays in field for 12-15 years. Jasmine is commercially propagated through
cuttings. Knowledge about mother plants, maturity of cuttings and age of rooted cuttings is
a pre requisite for selection of quality planting material. Hence, a study was undertaken at
Kerala Agricultural University, Thrissur to standardize planting material production in bush
jasmine.
Trial was carried out at Cashew Research Station, Kerala Agricultural University,
Thrissur, which included five experiments as listed below.
a. Standardisation of source of planting material
Stem cuttings were taken from following locations and planted.
Rameswaram
Nagarkovil
Kerala Agricultural University
Palakkad
Trichur
Kudallur
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b. Standardisation of age of mother plants
Stem cuttings were taken from 2 year old, 4 year old, 6 year old and 8 year old
mother plants and planted.
c. Standardisation of age of rooted cuttings
Two month old, four month old, six month old and nine month old rooted cuttings
were planted.
All the above experiments were laid out in Complete Randamnized Design (CRD)
with 5 replications and with 5 plants in each replication.
d. Standardisation of type of cuttings
Stem cuttings were taken from different positions of plant viz. terminal portion,
middle portion, and basal portion. The design of this experiment was CRD with
10 replications and with 5 plants per replication.
The cuttings thus taken, were planted in pots of size 12" x 12" filled with potting
mixture comprising of sand, soil and FYM in 1:1:1 proportion. Plants were given
uniform cultural operations as per the “Package of Practices Recommendations”
of Kerala Agricultural University. Observations were recorded on vegetative
characters like plant height, plant spread, number of primary shoots, number of
productive shoots and floral characters like flower yield and flower size. Data
were statistically analyzed and tabulated.
e. Standardisation of rooting in cuttings
Uniform sized cuttings taken from bush jasmine were treated with the rooting
hormones, like Naphthlene Acetic Acid (250ppm, 500ppm, 1000ppm, 2000ppm),
Indol Acetic Acid (1000ppm, 2000ppm, 3000ppm, 4000ppm), Indol Butyric Acid
(1000ppm, 2000ppm), along with two commercial preparations rootex and keradix
and kept under two different conditions, viz, open and mist chamber. Percentage
rooting was assessed along with number and length of roots. There were three
replications with thirty cuttings in each replication. The study was conducted in
three months viz March, July and November to find out seasonal effect, if any.
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Experimental Field

Observations on vegetative and floral characters are presented in Tables 1, 2, 3 and
4. Plants collected from Rameswaram were found to have maximum height (56.05 cm) and
productive shoots (8.04). Plants taken from Thrissur had maximum flower yield (473.4g)
compared to plants from other locations. This was followed by the plants collected from
Rameswaram with a yield of 463.9 g (Fig.-1). There was no significant difference among
treatments with regard to flower size (Table-1). Even though all mother plants belong to
Jasminum sambac, there is variation according to the place where they are grown.
In trial for standardization of age of mother plants for taking cuttings, maximum
values for vegetative characters were obtained in cuttings from 6 year old plants. However,
there were no significant difference among treatments in height, and plant spreed (EW)
except with plants raised from 8 year old plants (Table – 2). There was no significant
difference in flower yield among the four treatments; even though highest yield was recorded
in four year old plants (554.0 g) (Figure – 2). There was no significant difference among
treatments with regard to size of flower buds. It can be concluded that age of mother plants
for taking cuttings, does not have much influence on yield of flowers.
From Table -3 it is clear that maximum height and plant spread were observed in
plants raised from middle and based cuttings. Significant difference could not be obtained
with regard to yield and among cuttings from different positions (Figure-3).
Trial for standardization of age of rooted cuttings indicated maximum plant spread,
productive shoots and yield in plants raised from 4 month old cuttings (Table 4, Figure 4).
However, significant difference could not be worked out among the treatments with respect
to yield and flower size.
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Table: 1 Vegetative and floral characters of jasmine as influenced by source
of mother plants
Treatments

Plant
Height
(cm)

Plant Spread
EW*(cm) NS*(cm)

Primary Productive
shoot
shoot
(No)
(No)

Flower
Yield
(gm)

Flower
Size
(cm)

Rameswaram

56.05a

45.54a

44.34a

4.124a

8.042a

463.9a

2.240a

KAU

49.38ab

39.50ab

37.91a

4.142a

7.018a

449.7ab

2.274a

Palakkad

52.91a

41.17a

40.70a

4.760a

6.908ab

412.6bc

2.304a

Thrissur

52.51a

42.32a

49.17a

3.710a

5.416bc

473.4a

2.232a

Ernakulam

27.24c

26.89c

21.79b

3.420a

3.006d

364.3c

2.340a

Nagarkovil

41.86b

32.92bc

36.92a

3.460a

4.758c

427.0ab

2.350a

Kudallur

50.27a

39.00ab

36.98a

4.014a

4.884c

415.2bc

2.384a

* EW- East-West, NS- North-South

Table:2 Vegetative and floral characters of jasmine as influenced by age of
mother plants
Treatments

Plant
Height
(cm)

Plant Spread
EW*(cm) NS*(cm)

Primary Productive
shoot
shoot
(No)
(No)

Flower
Yield
(gm)

Flower
Size
(cm)

2year

a

43.99

38.87a

38.11ab

3.280ab

3.264b

510.3a

2.308a

4year

42.70a

38.44a

36.60ab

3.316ab

4.640ab

554.0a

2.272a

6year

47.63a

42.44a

41.01a

3.920a

5.656a

521.1a

2.218a

8year

32.89b

27.58b

30.12b

2.488b

3.618b

527.6a

2.290a

* EW- East-West, NS- North-South

Table: 3 Vegetative and floral characters of jasmine as influenced by type of
cuttings
Treatments

Plant
Height
(cm)

Plant Spread
EW*(cm) NS*(cm)

Primary Productive
shoot
shoot
(No)
(No)

Flower
Yield
(gm)

Flower
Size
(cm)

Terminal

52.39b

42.07a

39.23a

3.841b

6.509a

557.3a

2.130a

Middle

55.53a

43.42a

39.92a

3.554b

4.406b

530.3a

2.191a

Basal

54.46ab

43.78a

41.21a

4.425a

5.488a

520.9a

2.039a

* EW- East-West, NS- North-South

491

Table :4 Vegetative and floral characters of jasmine as influenced by age of
rooted cuttings
Treatments

Plant
Height
(cm)

Plant Spread
EW*(cm) NS*(cm)

Primary Productive
shoot
shoot
(No)
(No)

Flower
Yield
(gm)

Flower
Size
(cm)

2 month

43.65a

39.51a

39.72a

3.53ab

3.02b

510.3a

2.30a

4 month

45.83a

42.19a

41.62a

3.94a

4.67a

555.9a

2.27a

6 month

45.98a

39.20a

40.07a

3.99a

4.13ab

501.2a

2.22a

9 month

36.20b

32.20b

30.63a

2.97b

3.07b

526.4a

2.89a

* EW- East-West, NS- North-South

Fig: 1. Flower yield as influenced by
source of mother plants

Fig: 2. Flower yield as influenced by
age of mother plants

Fig: 3.Flower yield as influenced by
type of cuttings

Fig: 4. Flower yield as influenced by
age of rooted cutting

492

The data on rooting of cuttings as influenced by growth hormones and mist conditions
are presented in Tables 5, 6 and 7. Maximum rooting percentage was observed in IAA 2000
ppm under mist when kept for rooting during March, July and November (93.3%, 80.0%
and 80.0% respectively).The improved percentage of rooting under mist was reported in J.
auriculatum and Jasminum grandiflorum by Arumughan et al (2002).
In the open condition variations were observed in the rooting percentage among the
treatments. Maximum rooting percentage under open was seen in IBA 1000 ppm (86.7% in
March, 80.0% in July and 66.7% in November).
IBA 1000 ppm gave the maximum root length of 14.0 cm (mist) and 12.6 cm (open)
in March, 13.2 cm (mist) and 14.5 cm (open) in July and 18.4 cm (mist) and 19.1 cm (open)
in November. Number of roots was also maximum in IBA 1000 ppm viz., 15.7 (mist), 12.8
(open) in March, 18.0 (mist), 20.2 (open) in July and 19.3 (mist), 23.9 (open) in November.
The greater number of root production and more root length in the IBA (1000ppm) treated
cuttings might have resulted in higher percentage of survival in the open condition.

Table: 5 Effect of hormones on rooting of cuttings in jasmine – March 2009
Rooting
hormones

Sprouted
cuttings (No.)

No. of roots/
cuttings

Treatments

mist

mist

open

mist

open

mist

open

mist

open

open

Length of
roots (cm)

% of rooted
cuttings

Field establish
ment (No)

NAA 250ppm

6

8

10.3

7.1

6.5

7.1

40.0

53.3

6

8

NAA 500ppm

7

8

11.4

3.1

6.6

8.1

46.6

53.3

7

8

NAA 1000ppm

4

5

6.0

5.8

5.4

6.4

26.6

33.3

4

5

NAA 2000ppm

6

3

4.5

8.5

6.2

7.3

40.0

20.0

6

3

IAA 1000ppm

5

6

7.2

3.9

9.3

5.8

33.3

40.0

5

6

IAA 2000ppm

14

8

8.9

9.2

8.1

8.2

93.3

53.3

14

8

IAA 3000ppm

4

7

3.1

4.6

11.5

8.9

26.7

46.7

4

7

IAA 4000ppm

3

3

3.6

8.1

7.3

7.2

20.0

20.0

3

3

IBA 1000ppm

9

13

15.7 12.8

14.0

12.6

60.0

86.7

9

13

IBA 2000ppm

7

5

10.0

9.1

12.6

10.8

46.7

33.3

7

5

Rootex

5

6

12.2

7.2

8.4

9.2

33.3

40.0

5

6

Keradix

2

3

6.3

3.5

6.5

7.6

13.3

20.0

2

3

Control

9

6

8.7 11.2

7.5

5.4

60.0

40.0

9

6
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Table: 6 Effect of hormones on rooting of cuttings in jasmine – July 2009
Rooting
hormones

Sprouted
cuttings (No.)

No. of roots/
cuttings

Treatments

mist

open

mist

NAA 250ppm
NAA 500ppm
NAA 1000ppm
NAA 2000ppm
IAA 1000ppm
IAA 2000ppm
IAA 3000ppm
IAA 4000ppm
IBA 1000ppm
IBA 2000ppm
Rootex
Keradix
Control

2
3
1
1
2
12
2
3
6
10
2
2
10

4
5
5
1
9
3
2
3
12
2
2
3
5

Length of
roots (cm)

% of rooted
cuttings

Field establish
ment (No)

open

mist

open

mist

open

mist

open

6.0 7.0
7.0 8.6
4.0 14.6
13.3 13.0
6.5 6.1
10.8
12
8.0 5.5
12.7 4.0
18.0 20.2
12.4 5.5
8.5 2.0
9.0 5.0
10.0 6.8

12.0
10.0
8.0
11.0
10.0
10.6
12.5
10.3
13.2
11.4
8.0
12.5
11.2

10.0 13.3
7.4 20.0
7.2
6.0
7.0
6.7
9.9 13.3
8.7 80.0
5.8 13.33
6.0 20.0
14.5 40.0
7.5 66.7
7.5 13.3
5.0 13.3
7.8 66.7

26.7
33.3
33.3
6.7
60.0
20.0
13.3
20.0
80.0
13.3
13.3
20.0
33.3

2
3
1
1
2
12
2
3
6
10
2
2
10

4
5
5
1
9
3
2
3
12
2
2
3
5

Table: 7 Effect of hormones on rooting of cuttings in jasmine – November 2009
Rooting
hormones

Sprouted
cuttings (No.)

No. of roots/
cuttings

Length of
roots (cm)

% of rooted
cuttings

Field establish
ment (No)

Treatments

mist

open

mist

open

mist

open

mist

open

mist

open

NAA 250ppm
NAA 500ppm
NAA 1000ppm
NAA 2000ppm
IAA 1000ppm
IAA 2000ppm
IAA 3000ppm
IAA 4000ppm
IBA 1000ppm
IBA 2000ppm
Rootex
Keradix
Control

8
8
9
6
9
12
10
9
7
6
7
6
7

6
7
6
6
7
8
6
9
10
7
7
6
6

17.1
13.1
16.6
12.0
8.3
11.4
10.2
15.2
19.3
12.0
11.0
11.0
10.9

10.3
11.4
12.0
10.5
8.7
12.3
12.3
10.6
23.9
16.6
12.0
11.0
11.5

17.1
14.4
15.8
14.3
11.2
14.1
15.3
12.7
18.4
14.3
12.9
11.5
12.7

11.0
16.6
17.0
18.3
16.6
16.7
15.7
15.4
19.1
16.5
18.3
16.2
17.8

53.3
53.3
60.0
40.0
60.0
80.0
66.7
60.0
46.7
40.0
46.7
40.0
46.7

40.0
46.7
40.0
40.0
46.7
53.3
40.0
60.0
66.7
46.7
46.7
40.0
40.0

8
8
9
6
9
12
10
9
7
6
7
6
7

6
7
6
6
7
8
6
9
10
7
7
6
6
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The influence of rooting hormones on the rooting of jasmine cuttings has been reported
by many workers. According to Basawarajeshwari et al (1998), treatments with growth
regulators significantly promoted rooting and survival, and produced higher number of
roots per cutting in J. auriculatum and J. sambac. Treatment with 4000 ppm IBA recorded
maximum percentage of rooting and highest number of roots with increased length.
Arumughan et al (2002) reported that in J. sambac cv. Madhanban, IBA and NAA each at
4000 ppm induced 100 percent rooting. In a rooting study at Jordan, with softwood cuttings
of Jasminum grandiflorum treated with growth hormones, NAA treatment was most effective
in January (20. % rooting), Alar in March and May (70% rooting) and for control rooting
was highest in cuttings taken in June and July. About 95 – 100 percent rooting was obtained
in softwood cuttings taken in July and treated with NAA and IAA (Savi and Qrunfleh,
1995).These findings conform with the results of the present study.
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Quality planting material production of medicinal and
aromatic plants
S.K. Pareek
National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi-12

The medicinal and aromatic plants constitute a large group, producing diverse range
of plant-based intermediary compounds and value added down stream end products used in
drug formulations, food flavouring, perfumery, cosmetics, toiletries and related industries.
India is richly endowed with the plant wealth of medicinal and aromatic plants. Over 8,500
species of ethno-botanical interest have been recorded. Besides this, over 1100 species are
reported to have odoriferous principles and provide enough opportunity to search new
source of drugs and aromatic chemicals. A macro analysis of the distribution of medicinal
plants showed that 70% of these are found in tropical belt and less than 30% are occurring
in temperate and alpine regions. The compositions of medicinal plants of forests revealed
tree (33%), shrubs (20%), herbs (32%), climbers (12%) and others (3%).
This resource is richly associated with the rural household uses (ITK) in a self-help
mode. The raw material supply is largely dependent on collection from the wild populations
from the forest and from cultivation of selected species. About 90% of the medicinal plants
used by organized sector of industry are collected from wild population and over 70% of
plant collection involved destructive harvesting because of the use of the plant parts like
roots, bark, wood, stem and the whole plant. This poses a great threat to genetic diversity
and the unscientific and unsustainable harvesting rendered several species to endangered
stage and many of them are at the verge of extinction. Realizing the fact, the Govt. of India
has put 29 species on the negative list of export.
This vast resource has formed the mainstay of raw material supply to pharmaceutical,
perfumery and related industries. The global demand for herbal products is expected to be
at least double and perhaps even triple-over the next fifty years due to growing recognition
of natural products, being health promoting with little or no side effect and quite often the
only available sources of healthcare. The world market of US $ 120 billion is estimated to
be growing at 7 % to 10 % annually with India being only next to China in market share
globally. Therefore, such valuable diversity needs to be collected, systematically
characterized to know its value, conserved and documented to meet the present and future
needs of mankind for health security. Such scientific efforts will generate valuable germplasm
leading to development of varieties having desired production potential in appropriate
environment with consistent quality.
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The AYUSH (Ayurveda, Yoga, Unani, Siddha and Homoeopathy) drug formulations
are primarily based on plant origin but the Western system of medicine too has a large
component of plant based drugs and most patented medicines use specific chemical
constituents which in turn has generated bulk demand. It is therefore fair to say that much
of the efforts in domestication and commercial cultivation of medicinal and aromatic plants
in last several decades has been stimulated and supported because of consistent bulk demand
of basic chemicals in the organised sector of pharmaceutical industry.
The rapid expansion in commercial cultivation of Cinchonna, Pyrethrum, Ipecac
Opium Poppy etc. in the past and Mentha, Psyllium, Senna, Rauvolfia, Dioscorea, Withania,
Catharanthus, Cymbopogon grasses, Vetiver etc. in the last two decades and recent efforts
made in domestication of geranium, Patchouli, Rosemary, Lavender and high altitude
medicinal plants like Kuth, Kutki, Artemisia etc. provide ready testimony. It is a matter of
fact that share of export and market is more for medicinal and aromatic plants originating
from cultivation. The raw material produced from cultivation is uniform and consistent in
quality and provides regular assurance for supply to user industries. In addition, reduces
the pressure on forest wealth which helps in biodiversity conservation, protects land
degradation and will have favourable impact on climate change and existence of ecosystems.
In order to provide the raw material of true to type species with consistent and desired
quality for pharmaceutical and aroma industries as per the WHO guidelines and standards,
a total quality management in commercial cultivation is the only answer to this problem.
For an entrepreneur/ grower, a plant variety having desired quality standards is the
prerequisite. In addition development of location specific cultivation practices; post harvest
management, quality control measure and marketing support are necessary to sustain quality
production of needed health and personnel care products vis-a-vis ensure livelihood security
of farm and tribal house holds.
In last three decades several institutes initiated R & D work on medicinal and aromatic
plants and brought out useful information on crop improvement, crop production, post
harvest and analytic procedures of selected medicinal and aromatic plants having high
commercial and industrial value. It resulted in systematic cultivation of about 100 medicined
and aromatic plant species. Due to these scientific efforts, India occupies first position in
production and export of Isabgol, Mints, Senna etc. Several improved varieties have also
been developed in these species. Now the area under medicinal and aromatic plants
cultivation is expanding at faster rate and farmers demand for quality seed and planting
material along with the agro technology has increased.
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By and large the growers don’t get the quality seed and planting material and continue
to purchase there from nurseries whose credibility and competency to raise the planting
material of quality is uncertain. It has also been noted that the farmers are guided and raise
their plantations from planting material obtained from unauthentic source whose quality
and market is not known and therefore, the farming community suffers. Such a situation
results in negative impact on over all development of medicinal and aromatic plants.
In order to synergize commercial cultivation with quality seed and planting material,
recently a workshop on quality seed and planting material production and standardization
organized. The information on available varieties of M & AP developed by different R & D
Institutions and identified nurseries (both in Govt. and Non Govt. sector) for their further
multiplication has consolidated. It is also envisaged to develop a network for multiplication
and distribution of the quality seed and planting material to users. The issues related to
maintenance of seed quality during the course of multiplication are to be monitored properly
vis–a–vis developing a mechanism for seed certification and standardization. As a result a
document entitled. “High-Yielding Varieties of Some Medicinal and Aromatic Plants with
General Guidelines for Seed Production and Certification” has been brought out by National
Medicinal Plants Board, Govt. of India.

Guidelines for quality planting material production
The medicinal plants cover large number of species and are grown in diverse
environments. This is a unique group of plant where different plant parts like root, stem,
leaf, flower, seed etc. are used for their medicinal properties. Seed is the single most important
component which accounts for high crop yield. In order to raise new plantation, the seed
quality is an important component. In several medicinal plants, vegetative part is used as
seed. Therefore, technology to produce quality seed/ planting material is altogether different
from crop production technology. In seed/ quality planting material production programme,
major focus is on quality seed production. Therefore, the following guidelines for quality
seed/ planting material production will be useful for seed/ planting material producers or
nursery managers.

a. Selection of suitable site
• A climate zone suitable for seed production of target medicinal and aromatic
plant and its varieties should be identified.
• A well drained fertile soil with quality irrigation sources should be used. The
soil should be free from infection, sodality, heavy metals etc.
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b. Seeds and Propagation Material
• The species, sub- species, variety of target plant should be accurately identified
and validated as per character documentation given.
• The breeder seed/ foundation seed used should be free from foreign matter
(physically clean and healthy) pests and diseases in order to guarantee healthy
plant growth.

c. Seed production procedure
• Follow the standard isolation distance in case of cross- pollinated species to
avoid out crossing. It generally ranges from 50 meter to 100 meter.
Recommended agronomic practices should be followed for seed production.
• Effective control strategies should be used against diseases, insect pests and
nematodes affecting production of quality seed.

d. Harvesting and processing
• The principle of “maximizing the quality” should be adhered to in the planned
seed production programme.
• The optimum harvesting stage and methods should be identified in accordance
with the quality of seed and its yield.
• The produce should be processed for selection, grading, cleaning, cutting, or
trimming (vegetative material) and drying.

e. Packaging, transportation and storage
• Before packaging, eliminate sub-standard seed and foreign material. Packaging
should be done in accordance with standard operational regulations and records
should be kept of each batch. The packaging should include labeling, giving
product name, specifications, origin, batch number, weight, packaging
consignment number and packaging date.
• The material used for packaging should be clean, dry, non- polluted, undamaged
and in conformity with the quality requirements for medicinal plant material.
f. Quality control
• Apart from physical and morphological quality parameters, emphasis should
also be on chemical parameters such as content of active principle, macroscopic
and olfactory properties as laid down in the Pharmacopoeias.
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g. Personnel and equipment:
• Persons in charge of technical matters at production sites for seed production
of medicinal plants should have received sufficient training on cultivation and
processing or should have practical experience in production of medicinal
plants.

h. Documentation
There should be detailed records kept of entire production process for each kind
with photographs or pictures where necessary. The records should include source
of seed propagation material, production techniques and processes, calendar of
operations and quality parameters of the produce.

Minimum Seed Certification Standards
Minimum seed certification standards are necessary for ensuring quality of seed. It
is a measure of seed quality control to maintain and make available high quality seeds of
notified variety so as to ensure genetic identity and purity.
The certification standards can be broadly divided into two groups:
1. General seed certification standards
2. Crop specific standards
General seed certification standards include all the parameters as per physiological
and genetic characteristics.
a. Physiological, physical and sanitary parameters, good germination and vigour,
low moisture content, well-filled seed/ pure seed, high physical purity, i.e. near
absence of inert matter (stones, sand) and of broken seed, absence of noxious
weeds and seed of allied species and absence of pathogens and insects.
b. Varietal or genetic parameters must be adopted and compared. Varietal
characteristics should be described and meet farmers’ requirements. Typically,
they should have good yield potential under farmers’ conditions and ideally would
be pest/ disease- resistant/ tolerant.

Seed certification
It is a measure of seed quality control to maintain and make available high quality
seeds of notified variety so as to ensure genetic identify and purity ensuring given yield
potential on cultivation. There is a need to develop data through extensive research on
individual species on following parameters:
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i)

Pollination mechanism, for fixing the isolation distance

ii) Disease management for producing healthy seed
iii) Varietal characterization for removing the off- types in field
iv) Dormancy behavior and occurrence of volunteer plants
v) Common weeds of the crop
Breeder Seed: Seed or vegetatively propagated material that is produced under direct
supervision of the breeder/ breeding institute.
Certified seed: Certified seed is seed certified by the certification agency notified
under section 8 of the Seeds Act, 1966 and consists of two classes:Foundation seed: Foundation seed shall be the progeny of breeder seed, or be produced
from foundation seed, which can be clearly traced to breeder seed.
a)

Certified seed is the progeny of foundation seed and its production should be so
handled as to maintain specific genetic identify and purity as per standards of
the crop.

b) Certified seed may be the progeny of certified seed, provided this reproduction
does not exceed two generations beyond foundation seed.

GUIDELINE FOR THE SEED CERTIFICATION
The seed standards consist of the following:
• The minimum percentage of pure seed and the maximum permissible limits of
inert matter, other crop seeds and weed seeds have been prescribed for ensuring
good physical purity of seeds.
• The maximum permissible limits of objectionable weeds have been prescribed to
ensure relative freedom these harmful weed species.
• The maximum permissible limits of seed infected by seed borne disease have
been fixed to ensure good seed health.
• The maximum permissible limits of seeds of other distinguishable varieties seeds
have been prescribed to ensure minimum genetic purity standards.
• The maximum permissible limits for moisture content have been prescribed for
safe storage of seed.
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A. Seed Testing Protocols
1. Seed testing protocols (prescription for sampling, physical purity, other seed
determination, germination and moisture determination, seed vigour etc.) are
not available for medicinal crops, which is a pre-requisite for determining
seed quality parameters and seed trade.
2. Seed testing protocols are regularly updated by ISTA (International Seed
Testing Association, Switzerland) on the basis of research work done globally
and incorporated in ISTA Rules for seed testing. The latest International Rules
for Seed Testing, Edition 2007 (International Seed Testing Association,
Switzerland) contains prescription for all kind of seed testing activities of a
large number of cultivated crops all over the world and it forms the basic and
essential reference book for seed testing and seed trade. However, protocols
for medicinal crops are not specifically prescribed.

B. Germination Standards
Germination testing is important for knowing the planting value of seed. In
addition, the laboratory germination results are also required for comparing the
performance potential or superiority of different seed lots. In general, germination
results are used for the following purpose:
•

Sowing purpose, with a view to decide the seed rate to achieve desired field
establishment.

•

Labeling purposes.

•

Seed Certification purposes.

•

Seed Act and Law Enforcement purpose.

•

In seed testing, germination is defined as production of seedlings with all
essential structures.

C. Seed Health
Seed health is important for four reasons:
•

Seed borne inoculums may give rise to progressive disease development in
the field and reduce yield and commercial value of the crop.

•

Imported seed lots may introduce diseases into new region. Tests to meet
quarantine requirement may therefore be necessary.

•

Seed health testing may elucidate seedling evaluation and cause of poor
germination or field establishment and thus supplement germination testing.
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•

Seed health test results can indicate the necessity to carry out/ perform seed
lot treatment in order to eradicate seed borne pathogens or to reduce the risk
of disease transmission.

D. Seed Standard
Factor

Foundation

Certified

Healthy & plumpy

Healthy & plumpy

2. Uniformity (minimum)

95%

85-90%

3. Dry rot (Maximum)

1%

5%

4. Phyllosticta (Maximum)

5%

10%

5. Scales (Maximum)

1%

5%

6. Mealy bugs (Maximum)

1%

5%

1. Appearance

Thrust areas
• Future thrust areas should cover adequate emphasis on development of improved
varieties in different medicinal and aromatic plants, as per the priority and market
requirement.
• There is need to develop a proper mechanism for production of foundation seed
from nucleus seed in identified varieties of medicinal and aromatic plants. The
respective R&D institutions will provide breeder’s seed to identified multiplication
sites, which in turn will follow, the required seed production protocols.
• The Maintenance breeding is important to maintain the required genetic purity
and quality standards in existing as well as newly developed varieties.
• There is need to create a centralized database (with the help of R&D institutions)
on all the improved varieties of medicinal and aromatic plants, seed producing
and distributing agencies for growers.
• Studies on seed biology and monitoring quality of planting material should be
given due emphasis in R&D programmes to develop required seed standards in
commercially important medicinal and aromatic plants.
• A network research programme may be developed on seed standards and
certification involving relevant stakeholders.
• The provisions of new Seed Act are unique as compared to the existing Seed Act.
Therefore, different stakeholders should organize training campaigns to create
awareness among seed producers, nursery owners and users.
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Antimicrobial activity of extractives of the bark of Bridelia
retusa Spreng. and phytochemical analyses
M.C. Cordeiro and B.B. Kaliwal
P.G. Department of Microbiology and Biotechnology
Karnatak University, Dharwad 580 008
Email: b_kaliwal@yahoo.com

According to WHO survey, 80% of population living in developing countries rely
almost exclusively on traditional medicine for their primary health-care needs. Chemical
constituents obtained from plants may be pharmacologically screened for developing novel
agents. However, among the estimated 250,000-400,000 plant species, only 6% have been
studied for their biological activity, and about 15% have been investigated phytochemically
(Balandrin et al, 1985; Cragg et al, 1997). Medicinal plants are major sources for obtaining
antimicrobial agents and potent drugs highly effective in fighting against microbial infections
(Mann et al, 2008; Idu et al, 2007). Even though pharmaceutical industries have produced
a number of such drugs, resistance to these drugs by microorganisms has increased. Use of
plant extracts and phytochemicals with known antimicrobial properties can be of great
significance in therapeutic treatment (Nascimento et al, 2000). Different plants possers
different constituents in different concentrations, which accounts for differential
antimicrobial effects (Parekh and Chanda, 2007; Ncube et al, 2008). Bridelia retusa S. is a
moderate-sized tree or shrub belonging to Euphorbiaceae family, growing up to 18 meters
in height, with conical spines 7cm long when young. It is found throughout India. The tree
is dioceious, with 7.5 - 15cm long elliptic or oblong leaves. Flowers are greenish-yellow in
color, with laterals appearing from May to July. Fruit is a drupe, 5 mm in diameter, edible,
purple-black in color and contains a single reddish-brown seed, 5 mm in diameter. Fruits
ripen in December-January (Jain et al, 2000). The species in Southeast Asia are usually
part of primary and secondary forest vegetation, either as big trees or smaller trees or
shrubs. Chemical constituents found in fruit pulp and seed include gallic acid, â-sitosterol
and allagic acid (Joshi, 2006). The bark contains tri-terpenoid ketones and 16-40% tannins.
Detailed study of the bark for feed and fodder characteristics revealed presence of 12.76 %
condensed tannins, 12.49% total phenols, 12.2% tannic acid, 9.03% tannads, 10.38% crude
protein, 69.31% neutral detergent fibre (NDF), 28.34% acid detergent fibre (ADF) and
minerals like calcium, copper, iron, manganese, magnesium, phosphorus, zinc, etc (Pandey
et al, 2003). Decoction of stem bark with country liquor is used for diarrhoea, ear ache and
prevents pregnancy. Pounded bark is mixed with gum of Sterculia urens Roxb. and the
mixture is prescribed orally 2-3 days after menstruation for complete infertility (Jain et al,
2000). Extract from the stem bark has anti-viral, anti-cancer and hypotensive properties.
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Paste of the stem bark is applied to wounds and bark juice taken internally in the case of
snake bite (Joshi, 2006). Detailed study of the phytoconstituents and antimicrobial activity
of stem bark extracts of Bridelia retusa S. has not been reported. Therefore, the present
investigation was undertaken to perform phytochemical analyses and to analyze bark extracts
of Bridelia retusa Spreng for antimicrobial activity.

Plant material
The bark of Bridelia retusa S. was obtained from jungles of Western Ghats (Amboli)
India under guidance of the Forest Officer (Forest Department, Collem, Goa). The plant
material was cut into pieces and subjected to shade-drying. On complete drying, the pieces
were powdered mechanically (in a mortar and pestle) and stored in air-tight containers at
room temperature for further use.

Phytochemical screening
The powder (50g) was subjected to extraction in Soxhlet apparatus using various
solvents of petroleum ether (40-60oC), chloroform (60-62oC distillation) and ethanol, in
order to obtain the organic extractives, while distilled water was used for aqueous extract
(which was carried out in a sequential manner based on increasing order of polarity). All
the extracts were concentrated and filtered using Whatman filter paper no. 1. The filtered
organic extract was evaporated, while the aqueous extract was dried in a desiccator. The
colour and percentage yield (w/w, on dry plant-material basis) of each extract was recorded
with at least three replicates. Dried extractives obtained from each of the solvents were
labeled, weighed and stored at 40C in air-tight containers. All the extractives were
qualitatively analyzed for presence of various phytochemicals like alkaloids, carbohydrates,
flavonoids, glycosides, phenols, sterols, tannins, etc. (Brindha et al, 1981; Harbone, 1998;
Kokate et al, 2008; Raaman, 2006; Trease and Evans, 2008; Sadasivan and Manikam,
2008).

