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Kerala Agricultural University in the forefront

of research and development in tropical vegetables

E.G. Silas

Vice-Chancellor

I am extremely happy to welcome you to this beauti-
ful campus at a time when Kerala awaits the celebra-
tion of Onam, a festival of happiness and prosperity.
On this occasion, 1 intend to share a few of my
thoughfs with my 'learned colleagues to generate
some thinking on prospects and problems of vegetable
production in India and Kerala in particular. The
Kerala Agricultural University intends strongly to
be a part of the national endeavour to make India

self sufficient in vegetable production.

The state of Kerala is bestowed with a variety of
tropical vegetables. The unique warm humid tropical
climate provides an Iideal \set up for cultivation of
about 12 major vegetables namely, brinjal, bitter-
gourd, snakegourd, pumpkin, chilli, tomato, cowpea,

bhindi, amaranths, cucumber, beans and. ashgourd.

Chairman's address delivered on 29th July, 1991
.on the occasion of inauguration of Summer Institute
on "Recent advances in tropical vegetable production”
at College of Horticulture, Vellanikkara.
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About 23 minor vegetables such as lablab bean,
drumstick, winged bean, cluster bean, cloeve bean,
cauliflower, cabbage, radish, carrot and water leaf
are also cultivated. Vegetarianism has been largely
prevalent in the state. Surprisingly during the post
independance period the consumption of vegetables
has gone down due to many fold reasons. The per
capita consumption is as low as 30 g/day as compared

to the national average of about 110 g.

Based on consumption of seasonal vegetables in Kerala,
tt;e current availability of vegetables is only 3.18
lakh t. Based on current area under vegetables,
the internal production is only 1.5 lakh t. This indi-
cates that 50% of the total vegetables consumed
in Kerala comes from outside, thus lossing Rs.90
crores/year or more. This is an area for employment

potential and income generation in the state.

The demand for vegetables in Kerala varies with
seasons and local festivals. OCne estimate assumes

that 30% of the total vegetable consumption occurs
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during one week prior to Onam. Though the agro-
climatic conditions in the state are - very favourable
for the cultivation of a variety of vegetables, the
situation is not properly exploited at present. Market-
ing of tropical vegetables is an area demanding much
attention. A recent study on vegetable marketing
shows that farmers are mostly selling their produce
at the farms to pre-harvest contractors at Malappu-
ram in Kerala State. Farmers received only 50-54%
of the retail price of vegetables which th,e;( produced.
Marketing cost incurred by the intermediaries ranged
from 8.59 to 9.4% of the retail price and net margins
of intermediaries ranged from 37 to #1%. Inefficiency
of the marketing system results in lower returns
to the farmer or higher prices to the consumer or
both. By increasing marketing efficiency, it js'possible
to improve the economic well being of farmers and

consumers.

The economic sustainability of modern agriculture
and especially vegetable cultivation conceptualises

increased productivity, reduced cost of production,
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minimising risks, enhancing returns and generates
resource mobility in the feasibility of adoption of
newer technology and better consumable - market
quality. Increased productivity helps both the produ-
cers and consumers since the share of vegetables
in total private consumption expenditure is higher
among low income groups. An array of tropic.al parasi-
tic and non parasitic diseases was limiting vegetable
production. The diseases such as bacterial wilt in
tomato, chilli and brinjal, viral diseases such as
mosaic in bhindi, pumpkin and cucumber, devastating
insect pests such as fru:itfly in bittergourd and “snake-
gourd; fruit .and shoot borer in brinjal " and bhindi
are some of the major biotic constraints standing

in the way of high productivity in vegetables.

The main constraint in tropical vegetable production
has been non-availability of quality seeds. The current
availability of vegetabls seeds is only 15-20 t/year
while the requirement is 75 t/year. During 2000
AD, the vegetable seed requirement js 1555 tonnes.

Kerala has no separate set up to cater to the require-



ment of vegetable seeds.

The Kerala Agricultural University has the mandate
to execute research on vegetables and allied sciences
to boost farmers income. Vegetable research in Kerala
started much earlier than the establishment of KAU
in 1972, The research programme has ‘since  been
streamlined.” A separate co-ordination gr.oup in veget-
ables, plans, executes, evaluates and monitors research
on the crops. The University taking into consideration
the genetic diversity on vegetables has currently
10 projects on vegetables involving breeding for
pests  and discase resistance, crop improvement,
standardisation of agro-techniques, management
of biotic stresses, pests and disease management

and processing and storage of vegetable seeds.

The University operates one centre under the All
India Coordinated Vegetable Improvement Project
of ICAR. This is in addition to the three ICAR ad-hoc
schemes now in operation. The ICAR ad-hoc scheme

"Breeding for resistance to bacterial wilt in chilli
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and brinjal" was recently concluded and | may quote
the comments of the scientific panel on this project
as - "The final report submitted by KAU is an excel-
lent one. The panel appreciated the efforts of the
University in implemehting the scheme and achieving
some very useful results. The implementation of
the scheme and compilation of the report may serve
as a model for others." The bacterial wilt resistant
lines in chilli and brinjal are now being further evalu-

ated for the ultimate use of the farmers.

The University has an ambitious programme on veget-
able seeds. The Ministry of Agriculture, Government
of India, funds a plan scheme to produce breeder
and foundation seeds of selected tropical vegetables.
During 1990-91 alone 8.5 qtls. of vegetable seeds
were supplied to farmers. The recently sanctioned
ICAR ad hoc scheme on "Development oJE'Fl hybrids
in  pumpkin, bitter gourd and snakes gourd" aims
to identify heterotic Fl hybrids in the above crops
which excel in production and quality. Development

of F, hybrids and formuldtion of a production techno-
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logy is a priority item of research.

The University interacts very intimately with the
department of Agriculture, Government _'éf' Kerala
and other agencies such as Kerala Horticultural
Produce Development Corporation and the Kerala
State Cooperative Bank to spread the knowledge

and materials on scientific vegetable cultivation.

Alternative agriculture which may include a spectrum
of farming systems, seeks innovative practices to
integrate and take advantage of naturally occurring
beneficial interactions, in order to sustain and enhance
biological interations on which -production agriculture
depends. The aim is also to reduce the use of harmful
off-farm inputs which may have deleterious effects
on the environment, the farmer and the consumer.
The world over, this awareness is gaining momentum.
A blend of organic farming with integrated pest
management (IPM), use of biocidcs,‘a better under-
standing of pest-predator relationship for biological

control, enhancing natural processes through nitrogen
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fixation rather than chemically intensive methods
are part of the innovative approach to production
agriculture. There is an urgent need for research
in this direction for developing long term sustainabi-
lity of production levels and for the development
of package of practices in the pr;asent context -
to be wuseful for our homestead farrr1ers;"‘ and small
and marginal vegetable cultivators. [ understand
that His Grace Most Rev. Mar Gregorios, Arch Bishop
of Thiruvananthapuram has a full paper in this jtheme

for presentation here.

Vegetables are highly perishable and the bulk of
the production should reach ' the wmarkets, fresh.
We are lagging here. The collection, storage and
distribution system are grossly inadequate. Some
of the chemical treatments given by farmers for
enhancing appearance of freshness of vegetablesr
could lead to health hazards. We do not have prescri-

bed standards for enhancing post-harvest keeping

qualities. There is need for evolving a cold chain

system. Pre-harvest treatment of vegetables to prolo-
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ng storage life and quality without residual conta-
minants, all need our immediate attention. Today,
India exports vegetables and in this context, develop-
ment of value added products, improved methods
of preservation including IQF and attractive packaging

are a must.

I am sure, this Summer Institute will look at all
these areas, connected with tropical vegetable produ-
ction. I also look forwagfor the Training Programme
to enrich our participants in practical aspects of

vegetable production.

Thank you.

*H R



Dr. K. L. CHADHA
Ceputy Director General

{Horticulture)

W (ﬁiu S SLICINIACL ]
#fT w, e TR THR 1, 4% fegeett- 110001
INDIAN COUNCIL OF AGRICULTURAL RESEARCH.

oy Krishi Bhawan, Dr. Rajendra Prasad Rnad.
ICAR Nuew Delhi-110001

Foreword

Since 1967, the Indian Council of Agricultural Research is the
sponsoring organisation of Summer Institutes/Short Courses in
different disciplines of Agriculture, Animal and allied Sciences.
The whole purpose is to bring about qualitative improvement and
update'the teachers, researchers and extension sbecialists in the
latest knowledge andéd techniques in-the field of their specialisa-
tion. The participants are exposed to new knowledge and refresh
their concept of basic sciences which are relevant to qnderstand
recent scientific knowledge earned in their subjects. An opportu-
nity is provided for discussion and exchanqe of ifeas to scienti-
sts/teachers in the same field to increase contact and to develon
understanding of each other's achievements and problems, " The
participants are exposed to specialised technicues of teaching or
research, Inter Institution Co-operativé-r?search is like=wise

fostered. The proceedings Of such well run short courses make

excellent reservoirs of knowledge subsequently,

The ICAR, realising the importance of tropical vegetables in
India's economy and more vitally in the rutritions diet of its
pecple has now organised a short course on “Recent advénces in
tropical vegetsble procuction”., The short course conslsts of
lectures delivered by eminent authorities in the field, supported
by visits to vegetable .research plots, laboratories and farmer's
fields. The sukject matter covered inclucdes recent information on
crep improvement, crop management - package of practiG=s, diseases,
pests and their manacement, seed production technicues and econo-

mice and mer¥eting of trcrical vegetables.

Through concerted efforts, adeguate expertises are now availa-
ble in tropicel vegetable culture under field conditions, develop-
ment of ?1 hybrids in tropicsl vegetables, vegetable germplasm
preservation and maintenance, disease and pest resistance breeding
programme, use o5f growth regulators, seecd procduction techhioues
and useful basic studies on cytogeretics of tropicsl vegetables and

their systematics. There has been significant research achievements,



in vegetable crop improvement. These include.

1. 95 improved varieties in 15 vegetable crops are recommended

for release by AICVIP and 25 have been released through CVRC.

In resistance breeding programme varieties of brinjal, toma to

and Okra are developed.

£
e

3. S8ix Fl hybrids sre entered for commerciel productions, 4 o

which are recommended by CVRC.

spacin - .
Agro technigues for optimum/ fertiliser reguirements, irrigation

and weed control are standardised €for several crops.

Breeder seed production is organised to supbly-seeds to various

seed agencies, for multiplication.

In spite of the above achievements, there are still many gaps

which need to be bridged. The specifiC areas ares

1. Vegetakle forcing tecnnology, hydroponics, aeroponics, plastic
" culture of vegetables, polvhouses, polytunnels etc.

Genetic Engineering aspect of biotechnology - transgenosis, like

2.
induction or nodulation in tomato etc.

3. Refined technologies to produce colourless Oleoresins, process—
ing of vegetebles and low cost technology for package etc.

4. Technologies for genetic manipulation through cell fusion of
otherwise unrelated species to induce desirable characteristics
Ain vegetables.

5. Developmert £ labour saving tools and implements as used by
Japanese.vegetable growers.

6. Use of environmernt neutral chemicals (bicinsecticides and bio-

fertilisers)

Our country.is encdowed with a vide rarge of agroclimatic situ-
ations which enable the production of severzl vecetables througnout

the year in one dr the otrer part of the ccurtry thus maintaining a

ccntinuous supply of fresh veaetakhles. The short term (1590-95%)



target for vegetable production is 75 million tons with an enhanced
productivity of 12.5 tons/ha. The long term target (2000 A.D.) is

120 million tons of vegetables and enhancing productivity to 15 tons/
ha from the present 10 tons/ha. This is a glgantic task which demands

Co=ordinated and integrated effort -involving scientists, farmers,
The present compilation of information provided

seed scientists and progressive

"and aaministrators.
. by eminent vegetable scientists,
farmers would serve this cause to a larger extent.

. I
« L R A AR
K.L. Chaéha

Deputy Director Seneral

‘ {(Horticulture)
New Delhi Indian Council of Agricuvltural Research
Krishi Shavan

18.7.158¢1.,



RECENT ADVANCES IN VEGETABLE RESEARCH IN INDIA

By

K.L.Chadha
Indian Council of Agricultural Research
New Delhi.

1. INTRODUCTION

1. India is a large country and is bestowed with varied agro-
climatic conditions. This makes it possible to grow a wide variety
of wvegetable crops all the year round in one part of the country

or the other.

2. Nearly 60 vegetables are grown in one or the other part

of India. However, major vegetables grown in the country are;

Solanaceous Crops : brinjal, tomato, chillies, sweet papper
(Capsicum}.

Cole Crops : cabbage, cauliflower, knol khol

Okra *  Okra

Bulbous vegetables : onion, garlic

Cucurbits :  longmelon, muskmelon, snapmelon,watermelon, .

cucumber, pumpkin, summer sguash, bitter
gourd, bottle gourd, pointed gourd (parwal},
ridge gourd, &round gourd, snake gourd,
sponge gourd, waxgourd (ashgourd).

Root vegetables : carrot, radish, turnip

Leguminous :  broad bean, cluster bean, cowpea, dolichos
vegetables bean, french bean, peas.

Leaty wvegetables +  amaranthus, beet leaf(_lfi@a_k].fenugreek.spinach.
Salad vegetables : Lettuce.

Inaugural Address at the "Summer Institute on Recent Advances in
Tropical Vegetable Production" held at Kerala Agricultural University,
Vellanikhara, Trichur, froem July 29-August 12, 1991,



3. India is the second largest producer of vegetables in the
world next only to China with an estimated production of about 48.53
million tonnes from an area of 4.5 million hectares. It 'however,
produces the larg'est number of wvegetables in the world. However,
the per capita consumption in India is only about 130 gm which

is far below the minimum dietry requirements of 280 g/day/person.

4. In the independent India, systematic efforts have been made
to upgrade vegetable production technology. However, such efforts
were _quite Inadequate due to priority given to food grain production
programmes so far. Inspite of this vegetable production in India has
steadily increased from about 28 m.tonnes during 1969-71 to its present
level. The demand of vegetables has been increasing fast N the
urban areas with a gradual risein standard of living couPled ith
development of communication ard trangpost facilities. It+ therefore: calls
for a major research and development effort to achisve our target
for the supply of' 200 gms of vegetables per capita per day to an
estimated population of 1 billion by 2000 A.D. through suitable research

programmes.
2. RESEARCH INFRASTRUCTURE
2.1 Institutions/Programmes:
5. Research on vegetable crops in India, was initiated by the

Indian Council of Agricuitural Research(ICAR) during 1947-48 soon
after independence with the sanctioning of a nucleus Plant Introduction
Scheme at the Indian Agricultural Research Institute(IARI), New Delhi.
Simultaneously, the ICAR started ad-hoc schemes in different states
lixe Himachal Pradesh, Jummu and Kashmir, Maharashtra, Punjab,
Tamil Nadu, Uttar Pradesh and West Bengal. The Govt. of India also’
established a Vegetable Breeding Station at Katrain in Kulu Valley,
Himachal Pradesh, 'duri"ng 1949. This station which was subsequently
transferred to the Indian Agricultural Research Institute during 1855,
‘has been primarily carrying out intensive research on temperate

'vegetables and their seed production



6. Systematic research on vegetables was organised with the
creation of Division of Horticulture at the Indian Agricultural Research
Institute, during 1856-57. However, it received a real boost with
the establishment of the Indian Institute of Horticultural Research
with a full fledged Division of Vegetable Crops at Bangalore in 1968.
A separate Division of Vegetable Crops and Floriculture was also
started at IARI, New Delhi 1in 1970. In 1982, the Floriculture work
was separated from the bivision of Vegetable Crops which was assigned
research work exclusively on Vegetable Crops. Besides IARI, IIHR
and "their "Regional Stations at Katrailn, Ranchl and Codhara, the
Central Institute of Horticulture for Northern +Plains at Lucknow has
also been given the mandate to work on Vegetable Crops of the region.
Further, Vivekanand Parvatiya Krishi Anusandhan Shala, Almora,
Central Agricutural Research Institue, Port Blair and ICAR Research
Complex for NEH Region Shillong are also carrying out some research
work on Vegetable Crops to meet regional needs. Estaplishmeht of
26 Agricultural Universities in 17 States from 1860 onwards, gave
further fillip to Vegetable Research which is being carried by their
Deptts. of Horticulture and in 9 cases by separate Departments of

Vegetable Crops.

7. An All India Coordinated Vegetable Impvorement Project was
also started by the ICAR 1in 1970-71 (Fourth Plan) to provide a
national grid for testing of technologies develped by various research
institutes and agricultural universities through inter-disciplinary
multi-location research approach. The project was started with 7
main and ten sub-centres. Three centres were added to it during
the fifth, two in the sixth and two in the seventh plan. At  present
there are 23 centres working under this project. This project was
upgraded as a Project Directorate of Vegetable Research during the
VII Plan in 1987 and is undertaking multidisciplinary, multilocation
research at 23 regular centres besides 42 voluntary centres. The
project at present headquartered in Delhi is propeosed to be shifted
near Varanasi(U.P.).



8. In addition to this, a number of short term time bound
and result oriented ad-hoc schemes on area specific problems
of selected vegstable crops are also being supported by the
ICAR at various: Central Institutes and State Agricultural Univer-
sisites. There is also one foreign aided project on Post-harvest
Technology of solme Fruits and Vegetables. A project on Protected
Cultivation and Green Houses has been decided to be implemented
with USAID support. The details of Infrastructure available
for vegetable xl*esearch vis-a-vis other horticultural crops- &
field crops is g'iven in Table-1.

Table-1: EXISTING FACILITIES OF RESEARCH ON VEGETABLE CROPS

Field Crops - Institute Project AICRP  SAU
§ NRC Directorate

Cereal Crops ! 7 3 8 26

Commercial Crops 5 - 5 26
Oilseeds 5 1 7 26
Horticulture Crops

Fruits 6 - 3 26
Vegetables 4 1 - 26
Potato § 2 - 2 20
Tuber Crops

Floriculture & 3 - pA 16

Medicinal Plants'

Plantation Crops 3 - 2 11
and Cashew

9. By and 1iarge vegetable research has been carried out
in India by Public Institutions. However, in recent years there

has been an effort to start R § D activities by some private
companies with foreign collaboration. Some private companies
conducting research include M/s Indo-American Hybrid Seed Co.
Bangalore; M/s Mahyco;Jalna. Maharashtra; Nath Seeds, Aurangabad,
Maharashtra; Suttons § Sons, Calcutta, West Bengal; Beijo Sheetal
Hybrid Seeds, ‘alna, Maharashtra; Biogene: 3angalore, Karnataka

& Unicorn Group, in Hyderabad, Andhra Pradesh.



2.2 Investment in Research

10. An idea of Budget allocation to different groups of horti-

cultural and other {mportant: food crops is given in Table-2.