Antimicrobial assay
In-vitro antimicrobial activity was performed using two Gram positive bacteria:
Bacillus subtilis NCIM2063, Staphylococcus aureus NCIM29135; two Gram negative
bacteria: Psuedomonas aeruginosa NCIM2036, Escherichia coli K strain; and two species
of yeast: Candida albicans NCIM3102, Cryptococcus luteolus NCIM3238 obtained from
National Collection of Industrial Microrganisms (NCIM), National Chemical Laboratory,
Pune, India. All the microorganisms and two fungal cultures of Aspergillus niger and
Fusarium equesiti were subcultured and stored at 40C. Cultures of bacteria, yeast and fungi
were inoculated in 50 ml nutrient broth, malt glucose yeast peptone and Sabouraud’s broth,
respectively. Bacterial, were incubated at 370C for 24 hrs and yeast/fungal cultures at 22+20C
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for 2-4 days, respectively (Ncube et al, 2008). Antimicrobial activity was assayed by agar
disc diffusion method (Mackie and McCartney, 1996; Vaghasiya and Chanda, 2007). Molten
Mueller Hilton agar (Himedia) for antibacterial study, Yeast Malt agar and Antifungal Assay
agar (Himedia) for antifungal study were poured into sterile plates, and allowed to solidify.
Media plates were inoculated by spreading 100 ìl of broth cultures. The 7 mm discs (Himedia)
were saturated with 25, 50, 75 and 100mg extracts dissolved in 1% dimethyl sulfoxide
(DMSO), allowed to dry and were introduced into inoculated agar plates. For each microbial
strain, controls were maintained using 1% DMSO alone. Results were obtained by measuring
the zone-diameter using HiAntibiotic zone scale (Himedia). Four replicates of the experiment
were performed and mean values were determined. Results were compared with standard
antibiotics: ampicillin (25mcg/disc), ceftriaxone (30mcg/disc) and gentamicin (50mcg/disc);
antifungal agents: amphotericin B (20mcg/disc) and fluconazole (10mcg/dics).
Stem bark of Bridelia retusa was subjected to sequential extraction using petroleum
ether, chloroform, ethanol and water in increasing order of their polarity. Extraction yield
was found to be the highest for ethanol extract (6.25%), followed by aqueous (5.0%),
chloroform (0.55%), and petroleum ether (0.11%) which gave the lowest yield. Amongst
the organic extractives used in the present study, ethanol gave maximum extraction yield
compared to other extracts. Colour of the dried extractives of petroleum ether, chloroform,
ethanol and aqueous was observed to be bright yellow, brownish-yellow, reddish-brown
and dark reddish-brown respectively (Table1). Also stem bark of Bridelia retusa was
subjected to sequential extraction using polar and non-polar solvents, with increasing
polarity. It has been revealed that petroleum ether, chloroform, ethanol and aqueous plant
extracts of Bryophyllum calycinum Salisb. (Crassulaceae family) yielded 3%, 1.8% 5.7%
and 21% w/w, repectively, clearly indicating that the aqueous extract showed higher yield
in comparison to other extracts (Devbhuti et al, 2008) which was contrary to the present
study. This was also reported in percent extractive results from petroleum ether (1.57% w/
w, shining yellow), chloroform (2.81% w/w, deep greenish-black), ethyl acetate (1.75% w/
w, light green), ethanol (9.13% w/w, greenish-yellow) and aqueous (6.85% w/w, black)
extracts of Zanthoxylum nitidum stem bark. The percent extractive yield of different solvents
provides information on quantity and nature of constituents in the extract. The colour of
extractives sometimes may roughly indicate physical and chemical features of constituents
present (Bhattacharya and Kamaruz Zaman, 2009).
All the crude extractives were subjected to phytochemical analyses to detect presence
or absence of various groups of compounds. Petroleum ether showed presence of proteins,
aromatic amino acids, tri-terpenoids, quinones and sterols, while the chloroform extract
was positive for proteins, quinones and sterols only. Ethanol extractives gave positive
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results with reference to reducing sugars, proteins, tannins, saponins, sterols and glycosides,
similar to that of aqueous extractives but differed by presence of tri-terpenoids.
Carbohydrates, monosaccharides, peptide bonds, amino acids, phenols, flavonoids, alkaloids,
lignin, gums, mucilage, oils or fats were not detected in any of the extracts (Table 2).
Antimicrobial activity was investigated using various concentrations of all four
extracts on different microorganisms, and compared with standard antimicrobial agents.
Gram positive bacteria were inhibited by ethanol extract showing 20mm and 15mm as
maximum zones, while minimum zones of 18mm and 12mm against Bacillus subtilis and
Staphylococcus aureus, respectively. Among the Gram negative bacteria, only Pseudomonas
aeruginosa gave antibacterial activity for all the extracts tested, while Escherishia coli was
inhibited by ethanol and petroleum ether (10mm zones for 50 and 100mg) extracts. Maximum
and minimum zones of 28mm and 10mm were observed for ethanol extract against
Pseudomonas aeruginosa, while for chloroform, 10mm zones were obtained at all
concentrations. Candida albicans and Cryptococcus luteolus gave maximum inhibitory
zones of 13mm and 20mm, while minimum zones of 9mm and 14mm, respectively, against
ethanol extracts. No antifungal effects were observed against Aspergillus niger and Fusarium
equesiti. Maximum inhibition was observed at concentration of 100mg of the extracts.
Maximum zones of inhibition shown by standard antibiotics of ampicillin, ceftriaxone and
gentamicin were: 40mm (Staphylococcus aureus), 38mm and 34mm (Bacillus subtilis),
respectively. Amphotericin B showed similar zones (10mm) against Aspergillus niger and
Fusarium equesiti (Table 2). Earlier investigation of chloroform and petroleum ether flowerextracts of Senna alata was inactive on all organisms studied except Bacillus subtilis and
Escherichia coli, indicating inactivity of the extractives on the organisms. This was similar
to all extractives except the ethanol extract of Bridelia retusa. Antimicrobial activity of the
Senna alata L. flower extracts against both Gram positive and Gram negative bacteria has
been reported in earlier studies (Idu et al, 2007). Activity of the plant against Gram positive
and Gram negative bacteria may be indicative of presence of broad-spectrum antimicrobial
compounds in Bridelia retusa. From earlier studies conducted, activity of Cnidoscolus
aconitifolius against two different strains of bacteria (Gram positive and Gram negative)
justified its application as a broad-spectrum antimicrobial agent, with largest efficacy
associated with its ethanolic extract (Oladunmoye, 2006). Similarly, methanolic extract of
Croton zambesicus Muell. Arg. (Euphorbiaceae) showed a wide spectrum of inhibition
against most of the bacterial and fungal strains tested, and Proteus vulgaris was found to be
the most resistant bacterium (Rueben et al, 2008). The present study indicated that antifungal
activity of our plant was lower compared to its antibacterial activity. The antimicrobial
activity observed in earlier studies in fourteen plant extracts showed antifungal activity to
be relatively lower than antibacterial activity. Traditional healers primarily use water as the
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solvent, but plant-extracts extracted in organic solvents have profoundly distinct antibacterial
activity (Vaghasiya and Chanda, 2007). It has been observed that antimicrobial activity
increased with increasing concentration of the extracts, but inhibitory effect was lower
compared to standard antimicrobial agents. Similar results of antimicrobial activity in ethanol
extracts were reported from two varieties of Acalypha wilkesiana L. (Euphorbiaceae family)
compared with standard agents (Oladunmoye, 2006). Activity of an antimicrobial agent is
concentration-dependent. Position of the zone-edge (diameter of inhibition) is determined
by initial population, density of the organism, growth and rate of diffusion of the
antimicrobial agent (Mann et al, 2008). Discovery of potent remedies of plant origin will
constitute a great advancement in fungal and bacterial infection therapies. However, further
investigations are needed as these are important to understand the exact mechanism of
antimicrobial activity in Bridelia retusa stem-bark extracts.
To conclude, phytochemical analysis revealed various metabolites in the stem bark
of Bridelia retusa, thus providing knowledge on the specific metabolites responsible for its
therapeutic quality. This study is an evaluation of phytochemistry and antimicrobial activity
of the plant. Such plants, demonstrating a broad spectrum of activity, may help discover
new chemical classes of drugs that could serve as selective chemotherapeutic agents for
maintenance of health. Promising results obtained indicate that extensive studies on the
plant will enable identify its potential. Thus, this study justifies folklore medicinal and
therapeutic value of the plant.

Table 1. Percentage Yield of Bridelia retusa stem bark extracts with different
solvents
Sr. No.

Solvent

Percentage yield (% w/w)

Colour of dried extract

1.

Petroleum Ether

0.11

Bright yellow

2.

Chloroform

0.55

Brownish yellow

3.

Ethanol

6.25

Reddish brown

4.

Distilled water

5.0

Dark reddish-brown

Mean values of three replicates.
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Table 2. Qualitative phytochemical analysis of Bridelia retusa stem bark
extracts
Sr. No.

Constituent

Extracts of different solvents
PE

C

E

DW

Carbohydrates
i. Monosaccharides

-

-

-

-

ii. Reducing sugars

-

-

+

+

Tannins and phenols
i. Tannins

-

-

+

+

ii. Phenol

-

-

-

-

3.

Saponin

-

-

+

+

4.

Triterpenoids

+

-

+

-

5.

Flavonoids

-

-

-

-

6.

Quinones

+

+

-

-

7.

Sterols

+

+

+

+

8.

Glycosides

-

-

+

+

9.

Alkaloids

-

-

-

-

10.

Lignin

-

-

-

-

11.

Gums and mucilage

-

-

-

-

12.

Oils and fats

-

-

-

-

1.

2.

(+): Present, (-): Absent, PE: Petroleum ether, C: Chloroform, E: Ethanol, DW: Distilled
water.
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Table 3. Antimicrobial activity of bark extracts against different microbial
strains
Sr.
No.

1

Concentration of extract
and standard agent
(mg and mcg/disc,
respectively)

PE

25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100

2

C

3

E

4

DW

5
6

Control
Ampicillin
(25 mcg/dics)
Ceftriaxone
(30 mcg/dics)
Gentamicin
(50 mcg/dics)
Amphotericin B
(20 mcg/dics)
Flucanazole
(10 mcg/dics)

7
8
9
10

Gram positive Gram negative
bacteria
bacteria

Yeast

Fungi

BS

SA

EC

PA

CA

CL

F

AN

18
18
19
20
26

12
13
14
15
40

10
10
14
17
17
21
-

10
10
14
18
10
10
10
10
14
17
23
28
10
11
12
14
-

9
10
12
13
-

14
16
18
20
-

-

-

38

37

39

19

-

-

-

-

34

23

36

30

-

-

-

-

-

-

-

-

15

21

10

10

-

-

-

-

32

29

-

-

BS: Bacillus subtilis, SA: Staphylococcus aureus, PA: Pseudomonas aeruginosa, EC:
Escherichia coli, CA: Candida albicans, CL: Cryptococcus luteolus, F: Fusarium AN:
Aspergillus niger, PE: Petroleum ether, C: Chloroform, E: Ethanol, DW: Distilled Water,
Inhibition zone is the mean of three replicates including the disc diameter (7mm), (-): No
activity
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Bananas and plantains, because of their wider adaptability, are grown in tropical and
sub-tropical regions of the world. M. acuminata and M. balbisiana are the probable
progenitors of the present day bananas. Most commercially-cultivated bananas are triploids
(AAA, AAB or ABB), leading to sterility and, hence, do not set seed. The inherent nature
of polyploidy and sterility has made it essential to propagate bananas only through vegetative
means. Traditionally, these are propagated through suckers, but their natural regeneration
is very slow due to hormone-mediated apical dominance of the mother plant. This leads to
production of only 5-20 suckers in its life-time, depending upon the variety. This slow
method of propagation is not able to meet the growing demand for planting material.
From decades, banana has been one of the important fruit crops of India, with great
socio –economic significance. Health consciousness of the present generation has totally
changed dietary habits and the new prefers age nutritious foods like fruits for consumption.
This has ultimately increased the demand for fruits like banana. This, in turn, warrants
increased production of fruits. In the present context of shrinking land and water resources,
scope for area expansion is bleak; so the next best alternative is to increase productivity
which is possible only through use of quality planting material in banana cultivation.
The quality planting material could be produced only through modern tissue culture
methods which has revolutionized the banana industry at global level. India is also a
beneficiary, with its productivity level enhanced from 20 t/ha in early 90’s to 34 t/ha (Singh,
2002). But, genetic variation resulting from micropropagation, i.e., somaclonal variation,
appears to be ubiquitous in Musa and is a major bottleneck for the industry and farmer.
Among the hundreds of banana varieties available in India, only Cavendish varieties like
Robusta and Grand Naine are the mainstay in export trade. But, unfortunately, these are
highly prone to such variations, compared to other sub-groups of banana. This is because
most of the commercial cultivars are derivatives from other varieties, for eg, Madhukar
(Giant Cavendish) is a mutant of Dwarf Cavendish. But during tissue culture multiplication,
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these tend to revert to their parent types, which is not accepted by the growers and are
regarded as off-types. Apart from this, a series of consistent off-types have been observed
due to the large number of somatic mutations affecting pseudostem pigmentation, plant
height, inflorescence morphology, fruit colour and size. Among these, most dominant offtypes are ‘floral deformity’ types, leading to severe yield losses. All these variants pose a
major problem both to farmers and industries. Farmers suffer heavy yield loss owing to
irregularity in bearing and other deformities and, in turn, sue the industries for compensation.
This could be fatal not only to the upcoming tissue culture industry, but to the Indian
banana industry as a whole.
The origin of somaclonal variation among tissue culture regenerated plants is
attributed to various reasons like chromosomal rearrangement loss, gene amplification /
de-amplification, non-reciprocal mitotic recombination, transposable element activation,
point mutations, reactivation of silent genes in multi-gene families and alterations in
maternally intuited characteristics. Occurrence of somaclonal variation depends on the
genotype, subculture frequency, explant type, media composition and culture induced stress.
Excessive multiplication cycles to obtain economically viable number of plants from a
single shoot tip and use of a higher concentration of plant growth regulator to increase the
proliferation rate might be the major causes for production of off-types / variants. High
incidence of somaclonal variation has drastically affected the yield, eventually leading to
legal issues. Currently, a wide array of approaches is available for detecting such off-types.
However, these differ in their sensitivity, technical complexity, ease of use and stage at
which to be applied. Among the methods available, molecular approaches have been
identified as the most potential tools, with a high discriminatory power to detect even
minor genetic differences.
RAPD is a novel technique developed by Williams et al (1990) and Welsh and Mc
Clelland (1990). The array is fast, non-radioactive and requires only nanogram quantities
of DNA. RAPD has been successfully used to detect variation among somaclones (Rival et
al., 1998). RAPD, ISSR and DAF have been successfully used to identify off-types at an
early stage with specific banding-patterns (Damasco et al, 1996; Caetano Annoles et al,
1997; Pillay, 2001; Leroy et al, 2001). RDA (Representational Different Analysis) is known
for analysis of tissue culture induced DNA polymorphisms (Cullis and Kunert, 1999a,
1999b, 2000; Cullis et al, 1999a).
The band specific for dwarfness was converted into a SCAR based marker (Damasco
et al, 1998). MSAP analysis was performed to evaluate DNA methylation derived
polymorphisms in micropropagated bananas obtained either from the vegetative apex of
the sucker or from the floral apex of the male inflorescence (Peraza Echeveria et al, 2001).
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Three different types of somaclonal variation have been characterized by RAPD in bananas
developed through meristem culture (AFLP and AFLP-based). Techniques like SE, TE,
MSAP have been used on banana to characterize dwarf types (Engelborghs et al, 2001).
Till date, no attempt has been made to develop SCAR markers for other off-types
like floral and vegetative deformity. Hence, attempts were made in the present study to
develop RAPD - SCAR marker linked to floral deformity. The SCAR marker developed
would enable the industries to identify variants rapidly in a large population of tissue culture
bananas. Such random screening of Musa off-types using markers developed will also be
of potential use to the farming community, as, it ensures supply of uniform and quality
planting materials.
Surveys were conducted in Theni and Hosur districts to collect representative samples
from tissue culture plantations of Robusta with floral deformities. Floral deformity is
manifested in terms of altered bunch-orientation and geometry, fruit orientation, extended
or reduced intermodal spacing, odd fruit-diameter, altered pulp:peel ratio, etc. The leaf
samples were collected from individual plants of a given population based on transects.
Genomic DNA was isolated using CTAB method described by Gawel and Jarret (1991),
with minor modifications. DNA concentrations were determined spectrophotometrically
and its integrity was checked on 0.8% agarose gel electrophoresis.
A total of 32 random oligonucleotide primers from Operon Technologies Inc.
(Alamada, CA) belonging to the series OPA, OPB, OPC, OPD and OPK were tested to
analyze variability among the florally deformed samples collected from tissue culture
plantations. PCR was carried out in a 25 µl reaction containing 50 ng of genomic DNA, 1X
PCR buffer (Genei, India), 200 µM each of four dNTPs, 1.5U of Taq polymerase (Genei,
India) and 0.2 µM of random primer. PCR program for RAPD consisted of an initial
denaturation at 94ºC for 5 min, followed by 40 cycles of denaturation at 94ºC for 60 sec,
annealing at 37ºC for 1 min, followed by extension at 72ºC for 1 min., terminated by a final
extension 72ºC for 15 min. followed by incubation at 4ºC.

Gel electrophoresis and data analysis
The amplified products were fractionated by gel electrophoresis on 1.5 % (w/v)
agarose gel using 1X TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 8.0) and the gels
were stained with ethidium bromide (0.5 mg ml-1). The banding patterns were documented
in Alpha Innotech Image Analyser. The molecular weight of the amplified fragments was
calculated by comparing the molecular weight of the marker (500bp DNA ladder) with the
help of the software, Alpha Imager version 4.0 (Alpha Innotech Corporation, California,
U.S.A).
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PCR amplified products from individual plants were scored as either present (1) or
absent (0). The Genetic Similarity (GS) matrix was then used in hierarchical cluster analysis
using the Unweighted Pair Group Method with Arithmetic Averages (UPGMA) and
Sequential Agglomerative Hierarchical and Nested (SAHN) clustering methods (NTSYS
statistical package, Rohlf, 1990) to produce a dendrogram.

Standardization of primers
Among the 32 random oligonucleotide primers used in the present study, only 20
primers (Table. 2) that resulted in consistent and informative profiles were considered for
variability analysis. The optimization of primer is based on the number of polymorphic
amplicons evaluated between the normal and variant plants. A primer was considered to be
consistent and informative when it provided similar profiles across duplicate/triplicate
template DNAs and if it produced a profile with 3/4th of the samples used in the present
study. Of the 32 primers tested, 20 produced reproducible PCR bands (amplicons) and
were considered for further genetic analysis. A total of 167 PCR fragments were detected,
with an average of 8.35 bands per primer. Among the amplified fragments, 43.71% were
polymorphic and the rest were monomorphic (Table I), indicating the existence of
considerable genetic variation among test clones. The maximum level of polymorphism
(100%) was observed only in the RAPD primer OPD-10 while a low level of polymorphism
(>50%) was observed with RAPD primers OPA-05, OPA-09, OPA-12, OPA-20, OPB-04,
OPB-05, OPB-06 and OPD-12. Rest of the 12 primers failed to produce any PCR fragments.
This failure was not due to failure of the PCR reaction as this was repeated three times. The
average polymorphism observed in the present study was 44.69%. Although some bands of
the same size co-migrate electrophoretically, they may not represent the same region of
genomic DNA, which introduces uncertainties. The limitations of the RAPD method can
be overcome by carefully adjusting the reaction conditions (Colosi and Schaal, 1997).

RAPD diversity
The results of singlet RAPD revealed that only 5% of the primers worked efficiently.
This considerably indicated the necessity for inclusion of more number of primers for this
kind of study. Out of 20, one primer, OPA-02 (Operon Tech., 5’- TGCCGAGCTG -3’)
amplified a band of approximately 625 bp in the normal plant (lane 13), which was absent
in floral deformity samples of cv. Grand Naine collected from Hosur (Fig. 1) but was
present in the other two variant samples of cv. Grand Naine (lanes 15 and 17).
Basically, phenotypic expressions of variation in terms of floral deformity, dwarfism,
etc. may not be purely genetic. Several extraneous factors, biotic and abiotic factors are
also responsible for floral deformity. Biotic factors like internal hormones, imbalance
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between the hormones, and occurrence of mite and aphid attack also leads to floral
deformities. Abiotic factors like severe summer, high or low temperatures at floral initiation
and differentiation, soil nematodes, pH etc. also result in such symptoms. While on many
occasions, industry factor also plays a major role like tissue culture protocols, no. of culture
cycles, hardening conditions, etc.
Under these circumstances, the two variant samples (lanes 15 & 17) could be
considered as pseudovariants while the other two variant samples of cv. Grand Naine from
Chinnabelagondapalli could be treated as true variants for this specific trait. For selection
of true variant samples, stringent sampling strategy needs to be followed, eliminating all
pseudovariants.
The present result indicates that the amplicon (~ 625bp) identified as a discrete band
could be used as a diagnostic marker for cv. Grand Nine (floral deformity) after converting
it into SCAR and reconfirmation using the same samples. However, a major disadvantage
of this random primed PCR technique is their low reproducibility compared to the robustness
of AFLP (Crouch et al, 1999). AFLP is indeed a powerful and useful technique for the
analysis of Musa genomes for different applications, i.e., genetic diversity (Wong et al,
2001), taxonomy (Loh et al, 2000) and detection of somaclonal variant (Benatti et al, 1999),
but care must be taken not to over-estimate its value.

CONCLUSION
In general, RAPD markers may be used in the preliminary study for a crop species
like banana but it needs refinement through using more highly reproducible and
discriminating markers, viz, AFLP and SSR, which would be more appropriate in detecting
off-types like floral deformity.
A future strategy could rely on comparison of bulked DNA of phenotypically identical
‘floral deformity’ plants with bulked DNA of the corresponding normal variant. This strategy
is based on the hypothesis that these plants were generated independently and have a different
genetic background, although they are phenotypically identical. Bulking of DNA of several
individual plants of the same variety coming from different places in the world may reduce
variation in the fingerprint and produce a profile which is more specific to floral deformity.
Representational Difference Analysis (RDA) is one method which is being used to derive
probes for genomic losses, rearrangements, amplifications, point mutations and pathogenic
organisms found within any organism (Lisitsyn et al, 1993). This has been used successfully
to identify tissue culture induced banana variants (Cullis and Kunert, 2000).
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Table 1. Polymorphism with various random primers used in the study
S.
No.

Primer
used

Sequences from
5’ to 3’ end

No. of amplified
No. of
%
bands
polymorphic bands Polymorphism

1.

OPA-01

CAGGCCCTTC

12

1

8.33

2.

OPA-02

TGCCGAGCTG

12

4

33.33

3.

OPA-04

AATCGGGCTG

10

0

0.00

4.

OPA-05

AGGGGTCTTG

6

4

66.67

5.

OPA-09

GGGTAACGCC

6

4

66.67

6.

OPA-12

TCGGCGATAG

11

6

54.54

7.

OPA-17

GACCGCTTGT

7

1

14.29

8.

OPA-18

AGGTGACCGT

13

5

38.46

9.

OPA-19

CAAACGTCGG

4

0

0.00

10.

OPA-20

GTTGCGATCC

14

10

71.43

11.

OPB-01

GTTTCGCTCC

3

1

33.33

12.

OPB-02

TGATCCCTGG

9

2

22.22

13.

OPB-03

CATCCCCCTG

12

4

33.33

14.

OPB-04

GGACTGGAGT

5

3

60.00

15.

OPB-05

TGCGCCCTTC

6

5

83.33

16.

OPB-06

TGCTCTGCCC

5

4

80.00

17.

OPD-10

GGTCTACACC

11

11

100.00

18.

OPD-12

CACCGTATCC

6

5

83.33

19.

OPK-09

CCCTACCGAC

6

2

33.33

20.

OPK-14

CCCGCTACAC

9

1

11.11

Average

8.35

44.69
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Fig 1. Plants exhibiting bunch and floral deformities
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Fig. 2 Putative band for the somaclonal variant ‘floral deformity’ using
OPA-2 premier

Band specific to floral deformity (625 bp)
Putative bands missing in florally deformed
off-types
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Evaluation of garlic lines for higher yield and processing
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Among the spices grown in India, garlic (Allium sativum L.) is the important bulbous
crop and second most widely cultivated Allium after onion. It is consumed in various ways
by almost all the sections of the societies and highly placed for its flavor enhancing capacity
(Roy and Chakraborti, 2002). It has good export potential as fresh bulb as well as in the
form of dehydrated product (Gupta and Singh, 1998). Garlic has higher nutritive value than
other bulbous crop (Pandey, 1997) and can be used for preparation of pickle etc. (Pandey
and Singh, 1987). As per NHRDF estimate during 2008-09 it occupies an area of 1.08 lakh
hectare with total production of 5.93 lakh metric tons. The average productivity of garlic in
India is 5.51 tons/ha, which is very low if compared to other garlic growing countries. The
lack of high yielding varieties of garlic and non-availability of quality planting materials in
adequate quantity are main constraints for the production and productivity.
Garlic exhibits greater susceptibility to agro-techniques and environmental condition.
Once quantitatively and qualitatively superior lines are identified, their maintenance through
vegetative propagation is assured. Garlic possesses a wide range of variability on bulb
traits and yield attributes as well as the storability, in spite of being vegetatively propagated
crops. To meet out the domestic as well as export requirement, selection of suitable genotypes
for growing under different agro climatic condition is required. A view to screen higher
quality planting materials in garlic for higher yield and processing, the National Horticultural
Research and Development Foundation Nashik collected a large number of germplasms
from within the country and abroad and evaluated their performance to select the line
having high bulb yield with less number, large size cloves per bulbs.
The experiment was carried out at National Horticultural Research and Development
Foundation, Regional Research Station, Salaru, Karnal, Haryana during 2004-05, 2005-06
and 2006-07. Sixteen advance lines including four checks Yamuna Safed (G-1), Agrifound
White-(G-41), Yamuna Safed-2 (G-50) and Yamuna Safed-3 (G-282) selected from more
than three hundred germplasm evaluated at the centre and planted in randomized block
design with three replications. Planting of cloves of selected lines were done every year in
1
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first fortnight of October in bed size of 3.0 X 1.5 m. Recommended agro-practices were
followed to ensure a healthy crop growth and development. Irrigation along with inter
cultural operations were done as and when required. The climate of Karnal is subtropical
and minimum and maximum temperature ranging between 50C to 420C respectively.
Harvesting was done as and when they matured. Observations were recorded on ten randomly
selected plant in each collections for all the traits viz-plant height (cm), leaves per plant,
neck thickness (cm), bulb diameter (cm), bulb size index (cm2), weight of 20 bulbs (kg),
clove diameter (cm), clove size index (cm2), weight of 50 cloves (g), number of cloves per
bulbs, bolting (%), total soluble solid (%), dry matter content (%), gross yield (q/ha),
marketable yield (q/ha) and disease and insect pest. Total soluble solids were measured
with hand refractometer and for percent dry matter content, sample of clove were kept in
oven at 600C and dried. Data of three consecutive years are pooled to identify high yielding
and good processing types.
Data presented in Table-1 shows significant variation in different genotypes for
different traits. Plant height ranged from 78.89 to 89.45 cm and the highest plant height
89.45 cm was noted for G-324 and which was on par with advance lines G-189 (84.36 cm),
G-200 (84.39 cm), G-255 (85.29 cm), G-304 (85.74 cm) and checks G-1 (85.90 cm) and G282 (86.59 cm). The lowest plant height was measured for G-302 (78.89 cm). The significant
leaves per plant (7.67) were observed for G-192 and which was on par with G-4 (7.47), G264 (7.47), G-304 (7.40) G-305 (7.60) and G-324 (7.50). Minimum neck thickness (1.40)
was observed in check G-50). Significant differences were noticed among the lines pertaining
to bulb diameter and bulb size index which varied from 3.91 to 4.79 cm and 12.54 to 16.77
cm2 respectively. For both traits the genotypes G-324 performed better as compare to others
lines. The highest 20 bulbs weight was recorded in G-324 (653.56 g) followed by G-282
(644.44 g), G-192 (586.89 g), G-189 (586.22 g) and G-200 (573.56 g). It was observed that
increase in bulb weight was associated with increase in plant height, leaves per plant, bulb
diameter, bulb size index number of cloves per bulbs and cloves weight. This is in conformity
with the findings of (Ahmed and Hoque, 1986). The highest clove diameter (1.53 cm),
clove size index (3.97 cm2) and weight of 50 cloves (90.0 g) was observed in by check-282.
These three traits ranged from (0.82 to 1.53 cm), (2.22 to 3.97 cm2) and (38.11 to 90.0 g)
respectively and these differences indicated the yield potentialities of the germplasms. The
similar results were also reported by Korla and Rastogi (1979), Hari Om and Shrivastava
(1976) and Singh and Chand, (2003) while comparing some selected varieties. The number
of cloves per bulb ranged from 17.22 to 41.65 and minimum cloves per bulb observed for
G-282 (17.22) followed by G-302 (27.55), G-305 (30.18) and G-41 (35.34). But the highest
number of cloves (41.65) was observed for G-192 followed by G-189 (39.44). The total
soluble solid and dry matter content ranged between (35.19 to 39.81%) and (37.57 to 41.91%)
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respectively. The highest total soluble solid and dry matter content was observed in G-41
(39.81 and 41.91. %) and which was on par with G-305 (39.59 and 41.26%) and G-189
(38.75 and 40.79%). It is suggested that the germplasms which have a potential of high
total soluble solid and dry matter content that can be used for processing for preparation of
several processed and packed materials. These variations among the characters mentioned
above could be utilized by the plant breeder for the improvement of desired traits. The
similar finding was reported by Islam et al., 2004 regarding yield contributing characters.
The bolters range between 7.59 to 33.21 %. The minimum bolters were noted in advance
line G-302.
A hundred percent stemphylium blight incidence was observed in the lines except G200 (93.33%) and G-324 (93.33%). The intensity range of stemphylium blight was (13.3018.60%). The minimum intensity was observed for G-200. The thrips incidence and intensity
ranged from (83.33-100%) and (3.20 to 4.57%) respectively. The minimum incidence 83.33%
was observed for check G-41, but minimum intensity (3.20%) was observed for G-200.
The stemphylium blight incidence and thrips intensity showed non-significant result. None
of the lines showed resistant or even tolerant to common disease and insect pest; therefore,
these lines can’t be used for resistant breeding. The gross yield and marketable yield of the
genotypes ranged from (116.05 to 199.01 q/ha) and (101.22 to 160.22 q/ha) respectively.
The highest and significant gross yield and marketable yield was recorded in G-324 and G189 respectively and was significantly higher compared to all the remaining clones. The
yield potentials of the other genotypes were not significantly varied but they differed in
respect of others traits. Considering yield potentiality, total soluble solids, dry matter, and
other desirable traits, the genotypes G-189, G-324, G-305 and G-200 are considered
promising and can be selected for viz., development of high yielding and processing varieties.

REFERENCES
Ahmed, U.N. and Hoque, M.M. 1986. Studies on the performance of some indigenous and exotic
garlic germplasm in Bangladesh. Bangladesh Horticulture, 14:19-24.
Gupta, R.P. and Singh, D.K. 1998. Studies on the performance of different advance lines in garlic.
National Horticultural Research and Development Foundation, Nashik, News Letter, 18:13
Hari, O.M. and Shrivastava, R.P. 1976. Performance of different locally selected garlic cloves
Progressive Horticulture 7:81:86
Islam, M.J. Islam, M., Tania, S.A. Saha, S.R. Alam, M.S. and Hasan, M.K. 2004. Performance
evaluation of some garlic genotypes in Bangladesh. Asian J. Pl. Sci. 3:14-16.
Korla, B.N. and Rastogi, K.B. 1979. Performance studies of some garlic cloves. Haryana Jo. Horti.
Sci., 8:69-72.

525
Mann, K.L. and Minges, P.A. 1958. Growth and bulbing of garlic in response to storage temperature
of planting stocks day length and planting date, Helgardia 27:285-419
Pandey, U.B. 1997. Garlic cultivation in India, Technical Bulletin No. 7 National Horticultural
Research and Development Foundation, Nashik, 1-50pp
Pandey, U.C. and Singh, N. 1987. Garlic the less problematic and most profitable crop. Haryana
Farm 16: 23-24.
Roy, S.K. and Chakraborti, A.K. 2002. Post harvest management and processing of onion and garlic.
Souvenir consultative meeting on accelerated production and export of onion and garlic,
April 19-20
Singh, Y. and Chand, R. 2003. Performance studies of some garlic (Allium sativum L.) clones.
Himachal Journal of Agriculture Research 29:35-42.
Thompson, H.C. and Kelly, W.C. 1979. Vegetable crops, Fifth Edition. MC Grew-Hill Book Company
Inc, New York.

526

Genetic engineering for improved production of planting
material
C. Aswath and Vageeshbabu S. Hanur
Division of Biotechnology,
Indian Institute of Horticultural Research,
Hessaraghatta, Bangalore – 560 089
E-mail: aswatth@iihr.ernet.in

Biotechnology and genetic engineering offer tremendous scope for addressing many
problems in agriculture and horticulture. Genetic engineering can be used ingeniously for
improving quality and efficiency of planting material. In terms of biology of plant
propagation, planting material constitutes mainly seeds and asexual propagules. Improving
the quality of planting material, in a strict sense, can be done by improving both quality and
quantity of seeds and propagules. This is achievable using the principles of plant genetic
engineering. Apart from non-GM technologies like micropropagation and apomixis,
manipulation of genes that regulate several aspects of plant development, differentiation
and reproduction is needed for realizing the potential productivity of seed or planting
material.
Plant development, right from seed germination to the senescence stage, is regulated
by expression and complex interaction of a myriad of genes, at different developmental
stages. Many of these genes, irrespective of crop species, are involved in a regulated
expression of important plant morphogenesis traits (Table 1). The power of genetic
engineering enables us to clone any gene from any crop/organism and transfer it to any
other organism (in this case, horticulturally important crops) to develop genetically modified
(GM) crops with specialized traits. In doing this, correct selection of a potential gene is an
important consideration. Genes involved in various plant functions are available (Table 2).
These can be successfully utilized to develop transgenics for enhanced quality planting
material production. For example, in potato, even slight genetic improvements in tuberization
can substantially increase the yield of seed potato tubers or minitubers. This can be made
possible by suitable manipulation of important genes like CONSTANS (CO) or FLOWERING
LOCUS T (FLT). Indeed, over expression of homeobox genes, POTH1 and BEL5, in
transgenic potato has enhanced tuberization in vitro. Similarly, altering photoperiod
regulation can bring about plant development to advantage. An example is the case of
phytochrome genes that sense and regulate plant development through cues about different
light qualities. Phytochrome A and B genes mediate photoperiod control of tuber formation
in potato. Another interesting case is the use of genes that regulate tiller characteristics.
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Ectopic expression of monoculm1 gene in rice increased tiller number. This situation can
be exploited in several horticulturally important crops like ornamental crops to generate
quality planting material. In Dendrobium, for example, DOH1 gene can be engineered for
enhanced production of planting material (Fig.1). Similary, in chrysanthemum, manipulation
of MADS box genes can affect plant architecture for use in planting material production
(Figure 2).
Axillary meristems are important tissues for propagation of vegetatively propagated
crops. Abundant production of axillary meristems is not possible under natural plantdevelopmental conditions. By studying the complex sets of genes that regulate axillary
meristem initiation (Table 3), efforts can be made to induce de novo production of axillary
meristems for quicker multiplication. Somatic embryogenesis is another plant developmental
program which can be effectively engineered for commercial production of millions of
somatic embryos in fermenters/bioreactors on industrial scale. Genes that govern a switch
to somatic embryogenesis like the somatic embryogenesis receptor kinase (SERK), cloned
from many crops, can pave the way for achieving this goal. This methodology has already
been successfully used in many countries in a number of crops that are asexually propagated.
Seed dormancy is one of the least understood phenomena in seed biology. However,
recently, genetic approaches have helped identify specific genetic determinants responsible
for this physiological condition. Potential regulators of dormancy have been identified as
substances whose accumulation in seeds correlates with depth of dormancy (Table 4). Several
lines of evidence have established that abscisic acid (ABA) induces dormancy during embryo
maturation. Since expression and genetic analysis have identified members of key enzyme
pathways in ABA metabolism like 9-cis-epoxycarotenoid dioxygenase, Cytochrome P450
CYP707A and zeaxanthin epoxidase as regulators of dormancy. Active oxygen species and
late embryogenesis abundant proteins also play a role in determining seed dormancy. Seed
coat components with light sensing ability and flavonoids have also contributed significantly
towards understanding seed dormancy. Release of seed dormancy has been molecularly
linked to interplay of various phytohormones like gibberellins, brassinosteroids, ethylene,
and nitrogenous molecules such as nitrate and nitric oxide (NO). The specific interplay
between GA, brassinosteroids, ethylene, NO, nitrate, active oxygene species and newer
hormone-like molecules (karrykins) grossly determine the dormancy state and the tipping
point of seeds for germination. Various protein components, including transcriptional and
post-transcriptional regulators, phosphatases, kinases, protein modifications, signal
transductions (signal reception, transduction and downstream processes) and their crosstalk are also key to quantitatively determining dormancy. Identification of key regulator(s)
of dormancy release and genetic engineering can bring about profound changes in the
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expression of and overcoming dormancy, along with understanding fine regulation (Table
5).
Molecular profiling using ‘omics’ (genomics, transcriptomics, proteomics,
interactomics, metabolomics) using comprehensive datasets and bioinformatics can help
in understanding important traits like somatic embryogenesis, dormancy, axillary meristem
formation, stem cells, apomixis and other plant mechanisms. This will not only enable us
to harness the power of genetic engineering to develop crops tailored to supply unlimited
quanta of quality and uniform planting material, but also help us unravel processes underlying
these mechanisms.

Table 1. Important plant functions targeted for development of improved
planting-material
Function

Target crop

Axillary meristem initiation

Ornamental crops, bud-propagated crops

Seed dormancy

Several crops

Somatic embryogenesis

Banana, perennials

Apomixis

Vegetables

Tillering

Asexually propagated crops

Seed dormancy

Vegetables and several fruit crops

Shoot branching

Ornamental crops

Root tuberization

Tuber crops

Improved rooting

Root crops and stock materials
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Table 2. Genes involved in various plant functions for generation of improved
planting material
Function

Crop

Gene(s)

Apical meristem
initiation

Rice, pea,
tomato

Refer Table 3

Tillering

Maize

teosinte branched 1 (tb1)

Rice

fine culm1 (fc1)
monoculm1 (moc1)

Shoot branching

Pea

ramosus

Cereals

more axillary growth (max)
decreased apical dominance (dad)

Tuberization

Several crops

isopentenyl transferase (ipt)

Potato

constans
flowering locus T (FLT)

Table 3. Genes regulating axillary meristem initiation
Gene
function

Rice

Crop
Pea

Tomato

Auxin efflux carrier

OsPIN1

PsPIN1

-

Serine/Threonine kinase

OsPID

PsPID

-

Flavin monooxygenase

OsYUC1

-

-

Basic helix-loop-helix
transcription factor

LAX

-

-

GRAS transcription factor

MOC1

-

LS

NAC transcription factor

OsNAC2

-

-

OsHB3

-

-

-

-

BLIND

HD ZIP transcription factor
MYB transcription factor
MADS box genes

OsMADS

SlMADS
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Table 4. Addressing seed dormancy using genetic regulators at different stages
Stage

Biochemical mechanism

Dormancy induction Abscisic acid
and maintenance
biosynthesis

Target gene(s)

9-cis-epoxycarotenoid
dioxygenase family

Dehydration and
Cellular oxidation state Genes related to active oxygen species
desiccation tolerance
and late embryogenesis abundance
Seed-coat

Biochemistry of testa

Pigmentation and flavonoid genes

Dormancy release
and germination

Gibberellins

Biosynthesis, reception and signaling;
GA oxidase, GA1 locus

Brassinosteroids

Brassinolide reception genes

Ethylene

Ethylene biosynthesis, reception and
signaling: etr1, ctr genes

Nitrogenous molecules NO production and stimulation;
NR gene
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Table 5. Molecular targets for engineering seed dormancy
Function

Gene(s)

Target trait

ABA

9-cis-epoxycarotenoid
dioxygenase

ABA synthesis

Cytochrome P450
CYP707A

ABA metabolism

Late embryogenesis
abundant proteins

Seed germination

Domestication genes

Seed color, dormancy and
shattering traits

FUSCA3

Positive regulation of ABA

Pickle (pkl)

GA stimulated germination

GA3ox

Gibberellin oxidation

GAI

GA insensitivity

Brassinosteroid

Sleepy1

Brassinosteroid regulation

Ethylene

Etr, ctr, ein

Ethylene perception and signal
transduction

GA

Dormancy release RDO

Reduced dormancy

HUB1

Histone monoubiquitination-mediated
reduced dormancy

PIL5

Phytochrome interacting factor for
dormancy release

DELLA

Negative regulation of GA

DOG1

Delay of germination
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Fig 1. Dendrobium plantlet engineered for multiple meristem-formation phenotype. a. transformed
with DOH1 gene showing simultaneous growth of two separate young shoots from the same meristem
region in Dendrobium. b. growth of three separate young shoots with same gene c. Side-view of a
transgenic plantlet showing inflorescences (arrows) from the two separate shoots derived from the
same meristem region

Figure 2. Phenotypic alterations in transgenic chrysanthemum plant overexpressing IBMADS4 for
improving plant architecture and planting material: A. Comparison between wild type (left) and
transgenic plant. B. Wild type (right) and transgenic (left) chrysanthemum plant internode. C.
Transgenic plant
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Production of quality planting material in vegetatively
propagated spices
V.A. Parthasarathy*, K. Kandiannan and P.A. Mathew
Indian Institute of Spices Research (ICAR), Calicut 673 012

Spices are high-value and low-volume commodities of commerce in the world market.
Spices play an important role in the food industry world over. The estimated growth rate
for spices demand in the world is around 3.19%, which is just above the population growth
rate. India has been a traditional producer, consumer and exporter of spices. There are
about 109 spices listed by International Organization for Standardization, and India grows
about 60 of these spices. All the States in the country produce one or the other spice.
During the crop year 2006-07, the country produced about 3944.2 thousand tonnes from
2410.8 thousand hectares of area under spices. During the last three decades (for which
data is available), the production has increased nearly three times due to area expansion
and higher productivity. Value of spices exports from the country experienced a five-fold
increase during the same period. Of the total production, nearly 9.5% was exported. The
maximum export-share among spices in chilli (40%), followed by cumin (11%), turmeric
(11%), coriander (6%) and black pepper (5%) during 2008-09. However, in terms of value,
mint products and spice oil & oleoresins contributed 44% of the total export earnings.
Chilli, cumin and black pepper contributed 20%, 10% and 8%, respectively, of the total
export earnings.

Quality planting material
Availability of quality planting materials of improved varieties of spices is not
adequate (Parthasarathy, 2008). Spices like black pepper, ginger, turmeric, nutmeg, vanilla
etc. are propagated vegetatively, whereas cardamom is propagated by both methods viz.,
vegetative and seed propagation. In this paper, production of quality planting material of
vegetatively propagated spices is briefly presented. The estimated requirement for planting
material for the next five-year period is given in Table 1.

*E-mail: parthasarathy@spices.res.in
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Table 1. Planting material requirement in spices projected for the coming years
Crop

Unit

Black pepper Nos.
@ 1100/ha
Ginger @
1.4 t/ha

2010-11

2011-12

2012-13

2013-14

2014-15

Total

34577880 35442325 36328383 37236593 38167508 181752688

Tonnes

2598

2650

2703

2757

2812

13520

Turmeric @ Tonnes
2.0 t/ha

6387

6515

6645

6778

6914

33239

Clove @
200/ha

Nos.

38080

39280

40458

41672

42922

202413

Nutmeg @
150/ha

Nos.

58470

60330

62140

64004

65924

310868

Cinnamon @ Nos.
275/ha

11935

12290

12659

13038

13430

63352

Small
Nos.
cardamom @
1100/ha

408875

410920

412975

415039

417115

2064924

Vanilla @
1100/ha

550470

591810

633237

677563

724993

3178073

Nos.

BLACK PEPPER
Black pepper is propagated by cuttings. Seedlings take much longer (to come to
bearing) than cuttings or layers, and show genetic segregation. Traditionally, pepper farmers
use cuttings from 10-15 year old plants for field-planting. Three-node cuttings are taken
form runner shoots of disease-free plants after pre-monsoon showers and planted at a distance
of 30 cm away from the standard. These cuttings get established after about three months,
when new shoots emerge. Establishment of cuttings depends on prevailing climatic
conditions.
To circumvent problems associated with field-establishment of cuttings, Bavappa
and Gurusinghe (1978) developed one of the most popular rapid-multiplication methods
(the bamboo method). This involves production of a large number of rooted cuttings under
nursery conditions. Healthy and high-yielding mother plants in the age group of 5-12 years
are selected during October – November, and the runner shoots are kept coiled at the base
of the vines to prevent their direct contact with soil. These runner shoots are removed
during February – March and cuttings are taken. Split bamboos of about 8-10 cm diameter
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are arranged at an angle of 45º on a support of horizontally-tied poles erected for the purpose
in the nursery. The bamboos are then filled with a mixture of cattle manure and coir dust.
The three-node or single-node cuttings rooted in the nursery are placed below the bamboo
splits and trained onto them. Growing shoots are tied close to the medium filled into the
bamboos to ensure contact for rooting. When vines reach the top of the support, the growing
point is excised; and 2 weeks later, shoots are severed near the base and divided into singlenode rooted cuttings. Single nodes with substantial root growth are planted in polythene
bags filled with the potting mixture. An average of 40 single-node rooted cuttings per vine
can be produced in a year with this technique, but different modifications made are also
followed.
Another novel propagation technique in black pepper is the serpentine method. Rooted
cuttings planted in polythene bags are arranged lengthwise on either side of the nursery.
The cutting is trailed horizontally to grow; to facilitate this, polythene bags with potting
mixture are arranged one after another. Each node is pressed into the mixture with ‘V’
shaped midribs of coconut leaves. Once twenty nodes get rooted in the bag, the first 10 are
separated by chopping at the internodes. The cut-end is pushed back into the potting mixture.
The cut-end also produces roots. After three months, it is ready for planting. Daily irrigation
is to be done. These cuttings are now ready for planting in the main field. On an average,
60 cuttings can be obtained in a year by this method from each mother-cutting. The
advantages are: (i) it is simple, cheap and quick and suited to small and marginal farmers,
and (ii) sprouting percentage is higher compared to the rapid multiplication technique
(Thankamani et al, 2004).

CARDAMOM
Cardamom is propagated either through seeds or by vegetative means and, it being a
cross-pollinated crop, its seedling population so-produced is not uniform. Only 35 per cent
of the plants are good-yielders in a plantation raised from seedlings. Hence, vegetative
propagation is normally resorted to for multiplication of elite clones. Vegetative propagation
can be achieved either through suckers or tissue culture. Suckers from elite clones can be
used for establishing plantations to obtain high productivity. Plants raised from suckers
come to bearing earlier. Suckers should not be used in areas where ‘katte’ or other viral
diseases (such as Kokke kandu and Niligiri necrosis) are common.

Rapid clonal propagation
High-yielding varieties/selections are generally multiplied in isolated clonal-nurseries.
Virus-free high yielding plants are selected and subcloned for further multiplication. For
rapid multiplication, timely agro-techniques need to be followed (Korikanthimath, 2002)

536

1. High-yielding plants free from pests and diseases, with characters like bold
capsules and with green colour, are to be selected from plantations, and part of
the clump should to be uprooted for clonal multiplication, leaving the motherclump in its original place to induce subsequent sucker formation for further use.
2. The minimum planting-unit consists of one grown-up sucker (rhizome and a
growing young shoot).
3. Trenches having a width and depth of 45cm and of a convenient length have to be
dug, filled with jungle soil, compost and topsoil.
4. The rhizomes (planting-unit) are placed at a spacing of 1.8m x 0.6m in trenches,
thus accommodating 9259 plants per hectare of clonal nursery area.
5. Pandal (overhead) protection, regular watering (once a week during November
to May) and chemical manure @ 48:48:96 g NPK per plant (in two splits) should
to be applied.
6. On an average 32 - 42 suckers are produced after 12 months of planting-from one
planting unit. With 50% of this suckers/clump, one can get 16-21 planting-units
(one grown-up sucker, along with a growing young shoot, i.e., sucker) from one
mother-planting unit after 12 months.
7. In an area of 1-hectare of clonal nursery, 1,48,144 to 1,94,439 planting-units can
be produced after 12 months.
8. Clones thus produced should be free from virus, rhizome rot and root knot
nematodes.

GINGER
Ginger is propagated vegetatively by portions of rhizomes known as ‘seed rhizomes’
and among inputs, seed material alone accounts for about 40% of the total cost of production.
In order to obtain good germination, proper storage of early-season seed rhizomes is essential,
so that rotting, shriveling, dehydration and sprouting can be avoided until the next season.
Maintaining storage temperature of 22-25oC make the growing-buds fat and strong, which
a temperature higher than 28oC, in the long run, make the buds thin and weak. If storage
humidity is too low, ginger rhizome epidermis may also lose water and wrinkle, and
sprouting-speed and bud quality may be affected (Xizhen et al, 2005). Ginger can be stored
in pits (1 x 1 x 1m size) with inner walls lined with stones/ bricks. The bottom is filled with
10cm thick dry-sand. Disease-free, bold rhizomes are selected after harvest, cleaned; treated
with 1:1:100 Bordeaux mixture for 20 min is recommended for seed rhizomes. Treated
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rhizomes are placed in pits, leaving a 10-15cm space on top, are covered with a wooden
plank to allow space for aeration and plastered with cow dung. Covering the seed material
with a layer of Glycosmix pentaphylla leaves is also beneficial. In China, cellars holes dug
out of the earth in shady or covered places, are used commonly for storage of seed rhizomes.
Zero-energy cool chamber (ZECC), is found ideal for storing fresh ginger. Loss in weight
of rhizomes was only 23% after storing for 4 months in this chamber, while ginger stored in
open conditions Shrank. Studies on storage of “seed pieces” of ginger showed that, in
general, number of days to germination decreased with length of storage-period, while,
percentage germination and yield increased from 0 to 42 days of storage. However,
germination and yield were consistently lower after 35 days of storage. This anomalous
behaviour may be due to secondary dormancy, during which seed pieces lost their dormancy
for up to 21 days of storage, but regained or entered into secondary dormancy at 35 days
and, again lost dormancy after 42 days.
Stored rhizomes must be examined at monthly intervals and rotten ones should be
removed to keep pathogen inoculum-level low. In Nigeria, delayed harvesting with grass
mulching up to 15cm thick, in the field itself or storing the harvested rhizomes in shade on
layers of sand or grass cover, are some alternate ways of seed-ginger storage. Seed-rhizome
weight and length used for sowing vary from place to place and variety to variety. In
general, seed-rhizomes are cut into small pieces 2.5 – 5.0cm long, weighing 20-25g, with
one or two viable buds. Seed-rate varies with variety and soil fertility status. In general,
seed-rate varies from 1500 to 2500kg per hectare, depending on seed-size and spacing, in
India. Seed treatment is essential to prevent seed-borne pathogens and pests to ensure uniform
germination.

TURMERIC
Turmeric is traditionally propagated vegetatively through the rhizome (underground
modified stem). Although seed-set is reported, this is useful in breeding programmes alone.
For commercial production, rhizomes are used as seed. Turmeric rhizomes are mainly of
two types: oval shaped mother rhizome (first formed rhizome from the main pseudo-stem),
and finger rhizomes which develop from the mother rhizome. The fingers may be of first
order (primary rhizome), secondary or tertiary order. In literature, the term ‘bulb’ or ‘corm’
is also used to denote rhizomes. All the three give new plants after planting. Mother rhizomes
are found to be better than finger rhizomes. The mothers split longitudinally into two halves,
and the fingers are broken into pieces of 5 to 10cm length, weighing approximately 50 to
100 grams with one or two buds. These are used for planting. In general, in most of the
turmeric growing areas, primary fingers are used for seed. Transplanting of sprouted buds
has also been attempted in turmeric.
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Rhizomes, for seed purpose, are generally stored by heaping in well-ventilated rooms
and are covered with turmeric leaves. Seed rhizomes can also be stored in pits with saw
dust, sand, and leaves of Glycosmis pentaphylla , Srtychnos nux-vomica. The pits should
be covered with wooden planks, with one or two openings for aeration. Adequate aeration
is required during storage. Highest recovery (94.88%) of healthy seed-rhizomes at the end
of storage was recorded in zero energy cool chamber, followed by 250 gauge polyethylene
bags with 0.5% area of vents which should more sprouting. Storing in heaps under a tree
canopy covered with leaves, had the lowest sprouting (64.41%) and the highest rotting
(21.94%) caused by Pythium spp. (wet rot) and Aspergillus spp. (dry rot), and insect damage
caused by Lasioderma serricorne beetles. Hot water treatment at 50oC for 30 min, without
affecting germination, eradicates all fungi associated with turmeric seed rhizomes.
Turmeric seed-rate generally varies between 1000 and 1200 kg ha-1. When mother
rhizome is used, the rate is 1800 kg ha-1, while it is 1200 kg ha-1 for fingers. Indian Institute
of Spices Research, Calicut recommends 2500 kg ha-1. Highest yields are obtained from
seed-rhizome pieces with 2 to 3 eyes. Turmeric seed rhizome of 30-40g with a large diameter
or seed-mother rhizome weighing 25-34g free from daughter rhizomes can be used.

VANILLA
Vanilla is propagated vegetatively using vines from productive gardens, whereas
seed propagation is done only for research purposes (employing special techniques, because
seeds do not germinate readily under natural conditions). Three types of planting material
are used for raising vanilla gardens. These are: (i) Cuttings, (ii) Rooted cuttings in bags,
(iii) Tissue-culture derived plants. Stem cuttings are capable of striking roots at nodes
when these come in contact with soil or any other rooting medium. Hence, it is thus prepared
for commercial propagation. Stem cuttings are either planted directly in the field (if sufficient
material is available), or grown in polythene bags and transplanted.

NUTMEG
Nutmeg is propagated both by seeds, and vegetatively by grafting or budding. It is a
dioecious plant (occasionally monoecious plants have been reported) and seed-propagation
is not in vogue. Fully ripe, tree-burst fruits should be used for raising nurseries. Farmers
can also use grafted plants. Mristica beddomei and M. malabarica, related to nutmeg, can
also be used as rootstocks besides nutmeg. For raising seedlings for planting or as rootstocks,
naturally-split, healthy fruits are harvested during June-July and seeds are extracted, and
sown immediately. Since both orthotropic and plagiotropic shoots can be used for grafting,
the resultant plants have different growth patterns. Orthotropic shoots give rise to erectgrowing plants, whereas plagiotropic (lateral) shoots give rise to bushy, spreading plants.
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However, these may be induced to develop orthotropic shoots by bending above 90 degrees.
Bush-grafts are advantageous for high-density crops. Grafts of elite, high-yielding trees
can be prepared by epicotyl grafting, instead of planting seedlings. Wherever seedlings are
established and trees are poor-yielders or predominantly male, top-working by budding or
grafting can be done to get desired results.

Conclusion
There is a great demand for quality planting material in spices and efficient production
techniques for various vegetaively-propagated spices are available. The Government of
India, under National Horticultural Mission, provides funds to various Government NGO
Private agencies for production of quality planting material. ICAR has also initiated largescale production of quality planting material under ICAR Mega Seed Project. In this endeavor
it is also essential to supply pest-and disease-free quality seed, with proper certification, to
avoid disease-spread, particularly of virus. Various methods for detecting pathogens and
pests and standards for quality of spices planting material, are available. Rejuvenation and
replanting of black pepper has been started in Idukki and Wynad districts of Kerala. This
requires huge amount of planting material. A holistic approach in this direction is essential
to supply quality material to farmers. ‘Seed Village’ concept is also under adoption in
many places to enhance production of these materials.
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Production of Quality Planting Material in Cashew
M. Gopalakrishna Bhat1 and M. Gangadhara Nayak2
Directorate of Cashew Research
(Indian Council of Agricultural Research)
Puttur-574 202, D.K., Karnataka

Introduction
Cashew (Anacardium occidentale L.), was introduced from Brazil to India in 16th
Century for afforestation and soil conservation purpose. Natural propagation of this species
occurred through seeds for over 400 years after introduction and the species spread to
various parts of the country (Ohler, 1979). Cashew got well adapted to varied soil and
agroclimatic conditions but remained wild without much systematic exploitation as a crop.
The commercial importance of nutritious cashew kernels was realized in the early part of
20th Centuary and gained importance as a crop plant thereafter (Bhat et al., 2009). Cashew
got the real impetus only after 1980’s when it was considered as an important horticultural
crop of India. The old plantations which already existed were of seedling origin from nondescript seed material and thus resulting in non-uniform performance and poor nut yield
from such plantations (Bhat et al., 2009). The vegetative plant material of high yielding
types (“the air layers”) planted at late fifties indicated that the nut yield and performance is
superior over the seedlings when used as planting material.
In the early eightees need for standardization of vegetative propagation technique
was felt and attempts were made through cashew research network consisting of National
Research Centre for Cashew (NRCC), the All India Coordinated Research Project (AICRP)
on Cashew of Indian Council of Agricultural Research (ICAR) and State Agricultural
Universities (SAUs). Elaborate studies with various propagation techniques such as cuttings,
layering, grafting and budding revealed that only softwood grafting technique is
commercially viable since grafts can be produced almost throughout the year and on planting,
the establishment and plant performance was highly satisfactory (Swamy et al., 1998).
Production of Planting Material
Planting material production in cashew requires several pre-requisites and
infrastructure as detailed below:

1

Director; 2Principal Scientist
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Establishment of Scion Bank:
Presently 40 cashew varieties have been released by various cashew research stations
in the country (Bhat et al., 2009) (Table 1). Of the 40 varieties, few are now not recommended
due to their small nut size, low kernel weight, low shelling percentage, susceptibility to
pests and diseases, inconsistency in yield and other traits and only 28 varieties have been
recommended for planting by farmers (Table 2). However, only few important varieties are
in great demand and most of the nurseries are multiplying them and supplying to farmers
and development departments (Table 3). For such varieties scion banks (mother blocks)
have been established and scions are utilized for grafting.

Table 1. Cashew varieties released in India by various Cashew Research Stations
Centre

No. of varieties
released

Variety

East Coast
Bapatla

7

BPP-1 to BPP-6 and BPP-8

Vridhachalam

4

VRI-1, VRI-2, VRI-3 and VRI (Cw) 5

Bhubaneswar

1

Bhubaneswar-1

Jhargram

1

Jhargram-1

Vengurla

7

Vengurla-1 to Vengurla-7

Goa

2

Goa-1 and Goa-2

Madakkathara

8

Anakkayam-1, Madakkathara-1 (BLA-39-4),

West Coast

Madakkathara-2 (NDR-2-1), K-22-1, Kanaka,
Dhana, Priyanka and Amrutha
Ullal

5

Ullal-1, Ullal-2, Ullal-3, Ullal-4, UN-50

NRCC Puttur

3

NRCC Selection-1, NRCC Selection-2 and
Bhaskara

Chintamani

2

Chintamani-1 and Chintamani-2

Total

40

Maidan Area
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Table 2. Cashew varieties recommended for different states
State

Recommended varieties

Karnataka

NRCC Sel-2, Bhaskara, Ullal-1, Ullal-3, Ullal-4, UN-50,
Vengurla-1 (Uttara Kannada), Vengurla-4 (Uttara Kannada),
Vengurla-7 (Uttara Kannada)

Karnataka (Plain Region)

Chintamani-1, Chintamani-2, Dhana (H-1608)

Kerala

BLA-39-4 (Madakkathara-1), NDR-2-1 (Madakkathara-2),
K-22-1, Kanaka (H 1598), Dhana (H 1608), Priyanka (H
1591), Amrutha (H 1597), VRI-3

Maharashtra

Vengurla-1, Vengurla-4, Vengurla-6, Vengurla-7

Goa

Goa-1, Goa-2, Vengurla-1, Vengurla-4, Vengurla-6,
Vengurla-7

West Bengal

Jhargram-1, BPP-8

Orissa

Bhubaneswar-1, BPP-8, Dhana

Tamil Nadu

VRI-3, VRI (Cw) 5

Andhra Pradesh

BPP-4, BPP-6, BPP-8

Table 3. Cashew varieties which are in great demand
Early varieties

Mid season
varieties

Late varieties

Long duration
varieties

NRCC Selection-2

Bhaskara

Ullal-1

VRI-3

Ullal-4

Vengurla-4

Madakkathara-2

Priyanka

Vengurla-7
Ullal-3
Dhana
BPP-8

In scion bank, required number of plants at a closer spacing of 4m x 4m is
recommended for planting and annual pruning is recommended for containing the height
of the plant canopy and for faster production of scion sticks. Regular manuring with split
application of fertilizers, recommended plant protection measures can boost the scion
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production. From such well maintained scion about 200-300 scion sticks per tree on
precuring can be collected from a plant annually when the plant grows about 5 years and
above (Swamy et al., 1993). Deblossiming in scion bank enables the availability of scion
sticks throughout the year. Detopping the trees and maintaining canopy at a reachable height
(1-2 m) is advantages for scion collection and for undertaking cultural operations.
Raising of Root Stock Seedlings:
Seedlings raised from graded seednuts of 6-7 g weight are used as root stocks for
grafting purpose. Collected seednuts are sundried for 2-3 days. Seeds should be of perfect
formation (well filled) and with highest possible specific gravity. Seeds can be selected by
taking seednuts which have sunk in the drum with water. In cashew the performance of
scion variety is not affected by root stock either in terms of growth or yield. Seedlings are
raised in polybags containing potting mixture of [1:1:1] Soil : Sand : Farm Yard Manure
(FYM) and maintained till they are ready for grafting with special care such as desuckering,
irrigation, weeding and plant protection against pest and diseases. High density polythene
bags of 25cm x 15cm size and 300 gauge thickness (160-170 bags/kg) are used for filling
potting mixture. About 30-40 holes of 0.5 cm diameter are made uniformly on polythene
bags for ensuring good drainage during rainy season. Bags filled with potting mixture upto
the brim are arranged in beds of 10 bags per row. Seednuts are soaked for 12-24 hours
before sowing in order to get good germination. Seeds are dibbled in the centre of the bag
at 2.5 cm depth with stalk-end upwards and are covered with little soil. Polythene bags are
watered daily after sowing during drier months. Seednuts germinate in about 15-20 days
after sowing. Seednuts should be sown at weekly / fortnightly intervals to get continuous
supply of desired root stock seedlings. In order to prevent the collar rot / damping off of
seedlings, spraying of Bordeaux mixture (1%) or carbendazim (0.1%) at 10 days intervals
is given and for control of tea mosquito bug and other sucking pests lamda-cyhalothrin /
quinalphos is given. Two months old seedlings with height of 25-30 cm are used as rootstocks
for grafting.
Development of infrastructure facilities:
For a commercial nursery a fenced area is essential with a good irrigation source.
Minimum implements such as secatures, grafting knives, wheel barrows for transport of
material and plants, space for erecting make shift grafting sheds, pipelines and irrigation
point, storage structures are required. The Silpaulin sheets and graded shade nets be procured
and used for shade regulation and for the protection of seedlings from high and low
temperatures, wind damage, damage due to heavy rains (Swamy and Nayak 2003). The
floor of the nursery may be laid with granite stones / cuddappa stones in order to prevent
striking of roots to soil.
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Softwood Grafting Technique and After Care
Grafting with precured scion sticks on softwood portion of the rootstock seedling by
cleft (wedge) grafting method is called as softwood grafting. Two pairs of bottom leaves of
rootstock seedlings are retained and other leaves are removed using a sharp grafting knife
at a height of 15-20 cm from ground level where softwood portion is available on the root
stock, a transverse cut is made and the terminal shoot is removed. A cleft of 6-7 cm deep is
made in the middle of the decapitated stem by giving a longitudinal cut. A little portion of
wood is removed from the inner sides of the cleft at the top. A matching scion for the root
stock is selected from among the scions. A scion is reduced to a length of 10 cm by cutting
the excess portion at the bottom. Cut end of the scion is mended into a wedge shape of 6-7
cm length by chopping off bark and little portion of wood from two opposite sides taking
care to retain some bark on the remaining two sides.
Wedge of scion is inserted into cleft of rootstock seedling taking care to see that the
cambial layers of both rootstock and scion come in perfect contact with each other. If the
scion stick is of different girth than that of rootstock, care should be taken to see that
cambial layers of both rootstock and scion should be aligned atleast on one side. Graft joint
is secured firmly with 2 cm wide and 30 cm long polythene strip / tape of 100 gauge
thickness. For this purpose polythene bags of 30 cm x 30 cm size and 100 gauge thickness
may be purchased and strips can be made. A long and narrow polythene cap (20cm x 4 cm
size and 200 gauge thickness) is put on the grafted plant for preventing drying up of the
scion and to maintain required humidity. Grafted plants are left in the nursery shed for
about 2-3 weeks to encourage sprouting of the terminal bud. After 2-3 weeks, polythene
caps are removed gently and silpaulin sheets which are spread over the grafts are removed.
Successful grafts show sign of growth within 3-4 weeks. Grafted plants should be protected
from scorching sun by providing partial shade using agro shade nets with 35-50% shading.
There is about 65-75 per cent success. Polythene strips should be removed from the graft
joint after 3-4 months of grafting in order to avoid girdling of the graft joint. Sprouts
appearing on rootstock portion below the graft joint should be removed at regular intervals.
Cashew grafts are ready for sale after 5 months of grafting (Nayak et al., 2009). Different
stages of cashew graft production are shown in Fig.1. Flower panicles appearing on the
grafts are to be removed as and when formed. Bordeaux mixture spray or carbendazim
spray are given during the rainy season to prevent diseases. Insecticides spray are given to
control tea mosquito bug and other sucking pests.
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Fig.1: Stages of softwood grafting in cashew

Hardened grafts can be maintained under open sun light (Sawke et al., 1987; Swamy
et al., 1993). Grafts so prepared are to be labelled properly and maintained in nursery till
they reach the stage of sale.
Grafting Standards for Planting
Grafts ready for sale and planting should qualify minimum standards such as a
graft should have erect growth, minimum of 45 cm in height, having 4-5 fully mature
leaves, perfect graft joint without girdling and free from sprout on root stock portion,
polythene bags has to be intact. Grafts should be free from pest and disease problems,
should not have any nutrient deficiency symptoms. Grafts need to be frequently shifted for
getting better growth and preventing roots striking into ground and thereby increasing the
final grafts success. Such grafts establish well when planted.
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Coconut (Cocos nucifera L.), commonly refereed to as ‘Kalpavriksha’ is an important
plantation crop providing livelihood security to millions of small-marginal farmers. In
India, the crop is extensively cultivated, particularly in southern states. Coconut is affected
by serious diseases limiting the production and productivity of the crop. Leaf rot along
with root (wilt) disease occurs extensively in southern districts of Kerala state, besides its
neighboring states – particularly in Theni district of Tamil Nadu. It is to be noted that the
root (wilt) affected palm is commonly infected by leaf rot - the leaf rot incidence having a
strong interrelationship with root (wilt) firmly established (Srinivasan, 1991, 2001).While
root (wilt) is a systemic symptom the leaf rot is non-systemic (necrotrophic). As such, the
root (wilt) in association with leaf rot is an economically very important diseases complex
in coconut-unique case of phytoplasma–fungal disease complex. Control of leaf rot is an
integral part in the management of root (wilt) complex. Efficacies of biological control
agents - Bacillus subtilis, Pseudomonas fluorescens, Trichoderma spp. etc. - in control of
coconut leaf rot fungi have been shown (Srinivasan, 2004, 2007a, 2008; Srinivasan and
Bharathi, 2006) leading to the introduction of concept of biological control measure in the
disease management with encouraging trend of technology utilization. Efficiency/synergism
with mixtures of antagonists - consortium/consortia - in plant disease control has been
shown (Raupach and Kloepper, 1998) and that is a matter of importance. Combination of
strains of P. fluorescens and combination of P. fluorescens and B. subtilis are found more
effective over individually alone against pathogens of leaf rot (Srinivasan et al., 2006). As
organics are eco-friendly, economical and environmentally safe and such materials draw
importance/relevance in field application of biocontrol agents (Srinivasan N, 2007b,
2010a).The use and scope for application of the biological control/biopesticides - ISR
measure - as a tool in the integrated disease management system has been evolved.
Biopesticides are applicable to coconut in different stages of cultivation – from sowing of
seed nuts in nursery through adult palms in plantations. Coconut plants in young stage
itself, particularly in disease affected regions, require special care as the root (wilt)-leaf rot
affected young palms seldom flower. Mass treatment of coconut seeds/seedlings with
biocontrol agents in nursery stage itself perhaps would help to establish vigorous seedlings
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with possible induced resistance in the plant system against the disease complex. Therefore
the principle of disease management measures from the early stage of coconut cultivation
itself has been felt strongly. Considering constant requirement of quality seedlings for
replanting towards rejuvenation of disease affected coconut gardens availability of value
added coconut seedlings – biocolonized with antagonistic organisms – is of particular
importance. Therefore, with the fore-mentioned background a study was undertaken through
field experiments to evaluate the effect of biological control agents through biopriming of
coconut seeds/seedlings. The results as accrued from such a study are presented in this
paper.