TABLE-2: BUDGET FOR RESEARCH ON

VEGE -
SUDGET FOR GETABLES VIS-A-VIS

Rs. In Millions

Crops Expenditure in ~ Suggested Allocation
VII Plan for VIII Plan
(1985-90) (1990-95)
Cereal Crops 1457.31 3311.68
Commercial Crops 497.42 1040.72
QOilseeds 154.16 511.79
" Total 2108.89 _ 4863.19
Horticulture Crops )
Fruit 168.74 594.20
Vegetables 78.03 2659.81
Potato § Tuber Crops 201.33 499.69
Floriculture § Medicinal 29.30 127.77
Plants
Plantation Crops 196.27 549.59
Spices 39.25 138.40
Post-harvest Technologyv 43.06 69.60

(Fruits § Vegetables)

Total Horticulture 755.€8 2249:26

The amount represents allocations only to ICAR programmes and
is -by no way exhaustive as expenditure on vegetable research

by other Institutes/ Agricultural Universities has not been included.
The data in the table will- show that by and large investment
in vegetable research is insignificant compared to cereals and
is the fourth highest amongst horticultural crops next to fruit,
tuber-crops and plantation crops and higher only to floriculture

and spices.



2.3 Manpower:

11. The total manpower deployed for research on different
horticultural crops is given in Table-3.

TABLE-3: EXISTING MANPOWER FOR RESEARCH ON VEGETABLE
CROPS VIS-A-VIS OTHER CROPS

{AS ON 1.4.1990)

Field Crap Tonta}- Scientific
Food Crops

Cereal Crops 9139 ' 2213
Cmmercial Crops 2919 688
Oilseeds 1122 419
Total 13180 3320
Horticulture Crops

Fruits 1076 306
Vegetablesg 505 163
Potato § Tuber Crops 1295 347
Floriculture § Medicinal Plants 173 88
Plantation Crops 1201 232
Post-harvest Technology 212 71

(Fruits 6 Vegetables) _
Total 4462 1207

It will be seen that a total of 505 persons are engaged in vege-
table research of which 163 are scientists the remaining being.
technical, administrative and supporting staff. Against this 1076
persons with 306 scientists are emplyed for research on fruits,
1295 with 347 scientists .Jfor potato and- - other tuber -crops
and 9139 withl a component of 2213 scientists for cereal crops

during the VII' Plan.

3. RESEARCH ON VEGETABLES:

12. The major objectives of research on vegetables in India
is improving production per unit area by solving chronic problems
of production through br‘eeding high yielding. disease & pest



resistant varieties, developing F1 hybrids, standardisation of
agro-techniques for different agro-ecological situations, disease
and iInsect pest management and post-harvest studies with a
view to reduce post-harvest losses. Twenty three vegetable.
namely, amaranthus, bitter gourd, bottle gourd, brinjal, cabbage,
carrot, cauliflower, chillies, cowpea, cucumber, Dolichos, french-
bean, garlic, Luffa, muskmelon, okra, onion, peas, pointed gourd,
pumpkin, sweet pepper, tomato and watermelon have been included
in the national research programme on vegetable crops. The

salient research achievements in vegetable research are given

below.
3.1 Crop Improvement:
i) New Varieties Released:
13. The evaluation of indigenous and exotic germplasm intro-

ductions, and their hybridization resulted in the selection of
over 30 superior varieties of different vegetables during fiftees.:
0Of these, varieties 'Pusa Sawani' of okra, 'Pusa Ruby' and
'Pusa Early Dwarf' of tomato, 'Pusa Purple Long' of brinjal
and 'Bonneville' of garden peas still continue to be the main
vegetable varieties due to their high yield potential and consumer's
preference. As a result of multi-disciplinary, multi-location
testing of new research materials during the last two decades,
119 improved varieties in 16 major vegetable crops have been
identified and recommended for cultivation in various agro-climatic

regions of the country (Table-4 ). These include 20 varieties of

tomato, 22 of brinjal, 13 each of onion and cauliflower, 12
of garden pea, 9 of chillies, 8 of muskmelon 4 each of water
melon, pumpkin & okra, 3 of frenchbean (bush type) 2 of garlic.
and 1 each of Dolichos bean, cabbage, carrot, cowpea and

capsicum,
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TABLE-4: LIST OF VARIETIES RELEASED AT NATIONAL LEVEL UPTO 1990,

Crop Varit:ies released through Central Others
Variety Release Committee

A. SOLANACEOUS CROPS

1. Brinijal:
* a} Long Pusa Anupma,Pant Samart,PH-4, ARU-1C,ARU-2C,Azad
Pusa Kranti, "Pusa Purple Kranti,H-7,K~-202-9,
Cluster. NDB-25,Pusa Perpal long.
b) Round Jamuni Gole Baingan, Arka Navneet,BB=7,
Pant Rituraj. BWR-12,H-8,Pusa

Hybrid-6, T-3.
¢) Small Round Aruna

d) Green - Arka Kusumkar
2. Peppers
a} Capsicum - Kt-1
b) Chillies Andhra Jyoti,J-218, K-2, Bhagyalakshmi,
Musalwadi, Pusa Jwala,X-235 LCA-206, Sel-I.
3. Tomato
a) Determinate HS-101,Pusa Early Dwarf, BT-1,C0-3,KS-2, La-
Pusa' Gaurav, S5S-12, Bonita,Punjab Chhauhhara,
Punjab Kesri,Sel-7.
b) Irdetermimate Arka Vikas,Pant Bahar Arka Saurabh,Pant T-2,
Pant T-3. Pusa Ruby,5el-120,
‘ Sioux.

B. COLE CROPS

1. Cabbage Pusa Mukta -
2. Cauliflower

a) Early Early Kunwari, Pusa Early Synthetic,
Pusa Deepali, 235-8S.

b) Mid Seesm F‘usa.I Synthetic, Improved Japanese,
Pant Shubhra - Pusa Shubra.

¢) Late Pusa’' Snowball-1, Pusa Snowball-2 Snowball-16

Pusa Snowball-K-1.

C. LUGUMINOUS CROFS

1. Cowpesa - Pusa Komal
2. Dolichos - - Deepaliwal
3. French Ban VL-Bmni , Arka Kaml -

Pant| Anupma.



Pea

a) Early

b) Mid Seasn

Muskmelon

Pumpkin

Watermelon

Garlic

Onion

a) Red

b) White

Carrot

Orka

Arkel

Jawahar Matar-I,
VL-3.

D. CUCURBITACEQUS CROPS

Hara Madhu, Punjab Hybrid,

Pusa Sharbati
Arka Chandan, Ambali,
Pusa Vishwas

Arka Manik, Sugar Baby.

E. BULB CROPS

Jamuna Safed,
Agri-Found White

Agrifound Dark Red,
Arka Niketan,
Pusa Madhvi

F. ROOT CROPS

Pusa Yamdagni

G. (OTHER CROPS

Jawahar Matar-4,Early
December, PM-2.

Bonneville, JP-4, Lincoln,
P-88,PRS-4,Pant Uphar.

Arka Jeet,Arka Rajhans,
Durgapura Madhu,Hybrid
M-3,Pusa Madhuras.

Arka Suryamukhi

Arka Jyoti,
Meetha.:

Durgapura

Arka Kalyan,
N-2-4-1, N-257-9-1
Punjab Selection,
Pusa Ratnar,

Pusa Red, VL-3.

Pusa White Flat,
Pusa White Round,
S-48.

P-7, Parbhani
Kranti, Sel-2,
Sel-10(IIHR)
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14. It is interesting to note that out of 119 varieties recomm-
ended by All India Coordinated vegetable Improvement Project,
52 varieties/hybrids have been released through Central Variety
Release Committee for commercial cultivation in different zones
of India. Moreover, the foundation and certified seeds of these
varieties are being produced by the National Seeds Corporatinn
Government of India. Besides; 74 varieties of different vegetables
have been released by different states and their 1list is given
in Table 5.

TABLE-5: -LIST OF VEGETABLE VARIETIES RELEASED BY STATE
"VARIETY — RELBASE: 'COMMITTRE,
(WOT YNCLUDED IN THE NATIONAL LIST)

Crops Variety

Solanaceous Crops

a) Brinjal Annamalai, Azad B-1, Co-1, Gujarat Brinjal-6
Junagadh Oblong, Kalianpur Type-3, MDU-1

b) Tomato Azad T-2, Kalianpur Angoorlata, Kalianpur-1
NTDR-1, PKM-1, Punjab Tropic.

yeppers
Chillies Chanchal, Co-1, CO0-2, DH-76-6, Gujarat
Chillies, K-1,MDU-1, Pant C-1, Sindhur
Bulp Crops
Onion co-4, MDU-1, VL-Piaze-67, CO-1, CO-3,
Kalianpur Red Round, Punjab-48.
Root Crops
Radish . CO-1, Kalianpur No.1l, Punjab Safed, Co- 1

Leafy Vegetables

Methi Co-1



Leguminous Crops

a) Cowpea
b) French Bean

c¢) Dolichos bean

d) Cluster bean

e) Garden peas

Cucurbitaceous Crops

a} Ashgourd

b) Bitter gourd

c) Bottle gourd
d) Cucumber

e) Muskmelon

f) Ridge goud

g) Summer Squash
h) Snakegourd

i) Sponge gourd
j) Tinda

k) Watermelon

- 11 -

Birsa Sweta
Birsa Priya (Pole), Watex (Bush)

Co-8 (bush), Co-9(bush), CO0-10 (bush)
Kalianpur T-2(Pole), Rajni (Pole).

Durga Dbahar

Azad P-1, Hara Bona, JM-2, JM-3, JIM-5
Madhu, Punjab-87.

co-2,

Kalianpur ' Baramasi, MDU-1 & Priya,
CO-1.

Co-1, Kalianpur Long Green

Kalianpur Green

Gujarat Muskmelon-1, Gujarat Muskmelon-2
C0-1, CO0-2, PKM-1, Punjab Sadabahar.
Punjab Chappan Kaddu-1

PKM-1, CO-1

Kalianpur Hari Chikni
S-48

Durgapura Kesar

ii) F1 Hybrids Developed:

In India ,

in chillies came

Institute, the first

though the first report of hybrid wvigour
1933 from Indian Agricultural Research

1 hybrid of tomato and capsicum was

available for commercial cultivation only in 1973. Since then,

there has been an increasing interest in growing hybrids in

vegetable crops among the Indian farmers.
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16. Heterosis breeding in vegetable crops in India has received
serious attention only in recent years. As a result the pr‘ogrgss
in developing and popularising hybrid varieties has been very
slow. The first F1 hybrid of tomato (Karnataka Hybrid) and
capsicum (Bharat) were released for commercial cultivation ‘1n
1973 by a private seed company, M/s Indo-American Hybr:id
Seeds followed by .18 other Hybrids in 9 vegetable crops. 'Of
the 21 F1 hybrids in/Q vegetable crops . developed so
far by public research institutions, nine hybrids listed below

have been recommended for commercial cultivation.

Brinjal ¢ Arka Navneet, Azad Hybrid and Pusa
Hybrid-6.

Bottle gourd :  Pusa Meghdoot and Pusa Manjari

Capsicum i KT-1

Muskmelon : Punjab hybrid and M-3 Hybrid.

Watermelon :  Arka Jyoti

17. Besides-, hybrids Pusa sanyog of cucumber, Pusa Alankar
of summer squash, Pant Hybrid-i. Fent Hybrid-2, Hybrid-10 a%!ld
Hybrid-11 of tomato have alsc been identified and recommendéd
for commercial cultivation. In addition to F1 hybrids, two,
synthetic caulif]owex; varieties, namely, 'Pusa Synthetic' —
in red.seagon ard 'Pusa Early Synthetic' have also been recommendéd

for release.

13. The F hybrids developed have not been fully exploited
so far due (0o inadequate facilities for their seed productiop.
At present- tere is an urgent need to simplify the technique
of hybrid seed production., Various genetic mechanisms li}}ie
male sterility, self-incompatibility and gynoecious sex forms
need special attention to exploit : ) i:
them as female parents of the hybrids. Pioneer research work

has been carried out in the Division of Vegetable Crops, IAREIi,
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New Delhi and some female parents like self -~incompatible
lines 1in cauliflower and cabbage and gynoeciocus sex forms
in muskmelon and cucumber have been developed and are being

utilized in heterosis breeding.

19, In general, there is acute dearth of good hybrid seeds
in cauliflower, cabbage, tomato and onion and taking up heterosis

breeding in these crops is an immediate need.

20. Several private seedsmen have also been marketing
hybrid vegetable varieties, either directly imported and
relabelled or developed by crossing exotic parents and hybrid

seeds produced indigenously. Some of these F, hybrids are

1
in tomato "Rupali", "Vaishali", and "Naveen" from Bangalore,
"Hybrid S-15", "Hybrid S5-16" and "Samirudhi" from Jalna

and SG-12" and SG-9" from Calcutta; 1in capsicum "Bharat"
from Bangalore; 'Early Bounty!' and Suttons Gen Gant 'frozn
Calcutta: in water‘melbn "Madhu and Milan" from Bangalore;
in cabbage "Ganesh Gole", "No. 8" and "Hariranif' from Jalna!
in cucumber "Priya" from Bangalore. There are many more
being offered by other seedsmen as well but their adoption

is comparatively slow.
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1i1) Disease and Pest Resistant Varieties

21. Research on breeding for disease/pest resistance has

resulted in the release of twenty four varieties. 'Pusa Sawanis
variety of okra developed as resistant to yellow-vein-mosaic
virus is the first example of successful disease resistance breeding
in vegetable crops in India. A list of resistant varieties of

different crops relqased so far is given in Table-6.

TABLE-6: VEGETABLE VARIETIES RESISTANT TO DISEASES
AND INSECT PESTS

Crop Variety Disease/Insect Pest Source

Brinjal = BWR-12 Bacterial Wilt IIHR-Bangalore
( Pseudomonas
solanacearum)

Pant Rituraj ~-do- GHAT-Pantmagar
Pant Samrat Bacterial Wilt EFAT-Fantragar
(P.solanacearun)
Panysis Blight

(Phomopsis vexans)
Shoot § Fruit
Borer § Jassids

Pusa Purple Bacterial Wwilt IARI-New Delhi
Cluster (P.solanacearum)
BB-7 -do- (AT, Bhuteneswar
Pusa Bhairav Phomopsis Blight ~do-
(P.vexans)
Cabbage SEL-8 Black Rot IARI-Katrain
(Xanthomonas

camgestris)



Cauliflowar

Chilli

Cowpea

Muskmelon

Okra

Pea

Tomato

Watermelon

Pusa Suttra
Pusa Snowball

K-1
Pusa Jawala

Pusa ‘Koml

Arka Rajhans

Sel-10
Sel-2

P-7
Parbhani Kranti

PRS-4
PM-2

J4

BT-1

Pant Bahar

SEL-120

Arka Manik
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Bladk Rot
Black Rot

Leaf Curl
(CMV /PVY)

Bacterial Blight
{Xanthomonas

vignicola)
Powery Mildew

(Sphaerothica fubginea)

Y.V.M.Virus
Y.V.M Virus

Y.V.M.Virus
Y.V.M.Virus

Powdery Mildew

Powdery Mildew

Powdery Mildev
f Rust
(Uromycess pisi)

Bacterial Wilt

Varticilium Wilt
{Verticlcum .ps)

&
Fusariun Wilt
(Fusarium Oxysporum])

Root Knot Nematode
(M.incognita
M.arneria &
M. iavanica

Anthracnose
{Colletorichum

lagenarium)

Powdery Mildew
(Sphaerotheca
fuligenea)

Downy Mildew
(Pseudoperonospora
cubensis)

IARI-New Delhi

IARI-Katrain

" IARI-New Delhi

IARI-New Delhi

IIHR-Bangalore

IIHR—Efangalore
NBPGR-New Delhi

PAU-Ludhiana
MAU-Parbhani

GFUAT-Pantragar
G UAT-Pantragar

JNOA-Jabalpur

OQUAT-Bhubaneswar

EAAT-Pantnagar

IART-New Delhi

IIHR~Bangalore
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3.2 Agratechniques:

22, Besides the development of a number of high yielding varieties,
efforts have been made to develop package of practices for getting
maximum economic returns. A large number of agronomical practices
have also been developed to grow almost all vegetable crops under
varied agro-climatic conditions. Similarly several control measures
for protecting these crops from the attack of various diseases and
insect pests have been found out. Under the All India Coordinated
Research Project alone 34 agronomical recommendations relating to
spacing, nutritional requirements, irrigation and weed control in
* 11 vegetable crops, namely brinjal, cabbage, cauliflower, chillies,
muskmelon, okra, onion, peas, radish, tomato, and watermelon have
been made. For chemical control of major diseases and insect-pests
r}ecommendations have been made in 11 vegetable crops namely;
bottle gourd, brinjal, cauliflower chillies, muskmelon, okra, onion,
peas, tomato, turnip and watermelon. Thus 55 measures against
major diseases and insect-ests have been standardised. Recommenda-
tions have also been made for increasing yield of tomato and brinjal
by application of chémical growth regulators like mixatalel and

2,4-D respectively.

23, Technology has been developed and perfected for the -produc-
tion of vegetable seeds in general and that for temperate vegetables
in the hilly region of the country in particular. Techniques for

post-harvest management are also being developed.

3.3 Breeder Seed Producfion:

24. Since availability of superior quality seeds is the most
important single input for production of vegetable crops tremendous
attention 1is required to be paid on strengthening of research on
seed production techno:logy of these crops. Therefore, the efforis
for ressarcht. anid production ef Erceder's Seed o! these crops are
being intensified. Acclordir}gly. production of Breeder's Seed of
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vegetables has been included in the National Seeds Project during
the Seventh F;lan which is operating at eleven centres, namely;
IARI Karnal (Haryana), IARI Katrain (H.P.), IIHR Bangalore (Karnataka),
PAU Ludhiana (Punjab); CSAUAT, Kanpur (U.P.), BCKVV Pedong
(W.B.), MPKV Rahuri (M.S.), YSPUHF Solan (H.P.), JNKVV Jabalpur
(M.P,), APAU Lam (A.P.), and TNAU Coimbatore (T.N.). About
100  tonnes of breeders seed is being produced annually against
an average requirement of 36 tonnes which forms the basis of

multiplication of superior quality foundation and certified seed.
Even this limited quantity of breeders seed is not being utilized
properly. The largest beneficiary of the breeder seed viz.
N.S.C. 1s presently producing only about 650 tonnes of certified
seed whereas private seed industry contributes about 2000 tonnes
besides contribution of other certified state seed agencies amount
to 500-1000 tonnes. Thus present quality of breeder seed
could have fulfilled certified seed requirement to the extent of
30% .it is doing so only to the extent of 13-15% . Recently the Govt.
of India has launched a scheme on intensification of wvegetable produ-
ctuion through which funds have been put at the disposal of central
institutes and the state agricultural universities to intensify produc-
tion of breeders foundation and certified seed to overcome thé wide
gap in seed requirement. The result of these efforts are yet to
be known. The new seed policy of the Govt. of India affords
enough opportunity of introducing new useful genes through the impott

of improved vegetable wvarieties and F, hybrid seeds. This may

1
Lave the way for wutilizing these promising genes for developing
new high yielding, disease and insect-pest resistant varieties and
F1 hybrids possessing tolerance to abiotic factors.