Mass multiplication and utilization of biological control agents
Effective isolates of bacterial (B. subtilis, P. fluorescens) and fungal (T. viride)
biological control agents as evolved earlier were utilized in these studies. The bioagents
were mass multiplied in appropriate culture media (Srinivasan, 2007b) and utilized after
converting the liquid culture inocula into biopesticides (through formulations using solid
carrier) as per the need. For deriving biopesticides the bacterial and fungal bioagents grown
independently in medium were prepared as bioformulations using neutral talc powder as
carrier. Inoculum of B. subtilis and P. fluorescens idependantly were mixed thoroughly
with talc powder @ 400 ml of liquid culture per kg. of talc powder containing 5 g of
carboxy methyl cellulose as adjuvant; the fungal biomass of T. viride along with broth
transferred in to the talc powder from flasks and mixed thoroughly. These mixed products
were air-dried at room temperature for approximately 72 hrs. as per the procedure evolved
already and packed for utilization after evaluating the population level of each bioagent.

Biopriming of coconut seeds/seedlings, field planting and observations
Experiment I
This Experiment formed the first year trial of biopriming of coconut seed nuts. There
were three treatments of talc-based bioformulations viz., B. subtilis, P. fluorescens, and
consortium of B. subtilis + P. fluorescens (in comparison with control). Water suspension
of each bioagent - B. subtilis or P. fluorescens - was prepared in plastic buckets @one Kg
biopesticide per 10 L of water and in the case of consortium of B. subtilis and P. fluorescens
the bioformulations were equally mixed in the ratio of 50:50. Matured coconut seed nuts
(West Coast Tall variety) as harvested earlier from healthy coconut palms were dipped
individually in to suspension of each talc-based bioformulation at the rate of 10 seed nuts/
treatment and planted in rows in nursery beds in the field. Seedlings were raised in the
nursery beds in that manner. Control seed nuts did not receive any treatment. Booster
application of concerned treatments was given in a manner to the root system of seedlings
thus raised at fourth month after planting; seedlings of control seed nuts did not receive any
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bio treatment. Seed germination/seedlings under treatments in comparison with control in
the experimental plot was monitored for eliciting germination trend (up to six months);
reaction to major pathogens of leaf rot (Colletotrichum gloeosporioides, Exserohilum
rostratum and Fusarium solani) evaluated appropriately (Srinivasan and Gunasekaran,
1999); growth characters of one year old seedlings thus raised recorded-to infer the effect
of biopriming of coconut seed nuts with biological control agents.

Experiment II
The experiment II, involving two sub-experiments, formed as a second year trial of
biopriming of coconut seed nuts as well as seedlings. In the first sub- experiment (Experiment
II - A) biopriming of coconut seed nuts was done. There were four treatments of talc-based
bioformulations viz., B. subtilis, P. fluorescens, consortium of B. subtilis + P. fluorescens
and T. viride – that were admixed with neem cake as organic supplement and compared
with control (with neem cake alone) and absolute control (excluding neem cake also).
Matured coconut seed nuts (West Coast Tall variety) as harvested earlier from healthy
coconut palms were placed in rows at the rate of 20 seed nuts/treatment in nursery beds in
the field. Each biopesticide was mixed with neem cake in such a way that each seed nut got
mixture of 50g of talc-based bioformulation with 200g of neem cake in soil around its
surface at the time of planting. In the case of treatment of consortium of B. subtilis + P.
fluorescens the bioformulations were equally mixed in the ratio of 50:50 before mixing
with neem cake. In that manner specified organic admixed biopesticide was applied and
seedlings raised. Control seed nuts received only neem cake and absolute control did not
receive any treatment. Seed germination/seedlings under treatments in comparison with
control and absolute control was monitored for eliciting germination trend (up to six months);
reaction to major pathogens of leaf rot evaluated appropriately (Srinivasan and Gunasekaran,
1999); growth characters of seedlings (in two stages – nine months and one year after
planting) recorded - to infer the effect of biopriming of coconut seed nuts with biological
control agents admixed with organic carrier. The second sub- experiment (Experiment II –
B) involved the biopriming of coconut seedlings and in this trial the root system of one year
old seedlings (that were raised exclusively for this purpose – West Coast Tall variety) was
correspondingly treated with the fore-mentioned biotreatments (mixture of 200g of talcbased bioformulation with 300g of neem cake per seedling). The seedlings uprooted from
the nursery received root system treatment at the time of transplanting individually in to
poly covers (10 seedlings/treatment). Control seedlings received only neem cake and absolute
control did not receive any treatment. The seedlings subsequently grown in poly covers in
the nursery were monitored - reaction to major pathogens of leaf rot evaluated appropriately
(Srinivasan and Gunasekaran, 1999); their growth characters recorded - to infer the effect
of biopriming of coconut seedlings with biological control agents.
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The results of germination trend of coconut seed nuts under seed biopriming in
Experiments I and II-A are given in Tables 1 and 3, respectively. The observations during
2nd through 6th month after planting showed normal germination process of coconut
(acceptability of coconut seed nuts to the biocontrol agents) and no adverse impact is evident.
As such, germination of seed nuts that received treatments of B. subtilis, P. fluorescens,
consortium of B. subtilis + P. fluorescens and T. viride individually during this period
matched closely with that of control. The mean growth characters of coconut seedlings that
were raised through seed biopriming in Experiments I and II-A are appropriately given in
Tables 2 and 4 (a, b), respectively. It may be seen that the height, collar girth, fresh weight,
fresh roots and general robustness of seedlings raised through biopriming was generally
superior through bio treatments and particularly with the treatment of consortium of B.
subtilis + P. fluorescens. The mean growth characters of two year old biotreated coconut
seedlings in poly bags (one year after transplanting in to poly bags) are presented in Table
5. General positive influence of bioagents with respect to height, collar girth, number of
leaves, fresh weight, number of fresh roots and general robustness of seedlings was observed
and notably with the treatment of consortium of B. subtilis + P. fluorescens. Thus effect of
the consortium of bioagents on the growth and vigour of seedlings transplanted into poly
bags was also evident. Individual inoculations of major pathogens through trials with leaf
samples of seedlings raised through seed biotreatment as well as seedlings subjected to
biotreatment showed lesser disease lesions as compared to control. In control seedlings
(without bio treatment) the disease development was higher and encouraging results of
subdued lesions are obtained with application of bio agents onto coconut seeds/seedlings.
The possible effect of biological control agents by way of induced systemic resistance
against the disease is forth coming. These evidences point to three dimensional benefits to
coconut plants viz., in plant growth, control of pathogens and induction of systemic resistance
against pathogens. The induced systemic resistance in plant system is thought to be brought
about by enhancing the physical strength of cell wall, changes in physiological-biochemical
reactions of host resulting in synthesis of defense chemicals (Chen et al., 2000; Ramamoorthy
et al., 2002; Thangavelu et al., 2003).
Combined applications of bioagents (consortia) are shown to be more effective in
control of plant diseases (Raupach and Kloepper, 1998; Amruta and Chandrasekar, 2003;
Rajbir Singh and Sinha, 2004) and hence it would be expected that consortia of bioagents
eliciting more broad-spectrum activity that could be exploited particularly against multiple
pathogens involved in leaf rot. Plant derivatives have also proved its importance -insensitivity
or low sensitivity of antagonistic organisms to plant products- (Anishkumar et al., 2004) –
The bacterial antagonists were insensitive or relatively low sensitive to neem extract as
compared to inhibition of leaf rot pathogens by neem. Thus organics could as well be

551

utilized for the antagonists. The integration of plant derivatives-antagonists would itself
function as potential consortium. Various organic materials (Suseela Bhai et al., 1994;
Ramanujam et al., 2004, Srinivasan, 2007b) have been used as medium for mass production/
carrier material/mix base of antagonists. In this direction the coconut-based organics such
as coir pith, vermi compost etc. are also likely to serve as effective carriers or mix material
for antagonistic organisms (Srinivasan et al., 2010a). The organic compounds not only
function as carrier of bioagents but would also sustain the population of the organisms
besides supplying nutrients to plants.
Coconut based cropping system provides opportunities for extensive use of biocontrol
agents and therein in situ recycling of organics in combination with antagonists could be
effectively integrated. Microorganisms playing role in the rhizosphere/soils of coconut, in
relation to root (wilt) affected palms and in context of fertility/nutrition of palms have been
also studied. It has been observed that general bacterial population is higher in surface soils
(rhizosphere) in the vicinity of root (wilt) diseased palms but very less population in soil
from the vicinity of healthy (field tolerant) palms. But specific bacteria like nitrogen fixers
and silicate solubilizers, besides actinomycetes, have been observed to be more in soils
near healthy (field tolerant) palms as compared to soils from the vicinity of root (wilt)
affected palms (Muraligopal et al., 2003). Evaluations initiated in coconut seedlings using
biological control agents and certain chemicals (salicylic acid, triazol, digitonin) yielded
results of enhancement of defense enzymes in the host system following the treatments
(CPCRI 2006, 2007): In these measures P. fluorescens and B. amyloliquefaciens induced
higher activities of peroxidase and polyphenol oxidase in treated seedlings indicating the
activation of defense mechanism by the biological control agents. While peroxidase activity
was steadily increased in P. fluorescens treated seedlings from first application itself, higher
activities of phenyalanine ammonia lyase and glucanase were also induced by B.
amyloliquefaciens. Higher activities of peroxidase, polyphenol oxidase, phenyalanine
ammonia lyase and glucanase were observed among applications of the aforementioned
chemicals also. Disease incidence has been generally less in treated palms as compared to
control and also the treated palms found to grow robust as compared to untreated controls.
Such information progressively provides insights into the possible induced systemic
resistance against the disease. To take care of the root rots fungal antagonists (T. viride etc.)
could be applied. Such bioagents is likely to provide protection to root system, besides
aiding enhanced growth of the plant. It has been reported that T. viride treatment also
enhances the crop growth appreciably besides diseases control. Therefore, T. viride treatment
to coconut seeds and/or root system of coconut seedlings is quite possible.
Biopesticides are applicable to coconut in different stages of cultivation – from sowing
of seed nuts in nursery through adult palms in plantations. Mass treatment of coconut
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seeds/seedlings with biocontrol agents in nursery stage itself perhaps would serve to establish
vigorous seedlings with induced resistance in the plant system against the disease complex
(plants in young stage itself require consideration as root (wilt) affected young palms seldom
flower). It is a matter of importance that when mixtures of antagonistic organisms
(consortium) are used, there may be synergism resulting in broad spectrum/enhanced activity
against multiple pathogens. Field extension of biocontrol technology in the integrated
management of coconut leaf rot disease has been implemented the know how on biopriming
of coconut seeds/seedlings with biocontrol agents has been extended to growers, women,
rural people and other stakeholders in the diseased affected regions (Srinivasan et al., 2010b).
Little work has been reported on biopriming of seeds/seedlings (with biocontrol
agents) against diseases of perennial crops. The current work forms first of its kind in
coconut and the effect of biopesticides in the biopriming of coconut seeds/seedlings has
been encouraging. Positive impacts in induction of defense enzymes in coconut plant system,
enhanced growth characters of coconut seedlings and in leaf rot disease suppression through
biological control agents point to the possible induction of systemic resistance in the host
against the disease complex. Thus the technology can be utilized in the coconut nursery
stage itself by way of raising value added seedlings with bioagents. Supply of such value
added, bioprimed seedlings for large scale planting in the diseased region would assume
more importance as no immune coconut variety is available against the root (wilt)-leaf rot
complex (Srinivasan, 2007c, 2010). Further studies are underway to determine the viability
of bioagents in the bioprimed coconut seed nuts/seedlings, physiological/biochemical
changes in host tissue upon treatment with bioagents, field performance of seedlings (evolved
through biopriming) after transplanting to gain more information on the technology

Table 1 Germination trend in coconut seed nuts under seed bio-priming in
Experiment I
Treatment

Cumulative No. of germinated seed nuts in
different months after planting
(10 nuts/treatment)

Germination
after 6 months
(%)

2

3

4

5

6

Bacillus subtilis

2

7

9

10

10

29/30

Pseudomonas fluorescens

0

4

9

10

10

Mean:

B. subtilis + P. fluorescens

0

4

7

8

9

9.7/10 (97%)

Control

0

4

7

8

9

9/10 (92.9%)
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Table 2 Mean growth characters of coconut seedlings raised through seed biopriming in Experiment I
Treatment

No. of germinated
Mean characters of one-year-old seedlings
seed nuts at
(of germinated seed nuts)
6th months after Height Collar No. of No. of Fresh No. of
sowing (per
(cm)
girth
leaves seedlings weight fresh
10 seed nuts)
(cm)
with
(kg.)
roots
split leaf

Bacillus subtilis

10 (100%)

150.5

14.5

6.3

4

1.765

13.90

Pseudomonas
fluorescens

10 (100%)

155.2

13.9

6.2

3

1.825

14.50

B. subtilis +
P. fluorescens

09 (90%)

162.0

14.8

6.2

3

1.850

14.80

Control

09 (90%)

150.0

13.8

6.2

3

1.750

13.15

Table 3 Germination trend in coconut seed nuts under seed biopriming in
Experiment II-A
Treatment with
biocontrol
agent

Cumulative No. of germinated nuts in
different months after planting
(20 nuts/treatment)
2
3
4
5
6

Percent
germination
after
6 months

Bacillus subtilis

1

2

17

20

20

100

Pseudomonas fluorescens

0

1

12

16

17

85

B. subtilis + P. fluorescens

2

4

11

18

18

90

Trichoderma viride

2

7

11

19

19

95

Control (Neem cake)

1

5

12

19

20

100

Absolute Control
(No treatment)

0

3

13

20

20

100
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Table 4a Mean growth characters in coconut seedlings raised through seed biopriming in Experiment II-A
No. of germinated
Mean characters of 9-month-old seedlings
Treatment
seed nuts
(of germinated seed nuts)
(biocontrol agent 6th month after Height Collar No. of
No. of
No. of
with neem cake)
sowing (per
(cm)
girth
leaves seedlings
robust
20 seed nuts)
(cm)
with
seeds
split leaf

Bacillus subtilis

20

89.9

11.5

5.0

1

6

Pseudomonas
fluorescens

17

94.3

11.2

4.6

1

6

B. subtilis +
P. fluorescens

18

100.3

11.8

4.8

3

9

Trichoderma
viride

19

93.9

10.7

4.6

3

5

Control
(Neem cake)

20

86.0

10.2

4.5

1

4

Absolute
Control
(No treatment)

20

83.8

10.1

4.5

0

3

17
18
19
20
20

Pseudomonas fluorescens

B. subtilis + P. fluorescens

Trichoderma viride

Control (Neem cake)

Absolute Control (No treatment)

138.2

140.4

152.3

168.8

160.2

158.4

12.4

12.8

13.2

15.6

14.8

15.0

5.5

6.0

6.0

6.5

6.3

6.3

5

5

7

11

9

8

1.652

1.725

1.826

1.975

1.867

1.795

12.32

13.28

13.85

16.50

14.85

14.23

Mean characters of one year old seedlings
(Out of germinated seed nuts)
Collar No. of
No. of
Fresh No. of
girth
leaves
seedlings with weight fresh
(cm)
split leaf
(Kg.)
roots

5

7

7

12

10

10

No. of
robust
seedlings

Bacillus subtilis
Pseudomonas fluorescens
B. subtilis + P. fluorescens
Trichoderma viride
Control (Neem cake)
Absolute Control (No treatment)
Mean pre treatment characters
of 60 seedlings raised in bulk

Treatment
(biocontrol agent
with neem cake)

10
10
10
10
10
10

185.6
188.5
195.3
173.4
165.5
158.2
142.3

No. of seedlings
treated and
Height
transplanted
(cm)

17.5
16.8
18.5
14.8
14.2
13.7
11.8

11.3
10.8
12.8
10.2
9.3
8.5
5.5

7
8
8
7
6
5
18/60 (= 3/10)

2.735
2.721
2.855
2.682
2.527
2.251
1.685

24.35
24.25
26.85
23.65
23.54
20.15
12.82

6
6
8
5
4
4
12/60 (=2/10)

Mean characters of two year old seedlings in poly bags
Collar No. of
No. of
Fresh No. of
No. of
girth
leaves
seedlings with weight fresh
robust
(cm)
split leaf
(Kg.)
roots
seedlings

Table 5 Mean growth characters bio-treated coconut seedlings in polybags at one year from transplanting
12 month old seedlings in Experiment II-B

20

No. of germinated
seed nuts
6th month after Height
sowing (per
(cm)
20 seed nuts)

Bacillus subtilis

Treatment
(biocontrol agent
with neem cake)

Table4b Mean growth characters in coconut seedlings raised through seed biopriming in Experiment II-B
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Root (wilt) disease is a major production constraint in coconut, causing an estimated
loss of 968 million nuts. The most prominent symptom of the disease includes a characteristic
bending of leaflets (flaccidity), foliar yellowing and marginal necrosis. (Solomon et al,
1999). The symptoms are only obvious in palms that are more than 30 months old (Butler,
1908). The microscopic and serological evidence reveals phytoplasma as a pathogen
associated with root (wilt) disease (Sasikala et al, 1998).
Phytoplasmas, formerly known as mycoplasma like organisms, are a group of plant
pathogenic organism, without a cell wall, and are unculturable prokaryotes. They are
associated with diseases in more than 300 plant species worldwide. The inability to culture
them has greatly hampered research efforts to understand various aspects of phytoplasmal
biology such as pathogenicity, vector relationship, and pathogen-host interactions (Guo et
al, 2000).
PCR is the most suitable diagnostic tool for the detection of phytoplasma (Namba et
al, 1993). But, the molecular detection is often hindered by their irregular distribution and
low concentration in host plants, especially in woody perennials. Specific primers based on
16S rRNA gene are used for detection of phytoplasma in root (wilt) diseased coconut palms
(Manimekalai et al, 2010).
The disease is non-lethal but causes severe yield loss. Besides, there is no control
measure for preventing the disease. The only way is to use healthy explants for production
of new plants. Therefore, the objective of this research was to detect presence of phytoplasma
associated with root (wilt) disease in coconut seedlings.

Plant sample collection
Inflorescence, spindle leaf, mature leaf and root tissue samples of 15 symptomatic
palms were collected from CPCRI plot from Kayamkulam. The spindle leaf-let samples
were collected from twenty seedlings in seed production plot at CPCRI (RS), Kidu.
* Corresponding author
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DNA extraction
DNA was extracted from the stalk of tender inflorescence, mid-rib of young leaf,
mature leaf and meristem of root tips using phytoplasma enrichment protocol. Three grams
of these tissue samples were frozen in liquid nitrogen and ground to a fine powder in a
mortar and pestle. To this 0.25 g of polyvinyl polypyrrolidone (PVPP), of molecular weight
40000 was added, mixed well and transferred to a centrifuge tube containing 10 ml
phytoplasma grinding buffer (Tris-HCl pH8, 100mM, sucrose 10%, bovine serum
albumin.15%, ascorbic acid250mM).The mixture was kept in ice for 15 minutes. Then, the
mixture was centrifuged at 5000 rpm for 5 min. at 4°C. The supernatant was transferred to
a fresh centrifuge tube and again centrifuged at 13000 rpm for 25 min. at 4°C. The pellet
was taken and dissolved in 1 ml SDS buffer (SDS - 2%, Tris-HCl pH8100mM, NaCl1.4 M,
EDTA PH8, 20mM). This was kept at 60°C for 1 hr. Equal volume of chloroform isoamyl
alcohol (24:1) was added to it and centrifuged at 13000 rpm for 15 min. at 4°C. The aqueous
phase was transferred to fresh tubes. Equal volume of isopropanol was added to the tubes
containing the aqueous phase. The tubes were incubated for 1 hr at -20°C, then centrifuged
at 13000 rpm for 15 min. at 4°C. The supernatant was discarded; the pellet was dissolved
completely in 400 microliter of TE buffer (Tris HCl pH-8-10mM, EDTA PH-8-1mM). To
that, 1/10 volume of 3M sodium acetate and 2 volumes of ice-cold absolute alcohol was
added. The tubes were incubated at -20°C for 2-20 hrs. Then, the tubes were centrifuged at
13000 rpm for 15 min at 4°C. The supernatant was discarded and the pellet was washed in
80% ethanol. The Pellet was then dissolved in 100 microliter of TE buffer, stored at low
temperature. The total DNA was estimated at a 260nm (1 OD=50µg/µl). DNA from twenty
healthy seedlings collected from Kidu was extracted by using DNAeasy plant minikit
(QIAGEN).

Primer designing
The specific primer pair was designed for coconut root wilt phytoplasma based on
multiple sequence alignment of different phytoplasma using clustalX. The oligonucleotide
sequence corresponding to 16S and 23S region was used for primer designing. Oligomer
sequence with minimum degeneracy was selected. The primers were checked for quality
(GC percent, annealing temperature, presence of dimers) using the software FASTPCR
programme. Many primers were designed and tested for amplification of phytoplasmal
DNA. The primer pairs 1F7/7R3, 3fwd and 3rev, were designed for the first PCR and 1F7/
7R2, 3fwd and 5rev primers were designed for sensitive and efficient nested PCR. The
specific primer amplified coconut phytoplasma and it also amplified sugarcane phytoplasma.

PCR amplification
DNA from different tissues of 15 diseased palms was amplified using direct and
nested PCR. The phytoplasma-specific primer pairs 1F7/7R3 and 3fwd/3rev were derived
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from 16S rRNA gene sequences. PCR assays were performed in 15 volumes containing
50ng of DNA template, 0.2 µM of each primer, 150µM of each dNTP, 0.5U of Taq DNA
polymerase (Bangalore Genei), 1X PCR buffer with 1.5mM MgCl2. First round of
amplification with 1F7 /7R3 and 3fwd and 3 rev primers were performed for 35 cycles in a
Mycycler (BIO-RAD) thermocycler under the following conditions: 1 min. denaturation at
94°C (initial 2 min. at 95°C for the first cycle), 1min. annealing at 60°C and 72°C for 1
min. and 30 seconds, and followed by a final extension step of 72°C for 10 min. The
products of 3fwd/3rev and 1F7/7R3 primed PCR were diluted 1:4 with sterile water and
2µl of each dilution was then used as template during 35 cycles of PCR with nested primer
pair 1F7/7R2 and 3fwd/5rev; for the second-round reaction conditions were 95°C for 2
min. followed by 35 cycles of denaturation at 94°C for 1 min. Annealing 60°C for 1 min.
72°C for 1 min. 30 seconds, and followed by a final extension step of 72°C for 10 min.
Positive controls contained DNA from diseased sugarcane and negative controls
contained water substituted for test DNA. The final PCR products were analyzed in 1.2 %
agarose in 1X TBE buffer (90mM Tris borate, 2mM EDTA pH. 8) containing ethidium
bromide. The gels were documented using an image analyzer.

Sequencing
The PCR products of diseased samples were gel-eluted using QIAGEN gel
extraction kit. The eluted products were sent for direct sequencing.
The DNA was extracted from different tissues (inflorescence, spindle leaf, root)
samples of 15 root (wilt) coconut palms collected from CPCRI, Kayamkulam plot.
Polymerase chain reaction of DNA samples was done using the primer pair 1F7/7R3 nested
with 1F7/7R2. Out of 15 symptomatic palms, 8 palms showed up as positive for PCR,
inflorescence samples from 6 palms were positive for PCR and only 3 root samples showed
positive, revealing uneven distribution of phytoplasma (Fig.1).
Initial PCR and semi-nested PCR of DNA from spear leaflets of 20 healthy seedlings
[collected from seed production plot of CPCRI (RS), Kidu] using primer pairs 3fwrd/3rev
and 3fwd/5rev did not show any amplification (Fig .2). The positive sugarcane sample
sample showed amplification at 1250bp. No amplification was seen in water Control.
Amplification of phytoplasma gene sequence from symptomatic palms containing
low titers of pathogen is often fraught with difficulty, especially in coconut. Nested PCR
assay is performed to overcome problems related to sensitivity of phytoplasma detection.
The presence of phytoplasmas in seedlings has major implications in coconut breeding
and distribution of coconut germplasm. The seedlings produced in diseased areas cannot
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be planted in disease [free regions a that would cause introduction of phytoplasmas into
these clean areas.
Phytoplasmas couldn’t be detected in the seedlings collected from seed-raising plot
of CPCRI (RS), Kidn. Therefore PCR be used for detection of phytoplasma in planting
material of coconuts mainly to avoid use of infected planting material. In future, a molecular
kit comprising PCR and QPCR will be routinely used for testing the mother palms used
for root (wilt) resistant planting material production.

Fig 1. Amplification of root wilt disease phytoplasma using 1F7/7R3, followed by nested
PCR 1F7/7R2

1 2 3 4 5 6 7 8 9 1011 1213 14151617181920 M

Fig 2. No amplification in seedling samples using 3 Fwd/3 Rev, followed by semi-nested 3
Fwd/5 Rev
Lane 1 to 17
Lane 18 – sugarcane positive samples
Lane 19 – water control
M – 1 Kb ladder
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Quality of seed is one of the crucial and important inputs required for exploitation of
full genetic potential of a given variety. The slow and erratic germination of oil palm seed
has been recognized as a serious practical problem due to seed dormancy which influences
quality planting material production (Noor, 2007). Rajanaidu et al, (2007) forecasted that
seeds will continue to play a major role as oil palm planting material in next 10 - 15 years.
Seed dormancy in oil palm is due to physical barrier (operculum and fibre plug) present in
the seed coat and nut, (Fig. 1) which prevent entry of water and oxygen to the embryo
(Corrado and Wuidart, 1990). The performance of the adult palms largely depends on the
quality of the planting material used for nursery raising (Corley and Twinker, 2003). Seed
germination and dormancy are affected by various factors such as light, moisture, the
concentration of gases and other substances which are manipulated to effect changes in
germination (Hartley, 1988). Adoption of suitable dormancy breaking treatment is beneficial
for commercial seed production and also for timely supply of planting material. Dormancy
of the seeds, methods used to break the dormancy and environment of the seed production
influences quality of the germinated seed and seedlings. Maintenance of perfect controlled
condition during germination process is necessary to get best result (Kushairi and Rajanaidu,
2000). There are several reports explaining oil palm seed dormancy and germination but
information on relevance of dormancy to quality of planting material is very much limited
(Hartley, 1988 and Tomlinson, 1990). Hence, this paper describes research findings of oil
palm seed dormancy and germination with major emphasis to seedling quality improvement
with an aim to augment Indigenous quality seed production by adopting proven technologies
by the seed producers.

SEED DORMANCY AND QUALITY PLANTING MATERIAL
Improvement in oil palm seed processing and seed quality
Spikelets of pollinated bunches are usually separated by axe which is cumbersome
and laborious. Agricultural Services Development (ASD) seed lab has developed shredding
*Former Director, Directorate of Oil Palm Research (Formerly, National Research Centre for Oil
Palm), Pedavegi-534450, Andhra Pradesh, India
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machine which has a hopper with an internal revolving disc with protruding part that throw
bunches against the walls, shredding them into small pieces there by shredded pieces along
with fresh fruits are collected at the bottom and guided towards an opening where they are
collected in a bag (Mora et al, 2007). De-pulper originally described by Escobar (1980) has
been further perfected (Rethinam and Murugesan, 2000) in India while commencing
commercial seed production and used to separate the mesocarp from the seed. Damage or
projections in the rotating plate may cause damage or breakage in the seed which will
affect seed germination and seedling quality. There is further scope to improve the design
of the rotating plate and other structures of the de-pulper to ensure minimum damage to the
processed seeds. It was reported that depulper takes 4-6 minutes for pulping 25 Kg of fresh
fruits fermented in water for 12 hours. Non fermented fruits take extra time and an average
of 2% damage was recorded in non fermented seeds (Rethinam et al, 2000). Color polymers
has been recommended for coating around seeds which when used with fungicide improves
germinating seeds in the nursery. The chemical mixture containing 50 ml polymer coat
with 80 ml distilled water was found sufficient to coat 250 Dura x Pisifera seeds. Further
standardization work is under process at Directorate of Oil Palm Research (DOPR) especially
for mixture of fungicide. Use of color coating is being practiced by commercial seed
producers namely ASD Costa Rica, Dami oil palm, Papua New Guinea, UNIVANICH,
Thailand and Unipalm seeds to identify their varieties.

Improvement in dry heat treatment
Most palm seeds are thermophilous and hence, optimum temperature is required for
germination between 30-40°C (Ehara et al, 1998). Rees (1959) described the dry heat process,
which has since been used on a commercial scale in Malaysia and other oil palm growing
countries. Seed dormancy in oil palm is overcome by adopting dry heat treatment. AddaeKagyah et al et al (1998) and Rees (1962) reported that the critical requirement to break
dormancy was to maintain seed at 39-40°C up to 80 days. Some reports indicated heating
duration of 70-80 days. The dry heat process requires 80 days for pre heating and about 40
days for completion of germination; however, the resultant germination percentage is often
unpredictable. In these circumstances, rapid and controlled germination is highly desirable
in place of dry heat treatment. Extending dry heat treatment (75, 85 and 95 days) caused
reduction in germination, field emergence, and dry matter of the seedlings and germination
was high (90.4%) at 60 d heating duration which was not significantly different from 70
and 50 days heating. This period has stimulated germination in six days after incubation
and resulted in maximum germination (94%) within 18-22 days (Murugesan et al, 2008). It
was confirmed that soaking fresh oil palm seeds for 5 days and thermal dry heating for 6070 days followed by 5 days soaking was found optimum under Indian condition for maximum
germination (Murugesan et al, 2006). Similar finding was reported recently by Fondom et
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al, (2010) who confirmed suitability of 60 days pre-heating duration under Cameroon
condition.

Innovation in methods for breaking seed dormancy
Accelerated aged (AA) oil palm seeds exhibited significant germination response.
AA treatment at 40°C for 70 days with pre soak is recommended to achieve more uniform
and higher germination (Murugesan et al, 2005). High germination was obtained by exposure
of dry seeds to soil pit treatment during summer for the duration of 40 and 50 days
(Murugesan and Bijimol, 2009). However, extended exposure to soil-pit treatment resulted
in etiolation of germinated seed. Improved de- operculum germination technique was
standardized and satisfactory germination was obtained, where radicle protuberance was
commenced within one day and 50 % germination with differentiation of radicle and plumule
was achieved within 2-3 days in fertile pisifera seeds (Murugesan et al, 2008). Reduced
dry heat treatment with aseptic de-operculum method of germination technique has been
reported for dura seeds to obtain maximum germination by subjecting dry seeds to heating
duration of 10-20 days and resorting to de-operculum treatment to un-germinated seeds
which are otherwise wasted (after completion of incubation period) in normal processing
method. The entire germination process could be completed within 30 days after bunch
harvest (Murugesan, 2009a). However, extra care is required while handling de- operculated
and shell removed seeds. Similar research findings have been reported by Myint et al,
(2010). The above results suggested that operculum removal without heat have profound
influence on germination. Replacement of conventional polythene bags of about 300 gauge
thickness with high density plastic containers have been recommended for achieving
moisture control during dormancy breaking and germination process (Mora et al, 2007).
This technique has been successfully adopted at Directorate of Oil Palm Research (DOPR)
Regional Centre, Palode while handling de-operculated dura seeds for achieving quality
germination (Fig.2). Use of plastic containers would be useful in large seed producers as
they can reuse while handling large quantity of seeds. Nwankwo and Krikorian, (1982)
successfully stored pisifera seeds in un aerated sterile distilled water for 6 months and
obtained 50% germination.