4. IMPACT OF VEGETABLE RESEARCH § MANAGEMENT

25. Development of a large number of improved varieties and
wider adaptability and standardisation of their production techno-
logies for wvarious agro—climatic' conditions has made it possiblé
to produce vegetables in wider areas and has improved the prospects

of their supply tremendously as follows.
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1) Garden pea: variety 'Arkel' has revolutionised the production
of early peas in all pea growing areas.

1) Cauliflower: variety 'Pusa Early Synthetic' has adapted
to warm climtic conditions of Tamil Nadu and has made it
possible to grow cauliflower commercially in this non-tradi-
tional area.

1ii) Watermelon: variety 'Sugar Baby' has spread fast in entire
Northern and Eastern India and has benefitted both the growers
with better remuneration and the consumers with superior
quality. Another variety ‘Arka Manik' has made a dent in
the Southern and South-Western parts of the country.

iv) Okra: variaty 'Pusa Sawani' bred for resistance to yellow
vein mosaic virus prone areas/seasons replaced all other
local varieties from cultivation all over the country.

V) Tomato:variety Pusa 'Sel-120'has made it possible to achieve
high yields of quality produce in root-knot nematode infested
soils.

vi) . Radish: with appropriate choice of suitable varieties for

spicific seasons now we can grow radish round the year.

vii) Tomato: With the released of cold tolerant variety 'Pusa
Sheetal', we can now grow .tomatoes all the year round.

viii) Onion:Until 1978, Kharif onion cultivation was only grron (n
Maharashtra, Gujarat, Andhra Pradesh and Tamil Nadu.
However, 1identification of variety N-35 and development
of technology for kharif onion has enabled to get two crops
of onion annually in Northern India where it used to be
only a winter/spring crop.

ix) F. Hybrids: There . has been an alround appreciation of
prowing ]bf F, hybrids in vegetable crops. Sizeable area

of 20,000 ha. is estimated to be covered under tomato hybrids
in Karntaka, Maharasnhtra §&§ Southern Gujarat. Similarly the area

under F1 hybrid of cabbage is estimated at about 8,000 ha.

5. GAPS AND CONSTRAINTS:

26. Despite a large number of varieties and hybrids developed,
the productivity of vegetable crops has not improved. Varieties
with longer shelf life and suitable for processing are very few.
Multiple disease r:esisltant varieties are yet to be developed. Although
a lot of work on heterosis breeding in vegetable crops has been

done in the country, Iyet there is acute dearth of real good hybrids
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in crops like tomato, cabbage, cauliflower, onion etc. Vegetable

based

cropping systems have not been developed so far, which

puts these crops at a disadvantage for fitting them in crop rotations.

Excessive use of pesticides has created problems of pesticide residues

and hence there is a need for integrated pest and disease control.

ii)

iii)

iv)

v)

27,

Briefly, these gaps are identified as follows:-
Insufficient germplasm in different vegetable crops and the
need to augment indigenous and exotic-collections.

Lack of new high yielding vegetable varieties/hybrids, carrying
high degree of resistance to diseases, pests, environmental
stresses etc. '

Absence of basic/ fundammmts] research programmes to acce-
lerate the work on applied aspects.

Lack of competent scientific manpower to mamage the research
programmes.

Lack of infrastructure and fund availability for research
on vegetables.

6. FUTURE RESEARCH PRIORITIES:

While significant progress has already been made there are

'still several problems to be tackled. For this, the following research

;priorities have been identified for the VIII Plan.

Breeding for resistance to, abiotic factors viz diseases and

insect-pests such as:.-

Tomato leaf curl virus, TMV bacterial wilt, phytopthora
blight, fruit borer.

Brinjal fruit and shoot borer, bacterial wilt, little leaf.

Okra yellow vein mosaic and pod borer.

'Chillies/ : virus and pest complex

capsicum

Onion purple blotch, stemphylium ! moth. and thrips).
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Cucurblits : downy mildew, powdery mildew, CMV, fruit fly.

Cole crops : Sclerotinia, Alternaria and soft rot.

Peas : Powdery mildew

Beans : Septoria, mosaic virus and bruchus

2) Breeding for resistance to abiotic stresses e.g. salinity,

alkalinity , salt tolerance and stress environment e.g.,
hot set and cold set tomatoes.

3) Heterosis breeding in onion, tomato, cabbage, cauliflower,
cucurbits brinjal, and capsicum.

4) Breeding for nutritional and processing qualities 1in
vegetables like tomato, onion, peas and garlic (dehydration).

5) Use of Diotechnology for Incorporation of resistance
to disease/pests/abiotic stresses.

6) Intensification of research on seed production of tem-
perate, tropical and sub-tropical vegetables and inten-
sification of breeders seed production programme.

7] Export oriented research on vegetables like onion,:
chillies, okra, peas. tomato, brinjal, cucumber,
cauliflower and cabbage,

8) Developing efficient cropping systems.
9) Research on growing vegetables in protected environments.
10) Research on off-season vegetable production and under

exploited vegetables,

11) Studies on insecticidal residues.

SUMMARY

28. Our country has achieved self sufficiency and a good degree
of stability of food production. This has created an urgent nesd
for providing healtlh searity to ar oe population by supplying nutrition
through balanced diet. Vegetables from the most important component
of a balanced diet. We can grow a wide variety of vegetables

(about 60) all thlia year round. The country is the world's second
largest producer !of vegetables next only to China. -However our

per capita consumption is quite low.
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29. In the post partition period a good infrastructure for vege-
table research has been created. At present vegetable research
is being carried out at four central institutes, one National Research
Centre and 26 State Agricultural Universities. The All India Coordi-
nated Research Programme of the Project Directorate of Vegetable
Research provides facilities for multidisciplinary, area specific
research on 23 vegetable crops and provides a national grid for
multilocation testing of technologies developed by various institutiens.
As a result research on various aspects of major vegetable crops
is -being undertaken in order to improve existing varieties and
standardise production techniques. The investment in vegetable
research is insignificant compared to cereals so is the manpower

deployment,

30. Through intensive research efforts 119 improved varieties
in 16 wvegetable crops have been released. Of these, nine are Fi
hybrids, two are synthetic cauliflower varieties and 24 varieties
are resistant to different diseases and insect pests. Some of these
varieties have already made significant impact/confribution in revolu-
tionising the production of wvegetables in the country. Besides
developing new varieties several agro-techniques and plant protec-
tion measures against diseases and insect pests have been standar-
dised and recommended. Systematic efforts are also on to achieve

self sufficiency in seed production, though the goal is quite far.

31. Several biotic constraints pertaining to non availability
and erosion of germplasm and its evaluation, diseases and Iinsect
pests , manpower, abictic factors such as limited availability of
funds, physical environmental and soil factors and seasonal problems,
socio-economic factors and limitations of infrastructure are limiting

vegetable research In India.

32. The priorities of research in years to come have been
identified as breeding for resistance to biotic and abiotic stresses,
heterosis breeding, breeding for improvement of nutritional quality
and processing, seed technology research, development of technlogy
for Browing vegetables in protected environment, use of biotechnology,

insecticidal residues and off season vegetable production etc.
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An overview of research and develcopment in tropical vegetables
Kirthi Singh* and K.V. Peter**

Vegetable research in India got momentum in the S0's, with
the sanctioning cf a nucleus plan¥ introduction scheme at IARI,
New Delhi. The late Dr. Harbhajan Singh who headed the division
of plant introduction, deserves accleim for his well foreslghted
and acumen mind, which has given varieties like Pusa Sawani in
bhindi, Pusa Purple Long, Pusa Purple Rouné¢ and Fusz Purple
Cluster in brinjal still held in eseem by the Indian Vegetable
growers, The Indian Council of Agricultural Research organised
an exclusive co=ordinated research project in 22 centres spread
over 8 different agroclimatic zones ©f Tndia for improvement of
vegetables. The project 1s now elevated intoc the status of =2
Project Directorate. The mandate of the Project Directorate is
to solve problems, facing vegetable growers of the country and
thereby boosting the national income. In India, vegetables ere
grown over an area of 4 million ha. with & production of 40-43
million tonnes. The present productivity is only 10 t/hae The.
short term objective (1990-1995) is to increase the area to 6
million ha and production to 75 million tonnes and increasing
productivity to 12.5 t/ha. The long term goal (2000 A.D.) is to
further increase the area to 8 million hs. and production to

120 million tonnes, The productivity is to be raised to 15 t/ha.

*Vice Chancellor, Himachal Pradesh Agricultural University,
Palempur (H,P,)

**Professor anc Head, Dept. of Olericulture, Kerala Agricultural
University, Vellanikkara, Trichur



The present scenario

A large number of tropical vegetables with considersble
nutritive value are grown in Inéia (Table 1). Chillies have the
highest average nﬁtritive value of 27,92 ané watermelon the
lowest (0.90). The poor man's spinach', Amaranth has.a fair value
of ANV (11.32). In a country like India with problems of
vitamin A deficlency and mineral undernutrition, the emphasis
on Amaranth needs to be stressed. Vegetables are grown throughout
India, the state of Orissa occupying the highest area fqllowed
by Uttar Pradesh épd Bihar {(Table 2). The prospect for further

enhancing the area may be limited and the opticon 1s tc increase

productivity per unit of lané per unit of time.

Conservation of ¢tropical vegetsable germplasm is 5 high pri-
ority iteﬁ of research to boost up produétivity and sustain its
maintenance. Indﬁa iz a primary centre of origin for brinjal,

a few cucurbits agd a few leaf vegetables. There is an interna- .

tional network maintaining and supplying valuable genetic materi-

als in tropical vegetables (Table 3), The National Bureaux of
Plant Genetic Resources, New Delhi is the nodal agency for servi-

ces dealing with vegetable germplasm.

Being a vast' country with considerable variations in ecology,
weather and climate, & recent agroclimatic approach is suggested
for the development of vegetable programmes in the country.

(Table 4}. The formerly suggested eight zones are elaborated intc

15 agro-climatic zones.
Organizations, scurces of funding ancd their mandates

Considering the importance of tropical vegetables in human
nutrition, many organisations have programmes to fund researchn

projects (Table (5}). The Indian Council of Agricultural Research



Takble 1, Nutritive value of important tropical vegetables
‘ (per 100g of edible portion)
S1. Name of .Energy Pro=- Cal- Yita- . Thia- RiboO~-- Vita- Average
NO. Vegetables K Cal. Fibre tein cium Iron mine A mine flavin min C nutritive
g. mg. mg. g ng ﬁg. mg mg value
1 Z 3 4 5 6 7 8 9 10 11 12
1, Tomato 2C c.7 1.2 2 0.6 ve5 0.6 0.C4 23 2.3%
Z. Brinjal 26 1.0 1.6 22 o.¢ 124.0 0.8 C.C7 6 2,14
3. Chillies 11s 15.0 6.3 86 3.6 6.6 0.37 0.051 o6 27.92
4, Lady's finger 31 0.6 0.8 1Y 1.0 0.1 0.07 c.08 . 18 J.21
5. Cucumber 12 0.5 0.6 21 0.4 0.1 0.03 0.04 11 1.69
6. Pumpkin 27 C.8 0.7 24 0.7 0.8 0.03 0.04 14 2.68
7. Watermelon 21 0.1 0.6 & 0.2 0.1 0.03 0.03 6 .30
. Ashgourd 10 c.8 0.4 30 0.8 - 0.06 0.10 1 -
9. Snzkegourd 18 0.8 0.5 50 1,1 16C IU 0.04 0.06 0 -
10. Bittergourd 1e 1.0 0.8 26 2.3 0.1 0.06 0.04 s7 4.10
11, Bottle gourd 12 0.6 0.2 20 0.7 0 ¢.03 0.01 6 -
l12. Cowpea 51 2.0 4.3 B8O 2.5 941 IU .07 0.09 13 -
i3, Winged bean - 2.6 2,9 330 1.7 0,54 0.06 0.12 37 -
14. Dolichos bean 48 1.8 3.8 210 1.7 312 1U 0.10 0.06 9 -
15. Amarenth 26 1.3 3.6 154 2.9 6.5 0.04 0.22 23 11.32

{contd.;



Table contd.

1 2 3 4 5 6 7 8 9 10 11
16. Tapioca 159 0.6 0.7 50 0.9 - 0.50 0.10 25
17. Colocasia 97 1.0 3.0 40 1.7 40 TU 0.06 0,03 63

=i8+.—Amorphophal-lus—79 .. 0.8 1.2 S50 0.6 434 1U 0.06 0.07 -
19, Sweet Potato 120 0.8 1.2 20 2.8 10 Tu 0.08  0.0& 24
20. Drumstick 26 4.8 2.5 30 5.3 110 Ty 0.05 G.07 120
21. Chekkurmanis 103 1.4 6.8 570 28.0 5706 ug 0.48 1.32 247
22. Agathi 93 212 8.4 1130 3.9 5400 ug 0.21 0.09 1.2

Source - Indian Council of Medical Research, Hyderabad, India 1980 and

Kerala agricultural University, Yellanik¥ara, Trichur, Kersla 1982,



Table-?2 ¢ Area under vegetable crops in India (82-83) in
various states.

State/Union territory Area (000 ha)
andhra Pradesh g4
Assaﬁ 120
Bihar 313 1711
Gujarat 79
Haryana 36
Himachal Pradesh 21
Jammu & Kashmir 15
Karnataka 108
Kerala 291
Madhya Pradesh 123
Maharashtra 137
Manipur 2
Meghalaya 27
Nagaland 9
Orissa 593 I
Punjab 63
Rajasthan 44
Sikkim 3
Tamil Nadu 110
Tripura 18
Uttar Pradesh 465 II
West Bengal 304

AEN Islands 1
Aruvnschal Pradesh 6
Delhi 5
Pondicherry 1

All India 2980

Source ¢ Directorate of Economics & Statistics, Ministry
of Agriculture, Govt. of India.



Table 3o

Directory of

tropical vegetables

Vegetahles

_bountry of
”Heposit

Institute

Abelmoschué

Brazil

{iGhana

:India

[ Iraq

iIvery Cost

iMali

Nigeris

| Pakistan

} Papua New
| Guinea

IPhiilippines

Departmento de fitotechnica ﬁniveru
sidade federal de vicosa, 36.570,
vicosa, “G. )

Plant introduction & exploraticn
crop Research Institute Box 7, Bunso

NBPGR, IARI Campus, New Delhi 110012,

Plant Genetic Resources Unit, Agri-

cultursl Resesrch Centre, Abughraih.

Laboretoire de genetique, office de la
recherche scientifigue et technicque d
outermer (ORSTCM) centred' Adiopodoume
BP V-51

Abidjan

Station dé RECHERCH ACROECHICUS -
sctuba BP 438. Bamako,

National horticultural research
institute (MIHOBRT) Idi-ischin PMP
5432 1bedan.

Plant genetic Resources Lahoratory,
Agriculttfal Research Council (ARC)
PO Box -~ 1G31

Islamabad.

Lowlands Agricultural Experiment
Station. Department of Frimary

Industry Keravat,
Department of Agriculture

University of Papuz New Guinea

PO Box 48220, Port Moresky

Institrte of Plent Breedirg (IPRB)
University'of the Philippines at
Los Bapos, Laguns 3720,



Vegetakles

Country of
deposit

Institute

Amaranths

Turkey

United States
of America

Upper Volta

.Bolivia

China

Germany=Demo-
cratic
Republic

India

Aegen Regionel Agricultural Research
Institute (ARARI)
Menemen

Izmir

National Seed Storage Laboratory
(NSSL)

U.S. Department of Agriculture (USDA)
Colorado State University

Fort Collins, Colorado 80523
Southern Regional Plant

Introduction Station (S-9)

LshA

Experiment, Georgia 30212,

Station de Recherche

Kamhoinse, :

Institvte Voltalgque de Recherche
Agronomique et Zootechnique (IVRAZ)
B.,P, 7192

Ouagadougou

Estacion Experimental de Patacamaya
Instituto Boliviano de Technologia
Agropecuaria (IBTA)

Patacamaya

Asian Vegetabhle Research and
Development Centre (AVRDC)
P.O., BDox 42

Shanhua

Tainan

Taiwan

Zentralinstitut fur Genetik and
kulturpflenzenforschung
Corrensstrassee 3

4325 Gatersleben

National Bureau of plant

Genetic Resources (NBFGR)

Indian Agricultural Research Instltute
(IARI) Campus, New Delhi 110012,



Vegetables . Country of
deposit

Institute

Indonesia

Nigeria

Peru

Thailand

Unlted Kingdom

Unlted States
of America

Zambia

Regional Station, WBPGR
Phalgl Simla 171 004

Faculty of Horticvlture
TNAU Coimbatore 641 0O03.

National Biclogical Institute
P,0. Box 110 Bogor ‘

National llorticultural Research
Institute (ITHORT), Idi-Ishin
PMB 5432, Ihadan

Estacion Experimental de Camacani
Universiriad Nacional Tecnica del

Altiplano Funo

Centrc de investigacion de cultivos
Andinos, liniversidad Nacional
del cusco, Avenida de la inflancia

440 Huanchac Cusco

Fang Horticultural Experimental
Station, Department of Agriculture
Fang, Chiang Mail

Royal Botanic Gardens, kew
wakehurst Place, Ardingly
Haywards Heath, Sussex RH 17 6 TN

Organic Gardenlng & Farming Research
Centre (OGFRC)

P.0. Box 323

Kutztown, Pennsylvania 19530

National Seed Storage Laboratory

(NssL), USDA, Colorado State University,
Fort Collins, Coloradoc B0523,

Crop Ecience Department

School of Agricultural Sciences
University of Zambia

P.0O., Box 2379, Lusaka



Vegetables Country of
deposit

Institute

Capsicum Australia

Austria

Brazil

Bulgaria

Colombia

Costa Rico

Czechoslovakia

- Department of Primary Industries

Common wealth Scientific and
Industrial Research Organization
(CSIRQ) Horticultural Research
Station, P.0O. Box 538, Bowen,
Queensland 4805

Institute fur pharmakognosie der
universitat Wien
Waheinger_straSSe 25, 1090 Vienna

Departmento de Fintotecnica
Universidade Federal de Vicosa
36, 570 - vVicosa - M.G.

Institute of Plant Introduction and
Genetic Resources, 4122 Sadovo.

Maritsa Institute for Vegetable Crops
ul. Brexovsko shosse 32
4003 plovliv,

Institute of Genetics and Plant
Breeding. Bulgarian Academy of Sciences.
Sofia 1113.