Chemical pre-treatment to induce germination
Uses of plant growth regulators to substitute heat treatments have not been successful
(Wan and Hor, 1983). Wan and Hor, (1983) obtained faster germination by soaking seed in
a 500mg/l solution of GA before heat treatment. Noor, (2007) reported that GA at 500mg/
l improved germination at 30, 45 and 50 days after heat treatment and no seed germination
was obtained when GA and ethephon were used in combination with kinetin. Herrera et al
(1998) obtained 45 % germination after soaking for 24h in a 1.5% solution of Hydrogen
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cyanamide (CHN) and 90% when treating with 0.75% ai of CHN was preceded by 10
minute exposure to concentrated sulphuric acid. It was further reported that time to reach
maximum germination incase of chemical treatment was 25 to 50 days where as it was only
15 days in case of thermal treatments. A sharp reduction in ABA concentration in embryos
and endosperm was reported during dry heat treatment and Hydrogen Cyanamide treatment.
Hydrogen Cyanamide treatment increased IAA levels in embryos and endosperm during
inhibition phase (Jimenez et al, 2008). However, some practical difficulties have been
reported in case of chemical treatment especially in large scale seed production centre.
There is always uncertainty about quality of the seedlings obtained from dormancy broken
seeds through chemical methods (Murugesan, 2009a)

Influence of genotype on seed germination
Various studies confirmed that seed germination and seedling quality are influenced
by genotypes and their cross combinations. Myint et al, (2010) categorized oil palm seeds
of different Dura × Pisifera’s into three categories I, e, light (1.6-3.1g seed-1), medium (3.2
- 4.6 g seed-1) and heavy (4.7-6.1g seed-1) and confirmed that germination was influenced
by seed weight and cross combinations. Correlation between physical characteristics of
seed and germination was reported by Myint et al, (2009). Murugesan and Gopakumar
(2010) reported variation in nut, shell and kernel weights of ASD Costa Rican and Indigenous
Palode hybrids. Similarly, Martine et al, (2009) observed variation in ability of germination
in two genotypes developed by Centre National De Recherche Agricole (CNRA) in Cote d’
I voire. Poor germination and high percentage of abnormal seedlings have been observed
in certain hybrid combinations due to incomplete and abnormal embryos (Murugesan, 2009
b).

SEED QUALITY CONTROL MEASURES
Seed testing
Germination test procedure for oil palm seed has not been incorporated in International
Rules for Seed Testing (Anon, 2011) and only little information is available about testing
procedure for oil palm seed. The pre-treatments required for Tetrazolium test has been
described by Mok, (1972). Viability test was standardized by Murugesan et al, (2002)
using Tetrazolium salt and it is reported that pre conditioning oil palm nuts overnight by
soaking in water and treating with Tetrazolium salt @ 0.5 to 0.75 % concentrations with an
incubation period of four hours at 40°C are followed for obtaining seed viability results
through embryo staining pattern. Medium of germination plays significant role in
germination and seedling growth because seeds have characteristics requirements of moisture
and oxygen for germination. Germination paper or sandy soil are prescribed for oil palm
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seed testing with testing duration of two to three months which showed maximum seedling
growth under lab condition (Murugesan et al, 2008). Ellis et al (1985) has tested shelled oil
palm seed using Between Paper (BP) towels enclosed in plastic boxes in the alternating
temperature regime of 25°C/35°C (8h/16h) for thirteen months. According to Roberts and
Soetisna, (1991) intact seed at 6.1-7.4% moisture content (embryo moisture of 9.1 to 12%)
lost viability more rapidly at 0°C and -20°C than at 15°C. Moreover desiccation to 4-5%
moisture content (4-6% embryo moisture content) reduced seed lot viability but some
cultivars showed resistance to desiccation.

Seed treatment
Certified seeds with maximum physical and genetic purity with high germination
and seed health are the priority to succeed in the development of oil palm industry. However,
there are many evidences of yield losses due to pathogen infections in the field from different
stages of plant growth. The routine seed health testing is the early step to detect the presence
of seed borne pathogens associated with oil palm seeds. Zubir et al, (1995) intercepted
number of fungi in the seed consignment under plant quarantine inspection from Costa
Rica and Papua New Guinea. Schizophyllum commune has been recognized as important
pathogen which cause brown germ and seed rot (Turner, 1981; Dikin et al, 2003) and cause
germination loss up to 65%. Fungal infection takes place during seed germination process
in germinator due to unhygienic condition in humid chamber and mesocarp remnants in the
endocarp. Fresh seeds of oil palm is bleached with disodium hypochloride and treated with
fungicide (carbendazim 0.2%) during seed processing. Dikin et al, (2003) found that
Burkholderia cepacia and Serratia species significantly suppressed seed borne pathogen
and thus enhanced growth and vigour of seedling.

Quality of seedling
Oil palm seeds are supplied to nursery in the form of germinated seeds. Immediately
after receipt of germinated seeds, careful observation should be done to remove seeds with
weak or thin root and shoot, multiple shoot and plumule and radicle damaged etc (Fig.3 a &
b). It was reported that performances of seeds bearing abnormal plumule or radicle tend to
show poor growth performance and low percentage emergences in the nursery. Mora et al,
(2007) reported abnormalities in plumule and radicle and Rethinam et al, (2000) advocated
strict culling in the seed lab as well as nursery to get vigorous quality seedlings. The
agronomic management condition of the pre-nursery stage may also affect plant emergence
and quality of the plants in the nursery (Fig.4). Detailed description of abnormal germinated
seeds and off type seedlings in pre and main nursery has been reported by Rethinam and
Murugesan (2000).
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Ahead Challenges
Seeds do not germinate when they are in a dormant state. A study by Tsiantis (2006)
has uncovered two basic helix-loop proteins that repress germination and maintain dormancy.
The combined action of light and cold synergistically alleviates the activity of these
repressors thus stimulating germination. Molecular techniques especially expression studies
and transcriptome and proteome analysis which are novel tools for the analysis of seed
dormancy and germination in general, could be attempted for oil palm seed also. In India
oil palm is predominantly cultivated as irrigated crop where prolonged stress to the palms
is alleviated by supplemented irrigation. It was reported that the period during which seeds
develop on the parent plant has been found to affect many seed characteristics, including
dormancy, through interactions with the environment (Hoyle et al., 2008). Hence, seed
behavior of oil palm seeds that developed in different environments need to be studied to
analyse dormancy, germination and resultant seed quality.

Quality planting material production in oil palm

Fig. 1 Oil palm seed dormancy mechanism

Fig. 2 Improvement of germination by
de-operculum method and use of
high-density plastic containers

Fig. 3a Quality germination of seed

Fig. 3b Abnormal germinating seeds
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Fig. 4 Quality seedlings in the nursery
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Elite planting material generation - A key to achieve
targeted productivity in cashew
M. Gangadhara Nayak1 and M. Gopalakrishna Bhat2
Directorate of Cashew Research
(Indian Council of Agricultural Research)
PUTTUR-574 202, D.K. Dist., Karnataka

Cashew (Anacardium occidentale L.) is an important horticultural crop of India and
now the country stands first in production, processing and consumption of cashew. India is
also second largest exporter of cashew kernels which fetches about 2905 crores annually as
foreign exchange and an additional Rs. 24 crores by export cashew nut shell liquid (Hubballi,
2009). India needs to gear up with the new technologies for cashew production, processing
and marketing to keep up the supremacy in cashew in the international arena. The present
production of 6.95 lakh tonnes of raw cashewnut from an area of 8.93 lakh hectares cannot
meet the processing demand of our country which stands 12-13 lakh tonnes of raw nuts.
The current low productivity of 900 kg raw nuts/ha is mainly due to the coverage of large
cashew area under non-descript, genetically inferior seedling progenies and non-adoption
of improved cashew production technologies by a large number of cashew farmers and
cashew corporations. Since cashew is a cross pollinated crop, the seed propagation leads to
variability in progenies for growth, yield and quality of nuts. The vegetative propagation of
high yielding varieties, however, can reduce the gap of production and requirement of the
processing industries.
Elaborate studies carried out on clonal propagation of cashew at erstwhile National
Research Centre for Cashew, Puttur, different Cashew Research Stations under Multi State
Cashew Research Project and All India co-ordinated Research Project on Cashew revealed
that only softwood grafting technique is commercially viable since grafts can be produced
almost throughout the year and have very good establishment is on planting the field (Swamy
et al., 1998).

Commercial production of cashew grafts
In commercial production of cashew grafts continuous supply of scions sticks is
essential for which a mother block of cashew varieties and all the infrastructure such as
nursery area, fencing, necessary implements for grafting plant protection measures, and
1
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water source need to be developed. Fenced areas for erecting make shift polyhouses for
preparing cashew grafts, main nursery for hardening the grafts, and a mother block for
collection of root stock seeds of single variety producing uniform medium nuts is essential.

Establishment of clonal mother block
The scion bank can be established with different cashew varieties which are in good
demand. Plants can be planted at a closer spacing of 3m x 3m or 4m x 4m and canopy can
be maintained at a lower height by regular pruning. Frequent pruning and manuring naturally
enhances the scion production. Regular manuring and plant protection measures need to be
taken up for higher scion production. Following cashew varieties of medium to bold nut
types are recommended for planting in different cashew growing zones (Swamy et al.,
1993a).
Variety / Cultivar

Season of Flowering

State to which Recommended

NRCC Sel-2

Early season

Karnataka, Andhra Pradesh

Bhaskara

Mid season

Karnataka

Ullal-1

Late season

Karnataka

Ullal-3

Mid season

Karnataka

Ullal-4

Early season

Karnataka

VRI-3

Early-Mid season

Tamil Nadu, Karnataka, Kerala

BPP-8

Mid season

Andhra Pradesh, Orissa, West Bengal

Priyanka

Early season

Kerala, NEH States

Dhana

Mid season

NEH States, Karnataka, Kerala

Madakkathara-2

Late season

Kerala, Karnataka

Goa-1 & Goa-2

Mid season

Goa

Jhargram-1

Mid season

West Bengal

Softwood grafting technique
Grafting by cleft wedge method on the young juvenile portion of 45-60 day old
cashew seedling gives very good success in commercial multiplication of cashew. Thus,
produced grafts requires about 4-5 months for field planting which alone gave 95% field
establishment. The cashew Regional Nurseries both in Private and Public Sector, sponsored
by Directorate of Cashewnut and Cocoa Development, Cochin have the capacity to produce
more than 1.5 Crore cashew grafts annually in the country (Sawke et al., 1987; Swamy et
al., 1993b, Swamy et a.,l 1998).
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Graft standards:
While taking up planting, only the graft with prescribed graft standards should be
used for achieving higher establishment and productivity. The grafts ready for sale and
planting should qualify the minimum standards viz., a graft should have erect growth,
minimum of 45 cm height, 4-5 fully mature leaves, perfect graft joint without girdling and
free from sprout on root stock. Grafts should be free from pest and disease problems, and
should not have any nutrient deficiency symptoms. Grafts need to be frequently shifted for
want of getting better growth and prevention of roots penetrating to ground and thereby
increasing the final grafts success.

Quality cashew grafts in nursery

Performance of cashew grafts:
The cashew grafts, true to type of cashew planting material have unique advantages
over seedlings (Nayak et al., 2009). They are
• Quick establish in field.
• Reduced pre-bearing age
• Early in flowering , fruiting
• Uniform growth and better canopy
• Better respond to recommended packages of inputs and operations
• Higher yield
The experience of mass planting programme in Maharashtra helped in achieving the
highest productivity of about 1500 kg/ha wherein the National average productivity is only
900 kg/ha (Hubballi, 2009; Bhat et al., 2009). Therefore, by increasing the productive
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cashew areas with high yielding elite planting material the production of cashew nuts can
be enhanced, uniformity can be maintained and self sufficiency be achieved.

Conclusion
Over all production of raw cashewnut in India is low mainly due to senile orchards
of inferior genetic material. Vegetative planting materials of superior yielding varieties
have proved to maintain uniformity in performance, respond to packages of recommendation
and yield higher over the existing senile orchards. Massive replanting and rejuvenation of
old orchards with elite high yielding varieties is a key to achieve higher yields in cashew.
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Screening of onion (Allium cepa L) germplasm for good
shelf life.
R. K. Singh1, B. K. Dubey2 and S. R. Bhonde3
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Chitegaon Phata, Post-Darna Sangavi,
Aurangabad Road, Taluqa-Niphad,
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E-mail: singhrknbpgr@yahoo.com

Onion (Allium cepa L.) is an important spices vegetable consumed by all masses
throughout the year and cultivated during Kharif, late Kharif and Rabi season in different
parts of the country. India is the second largest producer of onion in the world after China.
The main onion growing states in India are Maharashtra, Gujarat, Karnataka, Tamilnadu,
Orissa, Madhya Pradesh, Uttar Pradesh, Andhra Pradesh, Bihar and Punjab. It is used as a
salad or cooked in various ways in all curries, fried or baked and also used in processed
form e.g. flakes powder, paste, crush and pickle, etc (Singh et. al. 2004) and has many
medicinal properties. Because of its high export potential it is grouped under cash crop
apart from vegetable (Pandey, 1989). Highly competitive commodity in international market
results in earning of good foreign exchange. During storage, heavy loss is noted due to
sprouting and decay and these losses vary from 5-85% depending upon the variety and
weather conditions (Warade et. al. 1998). Onion is semi-perishable in nature and subjected
to deterioration during storage, transportation and marketing. Because of storage losses, it
cannot be guaranteed that whole amount of the total production is consumed by the people.
It cannot be stored safely for long period. Therefore for increase in shelf life of bulb without
deteriorations of their quality, the National Horticultural Research and Development
Foundation, Nashik, selected sixteen promising advance lines along with one check
Agrifound Light Red from four hundred germplasms evaluated at this center and conducted
experiment to identify to good keeping quality variety under ambient condition of Nashik.
The present investigation was carried out at National Horticultural Research and
Development Foundation Nashik (200 N latitude and 730 E longitudes and altitude of
492.0 meter mean sea levels), Maharashtra during Rabi, 2004-05, 2005-06 and 2006-07.
The climate of Nashik is sub-tropical with minimum and maximum temperature and humidity
ranging between 15.00C to 35.00C and 48.0 % to 80.0%, respectively. The study comprises
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sixteen diverse red advance lines selected among four hundred germplasms collected from
India and abroad and evaluated at this centre along with one check ‘Agrifound Light Red’.
Eight week old seedlings of each line were transplanted in flat beds during the last week of
December in the spacing of 15x10 cm in a plot of 3.6 m x 1.8 m size. The recommended
packages of practices were followed for raising the successful crop. Harvesting was done
at 50-60% neck fall stage and after proper field curing and neck cutting, the well cured and
representative bulbs of each sixteen lines kept for storage in randomized block design with
three replications under ambient conditions of Nashik in perforated plastic crates to indentify
good keeping quality variety. The observations on storage losses due to sprouting,
physiological loss in weight, rotting and total loss recorded monthly for four months and
pooled data were analyzed to select good keeping quality varieties.
The data presented in Table-1 revealed that, the highest and significant gross yield
(392.12 q/ha) and marketable yield (357.89 q/ha) was recorded in line-652 and which on at
par with line-672 (348.65 q/ha) and (309.81 q/ha) and check variety Agrifound Light Red
(355.35 q/ha) and (321.45 q/ha) respectively. After one month of storage, all lines showed
no sprouting except line-359 (0.14%). The minimum total loss (5.45%) was noted for line546, but it showed non-significant differences. After two months of storage, all lines showed
sprouting except line-382. The traits decay loss, physiological loss in weight and total loss
indicated non-significant differences. After three months of storage, the line-546 observed
lower sprouting (1.78%), decay loss (1.76%), physiological loss is weight (10.80%) and
total loss (14.33%), but it noted non-significant differences.
After four months of storage the minimum and significant sprouting (3.5%) was
recorded in advanced line 400 and which was on at par with lines 343, 350, 359, 382, 453,
372, 474 and Agrifound Light Red, the traits decay loss and physiological loss of weight
(PLW) noted non-significant differences. Minimum total loss (24.71%) was recorded for
line-546 and which was on par with line 343, 382, 400, 474, 653 and Agrifound Light Red.
The total loss ranged between 21.71-41.87%, highest total loss (41.87%) was noted for
line-672. The check variety Agrifound Light Red showed 28.17% total loss after four months
of storage. Comparatively lower losses observed than reported by Madgum (1981) and
Saimbhi and Randhawa (1982), who reported 50% storage loss due to physiological loss in
weight. The major total loss occurred during after four months of storage. The result is in
consonance with Patil and Kale (1989). The non-significant variation indicates variables
performance from year to year, which may be due to climatic variation. It may be concluded
from the present investigation there the advance line 546 and 400 can be used for
development in good storage variety for different agro-climatic conditions.
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Studies on entomopathogenic fungus for control of onion
thrips to produce good quality onion bulbs
Sujay Pandey1, J.G. Pandey2 and K.J. Srivastava3
National Horticultural Research and Development Foundation, Chitegaonphata, Niphad, NashikAurangabad Road, Nashik-422 001 (Maharashtra), India

Onion (Allium cepa L.) is one of the most important vegetable crops grown in almost
all parts of India. Maharashtra alone is growing onion on more than 1.26 lakhs hectare
area. Repeated cultivation of crop on the same land, season after season and year after year
has increased the pest and disease problems, which is a limiting factor responsible for low
yields in recent years (Shitole et al. 2002).
Among the various pests, thrips- Thrips tabaci Lindeman is a regular and potential
pest of onion and causing considerable losses in quality and yield (Dharmasena 1998,
Sudharma and Nair, 1999. Thrips attack onion at all the stages of crop growth, but their
number increases from bulb initiation and remain high up to bulb development and maturity.
Both nymphs and adults cause direct damage by puncturing the epidermis of the leaves and
suck the sap with modified piercing and sucking mouth parts. Failure to control this pest by
timely and effective means causes considerable damage and results in immense economic
loss by remarkably reducing yield to the tune of 50% (Anonymous, 2000; Juan Anciso,
2002). Thrips also enable different plant pathogens to gain entry and aggravates the disease
infections in onion.
Farmers are extensively and successfully using contact, systematic insecticides and
synthetic pyrethroides for controlling the pest. However, repeated application of same group
of chemicals is not a desirable practice, as this could lead to undesirable resistance problems.
The awareness on the ill effects of over use of pesticides such as insecticides resistance,
pest resurgence etc. warranted to search the alternatives for pesticides that are ecologically
safe. In India and abroad many biological agents were reported attacking T. tabaci. Amongst
several entomopathogenic fungus, Beauveria bassiana were recommended for control of
thrips. Keeping this in view, an experiment was at Regional Research Station, NHRDF,
Nasik during Rabi 2006-07, 2007-08 and 2008-09 seasons. Seedlings of onion variety
Agrifound Light Red were transplanted in a bed size of 3.0m x 1.2m at 15cm X10cm
1
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spacing. Randomized Block Design with 3 replications was followed. The treatments
evaluated were Verticillium lecanii at 0.4%, spinosad 45% SC at 0.1%, Metarrhizium
anisopliae at 0.5%, Paecilomyces fumosoroseus at 0.4%, Beauveria bassiana at 0.4% and
deltamethrin 2.8% EC at 0.095% used as check treatment. The application of treatments
were started at appearance of the thrips and a total of 6 sprays were given at 7 days interval
except check treatment, where only 4 sprays were given at 15 days interval.. Sticker
(sandovit) at 0.06% was invariably mixed in each spray solution as sticky agent. All other
agronomical practices were performed as per need in all the treatments. The crop was
harvested after attaining the maturity. The data were recorded on incidence (%) and thrips
population (number of nymphs/plant) and correlated with the yield. The cost benefit ratio
was worked out and data of three consecutive years i.e. Rabi 2006-07, 2007-08 and 200809 were pooled, analyzed statistically and presented.
Three years pooled data presented in table-1 revealed that before spray, thrips
population ranged in between 12 to 14 nymphs/plant. The thrips population was significantly
lowest in the treatment spinosad 45% SC at 0.1% and found to be at par with deltamethrin
2.8% EC at 0.095% (check treatment) at 7 days after each spray. The highest cumulative
reduction (74.88%) in thrips population was also recorded in the same treatment (spinosad
45% SC at 0.1%) as compared to control. Amongst the entomopathogenic fungus, maximum
mean reduction (35.27%) in thrips population was recorded in Metarhizium anisopliae at
0.4%, while 31.79% and 31.64% reduction in thrips population were recorded in Beauveria
bassiana at 0.4% and Paecilomyces fumosoroseus at 0.4%, respectively.
The data further revealed that significantly highest gross yield (348 q/ha) was recorded
in spinosad 45% SC at 0.1% and found at par with check treatment, deltamethrin 2.8% EC
at 0.095% (344 q/ha) and Beauveria bassiana at 0.4% (314 q/ha). The highest cost benefit
ratio (1:20.12) was recorded in control (water + sticker), because of the low cost of sticker.
Amongst the entomopathogenic fungus, the highest cost benefit ratio (1:6.5) was recorded
in Beauveria bassiana at 0.4% followed by Verticillium lecanii at 0.4% (1:6.09). The cost
benefit ratio (1:0.72) was recorded negative in spinosad 45% SC at 0.1%, because the
higher cost of spinosad i.e. Rs. 12133/l.
The results of the present study thus reveal that the judicious application of synthetic
pyrethroides in rotation would be useful in managing onion thrips effectively, and these
findings are in conformity with the results obtained by Pawar et al. (1994) for control of
thrips in onion up to 8 days with synthetic pyrethroids, fenpropathrin and deltamethrin.
Hosmani (1993) has also reported good control of thrips with pyrethroids like fenvalerate
and permethrin. The effect of entomopathogenic fungi was not so promising; however, B.
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bassiana, Metarhizium anisopliae, Paecilomyces fumosoroseus and Verticillium lecanii
have been reported for effectively managing T. tabaci (Gillespie, 1986; Gill et al., 1998
and Kubota, 1999).
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Ginger seed multiplication - rate and relationships
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Ginger (Zingiber officinale Roscoe) belongs to family Zingiberaceae is an important
spice, native to south or south East Asia. It is one of the earliest oriental spices known to
Europe. More than 25 countries cultivate this crop in tropical and subtropical regions of the
world, however, Nigeria, India, China, Indonesia, Thailand, Bangladesh, Nepal, Korea,
Philippines, Sri Lanka, Australia, and Malaysia are main growing countries (Kandiannan
et al., 1996; Parthasarathy et al., 2003; Singh and Tamil Selvan, 2003; Ravindran and
Nirmal Babu, 2005). India is a major producer and exporter of ginger. In India, it is cultivated
in 1, 05, 900 ha with a production of 3, 70, 300 tonnes.
Ginger is propagated through vegetative seed rhizome called seed ‘piece’ or ‘sett’ or
‘knob’ or ‘cutting’. The length and weight of pieces used vary from place to place and
variety to variety. The seed size of 5g to 150g was studied for their effect on yield at
different production centers. In general, bigger sized seed material recorded better yield.
These experiments were conducted with fixed seed size, but in actual field situation, it may
not be possible to maintain uniform seed piece. In the present study, population of seed
pieces at given time and its effect on pseudostem production and clump yield and their
relationships were studied further effect of number of sprouted buds present on the seed
sett on pseudostem production and clump yield was analyzed.
Field experiments were conducted at Experimental Farm of Indian Institute of Spices
Research, Peruvannamuzhi, Calicut, Kerala, India (geographical coordinates 11o.342 N,
75o.482 E and 60 m MSL) during 2007-08 and 2008-09 crop seasons. The region lies under
high rainfall tract of northern agro-climatic zone of Kerala located in the Western Ghat
area of India that encompasses one of the world’s richest biodiversity. The site experiences
tropical humid climate with mean annual rainfall of 4460 mm received from southwest
(June to September) and north east (October-November) monsoons with major share from
southwest monsoon (75%) (Kandiannan et al. 2008). The soil of the study site is Ustic
Humitropept with medium in available nitrogen, low in available phosphorus and low to
medium in potassium with a pH of 5.2. Improved varieties of ginger “Varada, Rejatha,
Mahima, Maran” (Kandiannan et al. 2009) were planted in the first week of June after
south west monsoon and packages were of practices adopted as per the recommendation.
The crop was raised in rainfed and harvested after eight months during first week of February.
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The healthy rhizomes selected after harvest for seed are carefully stored under protected
shade after treatment with recommended pesticides during off-season are used for the
experiments. During first year 2007-08, each 25 numbers of plants in these four cultivars
were tagged and their pseudostems were counted. The rhizome clump after maturity
(complete drying of leaves after eight months of planting) was carefully lifted with the help
of digging fork. Soil and other adhering roots were separated from rhizome. The rhizomes
were cleaned thoroughly and their fresh weight recorded. The distribution pattern of
pseudostem and clump yield were studied and their relationship was worked out. During
2008-09, in another experiment, at the commencement of planting season, stored seed
rhizome was cut into small ‘seed pieces’, used for planting. Pseudostem production and
final clump yield was recorded as in the earlier study. The seed sett weight on pseudostem
production, clump yield and multiplication rate was worked out and their distribution and
relations also was calculated. In another set of experiment, sprouted seed sett having one,
two, three, or four sprouts per piece were planted separately in the field. Number of sprouted
buds per seed sett formed the treatment, these four treatments were replicated five times in
a randomized block design. The plot size was 3m2 raised bed. Pseudostem count was done
at 105 days after planting (DAP) and final fresh clump yield per bed was recorded at harvest.
All the data was statistically analyzed and reported.

Relationship of pseudostem and clump yield
The fresh rhizome yield of clump yield per plant 78-575g. The frequency distribution
of fresh clump yield per plant indicated that 27% of the plants are in 251-300g yielders,
13% of plants represent three yield groups (201-250g; 301-350g; 351-400g), 12% belongs
to 151-200g, 9% in 451-500g, 5% falls in 100-150 and 401-450g and 1% yielded 501550g. The mean yield was 308.2g per plant with CV% of 34.2. Pseudostems production
was in the in the range of 2-21 with a mean of 107% and a CV% of 32.7. The distribution
pattern of pseudostems indicated that majority of plants (49%) produced pseudostems in
the range of 6-10 followed by 38% from 11-15, 7% plants produced 16-20, 4% gave 1-5
and 2% were with 21-25. Sasikumar et al. (1992) reported maximum (CV = 45%) variability
among germplasm for pseudostems alone and that was in the range of 2-35. Furutani et al.
(1985) reported that increase in rhizome weight was correlated with number of shoots per
plant (R2=0.88) at 16 weeks after planting from the crop raised 100-150g seed piece. Path
analysis in the crop improvement programmes by different workers did not exhibit either
direct or indirect effect of pseudostem on yield (Ravindran et al. 2005) but Mohanty and
Sarma (1979), Sasikumar et al. (1992) and Singh (2001) found positive significant relation
between pseudostems and rhizome yield. Lincy et al. (2008) noted a positive significant
relationship of rhizome yield with pseudostem number in the second generation
micropropagated plants. The present study indicated that a relation between pseudostems
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and clump yield was positive (Y=10.397x+192.81; R2=0.1589; where, ‘Y’ is a clump yield
and ‘x’ is pseudostem number).

Seed sett weight on pseudostem production
The seed sett weight in this experiment ranged from 8g to 60 g, and their distribution
showed that majority (27.5%) of seed pieces belonged to 21-30g, followed by 31-40g (20%),
11-20g and 41-50g (17.5%), 51-60g (15.0%) and <10g (2.5%). Pseudostems production on
an average recorded 9.7 with a range of 3 to 21. Seed sett weight influenced the pseudostems
production positively (Y=0.0516x + 7.9367; R2=0.033, where, ‘Y’ is pseudostem number
per clump, and ‘x’ is seed sett weight) but it was not significant. Smaller seed sett also
produced more pseudostems than bigger ones. Korla et al.(1989) reported mean pseudostem
of 5.1, 6.2, 6.3 and 7.1 for seed size of 5-10g, 10-15g, 15-20g and 20-25g, respectively.
Girma and Kindie (2008) observed that pseudostems were 11.3, 13.1, 14.4, and 20.0 for 4,
8, 16, and 32g seed piece, respectively and they found significant influence of seed sett
weight on pseudostem production. Lee et al. (1981) noted final pseudostems in the range
of 13 to 17 at final harvest in Australia by planting 40-45g seed sett. In another study,
Furutani and Nagao (1986), from 100-150g seed piece field planted in Hawaii recorded
pseudostems at 42 weeks after planting in the range of 36.9 (in control plants) to 63.2 (in
plants treated with 3.46mM ethephon at three weekly interval). Sanewski et al. (1996)
reported that planting of 20-30g produced fewer shoots than 40-50g and 60-70g seed pieces
in Australia. Smith and Hamill (1996) recorded 13.1 – 20.5 shoots from ginger raised from
60g seed piece. However, they have also noted higher shoots (24.6 – 31.8) from ex-vitro
micro-propagated plants. The differences in pseudostem numbers of normal diploid (2n=22)
and seven tetraploid lines were noted by Smith et al. (2004). During 1993, normal diploid
seed produced 9.5 pseudostems whereas, micropropagated diploid and tetraploid produced
27.0 and 14.5, respectively (n=24). During 2000 and 2001, seven tetraploid lines and two
cultivars viz., Canton and Queensland produced 6.44 – 8.42, 10.83, 16.77 pseudostems per
plant, and 6.92 – 7.75, 9.6, 12.63(n=30), respectively from 35-65g seed size. Li et al.
(2004) from nutritional experiment in China reported the range of pseudostems 6.3 – 10.6
at harvest.

Seed sett weight on clump yield
The scatter plot (Fig 1) shows that not only bigger seed piece but also smaller recorded
higher clump yield and vice-versa. The mixed response in actual field condition may be
due to complex reasons. Sett weight had a positive association with clump yield (R2=0.0124)
but it was not significant. Korla et al.(1989) recorded mean yield of 33.3, 65.4, 79.7 and
122.5g per plant for seed size of 5-10g, 10-15g, 15-20g and 20-25g, respectively. There
were not many results to compare individual clump yield in relation to individual sett
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weight, but there are several reports available on comparison of sett weight and per ha
yield. Whiley (1990) recorded 12% increased knob size and 26% increased yield with
85.5g seed piece compared to 42.5g. Beale et al. (2006) found that no significant differences
in yield between the two heaviest seed sett ranges 85-114g and 115-128g. The 115-128g
range yielded higher than the four lightest weight ranges. The 86-114 range yielded higher
than the 14-28g and the 29-43g ranges. The seed sett weight range tested in our experiment
might not have effected sufficiently to make the significant differences on yield.

Fig 1 Relationship of sett weight and clump yield

Seed multiplication rate (SMR)
The seed sett to clump yield multiplication rate (SMR) ranged from 2.2 to 26.1 with
a mean of 9.6. The rate of multiplication varied for a given set of seed. Maximum number
of seed (47.5%) multiplied 6-10 times followed by 22.5% in the range of 1-5 times. The
remaining 12.5%, 10.0%, 5.0% and 2.5% took a multiplication in the range of 11-15, 1620, 21-25 and 26-30 times. The rate of multiplication was higher with smaller seed size and
lesser with bigger seed sett. Similar observation was also reported in ginger by Okwuowulu (1994) from Nigeria. He reported two years experiment from two sites viz., Bori and
Umudike, on an average (two years and three spacing) the multiplication rate was 4.5, 4.6,
5, and 7.6 for seed sett weight of 9, 7, 5, 3g, respectively, from first site and from other site
it was 3.8, 4.1, 4.8, and 5.8 for same sett weight. Sasikumar et al. (2003) reported a
multiplication ratio in the range of 9.3 to 11.0. Experiment conducted at Nepal showed that
the SMR of 4.3, 3.9, and 3.27 for 30, 60 and 90 g seed size, respectively (NARC, 2008).
Hepperly et al. (2004) reported that ginger seed normally shaped, weighing 28g planted in
the clean 15-gallon plastic bags (16 x 16 x 30 inches) in a green house for the production of
bacterial wilt-free seed under intensively managed condition produced on an average of
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4.1 kg per bag normal ginger rhizome after 11 months of planting, showing the SMR of
146.4 at Hawaii. Furutani et al. (1985) also from Hawaii harvested fresh rhizome yield of
4.8 kg to 6.6 kg per plant spaced at 1.8 x 0.5m from the seed piece of 100-150g and it
accounts MR between 48 to 66 and 32 to 44. Here again MR is low at higher seed size.

Number of sprout on pseudostem and yield
The pseudostem production increased with increase in sprout number per seed sett,
i.e., seed with one sprout produced 11 pseudostem, whereas seed with four sprouts produced
17 pseudostems. However, fresh rhizome yield per bed (3m2) did not increase as that of
pseudostem. The higher fresh rhizome yield of 9.58 kg/bed recorded with two sprouts per
seed piece followed by three(8.82kg/bed), further increase in the number of sprout per seed
sett decreased the yield. Xizhen et al. (2005) suggested to retrain one or two strong and
short buds on each piece so as to pool the whole nutrition on the buds and advised to
remove the rest.
It was found that maximum (27%) seed sett used in this study belongs to 21-30g. The
mean fresh rhizome yield of clump harvested was 308.2g per plant with a range of 78-575g
with a CV of 34.2%. Maximum plants (27%) yielded in the range of 251-300g. Pseudostem
production per plant was ranged from 2-21 with a mean of 10.7 having CV of 32.7%.
Distribution pattern showed that 49% of plants produced 6-10 pseudostems per plant
followed by 38% in the range of 11-15. The seed sett to clump yield multiplication rate
ranged from 2.2 to 26.1 with a mean of 9.6. The rate of multiplication varied for a given set
of seed. Maximum number of seed (47.5%) multiplied 6-10 times followed by 22.5% in the
range of 1-5 times. The rate of multiplication was higher with smaller seed size and lesser
with bigger seed sett. The distribution of sett weight, pseudostems, clump yield and
multiplication are positively skewed. The relationship between sett weight, pseudostems,
sprouts on clump yield was positive.
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Assured supply of quality planting material is the most critical link for assured
production from the use of improved technology. While technology generation is the primary
responsibility of the breeders/ scientists, assurance of quality of planting material was not,
for seed or planting material multiplication was assigned to individuals or organisations
other than scientific. Internationally, supply of quality planting material has been recognised
as early as 1930s and has been assigned highest priority taking into account the Intellectual
Property Rights (IPRs) involved with them.
Ensuring food availability and self sufficiency in food grain production being the
primary focus for India till recently, mass multiplication and distribution of seed and planting
material has been assigned to the state departments and the concept of IPRs did not figure
as priority. With the advent of WTO (World Trade Organization) and the new global order,
the IPR issues pertaining to seed and planting material have started gaining significance
since 2000, paving way for initiating new methods for quality assurance along with protection
of intellectual property rights. The relatively high cost of vegetable hybrid seeds charged
by the private seed companies indirectly signifies the costs of R&D that have gone into the
development of these hybrids.
Seed and planting material multiplication has also been a steady and assured source
of additional income and employment generating economic activity for few specialised
nursery men and farm families alike. On farm multiplication of breeders’ seed and certified
seed in food grains and vegetables is one of the oldest known model of backward linkage.
However, the aspect of mass production of quality planting material that also ensures
safeguarding IPRs has taken shape rather recently with (ICAR) Indian Council of Agriculture
Research adopting its own Intellectual property guidelines since 2 nd October 2006.
Commensurate with this has been a series of changes in ICAR, where in most of the ICAR
institutions and SAUs have modified their systems for mass production of quality planting
material.
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Keeping these facts in view, several policy and governing issues that surround the
production of quality seed and planting material.

Quality Planting Material Supply – Pre IPR policy period
ICAR institutes provided the breeders seed and quality planting material to state
government departments and seed multiplication agencies, private nursery men at nominal
price as per their requirement indicated through the indent system. The state agencies in
turn multiplied the seeds and planting material either on farmers’ fields or on their own
facility and distributed the same to different states as per the indents received. The private
seed companies and nurserymen used the seed or planting material for their business. Though
the primary objective of seed and planting material supply was being fulfilled, the ICAR or
its researchers seldom claimed any property right over the products developed using their
intellect.
Germplasm collection, conservation and utilisation forms a major mandate of research
for a number of ICAR institutions. It is beyond doubt that such collections made by ICAR
researchers provide valuable base material for crop improvement, which gets into the main
stream and to the private sector research through various research programmes and All
India Coordinated Research Programmes. ICAR researchers have in the recent past adopted
yet another novel method of distributing some of these germplasm, which have been screened
and made into a readily usable form. Such material termed the ‘advanced breeding lines’, a
rich source of selected and segregated germplasm is sold on a non-exclusive basis to private
seed companies for their use.
Research publications have been the only source of recognition the researchers for
their intellectual contribution. Unlike several western countries, which adopted stringent
intellectual property regimes and gained IP revenue from commercialisation of their research
efforts, India, similar to most other developing countries did not have clearly defined IP
policy till 2006. ICAR’s decision to adopt its own Intellectual property guidelines starting
from the 2nd October 2006 changed this scenario.
QPM supply – Post IPR policy
In the post IPR policy regime, ICAR has made it mandatory for all the institutes
under its purview to set up institute level Intellectual Property Management Units. The
structure and functioning of the same is presented in Fig 1.
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Fig. 1 : ICAR’s IP Management Port folio

At the Institute level, the Institute Technology Management Committee (ITMC)
finalises the technology commercialisation process, while the Institute Technology
Management Unit (ITMU) is the functional arm attending to the day to day commercialisation
activities. The Consultancy Processing Unit (CPU) and Institute’s Varietal Identification
Committee also assists the ITMU in screening technologies suitable for commercialisation
process. Varietal identification committee ensures that the technology is unique and satisfies
all prerequisites for being designated as ready for commercialisation. The ITMU then in
consultation with respective innovator and their team decide the modalities of
commercialisation adopting different pathways.
Given the complexity of diverse crop groups and their seed/planting material, IPR
cell of ICAR also set in motion different models for commercialisation of technologies
through licensing. Sub-licensing of technologies or technical know how would help ICAR
institutions to ensure adequate supply of technology with assured quality, yet retain institute’s
identity and ownership rights over the disseminated technology/technical know-how.
ICAR and its institutes strictly adhere to policy of non-exclusiveness and hence show
equal opportunity for all interested parties irrespective of size or volume of business handled.
Technology commercialisation process adopted by ICAR includes material component of
technical know how in the form of seed, planting material or any other physical input, all of
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it or a part of it provided in quantity required for a standard unit (one acre) for an upfront
amount and a royalty component. In most cases license is for a period of three years,
renewable after a review. Depending on the technology in question, the licensee needs to
approach the institute or innovator for fresh lot of part of technical know how every year so
as to ensure quality of technology disseminated. The innovator and his/her team also provide
hands on training in the use of technical know-how and provide all assistance for the initial
set up at licensee level.
It is mandatory for the parties involved to sign an (MOU) Memorandum of
Understanding, that specifies terms and conditions of license agreement on ownership of
intellectual property, non-transferability of agreement, indemnity and dispute settlement
procedures. The licensee agrees to use the name and logo of the institute in all sales of
licensed produce. Agreement is normally for a period of three years with provision for an
annual review.

Issues and constraints
(i) Pricing of the technology: Arriving at an appropriate price for technology for
licensing is a challenge faced by innovator and the ITMU. Breeders and other
technology innovators are expected to suggest anticipated price for their
innovation, which is finalised by ITMU after thorough scrutiny. Innovators need
to include various costs that go into the innovation from conception to
transformation as technology. These include two main components, viz., the
actual and the alternate costs. Actual costs include the fixed and administrative
over heads, salary and other working expenses, costs incurred in transforming
innovation into a feasible technology or technical know how, the IP protection
and other expenses incurred by the organisation. These figures are fairly simple
and straight forward if innovator and his or her team manage to maintain proper
records. It is the alternate costs that are most difficult to account for. These
include opportunity costs or shadow prices as is maintained in economic jargon,
which are costs foregone by incurring on technology and not elsewhere. The
total cost so estimated needs to be spread over a probable technology acceptance
period and number of licensees that may gain from use of technology.
(ii) Public Private Partnerships. Technology commercialization through licensing
is one way of strengthening public private sector partnership. Since public sector
is not equipped with mandate or infrastructure to undertake mass multiplication
of seeds and planting material, it could be licensed to private sector institutions
that are equipped to carry out the same, creating thereby a win-win situation for
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both. Some of the public sector organisations also could undertake mass
multiplication and ensure the supply of planting material in requisite quantity,
adding value to efforts put forth by the scientists.
However, many private seed companies and public sector organisations are not
yet ready for accepting royalty payments or higher upfront fee.
(iii) (DUS) criteria : It is mandatory to establish the uniqueness of planting material
or product for claiming IP rights, but the DUS standards for a number of crop
varieties/ hybrids are not yet been documented or standardised. Though 35 crops
have been identified for setting up DUS standards, only few are available for
use. Further, (PVPFR) Protection of Plant Varieties and Farmer’s Right has not
yet started process of registration of varieties and or extant types. Given these
constraints, breeders are often compelled to explore other means to prove
uniqueness of their material. The issue is even more complicated in case of
ornamental crops as the registering authority is yet to be identified. Much needs
to be deliberated with regard to intellectual property issues in case of ornamental,
medicinal crops and products.
(iv) Differential pricing: Technology innovators would aim to disseminate
technology to wider spectrum so as to spread the benefit across. Differential
pricing becomes inevitable given the wide spectrum of users for a given
technology. While private sector organisations are profit oriented, other public
sector run organisations may be interested in equitable distribution of benefits
across larger section of beneficiaries. Safe guarding the interest of small and
marginal cultivators being the primary mandate of public sector organisations,
ensuring availability of quality planting material at reasonable price pre-empts
differential price policy. Innovator and their team along with the ITMU hold the
right for differential pricing of technology.
(v) Benefit sharing: The benefits that accrue from licensing of technology are
distributed as per prescribed guidelines by ICAR under its IP policy. Accordingly,
the total accrued benefits are divided on a 60 : 40 share between the parent
institute and ICAR Head Quarter. Out of the 60 that is received as institute’s
share, the innovator and his/her team are entitled for 60 percent share, while 40
percent remaining is distributed across different stakeholders inclusive of institute
welfare fund and distribution as honorarium to all those contributed directly or
indirectly to the cause of technology innovation or commercialisation.
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However, the modalities of benefit sharing differ across institutions. Some of
the reputed (R&D) Research and Development institutions maintain a part or
the entire 40 percent share towards innovation or corpus fund and plough it
back into (R&D) Research and Development aiming to further innovations. It is
important that institutions deliberate on this issue for creating self sufficiency
of institute’s IP on the long run.

ICAR Policy and New Seed Bill- some common grounds
The new seed bill proposed by the Union Government seeks to update the existing
Act in order to address changes in technology and structure of seed sector. Some provisions
of Seed Bill 2004 contradict and overlap with the Protection of Plant Varieties and Farmers’
Rights Act, 2001 (PPVFR Act).
New Seed Bill

PVPFR

• Registration compulsory

• Breeders rights is sufficient

• Doubling of period of protection to
30 years leads to monopoly

• Does not specify so

• Declaring the origin

• Contribution by farming community
recognized

• No specific criteria
• Who will test is not clear
• Does not provide any provision

• Testing of varieties DUS criteria

• Pro-government control and
Licensing

• Pro private seed agencies
ICAR policy is in line with prescriptions of the PVPFR. However, it is not clear how
an R&D institute can assist farmer innovators in protecting their novel varieties or practices.

Future thrusts
Technology innovation and dissemination policy of Indian agriculture has evolved
in the last couple of yeas post ICAR IP policy regime. The fact that ICAR and R&D institutes
have taken steps to speed up the process of IP management and technology commercialisation
is commendable, however, much needs to be accomplished.
Technology commercialization process has been set in motion by ICAR since 2
October 2006, yet, modalities of commercialization and Intellectual property protection
need to be streamlined by ICAR.
Technology licensing has emerged as the single most important means of
commercialisation and also ensuring supply of quality planting material to farmers. This
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approach also opens up several new avenues of entrepreneurial opportunities thereby giving
agriculture/horticulture the much needed industry status.
It is important at this juncture that irrespective of the crop or product that is being
commercialised, all stakeholders are on the same page with regard to basic tenets of IP
management and technology commercialisation process.
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Plant quarantine is a government endeavour enforced through legislative measures
to regulate introduction of planting material, plant products, soil, living organisms, etc. in
order to prevent inadvertent introduction of pests (including fungi, bacteria, viruses,
nematodes, insects and weeds) harmful to agriculture of a country/ state/ region, and if
introduced, prevent their establishment and further spread. Plant quarantine measures act
as filters against entry of exotic species and check / delay introduction of unwanted
organisms. Therefore, practicing plant quarantine, i.e., protection of plants by observing
quarantine measures, will go a long way in protecting our agriculture from ravages of
exotic pests and diseases and, also, from further spread of these present in a particular
region.
Plant quarantine measures are implemented at different levels of authority:
(1) Legislation enacted by a national authority and, in some cases, by the a authority
under which rules and regulations are promulgated and amended keeping in
view needs as per the time and international developments
(2) To enable legislation, the government authority is empowered (which is usually
the Ministry of Agriculture) to issue notifications or directives which by
themselves constitute rules for implementation
(3) A network of quarantine implementation authorities to ensure that rules are
followed
In case the country is a member of a larger inter-governmental organization, rules in
place are binding to all member-countries. For instance, Asia Pacific Plant Protection
Commission (APPPC) has > 25 member-countries and, the European and Mediterranean
Plant Protection Organization has > 35 members.
The word ‘quarantine’ has its roots in the Latin word for forty. It originally referred
to the period of detention which was imposed on ships’ passengers, to allow latent cases of
disease to develop, before passengers were permitted to land. The earliest record of such
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restrictions for human disease goes back to the latter half of 14th Century. Subsequently, as
governments became more concerned with spread of pests destructive to agricultural and
forest crops, new controls were gradually introduced under the name ‘Plant Quarantine’
(Khetarpal and Gupta, 2008).
The first plant-quarantine law was promulgated in Rouen, France, in 1860 to suppress
and prevent spread of the common berberry, which is the alternate host for wheat rust.
Other countries to establish quarantine laws after France were Germany, USA, UK and
Australia. In 1881, the California Pest Act was passed to prevent spread of grape Phylloxera.
However, subsequently, a number of countries became aware of the necessity and importance
of plant-quarantine for safety and health of their agriculture. The first effort towards
International Agreement on Plant Protection was made in 1914 under the auspices of
International Institute of Agriculture, Rome. This was followed by an International
Convention of Plant Protection, with over 50 member-countries of the Institute in 1919
under which Agreements regarding issue and acceptance of phytosanitary certificates were
finalized. The project suffered a setback due to the Second World War, and was later
appreciated by Food and Agriculture Organization (FAO); and, in 1951, the International
Plant Protection Convention (IPPC) was convened by FAO (https://www.ippc.int/IPP/En/
default.jsp). India became a party to this agreement in the year 1956 along with Australia,
Sri Lanka, UK, The Netherlands, Indonesia, Portugal and Vietnam. At present, there are
179 signatory members of the IPPC.
The International Plant Protection Convention (1952) was initiated with an aim of
developing international cooperation among various countries for preventing introduction
and spread of pests across national boundaries, to secure common and effective measures
to this end. This convention is applicable mainly to regulated pests involved in international
movement of plants and planting material.
National Plant Protection Organization (NPPO) is an official service established by
a government to fulfill functions specified in the IPPC. NPPOs implement phytosanitary
laws and/or regulations issued by their governments. Responsibilities of NPPOs under the
IPPC (Article IV) include: issuance of phytosanitary certificate, surveillance and inspection,
controlling pests (for example, administering treatments, preventing spread, disinfection
or disinfestation), protecting endangered areas, conducting pest risk analyses, ensuring
phytosanitary security of consignments from certification until export, and designation,
maintenance and surveillance of pest-free areas and areas of low pest-prevalence. To facilitate
information exchange between IPPC and the contracting parties, each country has a
designated official contact-point, which is most often the NPPO. These contact points can
be found on the IPPC website https://www.ippc.int/IPP/En/nppo.jsp
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Contracting parties also cooperate with each other within their regions through
Regional Plant Protection Organizations (RPPOs). RPPOs each have their own independent
statutes, and conduct their own regional programmes. They may also create regional
standards for their member-countries. RPPOs cooperate with each other and with FAO,
and meet annually at the Technical Consultation a meeting coordinated by IPPC Secretariat.
List of member countries of each RPPO and reports of these meeting can be found on IPPC
website https://www.ippc.int

2. Importance of plant quarantine in trade of horticultural material
History has witnessed the pivotal role played by quarantine in exchange of
horticultural material, as several countries suffered enormous losses due to inadvertent
introduction of exotic pests along with planting material. The Irish potato famine of 1845 is
a well-known example of total devastation of the potato crop caused by the late blight
fungus (Phytophthora infestans) introduced from Central America. Potato, being a staple
food, caused starvation and mass-migration of the Irish people to America and other parts
of the world. Likewise, wine industry of France, in the middle of 19th Century, was virtually
destroyed by introduction of powdery mildew (Uncinula necator) and downy mildew
(Plasmopara viticola) of grapes from America. The 1912-1927 outbreak of citrus canker
disease in Florida, USA, caused by the bacterial pathogen Xanthomonas campestris pv.
citri cost 6 million US dollars for eradication, and when the disease reappeared in Florida
in 1984, control efforts have thus far cost over 70 million US dollars (Parakh and Gautam,
1999).
In India too, many pests were introduced on horticultural crops, which have since
become serious pests and continue to cause damage year after year. The San Jose scale
(Quadraspidiotus perniciosus), a pest of apple, was introduced into India in 1930s and
continue to cause enormous losses in apple orchards in Himachal Pradesh. The woolly
aphid (Eriosoma lanigerum), another serious pest of apple, also introduced into India, causes
substantial losses in the apple-growing states of north India. The fluted scale (Icerya
purchasi), a serious pest of citrus and native of Australia, was introduced into India prior to
1928 from Sri Lanka probably on wattles (Acacia sp.) to later become a serious pest on
citrus in south India. A large-scale campaign was organized in south India from 1946 to
1950 to check the spread of this pest. Among the other, more economically-important plant
disease introductions in fruit crops, is bunchy top virus of banana from Sri Lanka in 1940;
this has since spread wide in almost all banana-growing regions like south India, Orissa,
Bihar, West Bengal, Assam and even north India. The mosaic disease of banana, an introduced
disease initially confined to Gujarat and Maharashtra, has now spread to other banana
growing regions in the country (Sharma, 1992). In the early nineties too, peach-X disease
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caused by phytoplasmas spread to Himachal Pradesh. Ahlawat and Chenulu (1979) first
reported this disease and considered it a potential threat to stone-fruit cultivation in India.
All these examples clearly demonstrate that imported seed/ planting material, especially
bulk-imports, may result in introduction and establishment of quarantine pests into new
areas, which may severely damage crop-production and the economy of a nation.

National plant quarantine system
Each country develops and implements its national quarantine legislation. The first
quarantine measure in India dates back to 1906 when the Government ordered compulsory
fumigation of all incoming cotton bales at port of entry to prevent introduction of the
dreaded Mexican cotton boll weevil, Anthonomus grandis. With a view to restrict entry of
exotic pests, pathogens and weeds through regulation of imports, Government of India
legislated the Destructive Insects and Pests (DIP) Act in 1914. This Act, amended through
various notifications issued from time to time, also restricted movement of certain planting
material from one state to another within the country, through domestic quarantine. In
1984, a notification was issued under this Act, namely Plants, Fruits and Seeds (Regulation
of Import into India) Order, popularly known as PFS Order, which was revised in 1989
(after the announcement of a New Policy on Seed Development by Government of India in
1988,) proposing major modifications for smooth quarantine-functioning.
PFS Order has now been superceded by Plant Quarantine (Regulation of Import into
India) Order 2003, which came into force because there was an urgent need to fill-up gaps
in the existing PFS order and international agreements. This forms the basis of functioning
of the Directorate of Plant Protection, Quarantine and Storage (DPPQS) under Department
of Agriculture and Cooperation, established in 1946, and entrusted with implementation of
plant quarantine regulations issued under the DIP Act. It is the national agency responsible
for implementation of quarantine policies and standards targeted a preventing introduction,
establishment and spread of quarantine pests. It operates through a network of quarantine
stations, located in different parts of the country that act as entry and exit points. Also, after
introduction of the New Policy on Seed Development (NPSD) in 1988, and the World
Trade Organization (WTO) Agreements in 1995, import of agricultural commodities is
allowed more freely. This has led to even greater chances of introduction of new pests and
diseases into the country.
Under this Order, the need for incorporation of ‘Additional/ Special Declarations’
for freedom of import commodities from quarantine pests, on the basis of standardized pest
risk analysis (PRA), is a mandatory requirement under Sanitary and Phytosanitary (SPS)
Agreement of WTO, particularly for seed/ planting material. Other salient features of the
order are:
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 Prohibition on import of commodities with weed/ alien species contamination as
per Schedule VIII; & restriction on import of packaging material of plant origin,
unless treated
 Provisions included for regulating import of soil, peat & sphagnum moss;
germplasm/ GMOs/ transgenic material for research; live insects/ microbial
cultures & biocontrol agents and import of timber & wooden logs
 Agricultural imports have been classified as (a) Prohibited plant species (Schedule
IV); (b) Restricted species, where import permitted only by authorized institutions
(Schedule V); (c) Restricted species permitted only with additional declarations
of freedom from quarantine/ regulated pests and subject to specified treatment
certifications (Schedule VI) and, (d) Plant material imported for consumption/
industrial processing permitted with normal Phytosanitary Certificate (Schedule
VII)
 Permit requirement enforced on import of seeds including flower seeds,
propagation material and mushroom-spawn cultures
 Additional declarations being specified in the Order for import of 144 agricultural
commodities with specific lists of more than 590 quarantine pests and 61 (31 as
per third amendment of PQ Order) weed species
 Notified points of entry increased to 130 from the existing 59
 Certification fee and inspection charges have been rationalized
Till June 2011, fifteen amendments of the PQ Order 2003 were notified to WTO,
and fourteen other draft amendments are posted on http://www.agricoop.nic.in/gazette.htm
website for comments and future notification, with revised requirements for crops under
Schedules VI and VII (which now include 685 and 289 crops/ commodities, respectively,
covering over 600 quarantine pests).

1. Import of horticultural material
Horticultural material being imported into India is a) bulk consignments for
consumption/ planting material for sowing/ planting, and b) samples of germplasm in small
quantities for research purposes. Plant Quarantine Stations, numbering 35, under DPPQS
undertake quarantine processing and clearance of consignments of the first category. National
Bureau of Plant Genetic Resources (NBPGR), New Delhi, the nodal institution for
germplasm exchange, collection, evaluation and conservation, has been empowered under
legislation to handle quarantine processing of germplasm and transgenic plant material
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being imported for research into the country by both public and private sectors (Khetarpal
et al, 2001, 2006).

1.1 Bulk consignments for consumption/ propagation
DPPQS needs to be approached for import permit (IP) and quarantine clearance.
Plant Quarantine Order 2003 stipulates two kinds of conditions for import of horticultural
planting material. These are: (a) General conditions and (b) Special conditions and postentry quarantine.
(a) General conditions for imports:
Import of seeds and plants for sowing or planting of fruit crops is permitted by
Export and Import (EXIM) Committee of the Department of Agriculture and
Cooperation. Import permit (IP) needs to be procured before importing any
consignment. It is valid for a period of six months and extendable for a period of
another six months. Phytosanitary Certificate (PC) issued by the quarantine
authority of the country of export should accompany the consignment. All
consignments should be imported only through entry points notified by the Central
Government from time to time. The Plant Protection Advisor to Govt. of India
(or an official authorized by him) may, after inspection, fumigation, disinfection/
disinfestation accord quarantine clearance or order for destruction of consignment
or return the same to the source-country. In addition, PRA (which has been made
mandatory for all materials, except those listed under Schedule VII of the Plant
Quarantine Order 2003) needs to be conducted as per norms.
(b) Special conditions of imports:
Horticultural planting material is prohibited from certain parts of the world
because of prevalence of pests are listed at Schedule IV of the PQ Order (Annex
I). Materials listed under Schedule V and VI needs to meet certain additional
declarations and special conditions.

1.2 Germplasm
Research institutions falling under the public and private sectors interested in
importing plants or planting material should request NBPGR for IP (which is not
transferable). The point of entry of all germplasm consignments is New Delhi airport only.
On arrival, quarantine scientists carefully process the material. In case the material is found
infected/ infested with pests, all efforts are made to salvage the material. Only in rare cases,
when the material cannot be salvaged, is it incinerated. In case post-entry quarantine
examination of the imported material is required, it is done at a quarantine greenhouse
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facility, at NBPGR, New Delhi, and its Regional Station, Bhowali, for temperate fruits and
other horticultural crops.

2 Quarantine procedures for import of horticultural crops
2.1 Pre-entry plant quarantine requirements:
(a) Import Permit is a statutory requirement from the country of import and
conditions/ additional declarations laid on it need to be fulfilled by the country
of export
(b) Phytosanitary Certificate is also a statutory requirement and is proof that the
consignment has been examined according to requirements of the importing
country, and found free from quarantine pests mentioned in the IP
(c) PRA to be carried out by the country of import for which desired information is
supplied by the country of export
(d) Approval of Post-entry Quarantine (PEQ) Growing Facility is essential, as, all
the horticultural planting material is subjected to PEQ inspection. The material
cannot be imported unless suitable facility is available with the indenter.

2.2 Post-entry quarantine requirements:
(a) Screening at the port of entry: examination is carried out to make sure that
phytosanitary conditions laid down in the import permit have been taken care
of, and the material is free from exotic pests.
(b) Examination of the material after entry, PEQ growing and treatment if required.

3 Processing of material for detection of pests
Quarantine processing involves examination of the material under exchange by naked
eye or with the help of a magnifying glass (visual inspection) for detecting presence of
insect-damaged seeds, dead or actively-moving larval and adult stages, flour, webbing,
presence of excreta, soil clods, plant debris, discoloured deformed malformed seeds, bunt
balls/ spores, ergot sclerotia, rust pustules/ spores, crust of downy mildew/ spores, weed
seeds, presence of yellow discolouration around the hilum, nematode galls, etc. Samples
are then processed through various specialized techniques for each discipline namely,
Entomology, Nematology and Plant Pathology. On detection of a pest, course of action is
decided depending upon the type/ category of pest detected. The material is salvaged to the
extent possible using physical, chemical and physico-chemical treatments, including Hot
Water Treatment (HWT). Germplasm of vegetable legumes is grown under a Greenhouse/
Screenhouse for virus indexing. Material found chemically treated with pesticides is grown
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in Post-Entry Quarantine Nursery (PEQN) for expression of disease symptoms. Only harvest
from disease-free material is released to the indenter. A flow-chart of different steps involved
in quarantine processing of exotic germplasm at NBPGR is given in Fig. 1.

4. Interception of important pests in imported horticultural crops
Several pests of quarantine significance have been intercepted from imported seeds
and planting material in horticultural crops. Some of the important pests intercepted in
horticultural crops are presented in Table 1.

Table 1. Important interceptions in horticultural crops
Pest

Host

Origin/Source

* Anthonomus grandis

Hibiscus sp.

Italy, USA, Zambia

* A. pullus

Hibiscus sp.

Nigeria, Zambia

Aonidiella orientalis

Vitis vinifera (cuttings)

Brazil

Bruchus dentipes

Vicia faba

Syria, Iraq

Insect/ Mite
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Ephestia elutella

Macadamia (nuts)

USA

Parasessatia nigra

Persea americana

Vietnam

Pachymerus lacerdae

Orbynya phalerata nuts

Brazil

Rhizopertha dominica

Allium sativum

Bhutan, Egypt

Polyphagotarsonemus latus

Beta vulgaris
Fungus
Alternaria amaranthi

Amaranthus sp.

Taiwan

A. dauci

Daucus carota

France, Poland, UK, USA

A. helianthi

Lycopersicon esculentum

Taiwan

A. porri

Allium sp.

France

Botrytis allii

Allium sp.

France, Germany

Lycopersicon esculentum

Taiwan

Colletotrichum lagenarium

Cucumis melo

USA

Drechslera maydis

Capsicum spp.

USA

* Aphelenchoides fragariae

Fragaria sp. (rooted plants)

Australia, Holland

* Ditylenchus destructor

Humulus lupulus
(rooted plants)

Australia, Germany,
Philippines, UK, USA

Nematode

Solanum tuberosum (tubers) Peru
* Pratylenchus brachyurus

Fragaria sp. (plants)

Helicotylenchus
Prunus spp. rooted cuttings
pseudorobustus,
Pratylenchus penetrans
*Xiphinema diversicaudatum

USA
France, Netherlands

* pest not reported from India

5. Salvaging infested/ infected/ contaminated material
The introduced germplasm is disinfested/ disinfected/ decontaminated using various
methods.

Mechanical cleaning: Seed lots are cleaned mechanically (hand-picking) by
removing soil clods, plant debris, weeds, discoloured/deformed/shriveled seeds. Infected
portion of vegetative propagules is excised.
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X-ray radiography: Seeds of the 340 plant genera known to carry hidden infestation
are subjected to X-ray radiography (Bhalla et al, 2002) or transparency-test with lactophenol,
to detect hidden infestation in seeds due to seed beetles (bruchids)/ seed wasps (phytophagous
chalcidoids) or weevils, including detection of mango stone weevil, Sternochaetus
mangiferae, in the large seeds of mango. Infested seeds in the developed X-ray films can
be easily distinguished and are then hand-picked from the seed geometry of sample kept
undisturbed.

Hot water treatment (HWT): It is used for eliminating fungi, bacteria and
nematodes; the material is treated in specialized hot water tanks with temperature control
by using various combinations of temperature and time.

Pesticidal treatment: Seed-dressing with chemicals is generally done for
eradicating common seed-borne fungi and bacteria, while, vegetatively propagated material
is dipped in pesticide solution for insects and nematodes for 10-15 minutes before release.

Fumigation: The most effective method used in quarantine for eliminating insects,
mites and nematodes is fumigation. Atmospheric fumigation is done at normal air-pressure
in an airtight container, to eliminate external/ surface-feeding insects and mites. Ethylene
dichloride-carbon tetrachloride (EDCT) and phosphine (aluminium phosphide) have been
found to be effective for most of the common stored-grain insect pests. The operation takes
a minimum of 24h. Other fumigants used are: ethylene oxide and carbon dioxide mixture,
hydrogen cyanide gas, and methyl bromide. Some plant material, viz., rooted plants, cuttings,
tubers and other vegetatively propagated material not tolerant to fumigation-doses required
for eliminating infestation, are given pesticidal dip or spray treatment. This effective against
surface-feeding insects and nematodes.

Salvaging through in vitro culture: It is used mainly for eliminating virus infection
from vegetatively propagated material. Viruses are eliminated through culturing excised
meristems in vitro.
International scenario affecting horticultural trade
Recent trade-related developments on the international front and thrust of WTO
Agreements imply that countries need to update their quarantine or plant-health services to
facilitate pest-free import/export. Establishment of WTO in 1995 has provided unlimited
opportunities for international trade of horticultural products, with legal standards in the
form of Agreement on Application of Sanitary and Phytosanitary (SPS) Measures, for
effective regulation. The SPS Agreement concerns application of food safety and animal/
plant-health regulations. It recognizes government’s rights to take SPS measures, but
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stipulates that they must be based on science, should be applied only to the extent necessary
to protect human, animal or plant life or health and, should not arbitrarily or unjustifiably
discriminate between member-countries where identical or similar conditions prevail (http:/
/www.wto.org, Khetarpal and Gupta, 2002). It aims to overcome health-related impediments
of plants and animals to market-access by encouraging establishment, recognition and
application of common SPS measures by various Members.
SPS measures are defined as any measure applied within the territory of a Member
State to:
• protect animal or plant life or health from risks arising from entry, establishment
or spread of pests, diseases, disease- carrying/ causing organisms;
• protect human or animal life or health from risks arising from additives,
contaminants, toxins or disease-causing organisms in food, beverages or foodstuffs;
• protect human life or health from risks arising from diseases carried by animals,
plants or their products, or from the entry establishment /spread of pests; or
• prevent or limit other damage from entry, establishment or spread of pests.
The Agreement explicitly refers to three standard-setting international organizations
commonly called the ‘Three sisters’ whose activities are considered to be particularly relevant
to its objectives: Food and Agriculture Organization (FAO)/ World Health Organization
(WHO) - Codex Alimentarius Commission, Office International des Epizooties, and
international and regional organizations operating within the framework of the FAOInternational Plant Protection Convention (IPPC). They are observers and important
contributors to SPS Committee meetings. The IPPC develops International Standards for
Phytosanitary Measures (ISPMs) to provide guidelines on pest prevention, detection and
eradication. Till date, thirty five standards have been developed, and a few others are in
different stages of development.
Prior to the establishment of WTO, governments on a voluntary basis could adopt
international standards, guidelines, recommendations and other advisory texts. Although
these norms remain voluntary, the SPS Agreement has conferred a new status upon them. A
WTO Member adopting such norms is presumed to be in full compliance with the SPS
Agreement. These are aimed to improve phytosanitary situation for member-countries and
enforcement of SPS measures would result in minimizing the risk of introduction of noxious
pests. The basis of allowing import of agricultural commodities, including horticultural
material, depends on appropriate level of protection or acceptable level of protection (ALP)
of the member-countries. Where the risk of pest-introduction is above ALP, the importing
country may ask for application of disinfestation measures to reduce the risks.
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Prior to export, all countries are required to make suitable arrangement for inspection,
treatment and issuance of PC after thorough examination of the planting material. The
certificate needs to be issued by the authority of exporting country. ISPM 12 developed by
IPPC gives guidelines for issuing PC internationally acceptable to secure common and
reciprocal action, to prohibit introduction and spread of exotic pests. The purpose is to
certify that the exported product meets quarantine requirements of the importing country.
Most countries have well-organized import regulations, requiring import permits
issued by the plant protection service of the importing country, which spells out conditions
under which the importer may receive desired plant material. The document signifies that
the material needs to be inspected and declared to be free from certain important pests of
particular significance to the importing country.
The above-mentioned procedure is followed for trade of all agricultural commodities,
including horticultural material. However, as far as India is concerned, a lot is yet to be
achieved in terms of preparation for increasing exports of horticultural material. Quarantine
requirements for lifting the ban on exportable items need to be studied thoroughly and
disinfestation technology developed to meet the exact specifications prescribed by importing
countries in order to boost exports of fresh fruits and vegetables. Standards need to be
developed, on priority, to facilitate export of several exportable fruits like mango, litchi,
sapota, pomegranate, and other horticultural crops (Rajan et al, 2005).