Centro Experimental Palmira Instituto
Colombiano Agropecuario (ICA) AA 233,
Palmira Valle

Unidad-de. Recursos Geneticos

Centro Agronomico Tropical de Investi-
gacion. y, Ensenanxa (CATIE)

Apartado 74, Turrialba

Dept. of genetic Resources

Division of Genetics and Flant
Breeding Methods

Research Institvte of Plant Production
Ruzyne 507



[ ' .
Vecetables | C?untry of Institute
d?posit

Ei. Sslvador Centro Nacional de Tecnologia
Agropecuaria (CENTA)
km 33-1/2 cerretere a s&nta Ana
San Andres, L& Libertad

Etriopia Plent Genetic Resources Centre (PGRC)
P.O, Box 30726.
Addis Ababa

France Statior d' Amelioreation des plantes
Maraicheres, Institute National de
la Recherche Agronomique (INRA)
Domain Saint - laurice
84140 Montfavet -~ Avignon

Gérmany Zentralinstitut fur Genetik ,and
kulturpflanzen forschung '
corrensstrasse 3, 4325 Getersleben

Gﬁeeca Greek Gene Bank, Cereals Institute
North Greece Agricultural Research
Centre Thessaloniki

Hungary Research Station Butateteny
Vegetable {rops Research Institute
pf. 108, park u.2, 1775 Budapest

Research Centre for Agrobotany
Nationgzl Institute for Agricultural
variety Testing (NIAVT)

2766 Tapioszek.

Incia Nations) Bureau of Plant Genetic
Resources {(NEPGR)
IART campus, New Delhi 110 01z

Reciongl kgrl. Research Station
Andhra Pradesh Agrl. University,
Lam, Guntur 522 034, A.P.



Vegetables Country of Institute

deposit

Italy Instituto del Germoplasma
via G. Amendola 165/2 70126 Rari
Instituto di Miglio ramento genetico
eproduxione delli sementi
Universita degli Studi, Via Pietro
Gduria, 15, 10126 Torino

Japan Seed Storage Laboratory
Division of Genetics, Department of
Physiology and Genetics, National
Institute of Agrl. Sciences (NIAS)
Tsukuba, Ibaraki 305.
Plant Germplasm Institute
Faculty of Agriculture, Kyote
University, Nakafol, Mozume, Mukoshi
Kyoto €17,

Mexico Unidad de Recursos Geneticos Centro
de Investigaciones Agricolas de
El Bajio (CIaB)
Instituto Nacional de investigacions
Agricolas (INIA), AP 112, Celaya
Guanajuato

Netherlands  Institute for Horticultural Plant
Breeding (IVT), P.0O. Box 16, 6700 aa
Wageningen.

Nigeria National Horticultural Research Institute
(NIHORT) Idi-Ishin PMB 5432 Ibadan

Peru Programa de investigacion in Hortalixas,

Universidad National Agrariz, A.F.
456, La Mobra, Lima

Phillippines Institute of Plant Breeding (IPB)
University of the Philippines at
Los Banos, Laguna 3720,



Vegetables Country of Institute

deposit
South Africa - Division of Plant ané Seed Control
pvt. Bag x 179, Pretoris 0001,
Spain Centroc Regional de Investigacion Y
Desarolle Agrario (CRIDA 3), Insti-
tute Nacional de Investigaciones
Agrarias (INIA) A,P. 202 Carretera
de Montanana 177 Laragaza 16
Thailand Division of Horticulture, Dept. of
Agriculture, Bangken, Bangkok 9
Tunisia Insttitut National de la Rechuche
Agronomique de Tunisie
Avenue de 1' Independance
Ariana
Turkey Aegean Regional Agrl. Research
Institute (ARARI) P O Box 9
Menemen, IzMir
USSR N.I. Vavilov All-Union Institute of
Plant Industry (VIR)
Herzen Street 44, 190000 Leningrad
UK Dept. of Plant Biology
University of Birmingham
P.0O. Box 363
Birmingham B 15 21T
Dept. of Agrl. Botany
University of Reading
Whiteknights
Readings RG6 2AS
UsSa National Seed Storage Lakoratory (NSSL)

USDA, Colorado State University
Fort Collins, Colorado 80523



Vegetables Country of Institute
Ceposit

Southern Regional Plant Introduction
Station (S-9)

UsD2. Experiment Station,

Georgia 30212

North East Regional Plant Introduction
Station (NE-S), USLCA, New York

State Agrl. Experiment Station

Geneva, Noew York 14456,

Dept. 0f Vegetable Crops,
University of California
Davis, California 95616,

Dept. of Botany
Miami University
Oxford, Ohio 45056

Cucurbitaceae Argentina Estacion Experimental Regional
Agropecuaria de pergamino
Institute Nacional de Tecnologia
Agropecuaria (INTA) CC 31, Pergamine

Buenos Aires,

Estacion Experimental Agropecuaria
Sanpedro, Institute Nacional de
TechnologiaAAQropecuaria (INTA)

CC 43, 2930 San Pedro,

Buenos Aires.

Brezil Departmento de Fitotechica
Universidade Federal de Vicosa
36. 570 -~ Vicosa - M.G.

Centro Nacional de pesquisa de
Hortalicas (CNPE)
Empresa Brasileira de Pesguisa

Agropecuaria (EMBRAPA) C.P. 11.13.16
70.000 - Brasilia ~ L.F.



Vegetables Country of Institute

deposit

Bulgaria Institute of Plant Introduction and
Genetic Resources, 4122 Sadovo,
Maritsa Institute for Vegetable Crops
ul. Brezovsko Shosse 322, 4003 plovdilv

Colombia Centro Experimental Palmirs Instituvte
Colomianc Agropecuwaric (ICA)} A,A, 233,
Palmira Valle

Costa Rica Unidad de Recursos Geneticos

Centro Agronomico Tropical de
Investigacion of Ensenanza (CATIE)
Apartado 74, Turrialba

Czechoslovakia Dept. of Genetic Resources, Division
of Genetics and Plant Breeding Methods,
Research Institute of Plant Introcduct-
ion Ruxyne 507, 16106 Prague &

Ethiopia Flant Genetic Resources Center (PGRC)
P.0., Box 30726 Addis Ahabe

France Station de Amelioration des plantes
Maraicheres, Institut ﬁational de
la Rechercha Agrcnomicue (INRA)
Domaine Saint-iMaurice
84140 - Montfavet -Avignon

Germany=-DR Zentralinstitut furgenetik and
kulturpflanz enfcrschung
Corresnstrassez 4325 Gatersleben

Hungary Research Centre for Agrobotany
National Institute for Agrl. Botany
Nationel Institute for Agrl. variety
Testing (NIAVT) 2766 Tapioszele.

Research Station Budateteny
Vegetable Crops Research Institute
pf 108, park 4Z, 1775 Budapest



Vegetables Country of InstitiLte
‘ derosit

1

Regional Station, NBPGR, Phalgi

Simla 171004 .
Regional Statior, NBPGR, Vellanikkara FO

| =
3
9
m

Trichur, Kerala

Dept. of Olericulture, College of
Horticulture, Kal, P.0. Vellanikkara,
68C 654, Trichur, Kerals

Vivekananda Parvativa krishi
Anusandhan Shala, Almora, UP

Irag Flant genetic Resource Unit
Agrl. Research Centre, 2bu Ghraib

Italy Incstitute del Germoplesma, via
G. Amendola, 165/, 70126 Bari.

Japan Seed storage Laboratorv
Division of Genetics, Dept. of
Physioclogy and Genetics, KIAS,
Tsukuba, Ibaraki 305

Mexico Unidad de Recursos Geneticos
Cerntro de Investigsciones Agricolas
de El Bajio (CIAB)
Institute Nacicnegl de Investicacions
Agricolas (INIA)}, AF 112, Celaya

Guanajuato.

Netherlands Institute of Horticultural Plant
Breeding (IVT), P.0O. Box 16, 6700
Af Waaeningen

Nigeria NIHORT, Idi-Ishin, PME 5432, Ibadan

Pakistan Plant Genetic Resources Laboratory
Agrl. Resezrch Céuncil (ARC}
P.O. Box 1031
Islamabad

Peru . .
Programa de Investigacion en Hortalizas,

Universida¢ Nacional Agreria AP 456

Lamcline, Lims



Vegetables Country of Institute
deposit
rhilippines Institute of Plant Breeding (IFB)
University of the Philippines at Los
Banos, Laguna 3720,
Poland Dept. of National Plant Resources

South Africa

Spain

Thailand

Turkey

USSR

USA

Plant Breeding and Acclimatization
Institute (IHAR), Radzikow K.
Warwy 05~870 Blonie

Division of Plant and seed control
Pvt., Bag x 179, Pretoria 0001

Instituto Nacionalde Investigaciones
Agrarias {INIA)
Jose Abascal 56, Madrid

Dept, of Horticulture

Faculty of Agriculture
Kasetsart University, Bangkhen
Bangkik 9

Aegean Regional Agrl. Research Institute
(ARARI), P.C. Box 9,

Menemen, Izmir

N.I. Vavilov All Union Institute of
Plant Industry (VIR)
Herzen street 44, 150 000

Leningrad.

NSSL, USDA, Colarado State University,
Fort Ceollins, Colorado 80523

Morth Central Regional Flent
. Introduction Station (NC-7).

USDA, Lowa State University

Ames, Lowa 50010,

Southern Regional Plant Introduction
Station (8-9)
USDh Experiment, Georcia 30212



Vegetehles . Country of

deposit

Institute

Lycopersicon .Argentina

Australia

BRrazil

Bulgeria

Northeast Regiona2l Flant Introcduction
Stetion (NE-S), USDA, Newe York
State Agrl. Ekxperiment Station

Geneva, kew York 14456

" Dept. of Flent EScience, Universit

of Erizone, Tuceon, Ariw~r. £5721

Impericl Velley conservstion Resezrch
Centre 4151, Highway @6; Brawley
Californie 92227.

Estacion Experimental Regional
Agropecuarie Alto valle de Rio Negro
Instituto Nacional de Tecnologia
Agropec¢uarias (INTA} CC. 52

8332 Genersl Roca, Rio Negro.

Dept. of Primary Industries
Commonwealth Scientific and Industrial
Research Organisation (CSIRO)
Horticultural Research Station

P.0. Box B38. Bowen, {Uueensland 4805

UEPAE de cascata

Empresa Brasileira de pesquisa
Agropecuaria (EMBRAPA)

C.P. 403, 96. 100-pelotus - R.S.

Departmentc de Fitotecnica
Universidade IFederal de Vicosa
36-570~Vicosa - M9

Institute of Plant Introduction and

genetic Resources 4122 Sadovo

Maritsa Institute for Vegetable Crops
tl,., Brezovsko shosse 32. 4003 Plovdiv.

Central Office for the. Plant gene
Resources of Canad (BGR)

Research Sta{ion, Agriculture Canads
éuilding 75, Ottawa, Ontario XIA océ



‘ , I : .
Vegetehles Country of Institute
deposit
Chine, AVRIC, -P.C. BOX_42, Shankus,
’ Tainan, Taiwan.
Colombia Ceritrc Experimeniél Pslmira Institute

Czechoslovakia

Ecuador

Elsglvador

France

fi
Colomkianc Agropecvaric (ICA) "A.A. 233

Pelrira velle

‘Unidad de Recurscs Geneticos

Centrc¢ Acronomice Tropiceal de
Investigacion Y Engenanza (CATIE)

Apartado 74, Turrialbe

Instituro de Inveétigaciones
Fuhdstentales en Agriculturea
Tropical (INIFAT); "Alezandro de
Humbolt® Calle 1% esg 2°
Santiago de la@s Vegas

Cindad Habana

Dept. of Genetic Resources

Division of Genetics and Plant: Breeding
Methods

Research Institute of Plant

Production Ruzyne 507, 161 06

Prague 6

Instituto de ciencies Natuarales
Universidad Central de quitc

Casilia 633

Quito

Certrc Nacionsl de Tecnologis

- Agrepecuaria (CENTA!

km 33-1/2 Cerretera a santa Ana
San Andres, L& Libertacd.

Station d' Amelioration des Plantes
Marajcheress, Institut National
de la Rechercha Agronomigue (INRA)
Domaine Saint Maurice - ' ‘

84140 Mont fevet - Avignon



Vegetables

Country of
cdeposit

Institute

Germany LR

Ghana

Hungery

India

Iraq

italy

Japan

Netherlands

Newzealand

Nigerisz

Peru

Philippines

Zentralinstitut flu Genetik and
Kulturpflenzenforschung
Corrensstrasse 3, 4325,
Gatersleben

Horticultural section Crops Research
Institute, F.O. Box 3785

Kwadaso, Kumesi

Research Centre for Agrobhotany.
NIAVT 2766, Tapioszele

NBPGR, IARI Campus, New Delhi 110C1Z.

Plant Genetic Resources Unit Agrl.

Research Centre, Abu Gharaib

Instituto del germoplasma
via, G. Amendols, 165/A, 70126 Bari

Seed Storage Laboratory

Division of Genetics

Dept. of Physiology and Genetics
NIAS, Tsukuba, Ibaraki 305

Institute for Horticultural Plant
Breeding (IVT), F.0Q. Box 16
6700 AA wageningen

Crop Research Division
Dept. of Scientific ané Industrial
Research, Private Bag, Christchurch

NIHORT, Icdi-Ishin, PMB 5432
Ibadan

Programma de Investigacion en
Hortalizas, Universidad Nacicnal
Agrarka, A,F. 456, La Molina, Peru,

IPB, University of the Philippines
at Los Banos, Laguna 372C



Vegetables Country of Institute
deposit:
Poland Dept. of National Plant Resources

South Africa

Thailand

Turkev

USSR

UsSa

' IHAR, Radzikow K. War szawy 05-870

Blonie

Division of Plant and seed control
pvt. Bag x 179
Precatoria 0001

Division of Horticulture
Dept. of Agriculture
Bangken, Bangkik ©

Faculty of Agriculture
Chiang Mai University, Chiang Mai

Aegean Regional Agrl. Research .Institute

P.0. Box 9, Menemen, Izmir

Nivavilor All-Union Institute df plant
Industry, Herzen Street 44,
190000 Leningrad

NSSL, USDA
Colorado State University
Fort Cecllins, Coloradeo 80523

Nerth Central Regional'Plant
Introduction Station (NC=7)
SDA, Lowa State University
Ames, Lowa 50010,

Northeast Regiconal Plant Tntroduction

Station (NE~9}, USLA, .
New York State Agrl. Experiment’

Station, Genevz, New York 14456}

Dept. of Seed and Vegetable'Sc1enCes
New York Staté Agrl. Experimentistation

Geneva, bhew York 14456,

Campbell Institute for Agrl. Researbh
Campbell soup Company
Campbell Place, Cam “en, Yew Jersey

cslcel



Vegetables Coﬁntry of
: - deposit

Institute

[

S5¢lanum Costa Rica

Czechoslovakia

El Salvador

France

Germany LR

Ghansa

Incia

Tomatc Genetic Stock Centre (TGSC)
Dept. of Vegetsble Crops
University of Californie, Davis,

Californis ¢©5616,

Unidad ée Recursos Geneticos
Centro Agronémico Trepical de
Investigation Y Ensenanza (CATIE)
Apartado 74, Turrielba.

Dept. of Genetic Resourses

Division of Genetics and.Plant
Breecding lMethods

Research Institute cf Plant Production

Ruzyne 507, 161 06 Prague 6

Centro Nacional de Tecnologia
Agropecuaria (CENTA)

Km 33-1/2 carretera a santa Ana
San Andres, La Libertad

Station d' Anelioration @esplantes
Maraicheres

Institut National de la Recherche
Agronomigue (INR2) '
Domaine Saint-maufice

84140 Mont favet - Avignhon

Zentralinstitvt fur genetik and
Kulturpflunzenfor schung
Corrensstrasse 2, 4325 Gatersleben

Plant Introduction and exploration
Crops Research Institute
Box 7, Bunso

Division of Vegetable Crops & Flori-
culture, IARI, New Delhi 110 012z,
NBPGR, I2RI Campus, New Delhi 110 012,



Vegetables Country of

Institute

deposit

Iragq Plant Genetic Resources Unit
Agrl. Research Centre
Abu Ghraib

‘Italy Instituto del germplasma

Ivory coast

Japan

Netherlands

~Nigeria

rnilippines

South Africa

Turkey

Via G. Amendola, 165/A
70126 Bari

Centre Neerlandais

Office de la Recherche Scientificque
et Technique d4' outre Mer (BRSTOM}
Centre d' Adiopodoume

B.P. V=51, Abidjan

Seed Storage Laboratory
Division of Genetics

Dept. of Physidlogy & Genetics
NIAS, Tsukuba

Ibaraki 305.

VT, P.0. Box 16, 6700 & A

Wageningen

NIHORT, Idi~Ishin, PMB
5432 Ibadan

Institute ¢f Plant Breeding
University of the Philippines
at Los Banos, Laguna 3720

Division of Flant and Seed Control
Pvt. Bag x 17¢

Pretoria 000C1

ARARIT

P.C. BOX 9

Menmen, Izmir

N.I, Vavilov All tUnion

Institute of Plant Industry L(VIR)
Herzen Street 44

120000 Leningrzd



Vegetalkles Country of Institute

deposit

UK Dept. of FPlant Biology
University of Eirmingham
P.0C. Box 363, Birmingham
B 15 27T

USA NSS5L, USDA

Colorado £tcte University
Fort Collins, Coloradc BCS523.

Southern hegionel Plent Introducticn
Station (5-9)
U.S.D.A,., EXperiment

Georgie 30212

Northeast rRegional #lent Introduction
Stetion {(NE-9)

UEDA, New York State Agrl

Experimen+ Station,

Geneva, New York 14456

*Source : IBPGR (1982). Directorv of Germplasm collections,

ISFCR, Rome 1E7 p.

through.its 8 major programmes is the major funding agency. Five
main organisations deal with vegetable research (Table 6). Six
Central Institutes, 26 Agricultursl Universities and many vegeta-
ble farms are also involved in this task (Table 7). The major
research projects operating under the Project Directorate of
Vegetables deal with survey and collection of germplasm, varietal
trials, heterosis breeding, resistance breeding and more vitally

the transfer of technology (Table 8).