Need for upgrading National Phytosanitary Regulatory System
Recently efforts have been initiated to streamline national regulations as per
international norms to enhance our trade of horticulture produce. Some of the areas that
need immediate attention are listed below:
• Strengthening the PRA unit to undertake pest risk analysis
• Strengthening nationally coordinated plant-pest surveillance system for designation
and maintenance of pest-free areas (PFAs)
• Extensive surveys need to be carried out to collect endemic-pest data for
horticultural crops of high export-potential
• Development of a system to deal with inspection procedures at entry and exit
points, and accreditation of post-entry quarantine systems
• Establishment of molecular diagnostic facilities for detection and identification
of exotic pests
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• Research on biology, epidemiology, survival during transit, host-range, variability
within species of quarantine pests of important trade commodities needs to be
conducted
• Strengthening domestic quarantine system/ emergency services to check spread
of the already-introduced pests to newer areas
• Need to develop quality assurance machinery that ensures compliance with SPS
requirements of the importing country.
• Development of effective and integrated networking of information
To accomplish the above-mentioned tasks, technical assistance provided by the WTO
Secretariat to the developing and the least-developed country members for implementation
of SPS Agreement, can be sought. Possibility of bilateral cooperation with international
organizations, especially with the three standard-setting organizations, in the form of
scientific advice/setting up national inspection services/ investment in laboratory
infrastructure, needs to be explored.

Conclusion
Liberalized trade policies of governments/ WTO have placed a huge responsibility
on quarantine personnel for achieving their objectives of excluding exotic pests, or, to
carry out eradicative measures. The risk of pest introduction and means to stop establishment
of these pests into new areas continues to be a major concern of phytosanitary/ quarantine
officials. Unless adequate phytosanitary measures are taken, pests could spread all over the
globe, become established in new areas and devastate fruit and vegetable production.
However, on the other hand, there are tremendous opportunities for growers involved
in export of fruits or planting material to boost national economy if the exporters meet
international quality standards and overcome phytosanitary constraints. Recent lifting of
ban by China and Australia on imports of mango and grapes from India was achieved by
implementation of regulations in earnest and development of acceptable disinfestation
techniques, which is a good beginning.
Agricultural and Processed Food Products Export Development Authority (APEDA)
has set up 60 export-processing zones in the country so far. A mechanism needs to be
developed through a network system for (1) adoption of these zones by researchers for
undertaking export promotional research so that exports from these zones meet international
sanitary and phytosanitary standards (2) production and export from pest-free areas (3)
monitoring mechanism needed for maintenance of pest-free status of these areas.
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With increase in horticultural production jumping up almost three-fold over the last
fifty years, India needs to now focus attention on diversification and export promotion.
Likewise, specifications for quality/ codex standards for export of indigenous fruits also
need to be developed. Active participation by India in IPPC, Codex Alimentarius meetings
to negotiate for reasonable standards would also give the necessary push to trade in
horticultural material. All this is possible if the government agencies involved in sanitary
and phytosanitary issues work in complete coordination with each other, to achieve
international standards which would ultimately boost export of horticultural commodities.
Annex I

List of horticultural plants/ planting material and countries from where
import is prohibited, giving justification (Schedule-IV; P.Q. Order 2003)
S.No Plant species/variety

Categories of Prohibited
plant material fromthe
countries

1.

Banana, Plantain and Rhizomes/
Abaca (Musa spp.) Suckers

2.

Cassava or tapioca Seeds/
Africa &
Due to incidence of
(Manihot esculenta) Stem cuttings South America destructive pests such as
Super elongation
(Sphaceloma
manihoticola), Cassava
bacterial blight
(Xanthomonas campestris
pv. manihotis) - American
strains, Cassava witches’
broom (phytoplasma) and
several cassava viruses

3.

Cocoa (Theobroma
cacao) and plant
species belonging to
Sterculiaceae,
Bombacaceae and
Tiliaceae

Fresh beans/
Pods/
Budwood/
Grafts/
Rootstocks/
Saplings

Central &
South America,
Hawaii,
Philippines and
Cameroon

Justification
for prohibition

West Africa,
Tropical
America and
Sri Lanka

Due to incidence of
destructive pests such as
Moko wilt (Burkholderia
solanacearum) race 2 and
Cameroon marbling
(phytoplasmas)

Due to incidence of
destructive pests such as
Swollen shoot virus and
related virus strains of
cocoa, Witches’ broom
[Crinipellis ( Marasmius)
perniciosa],Watery pod
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rot [Monilia
(Moniliopthora) roreri]
Mealy pod
(Trachysphaera
fructigena), Mirids
(Sahlbergia singularis &
Distantiella theobroma),
Cocoa moth
(Acorocercops
cramerella), Cocoa capsid
(Sahlbergiella
theobroma), Cocoa beetle
(Steirastoma brevi),
Seedling damping-off
(Phytophthora cactorum),
Chestnut downy mildew
(Phytophthora katsurae)
and Black pod of cocoa
(Phytophthora
megakarya)
4.

Cocoyam or Dasheen Plants/Corms/
or Taro (Arvi)
Cormlets/
(Colocasia esculenta) Suckers
and other
edible aeroids

5.

Potato (Solanum
tuberosum) and
other tuber bearing
species of
Solanaceae

Cook Islands,
Papua New
Guinea,
Solomon
Islands and
South Pacific
countries

Due to incidence of
destructive pests such as
Alomae land Bobone
(Rhabdo viruses),
Dasheen mosaic virus
(South Pacific strains)
and Bacterial blight
(Xanthomonas campestris
pv. dieffenbachiae)

Tubers and
South America Due to incidence of
other planting
destructive pests such as
material
Potato smut [Thecaphora
(Angiosorus)
solani], Potato purple-top
wilt & stolbur
(phytoplasmas), Potato
viruses viz. Andean potato
latent, Andean potato
mottle, Arracacha B virus,
Potato deforming mosaic,
Potato T (capillo virus),
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Potato yellow dwarf,
Potato yellow vein,
Potato calico strain of
Tobacco ring spot virus,
Potato strain of Tobacco
streak virus and Andean
potato weevil
(Premnotrypes spp.)
6.

Sweet potato
(Ipomoea spp.)

Stem (Vine)
cuttings
rooted or
un-rooted/
tubers

7.

Yam (Dioscorea spp.) Tubers for
planting or
propagation

South Africa,
East Africa,
New Zealand,
Nigeria, USA,
Argentina and
Israel

Due to incidence of
destructive pests such as
Scab (Elsinoe batatas),
Scurf (Moniliochaetes
infuscans), Foot rot
(Plenodomus destruens),
Soil rot (Streptomyces
ipomoeae), Bacteriae wilt
(Pseudomonas batatae),
Sweet potato viruses, viz.,
Russet crack; Feathery
mottle; Internal cork;
Chlorotic leaf spot; Vein
mosaic; Mild mottle and
Yellow dwarf, Vein
clearing; Chlorotic stunt;
Sheffied’s virus A and B,
etc., Sweet potato witches’
broom (phytoplasmas) and
seed bruchid (Mimosestes
mimosae)

West Africa
Due to incidence of the
and Caribbean destructive Yam mosaic
region
virus/ green banding virus
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Overview of storage of quality seeds in horticultural crops
for present and future use
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Seeds are widely used for plant propagation as well as for crop improvement in
different horticultural crops. In perennial crops fruit crops seeds are used for raising
rootstocks and for direct sowing in annuals such as vegetables and flower plants. Seeds are
also important in crop improvement program either in selection or in hybridization. Further
it finds important role in conservation of genetic resources in view of readily accessible,
economical and able to maintain genetic stability even on long term conservation. While in
crop production a desired end is of higher production wherein planting material plays an
important role. High quality seeds help in raising healthy plant and establishing optimal
plant population in field. To fulfill the goal seeds should be capable of maintaining higher
vigour and viable till it is sown in field. Seed vigour decreases with improper handling and
storage especially under ambient conditions. Seed quality in terms of viability and vigour
decreases immediately after harvest and became unfit for sowing on complete loss of
viability. Seed quality is largely dependent on storage environment especially temperature
and relative humidity. High temperature and humidity promote seed deterioration, enhances
microbial activity and reduces the seed quality. Farmers’ prefer to store seeds till next
growing season while crop breeder needs seeds to be conserved for longer period in order
to avoid frequent growing in field. The crop yield is affected by use of less vigourous
seeds. High seed quality helps in better establishment of seedlings in field, better crop
growth, higher yield and also in extending seed storability. Improper handling of seeds as
well as storage under unfavourable conditions affects the seed quality. Pre-factors like
stage of harvest, nutrition, irrigation and plant health also affects the seed quality and
storability of seed to be conserved. Short term seed storage usually is conducted under
ambient conditions, while medium term storage from 1 to 4°C and long term conservation
from -10 to -20°C. Lowering the storage temperatures to -20°C greatly enhances the longevity
and economic to achieve as well as use for effective conservation of large number of
horticultural crops for a longer period. As a result storability extended from 15 days to 365
days in recalcitrant seeds like mango and to 25 years in orthodox seeds like onion, pepper,
okra, French bean, watermelon etc.
Different farm input contributes to the crop production and many of them have attained
its full potential and few are yet to be exploited completely. Planting material forms an
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important farm input, which plays vital role in raising healthy seedling and establishment
in field so that productivity of a crop is fully harnessed. Planting materials/seeds require
careful handling till it is planted or sown in field. To achieve the goal i.e. high production,
planting material and/or seeds should be of high quality in terms of vigour and viability.
Seed vigour decreases with improper handling and storage especially under ambient
conditions. The horticultural crops are valuable assets of nature to mankind. It comprises
of annuals and perennials in fruits, vegetables, ornamentals, medicinal and aromatic crops,
plantation crops etc. They are popular amongst people in view of rich nutrient contents,
good taste and pleasing quality of produce. These crops also provide aesthetic surroundings
for peaceful dwelling. Horticultural crops are well suited for achieving sustainability of
small holdings, improving environment, increasing export and generating employment
opportunity amongst rural masses. These crops are normally propagated vegetatively or
sown directly through seeds.
Seeds are tiny plant parts contain valuable genetic material and capable of giving
new life in the form of young seedling on germination under favourable conditions. This
characteristic helps in large-scale usage of seeds both in propagation and also in genetic
conservation. Seeds are widely used in horticultural crop production in direct sowing and
or raising the rootstocks. Seed quality normally comprises of the genetic, physiological
and physical characteristics of seeds. The seed quality determines the crop performance
and yield in association with potential of cultivar. Availability of seeds along with its quality
and cost influences the total production. High quality seeds are genetically and physically
pure, vigourous and free from insects and diseases causing organism. It also meets the
demand of diverse agro climatic conditions for cultivation. It is believed that quality seeds
with high viability and vigor contribute nearly 30 per cent to total production. They are
greatly valued especially in hybrids and in protected cultivation. Such seeds emerges faster
and ensures adequate plant population, withstand certain biotic and abiotic stresses and
produces high quality yield. The plant uniformity is the expression of high seed quality and
achieved by high vigour of seeds. Normally low quality seeds are not used for sowing.
Farmer selects good quality seeds worldwide for raising healthy crop and for higher returns.
It is clear that quality concept is not new to farming community and even ancient farmers
were conscious about purity, hygiene, and marketing of quality seeds. The genetic potential
of a genotype determines the plant characteristics, quality and final yield. Its genetic purity
declined on genetic contamination and drift in field. Further, various extraneous factors
such as unfavorable climatic conditions, inadequate nutrition, irrigation, and isolation,
improper rogueing of plants in field and invasion of insects and microorganisms governed
it. The physical purity of seeds is the indication of presence or absence of impurities such
as weed and other crop seeds and inert matter. Quality seeds have high vigour and normally
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withstand unfavourable growing conditions. High vigour seeds germinate early and
establishes better even under water stress or in hard soil. High viability and vigor ensures
good seedling establishment and optimum plant population. Seed health determines the
continuous performance of seedling in field. The seed quality is influenced by several
factors operated during seed formation, development, maturation, growth, harvesting,
extraction, drying, cleaning, grading, packing and storage. It is essential to produce good
quality seeds and maintains high quality till seeds are sown for successful production.
Low quality seed is associated with low rate of germination and emergence, reduced seedling
fresh weight and an increase in number of abnormal seedlings. Further, germinating power
and yield of the crop raised from stored seeds at ambient conditions steadily reduces. The
crop yield is lower in plants raised from the older seeds than fresher seeds.

Seed storage
Seed storage is widely practiced for conservation of planting material and genetic
diversity. Seeds are readily equipped to survive for a period that varies in different species.
As a living entity it retains viability to a certain period and eventually deteriorates and
loses viability. The process of seed deterioration is irreversible and cannot be totally
eliminated. Further, loss of seed viability during storage can neither be completely stopped
nor eliminated. The process of seed deterioration is minimal under proper storage conditions
thereby viability extends for a longer period. Seeds of various horticultural plants are able
to survive much longer under proper storage conditions (Doijode, 2001). Generally speaking
seed storage conservation method is an efficient and reproducible technique. The seeds are
dried to lower moisture levels and stored at a low temperature. This method is almost
universally applied to the orthodox seed species. It is well recognized that seeds should be
maintained under conditions in which the life processes in seeds are minimized so that they
can be stored for a longer period with little loss in genetic diversity, genetic integrity and
viability. The limits are set for loss of viability as indicator of genetic shift in stored seed
material and for regeneration in field. Due to the extended life span of seeds stored under
optimum conditions, it will not be necessary to regenerate seeds at frequent intervals.
Improper handling of seeds as well as storage under unfavourable conditions affects the
seed quality. Pre- harvest factors like stage of harvest, nutrition, irrigation and plant health
also affects the seed quality and storability of seed lots to be conserved. Short term seed
storage usually is conducted under ambient conditions, while medium term storage from 1°
to 4°C and long term conservation from –10°C to –20°C. Lowering the storage temperature
to –20°C greatly enhances the longevity and economic to achieve as well as use for effective
conservation of large number of horticultural crops for a longer period. Some orthodox
seeds are desiccation tolerant but are sensitive to low temperatures as seen in most of
temperate fruit seeds. Several tropical fruit seed exhibit recalcitrant nature, where life span
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ranges from few weeks to several months (Roberts, 1973). They are sensitive to desiccation,
shows chilling injury on exposure to very low temperate and invade microorganisms readily
at higher seed moisture during storage. Mango, jamun, jackfruit etc are the examples. The
viability is retained under imbibed conditions at low temperature with assured supply of
oxygen. Storability ranges from few weeks to months under these conditions and are too
short for adequate storage. Therefore, these species mainly are stored as vegetative plants.

Factors determining quality of seeds during storage
Seed moisture
Seed moisture is an important component in determination of storage life of seeds. It
plays major role in seed deterioration. Seed moisture is high immediately after fertilization
and it decreases during seed development, maturation, and ripening of seeds. It attains
equilibrium with atmospheric relative humidity on harvesting. Further, seed moisture
fluctuates depending on chemical composition of seeds, and relative humidity and
temperature of atmosphere. The water evaporates from seeds into atmosphere and moisture
gradient is created that causes moisture to move towards surface. The embryo may get
damage at higher rate of evaporation and results in loss of viability. Therefore, seeds are to
be well protected during drying and they dried preferably at low temperature (15°C) and
low relative humidity (15%RH). Sometimes during drying a little pulp is retained along
with seeds as in case of pepper seeds that helps in translocation of metabolites at higher
temperature. In garden peas rapid and excessive removal of seed moisture affected the seed
vigor and also yield raised from such seeds. In okra high seed moisture tends to show little
or no dormancy while reduction to 4 to 6 per cent develops hard seededness. It causes very
slow uptake of water and it overcomes by seed scarification or germinating seeds at alternate
temperature (20/30°C for 16/8 h respectively). Normally 6 to 7 per cent of moisture is
maintained in different vegetable seeds while, 5 percent moisture is retained in seeds rich
in oils. Vegetable seeds at low moisture level (<10%) in sealed containers with small amount
of insecticides and kept at clean, dry and cool places for longer storage life. High moisture
is largely affected by high temperature and sealed conditions. It favours increased metabolic
and fungal activity therefore low moisture seeds are preserved in moisture proof containers
and preserved at low temperature for maintaining seed quality for longer period.

Storage temperature
Temperature influences the seed quality during storage. Seed deterioration process
enhances at higher temperature and further accelerates in presence of high seed moisture.
High temperature is congenial for greater enzymatic, insects, and microbial activity in
seeds thereby affecting the seed quality in terms of germination, seedling vigor and storage
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life. The orthodox seeds tolerate freezing temperature and maintain high quality especially
when packed in moisture proof containers. Seed storage at -20°C rather than 20°C is
beneficial to seed survival and at the latter temperature there was significant loss of viability
in carrot, lettuce, and onion.

Relative humidity
Seed quality is affected by presence of high relative humidity as seeds absorb moisture
from atmosphere. The rate of moisture absorption depends on chemical composition, vapour
pressure gradient, temperature and duration. Dry seeds on exposure to humid conditions
not only gain moisture but also stimulate sprouting in seeds and promote growth of fungi.
Tomato seeds exposed to high relative humidity gave low germination, vigour and affected
membrane integrity, while brinjal, onion, pepper and tomato seeds retained high viability
at low relative humidity (<40%) even after 4 years under ambient conditions. Very low
humidity also damages cellular structure of seed, sometimes seed coat ruptures. It is
suggested not to store seeds at very dry conditions especially relative humidity less than 10
percent. High humidity under temperature fluctuations of tropical climate is deleterious to
seeds affecting the seed quality by rapid seed deterioration and results in loss of viability.
At higher relative humidity, seeds of many species release gases during storage such as
aldehydes, alcohols, hydrocarbons and monoterpenoids, methanol, ethanol, acetal dehyde
and acetone. These gases reduce the seed vigour. The evolution and effect of gases observed
from -3.5 to 23°C. Therefore, it is recommended to maintain low relative humidity during
storage. Seed can be protected from high humidity by using desiccants or moisture vapor
proof containers such as aluminum cans or laminated aluminum foil pouches.

Oxygen
Seeds require oxygen for different physiological and biochemical process. The rate
of metabolism increases at higher level of oxygen content resulting in greater chemical
reactions, breakdown of food material and insects and fungal activity thereby promoting
seed deterioration. The deleterious effects of oxygen are prominently expressed in presence
of high level of seed moisture. The removal of air from storage containers helped in retaining
high seed quality during storage. Onion seeds stored in partial vacuum exhibited twice the
percentage of germination than in air after 18 months of storage in ambient conditions.
Likewise, in peas high oxygen content in environment affected seed quality and reduces
storability of seeds. Cabbage seeds also maintain high seed quality under partial vacuum,
while lettuce seeds did not perform well under vacuum conditions, which depicts that
response varies in different crops. Pepper seeds maintain high seed quality in presence of
carbon dioxide while muskmelon, okra, and onion seeds in nitrogen atmosphere.
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Storage insect pests and diseases
Several insects and fungal pathogens affect the seed quality in storage by damaging
embryo and causing discolouration and decaying of seed material. Such seeds are unfit for
sowing. The damage is more under greater insects or microbial population, higher seed
moisture and higher storage temperatures. Insects feed on different kinds of seeds and
damage the growing point. It is more common in seeds of pod vegetables that are affected
by pulse beetle during storage. Its activity is rapid at high seed moisture and temperature
and it is effectively controlled by use of fumigants like ethylene dibromide or malathion.
The different microorganisms also present on surface or inside seed tissue. Seed treatment
with suitable fungicides controls the infestation and helped in retaining high seed quality.

Seed preparations for storage
Seed is a fertilized ovule botanically; dormant entity represents and holds a miniature
plant, which emerges into a seedling under favourable conditions. In other words, it contained
genetic material, that controls various morphological, physiological, and biochemical
phenomena in plant. The improper handling of seeds as well as storage under improper
conditions affects the seed quality. Pre-harvest factors such as nutrition, stage of harvest,
plant health also determines the duration of storage.

Fruit maturity
Seed quality is largely influenced by time of harvest of crop and it normally coincides
with that of fruit maturity. Matured seeds are selected for storage, which are heavier, lustrous
and give high germination and high seedling vigour. The maturity level affects seed
germination and vigour and determines seed longevity (Eguchi and Yamada, 1958). Seed
viability is higher at mature stage and it reduced on early or late harvest of crop. In certain
horticultural crops such as cucurbits, seed continue to mature in fruit even after harvest.
Marrow seeds showed certain amount of dormancy, which was eliminated on after ripening
of seeds for 1-2 months (Ingold, 1960). Removal of seed coat also overcomes dormancy
shortly after mass maturity (Demir and Ellis, 1993). Araujo et al (1982) reported that pumpkin
seeds extracted from fruits 15 to 65 days after anthesis and stored for 7 weeks. Seed
germination and seedling vigour increased with increasing fruit age and storage length.
Fruit turns to lighter in colour on maturity and left on vine for a comparable period till vine
became dry. In cucurbits seed coat completes growth earlier to embryo and that play an
important role in inhibiting germination of immature seeds. Decoating of seed increases
germination percentage in immature seeds (Nerson, 1991). Fresh muskmelon seeds show
dormancy and an after-ripening period is required at all stages of seed development. Seed
germination increases in fully matured seeds after one year of storage (Welbaum and
Bradford, 1991). In cucumber seed quality is poor in seeds obtained from immature fruits
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even after subjecting to post harvest ripening. In bean maximum seed quality is attained at
the end of the seed filling phase. The slow desiccation occurring during natural maturation
is beneficial for development of high quality seeds. Seeds of early harvested pods (60 days
after sowing) exhibited low germination (25%) and seeds harvested at later dates (90 days)
showed higher germination (99%) (Pimentel and Miranda, 1982). Pods became brown or
yellow on maturity in different legume vegetables and harvested in time to avoid shattering
of seeds. The ripe pods are collected and threshed and the seeds are separated, cleaned,
graded, dried and used for storage.

Fruits’ position on mother Plant
Fruits form in cluster or continuous on plant, and its number restricts on allowing
fruits to ripe. Earlier formed fruits normally contain bold and relatively large seeds due to
better source-sink relationship and adequate nutrients. However, subsequent formed fruits
were of smaller size with poor seed quality. Bold seeds with higher specific gravity produce
healthy and vigourous seedlings and out yielded seeds of lower specific gravity (LeRon
and Wyatt, 1977). Similarly higher seed germination and more vigourous seedlings were
obtained from larger and heavier seeds (Doijode, 1984). A direct positive correlation was
found to exist between seed size and seedling size in French bean (Ries, 1971). In muskmelon,
position of fruits on vine influences the seed quality. There was reduction in fruit weight,
number of seeds per fruit, seed weight and viability with increasing fruit numbers on plant
(Incalcaterra and Caruso, 1994). Seedling emergence is delayed and uneven by the presence
of hard seeds as well as by slow imbibitions of moisture in certain seeds.

Plant health
Seeds collected from healthy plant preserves well for a longer period. Plants are
commonly infested with different insects and pathogens; some of them carry microorganism
thereby affecting the seed quality, productivity and storability. Infested seeds show
discolouration, shriveling, low germination, low vigour and decaying. The activity of
pathogen is dependent on level of injury to seed, availability of food material, seed moisture,
storage temperature and aeration that occur in storage. Seed extracted from infected rotten
fruits have inferior seed quality. The fungal pathogens are mainly responsible for seed
deterioration and reduction of germination potential in stored seeds. Seed quality is improved
either by providing unfavourable conditions to pathogens during storage or treatment with
suitable pesticides. Seeds of cowpea and hyacinth bean are severely damaged by pulse
beetle under ambient condition. Insect activity is rapid in high moisture seeds at high
temperature. Further occurrence of heavy rains during harvest increases the seed mycoflora
and decreases germination percentage.
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Storage methods
Seed storage is primarily aimed at to maintain seed quality for fairly longer period
with good percentage of germination and seedling vigour. Suitable conditions are created
to minimize the deterioration process thereby seeds remain alive for longer period. The
purpose of seed storage is to curtail loss of viability during storage. The loss of viability
during storage can not be completely stopped, only the process of deterioration is slow
down so that seeds remain viable for fairly longer period. Seed deterioration accompanies
with reduced germinability and seedling growth and increased number of abnormal seedlings.

Fruit storage: Fruit storage is a low cost tool for seed preservation and it provides
natural packaging for maintenance of seed quality and it is useful in certain horticultural
crops for short term storage especially during plant collection. In cucurbits especially gourds
seeds left in fruit for a shorter period in order to improve and preserve seed quality. Matured
fruits of marrow and watermelon were stored for 48 months and seed showed high viability
and vigour (Nerson and Paris, 1988). Such fruits are easily handled and transported to
distant places without affecting seed quality.

Low temperature storage: Handling of seed quantity is comparatively small in
vegetable crops than field crops. They are packed either in moisture semi-pervious or
impervious containers during storage. Commonly used containers are cloth, jute, paper,
polyethylene bags and metal cans or laminated pouches. These are selected based on duration,
quantity and storage conditions. Seed quality was preserved well under sealed conditions,
thus well dried seeds with 5-7 percent moisture were packed in thick polyethylene bags or
in laminated aluminium foil pouches and stored at low (5°C) or sub-zero (-20°C)
temperatures for various period. Seed storage in sealed containers maintains seed quality
by protecting seeds against extraneous environment like high humidity, insects and
pathogens. Large quantity of seeds is normally stored under open conditions using
dehumidifiers. Different vegetables seeds were viable for 1-2 years under ambient conditions.
Low temperature storage was effective in maintaining high seed quality by reducing the
rate of respiration. The temperature in cold storage was selected based on the duration of
storage material. Normally temperatures of 0 to 10°C are used for short to medium term
storage and –20°C for long-term conservation. The period of retaining high viability and
vigour differed in different vegetable crops. Onion seeds with poor storage capacity (12
months) enhanced its longevity to 25 years without affecting the vigour and genetic stability
at sub-zero temperature (-20°C) storage. Similarly seed viability was preserved for 25 years
in radish, pepper, okra, French bean, cluster bean, pumpkin, and watermelon and for 20
years in tomato, eggplant, amaranth, longmelon, bottle gourd and muskmelon with subzero temperature storage (-20°C) storage. The seedlings emerged from stored seeds were
healthy, vigourous and free from any deformities.
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Modified atmosphere storage of seeds: Modified atmosphere storage of seeds
is effective especially for short-term storage and beneficial particularly in absence of cold
storage facility. Here seeds are packed in laminated aluminium foil pouches in presence of
partial vacuum and/or replacing air with nitrogen or carbon dioxide in order to reduce
metabolism in seeds. The advantages of this method are limited to certain crops only and
seed quality was further affected by presence of high seed moisture and storage under
warmer conditions (Tao, 1992). Seed storage with nitrogen preserved high viability in onion
(5 years), muskmelon (7 years), bottle gourd (5 years), amaranth (5 years), and cucumber
(5 years) and with carbon dioxide in cabbage (3 years), bell pepper (4 years), cowpea (4
years), kohlrabi (5 years), garden peas (5 years) , cluster bean (5 years), fenugreek (2 years),
spinach beet (5 years), ridge gourd (8 years), and bitter gourd (5 years), under ambient
conditions. The seedling emerged from stored seeds were uniform, healthy and free from
variations.

Moist storage: Recalcitrant seeds such as mango, jackfruit, litchi, jamun, cho cho
seeds showing recalcitrant nature of storage. In this seed are viable for a very short period
(2 weeks), loses viability rapidly on drying, and do not withstand low temperature for
storage. Thus at present only alternative method available is the moist storage of seed.
Here un-dried seeds are treated with fungicides to protect against pathogen and packed
preferably in thin and perforated polyethylene bags and stored at 15°C (Doijode, 1995). It
helps in preserving seed quality to certain extent and extends seed storability by some more
weeks.
Invigouration of stored seeds
Seed viability and vigour reduces gradually during storage. The vigour can be revived
to certain extent especially in low vigourous seeds. Mid-storage treatment of seeds with
growth substances or hydration followed by drying or seed priming with chemicals improves
seed quality (Savino et al 1979). It helps in usages of expensive, low vigours seed material
in crop improvement programme.

Storage of asexual propagules: Asexual propagules such as cuttage, bulbs, corms
etc are stored for a short period by placing them in media such as saw dust at low temperatures
(5°C).
Future thrust
1. Regulation of pre-harvest factors in extending seed storability in different
horticultural crops
2. Generation of more of information on storage of indigenous horticultural crops.
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3. Desiccation and Ultra drying of seeds – exploitation in seed storage
4. Development of protocols for seed storage of less known horticultural crops.
5. Management of storage pests and disease causing organisms during bulk storage
especially in cowpea and hyacinth bean
6. Revival of seed quality in low vigourous seeds
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Seed is the basic inputs in horticulture different horticultural crops are valued for
their fruits, enrich with vitamin and minerals and appreciated for their ornamental qualities.
Seeds are sown mainly in many vegetable crops, a few fruit crops and ornamental crops.
However, they are predominantly used in raising root stocks, for vegetative propagation in
different perennial fruit crops. Use of high quality seeds, interms of viability and vigour
imparts higher yield and better quality produce and also seeds contribute to highly valued
genetic material needed for crop improvement, production and conservation.
The International Seed Federation (ISF) estimates that the total value of annual seed
consumption in the world is close to US$ 50 billion, with approximately US$ 30 billion
being actually involved in commercial transactions. In terms of the international markets
for seeds in different countries, United States is the leader, with an estimated value of US$
5,700 millions, followed by China and Japan. For each country, the value of their domestic
markets for the seeds vary quite strongly according to size, agricultural activities and the
level of development. The Indian seed industry is currently valued around Rs. 2,500/crores ($ 500 million). There are about 150 organized seed companies in India today.
Several of these companies have Government of India recognized research and development
departments and have produced and released a quite large number of varieties and hybrids
in several crops. The contribution of private research in terms of value is steadily increasing.
Farmers, nurserymen and breeders face many hardships in maintaining high seed
quality during storage. The introduction of quality seeds of new varieties wisely combined
with other inputs significantly increases the yield levels of the crop varieties. In India
cultivation of high yielding varieties increases the food production from 52 million to 180
million tons over a period of 40 years. Seed acts as a vehicle for the superior genes to reach
the needed farmers. Since seed is the basic input in modern agriculture, precise seeding is
very important for getting higher yield in horticultural crops especially vegetable crops.
Value addition of seed through seed pelleting is very much advantageous over non pelleted
seeds.

History of seed treatment
Some of the first recorded uses of seed treatment are from the Egyptian and Roman
periods and involved a technique of using sap from onion (Allium spp.,). In the middle
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ages, seed treatments were made with liquid manure and chlorine salts. Salt water treatments
have been used since the mid-1600s and the first copper products were introduced in the
mid-1700s. The “still used today” technology of hot water treatment is documented from
as early as 1765 in Wittenberg, Germany. Seed was placed in 450C water for 2 hours, this
provided control of certain fungal pathogens on the outer surface of the seed.

Evaluation of seed treatments
Approx. 2000 B.C. to 100 A.D.
First soaking techniques : use of sap on onion or cypress (Egypt, Greece, Roman
Empire)
Middle Ages Soaking in chlorine salts and manure
1600’s

Soaking in salt water

Mid-1770’s

Introduction of copper salts

1740

Introduction of arsenic

1765

Soaking in hot water (Germany)

1808

Ban of arsenic

1915

Introduction of organo-mercurials

1960’s

Introduction of first systemic fungicide

1970’s

First systemic fungicide against air – borne pathogens

1982

Ban of organo – mercurials in Western Europe

1990’s

Introduction of new modern fungicides and insecticides

The objectives of modern seed treatment products are the superior control of certain
insects and diseases while improving crop safety leading to good establishment of healthy
and vigorous plants. Modern seed treatment formulations contribute to deliver high levels
of efficacy for the control of early season insects or diseases at a much reduced usage rate
compared to many foliar or soil applied alternatives.

Requirements of the seed industry for value addition of seeds
The seed industry recognizes that value addition of seeds supports safe emergence,
seedling establishment, crop stands, yield and crop quality. Seed treatments complement
and protect genetic improvements, function as part of IPM (Integrated Pest Management)
are safe and economical in the and reduce personal and environmental hazards. Seed
treatments, compared to conventional crop protection products, offer competitive costs,
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reduced application efforts and save the precious time. Seed treatment is sometimes the
only timing and delivery route for the control of certain seed-borne and early season seedling
diseases or pests, which without the use of seed treatment, would be highly difficult to
control.

Seed pelleting
Small, round or irregularly shaped seeds can be covered with a coating of inert material
and built up into pellets almost spherical in shape and containing a single seed each. Pelleting
permits the use of precision planting equipment which results in more even distribution of
small seeds and in a reduction of the number of seeds required to plant a given area than is
the case with usual planting methods. This better distribution should facilitate thinning
operations markedly and reduce the check in growth to the remaining plants resulting from
the thinning of a closely planted row of seedlings.