Marketing of vegetables has been a constraint reducing returns

to the growers. Many organisations are now in the fray to organize



Table 3y 4. Agro climatic approach

1., Western Himalayan Zone (J and K, HF, UP Hills)

2. Eastern-Himilayan Zone (Sikkim, Darjiling Hills, Arunachal
Pradesh, Meghalaya, Nagaland, Assam,

Tripura, Mizoram).
3. Lower Gangetic plains (West Bengal)
4, Middle éangetic plains (UP, Bihar)
5. Upper Gangeﬁic Plains (U.P.)
6. Trans=Gangetic Flains (Punjab, Heryana, Delhi, Rajastan)
7. Eastern P-lateaux and Hills (MP, Orissa)
8. Central Plateaux and Hills (MP, UP, Rajastan)
9, Western Plateaux and Hills (Maharashtra, MP, Rajastan)
10. Southern Plateaux and Hills (AP, Karnataka, TN)
1i. Eastcoas=t plains and Hills (Orissa, AP, TN)

12. West coast plains and Hills (TN, Kerala, Karnataka, Goa,
Maharashtra)

13. Gujarat Plains and Hills (Gujarat)

14. Western Dry Region (Rajastan)

15. Islands Zone (Andaman, Nicobar, Lakshadweep!).

vegetable production and marketing (Table 9). Post harvest
handling of vegetables is another area which has recently attracted
attention. An All India Co-ordinated Research Project on post
harvest technology of Horticultural cfops i3 in operation and it
deals with 10 main areas of research (Table 10). The above infor-
mation indicate the awareness and the quantum of resources mobji-~

lised to boost vggetable production in the country.



Table 5. Organisations funding research on Vegetables

in Indie
SlNo. Organisations Arez of inspect
1 Indian Council of Agricultural Research
New Delhi 211 India

&. All India Co-ordinatec Vegetable
Improvement Project {AICVIF)

b. AP Cess fund ad-hoc research schemes
€. USIF research projects

d, National Agricultural Research
projects (World Bank funded)

e. Scheme on Professors of eminence ana
national fellows

f. Schéme on Emeritus scientists
g. Summer institutes

h. Publications on vegetahles

2 Council of scientific and Industrial
Research (CSIR) All India
3 Department of Biotechnology (DBT) Al)l India
4 Department of Environment (DOEN) All Indis
5 Department of Electronics (DOE) All Incia
6 Defence Research Development ofgani—
sation (DRD) All India
7 Department of Science and
Technology (DST) All Indis
B Indian Council of Medical Research
(ICMR) 211 India
9 University Grants Commission (UGC) All India
10 State Councils and departments of

Science and Technology States




Achievements in research on tropical vegetables

Productivity of vegetables has been the lowest in India
(Table 11)., It was only 9.15 t/ha in tomato, while the world

average is 20.99 t/ha. A large number of vegetable varieties

Table ¢, Organisations involved in vegetable research in India

51 No. Organisations Area

1 All Indies Co-ordinated Vegetable
Improvement Project (ICAR)

-7 maincentres, l€é sub centres

and 21 voluntary centres All India
2 IIHR, IARI, CPRI, BARC, AADF, CTCRI All Incia
3 National Research Centres All India
4 State Agricultursl Universities

(26 ¥os) States

5 Private orgenisations (Indc American ‘

Hybrid seeds, Mahy Co., Pioneer,

PHI BIOGERE LTE., etc, All Indie

are developed at 1ARI, New Delhi and at'IIHR,‘Bapgalore which are
high yielding and suited to different agroclimatic zones (Table 12).
A large number of vegetable varieties are now e;olved at diffe~

fent Agr;cultural Universities and research institutes. These are
now evaluated under the Project Directorate of vegetables (Table 13).
Based on continuous trials for three seasons st different locations,
vegetable varieties are identified for specific zones (Table 14).
Hybrids vield more than the varieties, there hes been stress on
developing hybrids in India (Table 15). The hybrids like Arka

Jyothi in watermelon and Pusa Hybrid 5 in brinjal are very popular.



Table 7,. Research institutes in Indis working

on vegetables

1. Central Institutes

1. 1Indisn Agric, Res, Institute, New Delhi.

2, Indiar Institute of Horticultural Research, Bsngalore.
3. Central Potstc Reseerch Institute, Simla.

4. Central Tucer Cropes kesearch Institute, Trivandrum

£l1]1 India Co-ordinated Vegetable Improvement Froject

with its 23 certres spreac throughout the country.

6. All Indis Co~ordinated Potat¢ Improvement Prcject.

2. State Incstitites
1. 25 State Agricultursl Universities ané Departments
of Horticulture/Vegetable Crops.

by Dr, ¥.8. Parmar University of Horticulture end
rorestry &t Solan.
3. Vegetahle farms ¢f the Stete Depeartments oF

Agricultire/Horticulture

Incidence of diseases and pests is yvet another constraint
limiting productivity of vegetables. Breeding for varieties
resistant to major AQiseasets and pests resulted in the identi-
fication of a large number of varieties. This is & positive
achievement of vegetable research in India (Table 16). Chemical
control of diseases anéd pests are yet another srea where sub=-
stantial progress are made both under All India Co=ordinated
Vegetable Improvement Project and alsc through projects run at

State Agricultural Universities (17, 18, 19, 20). Importance

‘0f better me&nagement igke fértiiizer application, spacings,



Table g, Current research projects operating in India

on.vegetables*

1. Survey, collection and meintenance of vegetables

2. Varietal trials to identify high-vieldinag ané¢ adaptakle

verieties.
3. Heterosis breeding
4, Resistance breecding
5. Agronomy>of‘vegetables including weed control
6. Chemicel control of vegetahle diseases
7. Insect and nematode control
E. Physiology aﬁd biochemistry
9. Vegetable seed production

10. Transfer of technology.

The above projects are in operation in 23 centres SPread

throughout Incia.

*Source : TICAR 1987 Proceedings of the IX th Workshop of

AICVIP held at Faizabad.

irrigation and mulching etc. are realised. There are now speci-
fic agromical practises formulated (Table 21). There are speci-
fic fertiliser recommendations (NPK) for different vegetables in
different States (Table 22). This is a major achievement brought
about by efforts by a large number of scientists. Being tropical
vegetables competing with tropicel weeds, there has always problems

of noxious weeds inwgetable plots. The incidence of weeds



Table 9, Organisations involved in vegetable production

and marketing in India

S1No. Organisations Area
1 Nationezl Horticultural Board All India
p National Diary Development Board
and Mother Diary New Delhi
3 State farming corporation of India States
4 National Seed Corporation All India
5 Bangelore Horticulture produce
Marketingand Processing Society
Ltd., Lalbagh, Bangelore Karnataka
6 Nilgris Co-operative marketing
Soclety, Uthagamandalam,
Tamil Nadu Tamil Nadu
7 Nilgris vegetable Growers Co-
operative Marketing Society,
Udhagamandalam, Tamil Nadu Tamil Nadu
5 State departments of Agriculture/
Horticulture States
g Fruits and Vegetables production
and Marketing Co-cperative
Societies Regional
10 National Agricultural Co-operative
Marketing Federation (NAFED) National
11 Private seed companies All India

reduces crop productivity in addition to enhancement in cost of
cultivation. There has been a few recommendations on weed

contrel in tropical vegetables (Table 23).



Table .10. Current Research Projects operating in India

on post-harvest technology of. vegetables*

Handling,  grading end peckaging of fruits and vegetables.
Storage of fresh fruits and vegetables
Transportation and marketina of fruits and vegetahiles

Preservation of fruits and vegetables.

‘Waste utilization

Pre-harvest factors and harvesting technicues of fruits

and vegetables,

Handling, Pre-céoling, packaging and transportations

of fruits and vegetables.
Post harﬁestlstorage of fruits and vegetables
Processing of fruits and vegetables.

Utilisation of commercially unacceptable fruits and

vegetables and processing of wastes

*Source : I.C.A.R. 1985-86 ~ Annueal report of all 1Indisa

Co-ordineted Research Project on post harvest
technology ©f Horticultural Crops. ICAR,

New Delhi.



Recently the innovation in biotechnology have benefitted
tropical vegetables. Two tomato varieties 'Mansanto 1987' and
*Dupont 1988 are evolved through genetic manipulation (Table 24).

Techniques are now standardised to transfer defined genes from

Table 11. Average yield (t/ha) of Vegetables

I N D I &

Vegetables Developed Developing .. .,4 Local “Improved Hybrias

countrie=s countries varilety variety
Beans 6 .86 5.79 .6.30 2.10 10-12 -
Cabbage 25.17 17.28 21,34 6.03 30-35 50=70
Cauliflower 16.90 10,15 13,29 7.33 10=15 25=-30
Peas 6.24 3.17 5.25  2.90  8=-10 -
Onion 17.24 9.94 12.27 7.50 30+40 -
Tomato 27.46 15.61 20,99 9.15 25.45 75.80

ecologically different organisms to tropical vegetables (Table 25).
The genetic engineering on tropical vegetables is yet to take

20Ot in India.
Development of seed programmes

Availability of tropical vegetable seeds remains yet another
constraint, There is a8 wide gap between total requirement of
certified seeds and the seeds now available with NSC., organised
seed companies and fairly reliable private sources {Table 26).
Statistics are available on cropwise requirement of certified
seeds for taréeted production of different vegetables {Table 27).
This necessitates production Of breeder and foundation seeds through

a systematic production programme (Tabie 2B).



Table 12.Improvéd tropical vegetable varieties developed at

Indianfpgricultural Research Institute, New Delhi.

Vegetables

Varieties

Characteristics

Amareanth

Bhindi

Bittergourd

Bottlegourd

Brinjal

?ﬁsa Chauli

l.Pusa Sawani

2.Pusa Makhmali

3.Perkins Long"
Green

l.Pusa Do Mausami
2.Pusa Visesh

1.Pusa Manjeri
(F1 hybrid)

2.Pusa Meghdoot
(F1 hybrid)

3.Pusa Naveen

4 .Pusa Summer
Prolific long

S .Pusa Summer
Prolific Round

1.Pusa Purple Long

2.Pﬁsa Kranti

Suitable for summer planting

Heavy vielder and tolerant to
mosaic virus

Early, fruits long, five edged,
susceptible to yellow vein mosaic

virus,

Bright green long fruits with
8 edges

Medium long, continuous ridged

fruit, heavy yielder.

Fruit medium thick, dark green,
early (55-60 days), yields 15t/ha.
A hybrid between PSLR x Seln., 11,
early, round fruited, suitable
for year round planting

A hybrid between PSPL X Seln 2.
Early long and tender fruits sui-
table for year round planting.

Medium sized, cylindrical fruits
(30-40 em) heavy yvielder.

Fruits green, 40~45 cm long.

Round fruits, suitable for year

round planting

Extre early, fruits glossy purple,
20-25cm long, average yield 30t/ha.

Early (55 days), oval fruited,
glossy deep purple fruits

«ssCONtLS,




Yegetables Varieties Characteristics
3. Pusa Purple Non spiny fruits, 4-9 fruits/
cluster cluster, moderately resistant to
bacterial wilt, )
4, Puss Anupam Fruits in clusters of 3~5, cylind-
(KT-4) rical fruits with purple colour,
resistant tc bacterizl wilt.
5. Pusa Anmol
(F, hybrid) Hybrid of PPL x Hyderpur. Maturity
55-60 days. Heavy fruiting.
6. Pusa Bhairav An early variety resistant to
phomopsis fruit rot
7. Pusa Hybrid 6 Attractive purple colour, average
fruit weight 200gm. early maturity.
Cowpea 1. Pusa Phalguni Bushy, duration 60 days, derk
green pods.
2. Pusa Barsati Climbing habit, peds light green,
ready in 45 days.
3. Pusa Do Fasli Photo insensitive, bushy, pods 15
to 18cm long, ready in 55-60 days.
4, Pusa Komal A bacterial blight resistant variety,
(K-1552) Early (45-5C days), Synchronised
pod bearing, pods 20-22cm long,
average yield 10 t/ha.
Cucumber l, Japanese Long Extra early, vellowish green fruits,

Luffa gourd

Green

Straight - B

Pusa Sanyog
(Fl hybridg)

Pusa Nasdher

30-45cm long.

Fruits 20-25cr long, with white

spines.

Very early, fruits 28-30cm long

cylindrical, wvery heavy cropper.
Ridge gourd, flowering in 60 days,
15-20 fruits/Vine, fruvits ridged
and light green.

(contd..)}




Characteristics

Vegetables Varieties

2. Pusa.Chikni Smcoth gourd, early prolific

bearer, fruites smooth and areen.

Muskmelon 1. Pusa Madhuras Salmond Orange Flesh, very svweet
(T.S.S, 12-14%), fruit weight -
1 kg, maturity 90-95 days.

2. Pusa Sharbati Bricht Orange flesh, seed cavity
narrow, sweet, good keeping gua-
lities.

3. M3. hybrid Very early (75-80 days), T.E.S.-
11%, fruit weight - 0.8 to I kg.
yvield 15-28 t/ha.

Pumpkin 1. Pusas Vishwas Light brown, spherical fruits,

Summer Sguash 1.australian Green
2. Pusa Alankar
1, Pusa Ruby

Tomato

2, Pusa Barly Dwarf

3. Sioux

4. Pusa 120

5. Marglobe

6. Best of All

7. Roma

fruit weight 5 kg. Maturity in 120
days yield 23 t/ha.

Very early, bush type, dark green
fruits.

Fl hybrid, fruits dark green,

20-25 cmr long.

Indeterminate. Well adapted

throughout India

Determinate. Fruits medium sized.
Uniform red, slightly furrowed.
does well in spring-summer.

Early, indeterminate, round

fruited, prolific bhearer

Semi determinate, round tco flattish

round fruits, resistant to

nematodes.
Indeterminate, mid season varlety

Indeterminate, smooth fruited,

juicy fruits, heavy yielder

Semi determinate, fruits in clus-

ters of 4-5, pear shaped fruits,
very good for ketchup and long

distance transport. {contd.)



Vegeteble Varieties Characteristics

€. Pusa Sheetal Fruits set even at 8°C and- suitdbte

for early spring sSeason. Yields:
35 t/ha.

‘¢, Pusa Gaurav Determinate suitable for long dist-
ance._ transportation and processing.

Watermelon 1. Sugar Baby Fruits 3-5 kg, with attractive dark
green rind, T.S.S. 12% maturity
90-95 days.

2. Asahi Yamato Fruits 6-7 kg, round, T.S.S. 9-11%,
maturity 100 days.

3. Pusa Bedana A seedless triploid (3x) derived from
" metra 2 (4x) x Pusa Rasal (2x),
T.5.5. = 12-13%,

Fruits 5-6 kg, 3~6 fruits/vine, very
good keeping gquality.

*Source : Gill, H.S. and Singh, Narendra (1991), Contributions
of division, Vegetable Crops, IARI, New Delhi 110 012,
15 p.

Government of India has recently liberalised the import of
vegetable seeds. The salient features of new seed policy, though

debatable are quoted,



Table 12. List of tropical vegetables developed at IIHR,

Bangalore

Vegetables varieties

Characteristics

Bittercourd Arka Harit

Bottlegourd Arks Baher

Bfinjal 1. Arka Kusumakar

2. Arka Navneet

3, Arka Sheel

4, Arka Shirish

Longmelon Arka Sheetal

Muskmelon 1. Arka Jeet

2. Arka Rajhans

Improvement over local collection
IIHR=4 from Rajastan. Fruits
Spindle-~shaped, vields 13t/he in
120 days.

Improvement over & loc&l ccllection
from-Karnsteka, fruit straightv
devoid of crook neck, fruits weigh

1 kg, yields 40-45 t/ha in 120 days.

An improvement over IIHR 193, small
fruited, born in clusters, green
fruited, yields 49t/he in 110 days.

F, hybrid (ITHR 22.1 x Supreme),
fruits oval, seeds a few, yields
65~-70 t/ha in 120 gays.

A pure line from IIHR 192, deep
purple, vields 4Bt/ha in 120 days.

Improvement over IIHR 193, fruits
extra long, green. yields 47t/hs
in 175 days.

An improvement over a local colle-
ction, fruits straight, medium
sized, lush green, free from bitter
principles, yields 35t/hz in

90-100 cays,

An improvement over IIHi:z -~ 103,
fruits small, 300-500g/fruit, TSS
15-17%, Juicy. rich in Vir. C, early
maturing, yields 15t/hes in 90 days.

An improved selection from IIHR
107, round fruited, fruvit weighs
1.25 to 2 kg; T.5.8. 11 to 17%,



Characteristics

Vegetables varieties
good keeping guality, resistant to
powdery mildew.

Pumpkin 1. Arka Suryamukhi Improvement over IIHR 79, small

fruited, deep Orandge colour, each
fruit weighs 1-1.5 kg, resistant
to fruit fly, vields 36 t/ha in
100 days.

Improvement over IIHR 105, medium
sized {2-3 kg), T.S.S5. 8=10%, rich
in carotene (3331 1UG/100g of flesh),
pleasant aroma, yields 32.5t/ha in

2., Arka Chandan

120 days.
Selection from a c¢ross between T-3-4
and T-8=2, fruits round, light green,
tolerant to fruit fly, yields 10t/ha
in 90-100 days.

Round melon 1. Arka Tinda

An introduction from USA, fruits dilsc

Swuash 1, Patty Pan
shaped, early, yields 72t/ha in
75 to 85 days.

Tomato 1. Arka Saurabh A selection from V=685, semideter-

minate, fruits medium large (70g),
resist to fruit cracking, good
transport quality and shelf life.

A selection from Tip Top, semi
determinate, fruits medium large
(80~90g) suitable for fresh markets.
Yields 35=40 t/ha in 105-110 davys,
tolerant to moisture stress,

2. Arka Vikas

Selection from a cross between
ITHR-21 and Crimson Sweet. Round

to oval fruits with green rind.
Average weight 6 kg, T.5.5. - 12-16%.

2. Arka Jyothi Cross between IIHR=-20 with Crimson
(F, hybrid Sweet. ’

Watermelon 1. Arka Manik

ITHR (1985). IIHR, New Varieties.

Source :
TIHR, Hissarghatte, Bangalore pp 7-19.



Szlient features of nev seed policy

The new seec policy, which came inte effect from, Cctober
1986, hae liberzlised the import of seecs ené plantinc matericls
of 0il seeds, pulses, coarse grains, vegetables, 'fruits’ and
flowers., It has slashed t&e import duty or seeds to 1% percent
from the previcus rence of ¢C tc 105 per cent. It also envisages
reduction in import duty on mechines/equipment for seed product-
ion and processing, nct marufactired in tre country or for which

techncliogicel upgrecation is necessery.

Thé prccedures for importing seeds have been simplified end
the time-consuming cleerance prccesses minimised, Special cere
has been teken tc prevent repetitive bulk import ¢f seeds and
it hes heer stipulated thet the compsnies which have technical
an¢ financial collaboretion with foreign seed manufacturers
should secure the parent line of seeds from the overseas firm
within two years from the date of import of the first commercieal

coneignment after clearance from the Government.

Import of seeds and planting materials of vegetables, flowers
anc ornamenital plants will bpe allowed under OGL trhrough ideniified
categories of importefs such as the depertments of sgriculture -
and horticulture in the States, State Agricuiturzl Universities,
Seed® producing companies, seed corporations, food processing indu-

'strisl units and individual growers of vegetables and flowers.

The Government claims that the new policy will open up
opportunities for the farmers to et the best seeds at affordable
cost. While the seed indusfry has hailed the new policy, farm
scientists and plant breeders ir the various agriculturasl research

institutes have opposed the new seed policy.



Table .13, List-of vegetable varieties entered in the

All Indie Co-opdinatec ‘Vegetable Impravement

Preject during 1996-1891.

Vegetahles Varieties Source
Brirjal {(Long) i, BL~1 Ludhiana
. K =316 Kalianpur
3. K=314 Kalianpur
4. Sel=d Hvderabad
5. PE Barsati Ludhiane
6. BB=-§ Bhubaneswar
7. H=8 Hissar
€. BB=26 Bhubaneswar
¢. Sak, Annapurne Sabour
ic. JC Jorhat
11. HOE=404 HOECHET
12. H=7 (chect) Hissar
Brinjel 1. Br-11 Ludhiana
2, JC=2 Jorhat
3. DER=E IART
4, DBER~J1 IARI
5, KS=224 Kalianpur
6. KS=233 Xalianpur
7. Sel-l Hyderabad
E. Pant Rituraj Pant nager
%. H~E Hissar
Brinj&il 1. RAH=51 Rahuri
(Small round; 2. RAH=58 Rahuri
3. PLR-1 Coimbatore
4. PBS-1Z Lucnians
5. DBSR-44 IARI
€. Manjarigota Rahuri
Bittergourd 1. Prives Vellanikkars
2. Pusa Visesh IARI

Arka Harit

IIHR



Vegetatles Varieties Source
4. BG-14 Luchiana
5. MC-84 Vellanikkara
6. NDBT-1 Faizabad
7. ARRU-41 DARL
8. Kalianpur Sonsa Kalianpur
9. Pusa Hybrid IARI
i1{. Phule BG-6 Rehuri
11. Pusa Domousmi IARI
Bottlegourd 1. Arka Bshar IIHR
2, Pusa Naveen IARI
3. 78~2 Sabour
4, ARU=25 DARL
5. KBA-13 Kalianpur
6. NDBG=1 Faizabad
7. Pusa Hybrid IART
6. Pb. Komal Ludhiana
S. ARBGH~5 (F1) Ankur seeds
10. NDBG-1C Faizabad
11, Phule BTG-1 Rahuri
12, HCE=-505 HOECHSET
13, PSPL IART
Chillijes e TC=2 BARC
. KCS~1 Kalianpur
3. Phule~5 Rahuri
4. DPLC=-1 Depeoli
. LCAh=248 Lam
6. BC-21-2 Bhubaneswar
7. PKM~1 Coimbatore
E. JC& 283 Jabalpur
€. Ca=219 Vellanikkara
10. Sel=~1 ITHR
11. LCA-206 B Lam
12. Pusa Jwala NSC
Cowpea l. Sel = 61-B IIHR

{(Green podded)



Vegetables Varieties Source
2. Sel=-263 Ludhiana
3. Sei?2-1 - Falzabad
. VS-389 vellanikkara
5. Pusz Komzl I4R1, Kernal
Cucumber 1. 72-5 Sabour
2. ARC=-1 Ankur seeds
3. 75=2-1 Rahuri
4. Sheetal Dapoli
5. Khira-75 Sclan
6. Khirs-90C Solan
7. DCH~1 IARI
€. DCH=2 IART
S. Poinsettee NSC
1C. Pusa Sanyog Katrain
Dolichos bean 1. KBD - 403 Kalianpuly
(Pole type) 2. KBD-405 Kalianpur
3. Rajini Kalianpur
4. Deegpaliwal Akolea
Dolichos bean . Sel-1 ITHR
(Bush) 2. Sel-3 TIHR
3. DPFLD Dapoli
4, DDB-1 IARI.
5. DDB=-2 IARI
Muskmelcn 1. NDM=1 Faizabad
2. NDM=2 Faizaebad
3. MH-5 Hissar
4. MH=-13 Hissar
5. RM=-43 Durgapurs
6. MR~12 Lugdhiana
7. Sunehari Ludhiana
Tomato 1., Sel-18 Hissar
(Determinate) 2. NDT =120 Faizabad
3. Kalyani Eunuish Kalyani
4, TC=1 Kalianpur
5. Pusa Sel-4 IARI



Vegetables Varieties Source

6. Pusa Sel-£ IART
7. BT-2 Bhukbeneswar
8. BT-3 Bhubaneswar
. Sel-32 Hissar
- 1G. rs-7 Kalyanpur
11, Sel-1=6-1-4 Ludhianz
12. Phule~16 Rahuri
13, K3- Kaliapur
14, Sel-7 Hissar A
Tomato
(Indeterninate) i. Sel-30 ILIHR
2. DT-10 IART
3. BT-12 Bhubaneswar
4, Arka Vikas ITER
5. AC-238 Pant nagar

*Source 3 ICAR(19%0). Proceedinags of the 110 Vegetable
Workshop held at Dr, Y.S. Parmar University of
Horticulture and Forestry, Solan, H.P. Project
Directorate on Vegetables, New Delhi -12, 174 p,.

Future programmes o0f research

Diseases and insect pests are the natural enemies of tropical
vegetables. There is need to work out control measures against
major diseases and major pests through resistance breeding programmes
as well as through non peclluting measures (Tables 29,30). Develop-
ment of processed itans and value added products alone would boost
up farmer's income. Considering the perishability of tropical vege=
tables, the biochemical and processing aspects on vegetables which
reguire immeci=zte attention are indicated (Table 31).

There is alround swareness on increasing availability ©f tropical
vegetables. The present tempc activity and development, need to be

sustained.




Table 14,

Vegetable improvement Project

New Varieties identified by All India Coordinated

Crop-Variety No, of Suita- Average
Source/year testing ble increa-
of Cer.tres Zones* sec . Varietal characte-
identification yield ristics
over
contrel
(%)
1 2 3 4 5
Brinjal Long
1. Pusa Purple 12 Iv,VviI, 34.71 Plants dgwarf (4C-50 cm),
Long, IARI VIiI,VvIII * . ) .
Delhi semi~-erect, -leaves light
(1275) green with 1~3 spines
cccasionslly on the midrib
and without edges. Fruits
long (20-~25 cm), purple,
glossy, iender, drooping
and touching the ground.
Ratooning is possible if
plants are pruned in Jan-
uvary. Suitable for summer
and sutumn crops. Does
extremely well in North.
2, Pusa Purple 3] I, V,
Cluster VI,VII 37.58 A medium eerly variety.
I2ZRI, Delhi
(1975) Plants tall, erect, compact,

Sturdy with purple pig-
mentation on stem. Leaves
Fruits

45

purple, non-spiny;

borne in clusters of

1iI . s
iil e
Iv e

v -

VI ce
VII s e
VIII ..o

Humid Western Himalayan Region

Humic Bengsl-Assam Basin

Humidé Eastern Himalayan Zone and Bay islancs
«Sub~humic¢ Sutlej - Gange Alluvial Plzins

Sub-~humid to Humid Eastern
Eastern uplands
Arid VWestern Plains

and South-

Semi-ari¢ Lava Flateaux and Centrel High Lands

Humid to semi-arid Western

Ghats and

'Kernataka Plateaux.




Table contc.

H 2 3
3. PH=4 £ Iv,VvI
Ludhiana
{(1¢75)
4, Pusa Kranti 12 Iv
“1ERI, Delhi
(1275)

5. Pant Samrat, 17 IV, V,
Pantnagar VI
(1981}

24.35

fruits, 1C-12 cms long &nd
Seep purple in colour. Suie-
tahle for Southern and Nor-

then hills, moderzstelv re-

sirtant to bhacterisl wilt.

& derivative ofr-the cross
Hyderpur x PPL. Plant growth
habit bushy, stem is picmen-
ted. Fruits longc to meciur
anc thin, dark purple in
colour, flesh of licht-green

colour.

Plants medium tz2ll, upright,
erect growth hstit with purple
pigmentation on vounc leaves
and branches. Leaves are dark-
green and non-spiny, Fruits,
uniform, thick, oblong, 15-20
cm long, dark purple with
shining green celyx and less
seeded, Fruits do not touch
the ground. Suitsble for grow-
ing in spring ané autumn.

4 selection from local collec-
tion. Flent height 806-120 cm,
robust leaves broad and pur-
ple green., Fruits of attract-
ive purple colour with soft
texture. Resistant to phomopsis
blight and bacterial wilt
under field conditions. Less
infestation of shooct borers,
fruit borers and jassids, Good
for rainv season in both
plains and hills.

{(contd.)
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6. Azac Krenti 17 I, IV 9.2 Younc leaves dark green end
Kelliarnpur : s .
ot on-spiny, fru mmiforr.
(15€3) non-spiny, fruits uniforr,
thick oklong 15-2C cm lor.g,
derk purple with shining
green celyx and less seedzd.
Fruit o nct touch the grounc.
7. Aruns
(1c89) - -
Brirjel (Round)
1. &rks Navneet 22 Iv,VI 1£.68 Fruit ovel ané free from
© ) ITIT.VITIT . .
e Vii, VIZZ bitterness, skin attractive
IIKR, BENGELORE -
: deepr purple, flesh soft, wnite

(1e81)
and few seeds. Yield 65C-70C

gtls fruit per/he, Maturityv
in 120 deys after transplanting.

2. Pont Rituraj ' 21 IV,VI  1£.26 A4 derivetive of T, x PPC. Plant
(PER-21-2) VII,VIIiZ >
Fantnaoar

(19ES) growth habit. Foliage purple

heicht 60-7C cm ané¢ semi-erect

creen with occesionelily light
purple colour on leaves, Fruit
aimost round attractive in
purple cclour, soft in texture,
less seeded with good flavour
end keeping guality and good
consumer preference. Duretion
of picking is spread over =
months in rainy season anfé :
months in summer Season, FPosesses
fiel¢ resistance to bacterial

wilt.

T=3, v IVv,vVI 7S.Ec Flarnt heicht 65-~-70 cm. seml

Kalianpbur ' VIIZ
{1675;

3.
spreading. Stem greern leaves
small enf narrow. Fruits roung,
light purple with whitish

green colour at stigmatic enc.



W
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4. Jamuni 17
Gole Baingan
(s~16)

ILudhiang

(16723

Brinijiel Green

i. Arks Kusumkar 13
Banoslore {IIER]
T(TYE1)

Cowpea

1. Puss Komal 12
(L=-1552;
IARI, Karnal
{19e1)

Chillies

1. &ndhre Jyothi 1%
(G-5)
Lam
(1975

[
L]
\D

Moderately resistant to
little leaf ané hacterial
rlight under field

conditions.

Plant mecdium in height,
spreading thornless, fruits
are round with shining purple
colour ané plump. Average
vielé 153 g/ha. Early maturity
first harvesting 65 days

after transplenting.

Fruits small, bone in clusters
of 5 to 7, good texture and
cooking guelities. 8kin light
green. Yield 490 g/ha in 110
days efter transplakting. Sui-
table for Southern India.

. The plents are bushy, indeter~

minate less vegetative. Flow-
ers in 45-50 days an¢ synchro-
nous in »od bearing. The pods
are 20~22 com, non fiberous,
cylinérical ancd licht green in
colour . BHichly resistant to
bacterisl blight.

Released by Central Sub-Commi-
ttee on Release of Varieties
in 1977 for &ll chillies grow-
ing recions in the country
with dry stout fruit with high
seed¢ content. Fruits shori,
pungent with thick, clossy

reé¢ pericarp.



2. Bhagy&elekshmi 1¢
(G=4)
1am
(1975)

3. K—Z' 22
Kovilpatti
(19€5:;

4. Jawahar mirch
218 (1989)

Muskmelon

i. Hara Madhu 8
Luchianea
(1975)

2. Puse Sharbati B
IARI
(1975)

Iv,VIit

iv

164.17

Av. plent height 52.9 cm,
leaf lemina-dark green. Fruit
length 8.2 cm ané width C.7
cm. Crop cduration 18BC days,
High yield ie. 16g/ha and 45
g/ne under rainfec¢ end¢ irri-
gated conditions respecti-

vely. -

Flant heignt 90 to 9% cm, tall
ané bushy. Fruits pendent,
frvit length 6.1 cm anc 4 cm
girth. Days to flowering 95
days. Fruit elongated samba
tvpe, bkright scarlet rec on
maturity. Tolerant to thrips.

See¢ vield 7.50 g/ha.

Vines 3-4 meters long and
vigourous, Fruits large, round,
slightly tapering at stalk
end, skin light yellow with
ten prominent green sutures.
Average fruit weight 1 kg.
Fleshgreen, crisp, very sweet
2-3 cm, thdck with small

seed cavity.

Vines moderately spreading,
leaves 5 laobed, green with

light pubescence ané medium
in size, round to ovel,

netted with green stripes on

ouvter skin. 3-4 fruits per
vine. Flesh thick orange with



3.Pusa iadhuras
(Sel-445)
IARZ
{1¢7¢)

4. Arka Raj Hans
Hesserghztts
(1975}

Ph.hybric
Luchiana
(1cg58)

g

Iv,VI,
VII,
VIII

v,
VIII

iC.

£1.

-~

Liw

77

&6C

4C

cantaloupe flavour, less

juicy with smsll seed cavity.
Average yield 100=-13C g/ha.
Suitable for riverbec¢ conciti-
ons ané other field conditions

in kKorth Indis.

Vigorous vines, leaves entire
green pubescent with large
petiocles. Fruites flattenecd

founc with green stripes, vyell-
owish, skin smocoth. Flesh Balmon
orange juicy ané rich in flavour
very sweet (12-14% T.S.S.).

Fruit weight 1.0kg. Average yield
120-160 ¢/ha. Suitable for grow-

ing in northern India.

Fruit medium large, round to
slightly oval, creamy white with
fine netting, weighing sbout

1.25 -2.0kg. Flesh thick,white,
firm texture and sweet. Modera-
tely resistant to powdery mildew.

Keeping quality excellent.

Vines long {(2-2.5 meters), Vigo-
rous, luxuriant growth. Fruits
are light yelleow with light green
sutures, rinc¢ is netted. Flesh

is orgenge ir colour, juicy

sweet and flevoured, fruits being
netted can be stored for 2 days
after hervestinc at full ripe
stage under room tempercture,
Suitak:le for distant transporta-
tion. Moderately resistant to

powdery mildew,
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6. Arkejeet § VI, VIII Relatively dwarf growth habit.
??ggg?ghatta Fruits small anc¢ flat in
' shape, round, attrsctive,
crange vellow, weighing about
300-35Cgm. Flesh white, very
sweet, medium sofi texture,
excellent flavour anc. high
Vitemin C Contert.
7. Duroapura Mechu 8 «IV,VI 27.86 Fruits of mecium size, oOblong,
??ggg?ura 3%%& ligh*t green with green stripes,
weiching about 5C0-70C gm.
Flesh light green, juicy,
very Sweet.
Ckra
Selection=2 1z IV,V 71.10 Suitable for summer and kharif
??Sgg) bcth. Awverage plant height
110 cm with oeccasional, branche
ing tercency, flowers having
purple petal base colour.
Fruits green, long, 5 edged
anc tender. Resistant to yellow
veln mosaic,
Tomato
1. Pusa Ruby 17 II,IVv, 68,00 Plent height 80-85 cm, inde-~
%?g;S) ¥§£¥II’ terminate growth habit, spre-

ading, less kranched, and
hardy. Fruveits flat, round,
small to medium, uniform deep
red¢, slightly lobed (4~5
locules), slightly acidic.
25-30 fruits per plant. Early
variety maturity 60-65 days.
Suitable for eautumn, winter
and spring-summer seasons in
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plains, Good for juice and
ketchup. It is an old variety
derived from the cross Improved

Meercvti x Sioux.

2. K.5, - 101 17 1I1,II,Iv, 75.03 Flant heicht 50 cm, dwarZ mul-
Hissar VI, . , a a 3 deter-
(1975) VITI ti branched, sturdy an ete

minate in growth hebit. Fruits
borne in cluster of 2-3, round
smell to medium in size, 3-4

locules. Fruit ripe uniformly,
40-50 fruvits per plapt. Suite-

ble for winter season.

3. &-12 17 1,11, 27.22 Plents are dwarf, bushy, vigo-
Ludniane Iv,vii, . . .

~ - rous, frrits are medium sized

{1975} VIIZ ‘ !

compressed rouné. Uniformly
coloured red at maturity, juicy,
highlw acidic. Average vielc
175-23C g/ha. Suiteble for
marketing, fresh for the table.

2. Sel-120 17 1,1V, 42.76 Semi-indeterminste, spreading
IART vi,VviI R “
(1975) VI%I ‘ type, foliage dark green, gocd

coverage, fruits sttractive,
rouvnd to fletish round, medium
to large in size, smcoth, uni-
form, red¢ in colour,. less acidic
and less seeded. Resistant to
nematodes. Suitable for summer
anc¢ winter.

5. T-2 17 1, II 2.° Plant height 100-120 em. tell
Pantnacgar iv,viz + som . .

(1975) VITI erect an¢ indeterminate in growth

habit folieye green in colour.
Fruit round, slightly pointed

at the stigmatic end, 4=5 locules,
4=5 fruits per truss, non-crack-
ing, ¥4 on ripening, Susceptible
to THV.



6. Sweet=72 17
Gwalicr
(1g7¢E}

£. Sioux 17
IARI, Delhi
(1977)

¢. Puss Gsurav .24
(5e1~152)
IART

(1c£3)

- T
'i'l ¥ g
Pr .
ViZ

1I, IV,
VI, VII

1,11,
v, Vvi,
VII,
VIIX

Plents determinste typve.,fruit
flatish round, green stem end,
slightly furrowec. Uniform

maturity. Heavy vielder.

Flant typical dwarf 5C-35 cm,

in height with determinate
growth habit. Fruit set closely
rouvndish, slightly flatish,
medium large, uniform red,
ribpbed, Obscure furrow, 5«£
locules, 3C-4C fruits per
plant, iaturity in 55 to 6C
days after trensplenting. Sui-
table for reiny season irn

pieins and lkerch in hills.

Plants with indeterminate
growth habit, fruits round,
smooth, medium to large &ttrac-
tive rec¢ on ripening, less
seefed. Maturity 6C-70 gays
after trensplanting. Suitakle
for summer and¢ spring. Suitable

for plains and hills both.

Determinate growth habit, cut
leaves with light green foliage,
fruit yellow, smooth, oblong,
twe locules, uniform ripening.
Maturity £0-8%5 dsys after
sowing. Excellent for process-~
ing anf suiteble for long
transportation.



{1989)

pear
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10. Pb. Chhuhara 24 1, II, 26 .50 Plante dwarf, bushy and
Ludhiana v, Vi1, determinate growth habit with
(2981} gzéi Sense and luxurisnt foliage.