Major advantages of seed pelleting techniques
• Major advantages of pelleting the seed are that even the smallest seeds when
encapsulated in the frozen pellets can be accurately metered during planting
operations, precisely positioned and properly spaced.
• Thus, the amount of seed required can be reduced to a fraction of that previously
needed, particularly in view of the significantly improved rate of germination.
• Thinning operations can be rendered unnecessary
• Precise rows of accurately spaced plants can be attained so as to facilitate
subsequent weeding and cultivation.
• Mechanical weeding is made more practical
• Each plant can be assured proper growing room for optimum production
• Sowing depths and spacings are easily checked

Need for pelleting the seeds
Seed is the most important input component for productive agriculture. In the
significant advances that India made in agriculture in the last four decades, the role of the
seed sector has been substantial. The expansion of seed industry has occurred in parallel
with growth in agricultural productivity. At present, seeds are the only viable medium ie.,
comparatively stable during long term conservation. Improper seed storage decreases seed
viability and causes great losses within farming community. The effective use of heterosis
has fostered the development of a worldwide seed industry. Rapid advances in plant breeding
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and associated seed production technologies have served to enhance the competitiveness
of hybrids by increasing crop and seed yield per hectare, reducing the costs involved and
improving seed quality. The cost of hybrid seed is very costly because of the techniques
employed in the development of hybrid i.e., hand emasculation and pollination, hence the
developed hybrid should not be wasted.
Increase in agricultural production is the key to all-over economic growth. Seed
constitutes the main propagule for plant growth and at the same time, one of the main
vehicles for the dissemination of plant pests. Seed-borne pathogens, such as fungi, bacteria
and viruses are serious constraints to crop productivity. In worst-case scenario, seed-borne
diseases can be disastrous and even life threatening. Hence value addition techniques
especially seed pelleting are to employed for increasing the value of seeds.

Method of seed pelleting:
There are many materials and methods which can be used for pelleting, viz., clays
such as Cellite, Montmorillonite, Vermiculite or Bentonite, or other materials such as cork,
peat, chalk, sand or even beet cortex can be used. Non-clay materials may need a sticker
such as ethyl cellulose to hold the pellet together. Clay structures generally adhere with
water only, but they need sufficient physical strength to resist damage in the drill but
breakdown easily on contact with soil water.
The three main methods of pelleting are stamping, coating or rolling. Stamping is a
dry process and is therefore rapid but any additive must be evenly distributed throughout
the pelleting material, while coating and rolling permit layering of additives anywhere
within the pellet.
Drying after pelleting is necessary and slows the procedure down. The most popular
process in the U.K. is the Germain’s “Filcoat”. About 1600 tonnes of seed are pelleted
annually with a secret clay-based medium plus methiocarb insecticide @ 4 Kg/1000 Kg
seed. Manganese Oxide can also be incorporated for use in deficient soils (Farley & Draycott
1978).

Research on seed pelleting
Bishop (1948) reported that, in the case of onion and lettuce seed an appreciably
higher germination was obtained with the pelleted seeds than with the uncoated seed in the
standard laboratory germination test under laboratory conditions.
In pot experiments using a saline alkali soil it was shown that pelleting of Phaseolus
aureus L. seeds with lime and gypsum together with Rhizobium inoculation, significantly
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increased growth, nodulation and nitrogen fixation (Chhonkar et al. 1971.) Application of
molybdenum Trioxide in a roc phosphate pellet was as effective as soil application in
correcting molybdenum deficiency and also nodulation, yield and molybdenum concentration
of the legumes improves. (Kerridge et al., 1973).
Farley and Draycott (1978) reported that pelleting the seed with material containing
manganous oxide gave bigger yields in sugar beet than non pelleted seeds in sugar beet.
Georghiou (1982) found that tomato seeds osmotically pretreated for seven days and
afterwards dried-back induces the ability of seeds to germinate under unfavourable light
condition.
Just as soil fertility, seeding depth and plant population decisions are improved by
treating a field as a grid rather than a uniform whole of subunits, seed quality and seed
health could be improved by recognizing this variability in a production field. Viewing the
work and progress with BCA’s applied to seed as a subset of microbial ecology illustrates
the many areas yet to be explored. (Weiland et al., 2001)
Soil borne diseases threaten the viability of the Australian processing beet root
industry. To combat the diseases it was found that seed pelleting with fungicide was the
effective method during the early stage of plant growth (Martin, 2003).
In the UK, seeds are primed commercially via drum or steeping priming processes to
improve seed germination and seedling establishment but the microbial population dynamics
occurring during these processes are unknown. Consequently, changes in culturable bacterial
and fungal populations that occurred during laboratory and commercial scale drum priming
of carrot, leek and parsnip seed and during laboratory scale and commercial scale steeping
priming of carrot and sugar beet seed were investigated (Wright et al., 2003).
Priming treatments, specifically KNO appears to be promising in enhancing
3,
0
germination percentages of Lagenaria siceraria particularly at 15 C that is the prevailing
temperature in rootstock production for grafted watermelon seedling in unheated glasshouse
conditions in early spring (Burcu Begum, 2006).
Priming the seed with a Ca compound significantly reduced seedling mortality in
groundnut and also, pelleting groundnut seed with Ca enhanced plant growth. An additional
effect of priming was earlier emergence. The most effective Ca compound was CaSO4
among the priming treatments, whereas CaCO3 was the most effective among the pelleting
treatments to reduce seedling mortality (Murata et al., 2008).
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The pelleted sesame seeds improved the yield significantly compared to the normal
sesame seeds. It was found that the pelleted sesame seeds had a mean yield value of 1976.3
kg ha-1, whereas the non - pelleted sesame seeds had a mean yield value of 1243.2 kg ha1. Statistically significant differences exist between the pelleted and non-pelleted seeds in
terms of the height of the plants (cm), number of lateral branches per plant (branch plant1), number of capsules per plant (capsule plant-1), height of first capsule (cm), number of
plants harvested (plant/ m2), yield values (kg ha-1) and thousand kernel weight (g)( Tuna
Do an1 and Ahmet Zeybek, 2009)
Joyce Govinden-Soulange and Melissa Levantard (2008) found that seed priming
and pelleting can be used to improve germination rate of seeds of locally grown tomato
cultivars. These seed enhancement techniques can be adopted to standardize tomato
transplant quality hence contributing to uniform crop stand in Mauritius.
Chilli seeds pelleted with captan (3 g/kg) + imidachloprid (2 g/kg) stored in cold
condition recorded higher germination (80.3%), root length (8.26 cm), shoot length
(4.66 cm), vigour index (1033), seedling dry weight (0.172 g) and lower EC (0.845 dSm-1)
followed by seeds pelleted with neem leaf powder at the end of the 10th month of storage
period (Kavitha et al., 2009).
Though the Indian seed market is one of the largest, it is almost exclusively supplied
by locally produced seeds. Farmers retain seed of major food crops (wheat, rice, sorghum,
millet, corn, and pulses) and commercial crops for many years, and the largest volume of
seed trade involves local exchanges of established self-pollinating varieties. The seed
replacement rate in most crops is very low, with the exception of cotton and some vegetables.
The use of hybrid seeds is mostly confined to cotton, and to some extent to corn, millet,
sunflower, and few vegetables. However, awareness about the high yield and quality of
produce from hybrid seeds, attracting farmers to switch over to hybrids, is growing.
Currently, some 500 hybrids of field crops and vegetables are being marketed, as
truthfully labeled seeds, mostly by private seed companies. The area for cultivation of
vegetable crops or horticultural crops is getting reduced because of urbanization and
industrialization. Because of increased population the demand for horticultural crop produce
is increasing day by day. Adopting hi-tech cultivation methods are the alternative solution
to increase the productivity of crops. One of the important hi-tech cultivation method is
using hybrid seeds in vegetables and flower crops. Quality seed is the basic requirement in
hi-tech cultivation which determines the yield of crops. Value addition of seeds by way of
pelleting will definitely increase the productivity of crops and also reduces the seed rate.

632

REFERENCES
Bishop. J.1948. Pelleting Vegetable Seeds effect on germination and rate of emergence on some
seeds. California Agriculture, August,pp.5-6.
,

Burcu Begum, Ibrahim demir Kazým mavi, Halit yetiþir and Davut keles.2006 Effect of Priming on
Germination of Lagenaria siceraria Genotypes at Low Temperatures. Tarim bilimleri dergisi
13:169-175
Chhonkar, P.K., V. Iswaran and K. S. Jauhri. 1971. Seed pelleting in relation to nodulation and
nitrogen fixation byPhaseolus aureus L. in a saline alkali soil. Plant and Soil, 35:449-452.
Farley, R.F. and Draycott, A.P., (1978). Manganese deficiency in sugar beet and the incorporation of
manganese in the coating of pelleted seed. Plant and Soil, 49:71-83.
Georghiou. K.C.A. Thanos, T.P. Tafas and K. Mitrakos. 1982. Tomato Seed Germination. Osmotic
Pretreatment and Far Red Inhibition. Journal of Experimental Botany. 33:1068-1075
Joyce Govinden-Soulange and Melissa Levantard, 2008. Comparative studies of seed priming and
pelleting on percentage and meantime to germination of seeds of tomato (Lycopersicon
esculentum Mill.), African Journal of Agricultural Research 3:725-731
Kavitha. M.V.K. Deshpande, B.S. Vyakaranahal, J.S. Awakkanavar, Yashoda hegde and J.C.
Mathad.2009. Seed pelleting with organic and inorganic inputs for vigour and viability in
chilli seeds. Karnataka J. Agric. Sci., 22:296-300
Kerridge, P.C., Cook, B.G. and Everett, M.L. 1973. Application of molybdenum trioxide in the seed
pellet for subtropical pasture legumes. Tropical Grasslands, 7:229-232.
Charlesworth, D., 1978. Pelleting Britain’s sugar beet seed. Br. Sug. Beet Rev. 46:37.
Martin, H.L. 2003. Management of soil borne diseases of beet root in Australia. Australian Journal
of Experimental Agricultura, 43:1281-129.
Murata. M.R.; G. E. Zharare; P. S. Hammes . 2008.Pelleting or Priming Seed with Calcium Improves
Groundnut Seedling Survival in Acid Soils, Journal of Plant Nutrition, 31:1736–1745.
Tuna Do an and Ahmet Zeybek. 2009. Improving the traditional sesame seed planting with seed
pelleting. African Journal of Biotechnology. 8:6120-6126
Wieland, G., Neumann, R. and Backhaus, H. 2001. Variation of microbial communities in soil,
rhizosphere, and rhizoplane in response to crop species, soil type, and crop development.
Applied and Environmental Microbiology 67:5849-5854.
Wright. B., H. Rowse and J. M. Whipps. 2003. Microbial population dynamics on seeds during drum
and steeping priming. Plant and soil. 255:631-640

633

Effect of organic and inorganic seed treatment and
packing materials on seed quality of bitter gourd
(Momordica charantia L.) during storage
Shantappa Tirakannanavar, Mukesh L. Chavan, P.M.Munikrishnappa,
A.B.Mastiholi , B.S Kambale and S. B. Bellad
KRC. College of Horticulture, Arabhavi,
University of Horticultural Sciences, Bagalkot, Karnataka, India
shantappat@yahoo.co.in

Bitter gourd (Momordica charantia L.) is an important crop grown for its fleshy
fruits in tropical and subtropical regions. The bitter taste is due to presence of momordicine,
an alkaloid, which is different from cucurbitacin present in other cucurbits. The cultivated
species Momordica charantia L. is a popular in India. Productivity of a crop primarily
depends on the availability of quality seed. To maintain quality of seeds during storage,
standardisation of suitable treatment and packaging material is most important. Good storage
is the basic requirement in seed production programme as maintenance of high seed viability
and vigour from harvest to planting is of utmost importance in a seed production programme.
In storage, seeds are to be protected against pests and pathogens. Seeds can be treated with
fungicides, plant parts like leaves or plant bio-products like oils to prevent growth of micro
organisms and insect infestation. Seed moisture and storage temperature are two most
important factors influencing loss of viability during storage, further rate of seed deterioration
mainly depends on exposure of seeds to high humidity and high temperature. Information
can be generated about probable longevity of a seed lot under ideal conditions. Seeds of
bitter gourd are known to loose viability slower than many other kinds of seeds belonging
to orthodox group (Doijode, 1990.
Freshly harvested seeds of bitter gourd cv. Green long were treated with captan (2g/
kg), neem leaf powder (5g/kg), pongamia leaf powder (5g/kg), neem oil (5ml/kg), castor
oil (5ml/kg) and calcium oxychloride (5g/kg) and packed in polythene bag (700 gauge),
aluminium pouch and cloth bag and stored for 10 months under ambient condition at KRC
College of Horticultural College Arabhavi, District Belgaum of Karnataka State. Fine powder
of neem leaf and pongamia leaf were prepared with the help of the grinder. The gum Arabica
solution was sprinkled on the seeds. Five grams of finely ground powder was added to the
seeds and mixed well by shaking the tin containing one kilogram of bitter gourd seed. The
treated seeds were dried back to six percent under shade before packing. One kilogram of
fresh seeds was taken in plastic container, mixed with five ml of castor and neem oil and
the container was shaken for uniform coating. Observations were recorded on moisture
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content of seed, seed germination (%), vigour index, mean seedling dry weight and electrical
conductivity (dSm-1) of seed leachate. The laboratory germination test was conducted as
per ISTA procedure (Anon., 1996) by adopting rolled towel paper method. Vigour index
(VI) was calculated as per Abdul-Baki and Anderson (1973) by using the formula, VI =
Germination (%) x Total seedlings length (cm). The ten normal seedlings used for measuring
seedlings length were dired in a hot air oven at 70±1ºC temperature for 24 hours. Then the
seedlings were cooled in desiccators for 30 minutes and weight was recorded and expressed
in milli grams.
Results of the seed moisture content, germination per cent, mean seedling dry weight,
vigour index and electrical conductivity of seed leachate of bitter gourd seeds during four
and ten months of storage as influenced by seed treatment, containers and their interaction
are presented in Tables 1 to 5.
Seed moisture content differed significantly among the containers at 4 and 10 months
of storage period (Table 1). The seeds stored in cloth bag (C3) recorded higher moisture
content (6.37%) at the end of 10 months of storage period. The moisture content was least
(6.08%) in aluminium pouch (C2) followed by 700 gauge polythene bag (6.09%), which
were at par with each other at the end of 10 months of storage. Differences in moisture
content due to seed treatment and their interaction were non-significant during the entire
storage period.
Seed treatment showed significant influence on germination percentage. The
germination was maximum (94.11%) with captan treated seeds followed by the seeds treated
with calcium oxychloride (92.89 %) and castor oil (91.28%) at the end of 10 months of
storage (Table 2). The germination was minimum (78.40%) in seeds treated with neem oil
at the end of 10 months of storage. The germination percentage did not vary significantly
due to containers and their interaction effects during storage. The lower germination per
cent was recorded with neem oil may be due to detritus effect on seed by neem oil treatment.
The higher dose of neem oil might have adverse effects on seed germination in bitter gourd.
The highest germination in treatment captan, calcium oxychloride and castor oil could be
due to effective control of storage diseases and insect pests. These chemicals acted as
antioxidant to counteract the release of free radicals during the storage. The similar results
were reported in chilli (Grover and Bansal, 1970), cucumber (Bujdoso, 1979), garden pea
(Shushma, 2003) and brinjal (Karivartharaju et al. 1987).
Seed treatment showed significant influence on mean seedling dry weight and vigour
index at the end of 4 and10 months of storage (Table 3 & 4). At the end of 10 months of
storage, the highest seedling dry weight (121.60 mg) and vigour index (3391) were recorded

635

in captan treated seeds and it was on par with seeds treated with CaOCl2 (120.0 mg and
3414, respectively), castor oil (120.10 mg and 3260, respectively) and pongamia leaf powder
(119.9 mg and 3255, respectively). The lowest mean seedling dry weight (112.50 mg) and
vigour index (2564) was noticed with neem oil seeds at the end of storage. Mean seedling
dry weight and vigour index did not vary significantly due to containers and their interaction
effects during storage. Significant variation in seedling dry weight and vigour index was
observed due to seed treatments in all the months of storage. A gradual decrease in these
parameters was noticed with increase in storage period. Captan treated seeds maintained
the higher mean seedling dry weight and vigour index and which was on par with CaOCl2
and pongamia leaf powder at the end of 10 months of storage period. Similar results were
reported by Hegde and Hiremath (1987) in cowpea and Hunje (2002) in chilli.
Seed treatment showed significant effect on electrical conductivity of seed leachate
during storage (Table 5). Among seed treatments, captan treated seeds recorded lower EC
(0.344 dSm-1 followed by castor oil (0.346 dSm-1), neem leaf powder (0.347 dSm-1), CaOCl2
(0.348 dSm-1) and pongamia leaf powder (0.350 dSm-1); however, these were at par with
each other. Electrical conductivity value was highest (0.382 dSm-1) with seed of neem oil
treatment. Containers and their interactions treatment did not significantly influence electrical
conductivity of seed leachate during storage. Increase in electrical conductivity values was
less in seeds treated with chemicals and plant by-products due to maintenance of cell
membrane integrity. Stable cell membrane also rendered resistance to peroxidative and
free radical reactions. Chemicals like captan and plant by-products acted as antimicrobial
agent. Hence, deterioration of treated seeds was less compared to untreated and neem oil
treated seeds. Similar results were reported in chilli (Hunje, 2002) and in garden pea (Sushma,
2003).

636

Table1. Influence of seed treatment and containers on moisture content (%) in
bitter gourd during storage
Storage period (months)
Treatment (T)

Four

Ten

C1

C2

C3

Mean

C1

C2

C3

Mean

T1: Captan (2 g/kg)

6.03

6.09

6.81

6.31

6.09

6.01

7.45

6.52

T2 : Neem leaf powder

6.08

6.00

6.80

6.29

6.11

6.08

7.3

6.51

T3 : Pongamia leaf powder 6.00

6.03

6.72

6.25

6.13

6.10

7.32

6.52

(10 g/kg)

(10 g/kg)
T4 : Neem oil (5 ml/kg)

5.86

6.04

6.73

6.21

6.08

6.12

7.28

6.49

T5 : Castor oil (5 ml/kg)

6.06

6.09

6.79

6.31

6.09

6.05

7.48

6.54

T6 : CaOCl2 (5 g/kg)

6.03

6.02

6.71

6.25

6.04

6.08

7.39

6.50

T7 : Control

6.07

6.84

6.73

6.21

6.11

6.11

7.33

6.52

6.02

6.02

6.76

6.26

6.09

6.08

6.37

6.51

Mean
For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

C

0.08

0.25

0.04

0.12

T

0.12

NS

0.07

NS

CxT

0.20

NS

0.12

NS

Container (C): C1 – Polythene bag (700 gauge); C2 – Aluminium pouch;
C3 – Cloth bag; NS = Non-significant
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Table 2. Influence of seed treatment and containers on germination (%) in
bitter gourd during storage
Storage period (month)
Treatment (T)

Four
C1

C2

Ten
C3

Mean

C1

C2

C3

Mean

T1: Captan (2 g/kg)

97.00 96.33 95.00 96.11 94.67 95.00 92.67 94.11
(80.12) (79.23) (77.45) (78.89) (76.68) (78.10) (74.60) (76.46)

T2 : Neem leaf powder
(10 g/kg)

94.53 94.00 93.30 93.96 91.00 89.00 91.33 90.11
(77.56) (75.95) (75.14) (76.25) (72.67) (73.92) (72.06) (72.89)

T3 : Pongamia leaf
powder (10 g/kg)

95.33 93.33 94.00 94.22 90.90 91.30 90.80 91.00
(77.58) (75.24) (75.95) (76.29) (72.58) (72.91) (72.37) (72.61)

T4 : Neem oil (5 ml/kg)

85.60 85.00 87.00 85.87 77.00 76.20 82.00 78.40
(61.11) (67.31) (69.14) (65.92) (61.40) (60.82) (64.98) (62.40)

T5 : Castor oil (5 ml/kg)

89.73 93.73 92.33 91.69 91.03 92.00 90.80 91.28
(74.77) (75.31) (74.28)(74.80)(73.10) (73.99) (72.19) (73.10)

T6 : CaOCl2 (5 g/kg)

95.00 93.67 95.00 94.56 93.67 94.00 91.00 92.89
(77.45) (75.36) (77.12) (76.79) (76.22) (75.94) (72.59) (74.99)

T7 : Control

93.70 95.00 93.30 94.00 90.60 90.67 89.00 90.09
(75.66) (77.11) (75.37) (76.10) (72.26) (72.31) (70.68) (71.81)

Mean

92.98 92.91 92.86 92.91 89.83 89.73 89.67 89.73
(74.99) (75.40) (74.99) (74.92) (72.13) (72.57) (71.35) (72.10)

For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

C

0.54

NS

0.66

NS

T

0.82

2.53

1.01

3.11

CxT

1.42

NS

1.75

NS

Container (C): C1 – Polythene bag (700 gauge); C2 – Aluminium pouch; C3 – Cloth bag
NS = Non-significant
* Figures in the parenthesis indicate angular transformed values.
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Table 3. Influence of seed treatment and containers on mean seedling dry weight
(mg) in bitter gourd during storage
Storage period (month)
Treatment (T)

Four
C1

C2

Ten
C3

Mean

C1

C2

C3

Mean

T1: Captan (2 g/kg)

123.8 123.9 123.0 123.6 121.0 123.0 120.9 121.6

T2 : Neem leaf powder
(10 g/kg)

123.1 123.4 122.1 122.8 120.4 120.8 118.6 119.9

T3 : Pongamia leaf
powder (10 g/kg)

123.1 122.6 121.8 122.5 120.0 121.0 118.7 119.9

T4 : Neem oil (5 ml/kg)

118.9 120.0 120.3 119.7 109.5 113.0 115.0 112.5

T5 : Castor oil (5 ml/kg)

122.9 123.9 120.2 122.3 121.0 120.9 118.5 120.1

T6 : CaOCl2 (5 g/kg)

123.0 122.1 121.8 122.3 121.0 120.6 118.5 120.0

T7 : Control

122.5 122.2 121.8 122.1 119.3 120.0 116.3 118.5

Mean

122.5 122.6 121.6 122.2 118.9 119.9 118.1 118.9

For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

C

0.64

NS

0.70

NS

T

0.97

2.99

1.07

3.21

CxT

1.68

NS

1.85

NS

Container (C): C1 – Polythene bag (700 gauge); C2 – Aluminium pouch; C3 – Cloth bag
NS = Non-significant
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Table 4. Influence of seed treatment and containers on seedling vigour index in
bitter gourd during storage
Storage period (month)
Treatment (T)

Four

Ten

C1

C2

C3

Mean

C1

C2

C3

Mean

T1: Captan (2 g/kg)

3601

3576

3512

3563

3426

3412

3333

3391

T2 : Neem leaf powder
(10 g/kg)

3536

3505

3456

3499

3350

3366

3255

3323

T3 : Pongamia leaf
powder (10 g/kg)

3527

3456

3405

3463

3255

3239

3270

3255

T4 : Neem oil (5 ml/kg)

3184

3153

3263

3200

2453

2624

2614

2564

T5 : Castor oil (5 ml/kg)

3412

3576

3562

3517

3278

3299

3203

3260

T6 : CaOCl2 (5 g/kg)

3661

3616

3683

3654

3463

3505

3276

3414

T7 : Control

3514

3602

3510

3542

3146

3027

2951

3041

3491

3498

3484

3491

3391

3196

3129

3178

Mean
For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

C

49

NS

40

NS

T

72

229

62

190

CxT

129

NS

107

NS

Container (C): C1 – Polythene bag (700 gauge); C2 – Aluminium pouch; C3 – Cloth bag
NS = Non-significant
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Table 5. Influence of seed treatment and containers on electrical conductivity
(dSm-1) of seed leachate in bitter gourd during storage
Storage period (month)
Treatment (T)

Four
C1

C2

Ten
C3

Mean

C1

C2

C3

Mean

T1: Captan (2 g/kg)

0.314 0.312 0.314 0.313 0.343 0.340 0.350 0.344

T2 : Neem leaf powder
(10 g/kg)

0.316 0.313 0.315 0.315 0.347 0.341 0.354 0.347

T3 : Pongamia leaf
powder (10 g/kg)

0.317 0.316 0.287 0.307 0.352 0.348 0.351 0.350

T4 : Neem oil (5 ml/kg)

0.335 0.332 0.330 0.332 0.384 0.386 0.375 0.382

T5 : Castor oil (5 ml/kg)

0.315 0.314 0.316 0.315 0.341 0.342 0.355 0.346

T6 : CaOCl2 (5 g/kg)

0.317 0.310 0.318 0.317 0.346 0.344 0.353 0.348

T7 : Control0.
Mean

317

0.317 0.320 0.318 0.350 0.352 0.365 0.356

0.319 0.317 0.314 0.317 0.352 0.350 0.358 0.353

For comparing
the means of

S.Em±

C.D. at 5%

S.Em±

C.D. at 5%

C

0.003

NS

0.002

NS

T

0.004

0.013

0.003

0.009

CxT

0.007

NS

0.005

NS

Container (C): C1 – Polythene bag (700 gauge); C2 – Aluminium pouch; C3 – Cloth bag
NS = Non-significant
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Delphinium ajacus commonly called Larkspar belonging to family Ranunculaceae
is a perennial plant of temperate region that bears purple, mauve, cream and pink coloured
flowers. It is cultivated as a seed crop during winter season from October to April under
sub tropical climatic conditions of Punjab and neighboring states. Punjab is exporting 90
tones of seed per year to Holland, France, England, Germany, USA and Japan (Nancy,
2006) from 400 hectares of land with an estimated annual return of Rs. 7.00 crores. Seeds
possess remarkably complex and effective mechanism to remain viable in dormant or active
state until next growing season. The seed storage conditions play a pivotal role for
maintaining higher germination for a longer period. The storage conditions that minimize
seed deterioration are those that slow respiration and other metabolic processes without
injuring the embryo. Therefore, the present experiment was undertaken to standardize the
packaging and storage temperature for seeds of Delphinium ajacus. Seeds of delphinium
picked in May were stored in three chambers viz., cold storage (0-40 C and 90 ± 2.7% RH),
incubator (20-22 0C and 75 ± 1.5% RH) and ambient conditions which were packed in five
different packaging (cloth bag in desiccator, poly set bin, polyethylene bag (600 gauze),
cloth bag and aluminium foil for a period of 18 months. The seed germination (%) was
determined by using towel paper method (Singh et al., 1998) and was recorded from every
packaging and storage chambers in three replications of 100 seed each at monthly interval
from July 2003 to December 2004 in split plot design.
The results revealed maximum germination (34.42 %) in cold storage and lowest
(25.92%) under ambient storage with non-significant differences of the incubator (26.27%)
after 18 months. Seed germination was maximum and consistent in July (86.60%) and
August (86.22%), but showed linear and significant decrease in following months. The
results of interaction between storage condition and period, showed that cold storage
exhibited highest germination (88.07%) followed by ambient temperature (87.13%) in July.
It was also observed that germination in cold store remained above 80.00% until November
i.e. five months of storage, which was 77.40% in incubator and 64.80% under ambient
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conditions. However, decline in germination after 6 months in cold store was up to 65.67%
as compared to 56.40% and 47.26% under incubator and ambient conditions, respectively.
The aluminium foil and desiccator showed non-significant difference with 30.78 and 30.54%
germination, respectively, whereas, poly set bin showed lowest germination (26.70%) after
18 months of storage. Under cold storage, loss of germination at slow rate could be due to
reduced rate of metabolic activities and inactivation of enzymes required for retention of
germination for longer period. Whereas, with course of time decline in germination could
be due to depletion of food reserve, increase in fat acidity, ultra structural changes and
reduced activity of enzymes. Banovetz and Scheiner (1994) reported prolonged storage of
Coreopsis lanceolata at 5 0C. The poor germination under ambient and incubator storage
has been reported in Kochia prostata (Bao et al 1993) and aster (Gujar et al 2001).
Results of interaction between packing and storage period were also significant.
Maximum germination above 89.00% was recorded in cloth bag during July and August.
Whereas, after six months in December, aluminium foil (61.00%) and polyethylene bags
(60.33%) gave best results, which were sustained only by aluminium foil after Twelve
months of storage. These results are in close conformity with findings of Suelakova (1989)
who recorded highest germination of Delphinium inconspicuum i.e., 43% and D. oreophilum
(66%) at 0-4 ºC after 12 months of storage.

Storage condition, packaging and storage period
Results of seed storage show that cloth bag in cold store and aluminum foil under
ambient conditions, maintained above 90.00% germination for first two months. Highest
germination after six months in December was 71.33% in poly bag under cold storage,
63.67% in cloth bag under incubator storage and 57.33% in desiccator and aluminum foil
under ambient storage. It was observed that germination showed steep decline after six
months irrespective of storage temperature and packaging material. After nine months,
seeds stored in cold store in aluminum foil and desiccator germinated 32.67% and 29.00%
in respective containers, whereas, seeds of incubator and ambient storage in all packaging
failed to germinate. Higher germination in desiccator might be due to the strong hygroscopic
nature of calcium chloride, which absorbed excessive moisture inside the container and
maintained seed quality. Whereas, in aluminium foil and polyethylene bag it can be attributed
to non-permeability of moisture. These results are in line with the findings of Verma et al
(1996) in poppy, Selvaraju and Selvaraj (1999) in marigold and Yogeesha et al (2004) in
aster.
It can be concluded that seed of delphinium can be stored in cold store for obtaining
higher germination and viability. For packing seed, cloth bag kept in desiccator or aluminium
foil packs can be used under cold storage conditions (0-40 C and 90 ± 2.7% RH ).
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Table 1. Effect of storage conditions, packaging and storage period on seed
germination (%) of Delphinium ajacus.
Storage
period

Storage conditions
Cold Incuba- Ambient Mean
storage tor

Desiccator

Packaging
Plastic
Poly
Cloth
bin
bags
bag

Al.
foil

Mean

July, 2003

88.07 84.60 87.13 86.60 87.00 84.00 84.00 89.56 88.44 86.60
(70.45)*(67.10) (69.70)
(68.89)* (66.42) (66.74) (70.75) (70.20)

Aug, 2003

87.20 84.73 86.73 86.22 86.22 83.67 83.67 89.11 88.44 86.22
(69.09) (67.19) (69.38)
(68.22) (66.16) (66.43) (70.39) (70.27)

Sept, 2003

85.60 81.47 82.67 83.24 83.89 82.00 79.11 86.45 84.78 83.24
(68.63) (64.56) (65.53)
(65.84) (65.49) (62.49) (68.29) (67.43)

Oct, 2003

85.27 77.20 72.20 78.22 78.89 76.89 79.89 76.33 79.11 78.22
(66.97) (61.49) (58.23)
(63.37) (61.01) (63.11) (60.30) (62.49)

Nov, 2003

82.47 77.40 64.80 74.89 77.33 67.11 76.56 74.00 79.44 74.89
(64.44) (61.51) (51.84)
(61.23) (54.25) (60.48) (58.46) (62.75)

Dec, 2003

65.67 56.40 47.26 56.44 54.78 48.78 60.33 57.33 61.00 56.44
(51.22) (48.69) (37.80)
(47.80) (38.53) (47.66) (45.29) (48.19)

Jan, 2004

29.93 6.40
13.27 16.53 22.33 14.00 13.44 15.00 17.89 16.53
(23.34) (4.99) (10.61)
(17.64) (11.06) (10.67) (11.85) (14.13)

Feb, 2004

23.07 4.73
12.53 13.44 21.33 11.33
(17.99) (3.68) (10.02)
(16.85) (8.95)

12.00 8.44 14.11 13.44
(9.48) (6.67) (11.14)

Mar 2004

18.33 0.0
(14.29) (0.0)

0.0
(0.0)

6.11

9.67
3.22
(7.63) (2.54)

4.78
2.0
(3.77) (1.58)

10.89
(8.60)

6.11

April, 2004

17.33 0.00
(13.51) (0.0)

0.0
(0.0)

5.91

8.33
(6.58)

3.22
5.00
2.0
(2.54) (3.95) (1.58)

11.00
(8.69)

5.91

May, 2004

15.80 0.0
(12.32) (0.0)

0.0
(0.00)

5.27

7.00
3.33
(5.53) (2.63)

4.33 1.67
(3.42) (1.31)

10.00
(7.9)

5.27

June, 2004

14.40 0.0
(11.23) (0.0)

0.0
(0.00)

4.80

6.67
(5.26)

3.67 1.67
(2.89) (1.31)

9.00
(7.11)

4.80

July, 2004

6.00 0.0
(4.68) (0.0)

0.0
(0.0)

2.00

6.33
0.0
(5.00) (0.00)

3.67
(2.89)

0.0
(0.0)

0.0
(0.0)

2.00

Aug, 2004

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

3.00
(2.4)

0.0
(0.0)
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Sept, 2004

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

Oct, 2004

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

Nov, 2004

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

Dec, 2004

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0
(0.0)

0.0

Mean

34.42 26.27

25.92

30.54

26.70

28.36 27.98

30.78

CD (P=0.05) Storage period = 0.46 Storage conditions= 0.18,
Storage period x Storage conditions = 0.78, Packaging = 0.24,
Storage period x Packaging = 1.03
* Figures in parenthesis indicate arc sine value