- Fryite are medium sized,
sheped, firm, fleshy, usually
bilocular, less seedy less sour,
thick walled, uniformly colo=-
vred, red at maturity, retain
marketable guality fer a week
after hafvesting under ordi-
nery concition during summer.
lMost suitable for long trens-
portation., Average yield
300-32C g/ha.

11. KS=2 23 1, II, 18.87 Plants determinate, foliage
ﬁiéég?pur v, vi light green. Fruits flatish

round, slightly furrowed. Mo~
derate yield. Stem end and
leaves are slightly rolly, No.
of locules 4-5,

12, Pant Bzhar 23 1I,1I, 49.93 Plant height 93 cm., bushy in-
;sg;zigéar w. v determinate in_growth habit
(1985) and branched. Light green foli-

age, stem relatively thin,
leaflets small in size. Days to
first ripening-~78 days. Fruits
flatish round, medium in size
5~€& locules, slightly ridged,
red on maturity. Resistant of
Verticillium wilt and Fusarium
wilt under field conditions,
Good storage and processing
gualities,

13. Sonali '

(1989)

14, ATVl
(1989)

15, ATH-1
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Watermelon
1. Durgapurs ladhu E Iv,VI, well spread vineg, Elongated
) ?gggg?ura g%i} fruit shape, smooth vellow-
ish coloured thin skin. Light
creen with very attractive
flavoured flesh. Large seed
cavity, T.S5.5. 13-15%, Average
fruit weight 4C0-700gms. Picking
sterts in 90-95 days. Yieléd
150-20C g/ha.
2. Sugar Baby 8 v,VII, - An introduction from U.S.A.,
{?2%5) vili leaves with Ceeply cut lobes,
Fruits small to medium in size,
round, skin dark green with
faint perceptikle stripes, wei-
ghing 3-4 kg/plant. Flesh deep
red, fire texture and very
sweet (10 to 12% T.S.S.). Seeds
small, brown with black tip.
79.41 A F, hybrid between Gimoon sweet

3. Arka Jyoti (Fl) 13 1, VI

Dolichos bean

i.. Deepali
+(1589)

2. Dasara
(i98%)

Cucumber
l. Sheetal

of American and Indian variety.
Fruits round, skin light green
with dark green stripes, weigh=
ing about 6=8 kg/fruit. Flesh
deep pink, excellent texture,
very sweet with excellent fla-
vour. Seeds smzll and few.




Table 15, F, hybrids in tropical vegetables developed at

various research stations in India

Vegetables Pl hybrids Source
Brinjal 1. Pusa Hybrid - ©t IARI
(Long) 2. ARBH = 2 Ankur seeds

3, Pant Hybrid - 1 Pant nager

4. HOE 1404 Hoechst

5. ARU=1 DARL
Brinjal 1., NDB Hybrig - 1 Faizabad
(Round) :

2. Neembakar Nemmbakar

3. Pusa Hvbkrid - 6 IARZ
Brinjal
(Small round) 1. MHB=10 Mahyco

2, MHB -~ 39 Mahyco

3. ABH - 1 Anand

4, ABH - 2 Anand

5. Hybrid - 2 Rahuri

6., Sumex = S Sumex seeds

7. Sumex - 1¢ Sumex seeds

§. Aruna Akola
Watermelon 1. Nath - 101 Nath seeds

2. Nath - 102 Nath seeds

3. MHW = € Mahyco

.4. MEW -~ 11 Mahyco

5. Arka Jyothi ITHR
Tomato 1. ARTH - 2 Ankur seeds
(Determinate)

2., Pusa Hybrid - 2 IART

{conts..)




Vegetables F1 hybrids Source
3. NARF 101 Nath seeds
4, Swarna - 12 Century seeds’
5, NDTH = & Fajizakad
5. Nath Amruth 501 Nath seeds, Aurangabad
7. HOE 303 HOECHST
8. HOE 606 HORCHST
9. DTH=4 IARTI
Tomato 1. ARTH - 4 Ankur seeds
(Indeterminate)
2. FM = 2. ITHR
3. KT - & Katrain
4. MTH - 6 Mahyco
5. ™ - 1 ITHR
5. Nath Amruth 601 Nath seeds
7. NDTH - 2 raizabad
* Source t ICAR, (1990)., Proceedings of the n® vegetable

workshop helé at Dr. Y.5. Parmar University of

Horticulture and Forestry, Solan, H.P.

Project

Directorate on Vegetables, New Delhi-12. 174 p.



Table 15, List of vegetable varieties reported¢ resistant

to major diseases and pests

Vegetables Major diseases and pests variety (s) Source

Disease resistance

Brinjal Bacterisl wilt BE=-44 Bhubaneswar
SM6=6 Vellanikkara
Hybrid 444 HOECHST, Bombay
BB-7 Bhubaneswar
BWR=12 Hesserghatta

Pant Samrat Pant Nagar

Okre Yellow velin EMS-E Ludhiana
mosaic viruvs ARQOH~1 Ankur seeds

BO-1 Bhubaneswar
BC=2 Bhubaneswar
Hy="7 Coimbatore
Ky =8 Coimbatore
Okra Nc. 6 Manyco=Jalnse
HOE 202 HOECHET
1.5.B.4 Welcome seeds
DOH-1 IART
DOH-2 IARI
GOH=3 Anand
GOH=~4 Anand
Pusa Sawani NSC, Delhi
P=7 Ludhiane
PB-57 Parbhani
Sel-1iC ITHR-Hesserghstte

Tomato Late blicght anc A2 Solan

Buck eye rot KT-1G Katrain

KT=15 Katrain
1.5.B.€. Welcome seeds
TBR-1 Ludhiane
Solar (Gols) Solean
Roma Katrain
S-12 Ludhiana

Tomato Bacterisl wilt BT-1C Bhubaneswar



Vegetables Major diseases and pests variety (s) Source

LE=79=5 Vellanikkara
BT-1 Bhubaneswar
Muskmelon Downy mildew MR~12 Ludhiana

Hara Madhu Delhi

Insect resistance

Brinjal Shoot and fruitborer PBR 125=5 Pant nagar
SM=17=-4 2PAU, Hyderabad
=PC IARI, Delhi
Punjab Barsati ZAU, Ludhiana
ARU=2c MARL, Almora
ME=12 Hissar

Tomato Fruit borer Punjab Xesari PAU
Punjab Chhuhara PAU
S=1i2 PAU
KS=12 Kalianpur
HS-102 HAU, Hissar
Selection-

152 IART
Roma IART

Okra Fruit borer EMS-8-1 PAU, Ludhiana
Ludhiana
Sel-2 PAU, Ludhiana

Punjab Padmini PAU, Ludhiana

Chillies ° Thrips B=10=4& -
UCc-45 -
No, 2075 -
No. 1068 -

Mites LIC-13 -

LIC-45 ) -

LIC=-36 -

Bonnapuri -

Chillies Mites Striate mutant -
Sabour Annual -

Nala mirpa -



Vegetables Major diseases and pests variety (s) Source

EC small pod -
Green -
Sirkakulam -
Pod berer LIC=-13 -
Bittergourd Fruit fly Hissar - II Hissar
Phule~BG=4¢ Rahuri
MC-84 Vellanikkare
Muskmelon Red Pumpkin}) Pusa Madhuras IARI
Beetle and I . .
fruit fly X Punjab Hybricd PAU, Ludhiana
EC (163888) (Evaluated at
) Ludhiana)
Local Snapmelon Local types at
Ludhians.
th

*Source : ICAR (1990)., Proceedings of the 11~ Vegetable
workshop held at Dr. Y.S. Parmar University of
Horticulture and Forestry, Solan, H.P. Project

Directorate on Vegetables, New Delhi-12, 174 p.




Tahle 17. Disease control measures formulated under AICVIP
Crop/Var. Name of Recommended Efficacy of
Centre/year Zone Disease control treatment &
measures Additional/
henefits over
control/ha
1 2 3 4 >
3ottle gourd
1, Yar, Local iv,VI Powdery Bavistin 0.1% at Gives comblete
Hesserghatta VII mildew 15 days interval control of dis-
Udaipur Sphaero- starting after ease and adds
Ludhiana theca 50 days of 20-25 Q in
(1575) planting yield.
Brinjal
2. Var.Pusa Kranti
Hesserghatta
{1¢7¢2) VII  Cercospora Bavistin 0.1% ¢  95% efficacy

leaf svot

J. Var.A-61 and Phomopsis
Pusa Furple Long nlight
Sakour {1¢©83) “homopsis
and Fantragar vexans
{1G85) v

Chillies

4, Var.Sinchur ¥ Fruit rot
{ca 2860) Colletotri-
Lam chum sop.
(1931) -

5. Var. Pusa IV Ziebaeck and

cwala fruit ot
Sabour (Colletotri~
{1885} chum

capsici)

sprays at 15 days
interval commen=
cing 45 days aft-
er transplanting
Seed treatment
with Bavistin 1
gm/*g of seed +
seedling dip in
3avistin 0.C5% +
2 sprays of
Zavistin 3,0
at iC=15 davys
interval starting
one month after
transplanting

B
5 s9

Ditheane M-45 7,25%

'2=3 sprays during
fruiting stage

Seed treatment with 80%

s -ay

Ceresan wet (0.1%
+ 4 sprays of
Bavistin 0.05%

100-120 &
increased
vield.

Efficacy 90%
50=-7C &
increased yield
RS. 2959/~
increased
Srofits

5C% efficacy
£-12 I/ha in-
creased vield
of dry
chilliles

Rs. 4,000/~
additional
profits.
efficacy
1C=-1i5 ¢

Red ripe
chiliies
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6. Var. Locsal Diseases Preventive spray §8=9 Q
Sabour and VII ané pest sChedule of increased
Rahuri complex Dithane [5-4% yvields
{1965} (Fruit rot, (C.3%} spraved

Dieback, glternatively

Thrips, with monocroto-

mites & phos (Kuvecnon

poé borers; 4C EC) T.8 kg
ai/ha.

7. Var.Puss Jwale v Becteriel Preventive spray 6«17 & of
Lam leaf =pot ¢f Agrimyein 100 £fresh chillies
C{19ez! an¢ fruit ppm + Elitox 0.3%

rot in rainy season.
{Xanthomoc=- Three sprays ir
78S VesSl= October + oOne
cato¥ia, sprav in November
+ Ditkane l=4F
$.25% &t 15 days
interval from
last week of Nov-
emker to Jeanuary
at 15 days
interval.

Muskmelon

€. Var. Local Iv Downy mil- Dithane =45 C,3% Efficacy 61%

Ludhiane dew (Pseudo~ at 15 deys inter- 5B8% increase
(1678} peronospora val sterting with in vield

cubensis) the first appes-
rance 0of disease

¢. Var. Fuss Vi Powdery Three sprays at 30% efficascy
Sherbati mildew 15 days interval € [

Rahuri {Spheero- commencing from increased
(1585) theca fuli~ first appearance vyield
Ginea) of disease with
celixin C.05% or
Saprcl C.2% or
Sulfex C.2%.
1C. Var. Pusa Viz PowGery Bavistin 0,1% 98% efficacy
Sawani mildew first spray at 106=15¢ O/ha
Rahuri (Erysiphe the time of fruvit increased
(197¢)} app) setting followed vyield
Ly three more
sprays at 1% dayvs
intervel
Tomato
11, Var.sioux I Late blicht Dithane l-45(C.2%, 96%
Katrain (Phytophthore sprayed at 7 gays  efficacy
(1975} infestens interval commenc- saves the
ing with the appe- whole
arance of the dis- crop.

ease.
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12. Var. Pusa Ruby VII
Rahuri
(1983)

Watermelon

13. Var. Local VIII
Hesserghata

(1675)

i4. Var.Sugarbaby VII
Rahuri
(1975)

Early blight
{(Alternaria

sclanl

Anthracnose
{Colle totri-

chum_Spp.S

Alternaria
blight

(Alternaria
cucumerina)

Dithane H-=45

{0.25%) or
DCifolatan
(C.2%) 3 sprays
at 15 days int-
erval after
appearance of
disease or
45 days after
transplanting

32%
efficacy
25=30 @
increased
vield

HBenomyl or Bavistin 50%

(0.2%) sprayed
at 15 days
interval

Dithane M=45
(0.2%) or Miltox
(C.2%) at 15
days interval
sStarting with
first appearance
of disease

efficacy
30=125 &
increased
vield

40-50%
100%
increased
vield




Table 1g, Chemical control measures against major
diseases of the tropical vegetables

Vegetables Diseases

Control mezasures

Cucurbits Powdery mildew

Downy mildew

Anthracnose

Fusarjium wilt

Damping off

Sclanaceous crops

Tomato Damping off

Late blight

Karathane (500 ml/ha)

Calixin (800 g/ha)
Sulfex (3 kg/ha)
Bavistin (1 kg/ha)

Spraying at 5=7 days interval
(3 to 5 sprays)

Dithane M-45 (2.5 kg/ha)
Spraying at 10 days interval

Bavistin (C.1%)
Benlate (0.1%)
Difolatan (0.3%)
Topsin (0.1%)

Spraying at 10 days interval

Bavistin (0.1%)
Difolatan (0.3%)

So0il drenching a5 7-10 days
interval

Thiram (3 g/kg seed)
Difolatan (3 g/ke seed)

Seed treatment and soil
drenching

Thiram (3 g/kg seed)
Difolatan (3 g/kg seed

Seed treatment and soil
drenching

Dithane M-45 (3 kg/ha)
Dithane 2-78 (3 kg/ha)

.+ sCONtd.



Vegetables Diseases

Control measures

Fusarium wilt

garly blight

Bacterial wilt

Buck eye rot

Brinjal Phomopsis blight

Leaf spot

Chillies Anthracnose
angd
fruit rot

Bavistin (1 kg/ha)
Difolatan (3 kg/ha)

50il drenching at 15 days
interval

Blitox (3 kg/ha)
Spraying at 15 days interval

Agrimycin (0.01%)

Spraving at 15 days interval and
drenching in soil

Difolatan {2 kg/ha)

Spraying at 10 days interval
Bavistin (1 g/kg)

Seed treatment follow=d by
Bavistin 0.5 g/L spraying at 10-15
days interval

Cercobin M (0.1%)

Spraying at 10 days interval

Seed treatment with Cerasan wet

(1 g/kg) or Agrosan GN (1 g/kg)

or Difolatan (2 g/kg) followed by
Bavistin {1 kg/ha).

. 4 sprays at 15 days interval

Cercospora

QOkra Powdery mildew

Yellcw wvein

Leafy vegetables
DPamping off

Leaf spot

Blitox (3 %g/ha)
Difolatan :3 xg/ha)

Spraying at 12=15 days interval

As in cucurbits
Dimethoate {0.05%) or
Methyl vparsthion {0.C5%)

Spraving at 10 daus interval

As in tomato
3litox (2 kg/ha)
Coprox 2 xg/ha

Spraying at 15 days interval




4. Var.Fusa Sawani IV,

Sabour and
Hesserghatta
(1975)

VIII

6. Var.Pusa Sawani

Hesserghatta
{1975}

Tomato

6. Var. S5=-12
Ludhiana
(193}

VIII

v

Fruit and
shoot bhorer
Earias faba
E. Insulana
. Vittela

[}

Jassids
{(Amrasca

f

Fruit
borer
(Heliothis
armilgers

Carbaryl 1lko
ai/ha weekly
spray

Carbofuran
1.0 kg ai/ha
s0il
aprlication

Decamethrin
(Decis}

2.8 EC} € 20gm
ai/he sprayed
at 15 days
interval

Talle 19, Fest Cortrcl measures formulateé under AICVIF
Crop/Var. Name of Reccmmended Efficacy of
Centre/year Zone insect control treatment §
pest measures additional
yielcd/econo-
mic benefits
over control
i P 3 4 5
Erinjél
i.ver. Locel v Shoot anc¢ Cerberyvl 1.0kg keducet the
Hesserghette VI fruit borer ai/ha. Six incidence of
Kehuri encd VIIZ (Leucinoc¢es sprays at 15 borers from
Sabour Orbonzlis. géys irnterval 4C.43% in
(1975.. with (.2% con- control to
© centretiorn 7=-10% 5G-60
{z/ha increased
yield,
- Chillies
z. Var. G¢ v .POG borer Cynermetnrin 7C-80% efficacy
Lam spodoptera C.lkg si/ha 12«14 /ha
(1%€5; iiture “three sprays’ increased
fortnichtly vielc
3. Var. G4 v Pest Chloropyriphes Rs. 11309/-
Lam VII Complex C.5 kg acdditional
{19e3) {(Po@ borer, ai/ha, sprayed profit over
Var. Jwale Mites, at 15 davs control
Amb&gogai Thrips and intervel
(1983) aphids)
Qkra

60% efficacy
50-6C u/ha
increased
yielé

Complete
control 50«60
G/ha increa-
sed yield

70=-75% efficscy
1CG~120 G/ha
increased
vielé




Table 20, Control measures standardised against major

pests of tropical vegetables

Control measures

Vegetables Pests
Cugurbits Red pumpkin i)
beetle

Collection and killing of adults

in early morning hours

(Aulacthora
F4
IZyelcosnis ii)Application of aldrin {5D) or

iii)

Eruit fly i)
(Dacus
cucurbitae)

ii)

heptachlor 20-25 kg/ha in the
soil in order to control the grub
at the time of land preparation
or sowing of the crop

Spraying 2 L malathion (50 EC) or
2 Xg carbaryl (50 WP) in 1000
litre of water/ha at 3-leaf stage
féllowed by ancother application
after 10 days.

Collection and destruction of the
infested fruits by bur§ing them
deep in the soil
Spraying carbaryl (50 WP) Z kg or
malathion 50 EC 2 litres in 1000
litre of water of spraving of a
mixture of 1 litre malathion 500
gram molasses and S0C litre of
water 2-3 times at iC days inter-

val from time of flowering.

Epilachna beetle i) Collection &nc destruction of

(Bpilachna spp)

grubs and adults in early

morning hours

{i)Spraying carbarul {50 WP) 3 kg or

malathion 2 litre in 100C litre

of water/ha

{contd.)



Vegetables

Pests Control measures

Solanacecus
Crops
(Brinjal,
Tomato,
Chillies}

a) Brinjal

b) Tomato

c) Chillies

Fruit and shoot 1)

beorer (Leucinodes
orbonalis

ii}

Stem borer
{(Euzophera

perticellia;

Eplichns beetle
(Epiyachna spp.)
Fruit borer
{Heliothis
armigera)

Jassid
(Amrasca biguttula .

biguttula)

Thrips (Thrips sp.)

Remcval and destruction of
affected shoots ané fruits

alongwith larvae

Spraying ¢ litre endosulfan
(35 EC)} or 2 kg carbaryl

{50 WP} in 100G litre weter/
he.

Same as in brinjal

Same a&s in cucurbits

Spreying 1.5 litre endosulfan
(35 EC) or .litre monocrotophos
(4C EC) in 1000 litre water
twice at fortnightly interval
at the time of infestation.
picking of ripe fruits before
spraying.

Same as in tomato

Spraying malathion (5C EC} 2
litre or carbaryl (50 WP) 2,.5kg
or endosulfan 35 EC 1,5 litre ir
100C litre of water .

2-3 sprayings at fortnightly

interval

(Contd..)



Vegetables Pests

Control measures

Shoot and fruit borer
(Earias vitella)
{E. insulana)

d) Okra

ii)

Jassid

i) Spraying carbaruyl {50 WP)

2 kg. or 1.5 litre endosulfan

if necessarv, repeat the

application after 10 davs.

Removal and burning of
affected fruits and shoots

Harvesting of fruits before

spraying

Same as in tomato




Table 21, Agronomical Practices formulate¢ through LICVIF

Var. Pusa Ruby.
K82 and Sioux
Kalianpur
(1985)

- Crop/Variety Tyve of Additional
Centre/year Zone cultural Recommerdation vield &
prectice Eccnomic
benefits over
contrcl per
hectére
1 2 3 4 5
Brinjal
i. Var., Pusa IV Spacing 75 x 6C cm 50=8C g/ha
purple and row to row and - OO
lﬁiggg?gar Fertili- 16C k¢ K/ha
/ zation {(basal)
6C kg P,0./he
Z. Var.Punjar VI  Specinc 75 x 4C cm 56-80 &
Harvana=-4 row to row anc
Hisser plant tc plant
G\
(1972 fertili- 100 : 6C
Zers NP/ha
3. Chillies
3. Var. Local VIII Nitrogen 100 kg/ha . '50% increased
Coimbatore split into 50k%¢ Yielcd over
(1979) applica=- basal control
tion 50kg top dressing
30 gays after
trensplanting
Okre
4. var. Pusa Saweni Spacings 60 % 3C cm 20-25 ¢
(Rainy season ; row tc row and
crop) vII plant
Jabalpur Fertili- 100:50:50
(193} zers NPK in kg/ha.
5. Var. Pusa Sawani Chemical Preplsrnt epplica-
Kalisnpur IV Wweed tion of Lasso @ 16-15 ¢
(1977} Control 1.5 1g/hs + one ~— -~
hand weedinc 45
days after plant~
ing
TOomato
6. var. HS101, IV Fertili- 150260260 100-150 Q
Pusa Ruby and ser NPK in kg/ha Rs. 2000-3000
Sioux Sabour .
(1979) IV  Spacing 50 x 30 Cost benefit

ratio was 3,14
to 4.C1 yield
100=15C 3

row toO row .and
plan<t to plant



7. Var.,Pusa Ruby
Pantnagar
(1985)

vWatermelon

8. Var. Sugarhaby
Faizabad
(1985)

IV Irrigation

iv

and HMulch-
ing

-Spacing
and
Fertilizers

The interval of
irrigation det-~
ermined by each
100mm open pan
evaporation was
most economical
with application
of sugarcsane
trash for mulch-
ing 3-4 weeks
after transplen=
ting and s hand
weeding.

320 x 120 cm
between rows and
plants 100:60:60
NPK in kg/ha.

80 Q
Es. 3400/-

200 Q.




Table 22, Comparison of Fertilizer Recommendations for ve?etéble Crops
in different states of Indis (Zone-wise) (kg/ha).

Zone .1~ Northern India

-_.paryana______ _ Himachal Pradesh _Jemmu & Kashmir _ ___ Punjeb ___  __ Uttar Pradesh _
N 2,0, K,0 N P0. K0 NP0, K0 NP0, KO N PO K,0
1 2 3 4 5 6 1 B 9 10 11 12 13 14 15 16
“Beans (Sem) 30 40 - - - - - - - - - - - - -
Bittergourd - - - 100 50 50 - - - - - - 80 60 60
Bottlegourd - - 100 7% 50 = - - - - - - B0 60 60
Brinjal 100 50 25 45 60 40 - - - 128 2 30 100  40- 40-
50 50
Chilli 60 .30 30 75 15 S0 = w = 62 30 30 BU=  40-  40-
: 100 60 60
Cowpea 25 40 O - - - - - - - - - 25 70 S0
Cucumber - - - 100 50 . 50 - - - - - - 80 60 60
Cucurbits S0 25 25 - - - - - - 100 50 S0 60 30 30
Melon - - - - - - - - - - - - 80 60 60
Muskmelon 50 310 25 - - - - - - 125 62 62 - - -
Okra 100 50 25 75 50 50 - - - 62 0 6 60 30~ 30-
40 40
Pumpkin - - - 150 100 50 - - - - - - 80 60 60
Spongegourd - - - 100 75 50 - - - - - - - - -
Tomato 100 S0 SO 100 60 60 - - - 138 62 62 50~ 50  50°
Watermelon 50 25 25 - - - -

- - 62 40 40 gg 60 60




Zone 1 Southern lfndia

_.Andhra Pradesh ___ _____ Ksrnatska _____ _____ Kerala . .. Tamil Nadu_ _____

N P205 K20 N P205 K20 N 9205 KZO N PZOS K20
Amaranthus - - - 100 50 SQ 100 S0 50 75 25 25
Ashgourd - - - S0 S0 - - - - - -
Bittergourd - - - 62 50 0 - - - 20 30 60
Bottlegourd - - - 50 50 37 - - - 32 24 24
Brinjal 100 60 60 125 100 50 75 40 25 100 50 30
Chilii 60~ 30- 60- 1s0 75 75 75 40 25 75 35 3as

160 o 75
Cluster bean - - - - - - - - - 50 50 25
Cowpea - - - 25 150 100 - - - 25 S0 0
Cucumber - - - 60 ' S0 80 - - - - - -
Cucurbits - - - - - - 70 25 25 - - -
Gourds ) 50 25 0 - - - - - - - - -
Muskmelon - - - 100 75 50 - - - 80 60 30
Okra 1c0 S0 S0 125 75 62 50 8 30 40 50 30
Pumpkin - T - - 100 . 100 40 - - - 32 24 24
Snakegourd - - - - - - - - - 32 24 24
Tinda - - - S0 100 50 - - - 40 0 0
Témato 100 50 50 250 250 250 75 40 25 150 100 S0
Watermelon - - - 100 88 100 - - - 55 55 5%




Zone i Western India

Gujarat Madhya Pradesh Maharashtra Rajasthan
3] Pz_bs K,0 } N ) P,0 K,0 N PO, K,0 N PO K,0

Ashgourd - - - - - - 50 40 ) - - -
Bittergourd - - - - - -~ S0 40 0 - - -
Bottlegourd 25 50 25 - - - 50 40 v} - - -
Brinjal 100 50 50 100 60 25 90 40 0 80 80 60
Chillt - - - 150 60 40 60~ 30- 50 70 48 S0

. 150 60
Cluster bean 25 37,5 37.5 - - - 10 50 50 - - -
Cowpea 25 25 25 - - - 50 S0 0 25 60 60
Cucumber - - - - - - 50 25 50 - - -
Gourds - - - - - - - - - 80 40 40
Muskmelon - - - - - - -~ - - g0 40 40
Okra 60 30 0 80 60 60 100 S0 50 60 32 30
Pumpkin - - - 60 50 50 - - - - - -
Ridgegourd - - - - - - 50 40 o) - - -
Spongegourd - - - - - - S0 40 0 - - -
Tomato 75 37.5 i7.5 100 50 S0 75 40 40 120 80 60
Watermelon - - - 100 50 50 - - - 80 40 40

Source 3 Tandon, H.L.S. (Comp. & ed.), 1987 Fertilizer recommendations for horti-
cultural crops in Indla - A guide book.
Fert. Dev. & Cousult. Org, New Delhi. pp. 112,



Eastern Indis

Assam Bihar Orissa West Bengal

N P205 K20 N P20 K20 | P205 K20 N P20 K20
Amaranthus - - - - - - 25 20 37 50 25 25
Bottlegourd - - - - - - 50 30 50 - - -
Brinjal 50 50 50 160 (=12} 90 125 80 110 120 50 50
Chilii 70 40 60 140 80 90 110 70 75 - = -
Cowpea - - - - - - 25 50 25 - - -
Cucumber 50 45 80 - - - 50 3o 75 - - -
Cucurbits - - - 75 55 50 - - - 60 30 a0
Okra 50 50 50 140 64 75 112 60 15 50 25 25
Pumpkin 75 80 B0 - - - 50 30 75 - - -
Snakegourd - - - - - - 50 30 75 - - -
Sponge gourd - - - - - - 50 30 75 - - -
Tomato 45 50 50 - - - 125 80 110 100 50 50
Watermelon 68 68 130 - - - 62 30 100 100 0 70




Table 23, Common weedicides used in tropical Vegetables*

Vegetables Weedicides Dose
Tome to Nitrofen or oxadizon 1.0 kg/hez pre-emergence
Metribuzin 0.5=C.75 kg/hz pre-emergence
Fluchloralin 0.5-1,0 kg/ha pre-plant
incorporetion
Pendimethalin 1.0 kXg/ha pre=-plant
incorporation
Okra Fluchloralin 1.0 kg/hz pre=plant
incorporstion
Chilliecs
and Nitrofen 1-1.5 kg/ha pre-plant
Brinjal
*Source Kirti Singh 1986. Report on current status

ané future prospects .of.Vegetables and vegetable
seed production in India. NDUAT, Faizabad (UP},

40-41



Table 24. Genetically manipulated plants

Genetically
Crop manlpulated Specizl! featurer
variety
TOmMAatC Monsentc 1987 Resietance to tomatc mosaic
virus, horn and fruit borer,
resistance agezinst herbiclde
(Phosphosat)
Dupant 1988 Sulphonyl urea -

resistant plants




Table 25- Technigues, objectives and leading vegetables
where genetic engineering methoé is successfully

utilised*

Technique Objective Vegetable

i. Transfer of defined acenes Virus resistance Tomato

with Agrobecterium Insect resistance Tomato
Herbicide resis-
tance (BASTA) Tomato

2. Improving selection with
RFLP markers Pulp improvemen< Tomato

®*Source - Wenzel, Gerhard 1991. Genetic engineering methods
in Plant breeding.

Plent Research and Develoggent
33 : 49 - 58,



Takle 26 ~ Estimated ;equirement-and production of certifiecd seeds of
important tropical vegetables -(Tonnes)* '

Total . N SC Organlsed Falrly reliable
Crop reguiremant Seed private source
" Companies

Tomato 360 40 190 80
Brinjal 465 10.0 85 50
Chillies 200 30 68 80
Cucumber 70 2 37 20
Muskmelon 110 2 37 40
Watermelon 320 5 135 100
Bottlegourad . 250 3 _ 108 100
Bittergourd 180 8 70 100
Ckra 4250 300 1350 £00

*Source ~ Seshadri, V.S. 1988, Droceedings of the first

workgroup meeting on vegetahle sceds at AU,
Vellanikkara.



Table 77, (Quantity of Certified Seeds reguired annually and

area and production of some important vegetable
Crops (1988)

Vegetables Area Production Reguirement of
(000 ha) (000*' tonnes) certified seeds
(tonnes)
Beans 22 47 1500
Cabbage 83 790 35
Cauliflower 93 685 47
Chillies 826 511 826
Carrot 840 600 380
Eggplant 40 600 16
Okra 750 3000 15000
Onion 287 2450 2583
Peas 95 262 8550
Raddish 40 400 400
Tomato 83 500 42
, Turnip 20 400 80

Total 3179 10245 . 29439




Table 28 - Estireted demand fcr breeder and foundation
seeds of tropical vegetsbles in India*

Vegetzbles 3 (0) BE {Xg)
Tomato £ - 1C 10 - 12
Brinjel 15 - 18 ' 15 - 2C
Chillies 15 « 2C 4G - 50
Cucurber 15 - 16 60 - 70
Watermelon 35 « 40 100 - 1258
Muskmelon 10 - 12 40 - 5C
Bottlegourd 25 ~ 27 70 - BO
Okra 2000 = 2500 1608 -~ 2000

*Source - Sheshadri, V.S, 1988, Proceedings of the
first workgroup meeting on vegetable seeds
held at Kau, Vellanikkara.



Tahle 29:

Major diseases ané their control measures

to be standardised

Vegetzkles

Major disezses ané control measures to be
standardised

Brinjal

Chilli

Tomato

Cucumber

QOkra

Survev of bacterial wilt ané root knot

nhematode

Control of little leaf

Standardisation of spray schecule for control
of dieback and fruit rot

Seasonal occurrence of diseases

Control of lezf curl

Control of powdery milcew

Control of early blight

Control of late blicht

Ccontrol of buck eye rot

Control of spotted wilt virus
Epidemologicel stuvdies on tomato ciseases

Control of powdery mildew
Control of downy mildew

Control of powdery milcew

Bpidemology &nd virus~vector relationship

of enation leaf curl

*Source @

ICAR (1990). Proceedings of the 11" vegetable

workshop held at Dr. ¥,S5. Parmar Universitv of
Horticulture and Forestry, Solan, H.P. Project
Directorate on Vegetables, New Delhi - 12. 174 p.




Table 30.Major insect pests ané their control measures

to be standardised

Vegetables

Major pests and their control measures

Brinjel

Tomato

Okra

Muskmelon

Chillies

1,

Chemical control of pest compex

Chemical control of gall midge
(Asphondylia sp.)

Comparison of different schedule of treatments
on different varieties of tomato for control

of pest complex.
Chemical control of jassids and fruit borer

Establishment of economic threshold of cotton
jassid on edible okra

Effects of dates of sowing and insecticides

on the incidence of insect pests

Chemicel control of pest complex {Red pumpkin
beetle, fruit flies and mites)
Chemical contrel of pest complex

Seasonal abundance of aphids, mites, thrips
and pod borer

*Source :

ICAR (1990). Proceedinas of the 11 vegetable
workshop helé at Dr. Y.S. Parmar University of

Horticulture & Forestry, Scian, H.P. Project

Directorate on Vegetables, New Delhi - 12. 174 p.



Table Y.Biochemical and processing aspects on vegetables

investigated
Vegetables Biochemical and processing espects
Tomato -tomatine content and evaluation of impeortant

vatieties for cuality and processing characters

including estimation of oxalates

Okrea Evaluation of different varieties for cuality
characters
Chillies Chemical evaluation of some promising varieties

of chillies with reference to colour, pungency,

ascorbic acid, carotene content.

Effect 0f different modes of dryving and chemical
treatments of fruit gquality.

Treatments

l. Sun, hot air drying

2., Chemical tteatment with (2.5%) K,C0, +
(2%) Oleoresin

3. Chemical spray and sun drying with (2.5%)

Na2CO3 + (2%) Oleoresin.

Tomato Processing trisl on tomato

*Source : ICAR (1990) Proceedinas of the 11t Vegetable work-
shop held at Dr. Y.S5. Parmar University of Horticulture
and Forestry, Scolan, H.P. Project Directorate on
Vegetables. New Delhi - 12. 174 p.




Research on Vegetabkles in US3R

Dr. Ramphal¥*

USSR is a vast country swpread over an area of
22.4 million sg.km. stretching from latitude 37°N.t0 76°N
and longitude 20°Z to 180°E with climatic conditions
varying widely from one part to another. Its total cultivated
area is 210.3 miliion hectares. This included 92.2 m ha under
collective farms and 112.4 m ha undel state farms and other
state agricultural undertakings. The cultivated areas of
USSk constitute mainly southern, western and central part of
the country. Total production of wvegetakles in USSR is 33.78
m tonnes from an area of 2.34 m ha at an average yield of
15 t2onnes ha. compared to’ Indias averaqge yield of less than
about 10 tonnes per hectare.:! USSR is primarily a non vegetarian
country. However, average consumption of vegetakles in USSR
is of the order of 564 gm/capita/day. Compared to this although
India with its production of 48.53 million tonnes claims to be
tne second largest producer of vegetakles, next only to
China, it 1s akle to provide only akout 135 gm of vegetakles
per capita per day against the dieticlans recommendations of
285 gms insplte of the fact that India is primarily a vegetarian
countrye. R

Nearly 25 vegatakles are grown in different parts of
USSR. However, major vegetables grown there are:

Solanaceocus crops : tomato, sweet pepper, chillies, krinjal

Cole crops ¢ cabbage )

:Bul%ous vegetakles : onion, garlic

Cucurkits : Jducumker, watermelon, muskmelon, pumpkin
and’ summer squash

peas. frenchkean

Legumes :
Leafy vegetaktles ¢ sSpinach
salad vegetakles : lettuce

*pAssistant Director General (Veg), ICAR, New Delhi-1.



Proklems of veagetakle Produt ion in uUS3R

Abiotic Stresses:

(1)

(2)

(3)

Unfavouraktle temperatures regimes low (~15) to 27°C
during winter and high 35-45°C (day) and 20°C (night)

in summer.

Frost particularly in southern region in May when

morning temperature drops to 1 to 2°C,.

Drought mainly in control parts.

Biotic Stresses:

l.

Diseases:~ Fungal, Bacterial and Viral such as
Fungal:~ Phytophthora ., Alternaria, Erysiphe: , Cladosporium,

Fusariun, Pythium

Bacterial:- Pseudomcnas, %clérotenia, Bacterial leaf
spot, Corynebkacterium, Xanthomonas

Viral:- TMV, CMV, Verticillium, Stolkur
Mycoplasma

Root-knot nematodes

Physiological disorders

Insect-pests

vVegetakle Research in USSR

Soviet Scientists 1ln vegetakle research are very

open people. There is no restriction on movement of any

scientist in research. Research information is shared/

exchanged willingly.



Soviet people are fond of a very free, frank and factual
exc%ange of views on all the scientific, socizl and cultural
aspécts. They have a lot of love and respect for India aml
the{Indians as a friendly country. US3SR's new social and
political reforms through Perestroica and Glasnost have
contributed very richly towards openess of the societ people
and an 1instinct for changé of their attitudes.

A systematic .and comprehensive research programme is
under vay for improvement. of vegetaktle crops and their
product ion technology in USSR. - The USSR's research policy
with regard to vegetakles is aimed at solving chronic proklems
of vegetakle production and their post harvest utilisation to

make availakle plenty of quality>of food for the mankind.

Research Okt jectives

Ma jor obkjectives of vegetakle research in USSR are:
1. varietal improvement for yleld and quality, suiltakle for
mechanical harvesting
2. Development of varietizs and technologies for processing
3. Standardisation of technélogy for vegetakle production
in the green/glass house-and in open
4. Management of diseases and insect-pests.

Research Infrastructure:

All union scientific Institute of pPlant Industry
Research is the major institute undertaking research on all
aspects of crop improvemnent in US3R. Vvavilov Institute of
Plant Industry Research (VIR), Leningrad is the main
institution which constitutes nucleus of the All Union Scientific
Institute of Plant Industry Research. This institute has eleven
zonal stations located in different parts of the country. Each
zonal station has several centres/suk stations. Over 50 of
these centres are engaged in the research for improvement of

vegetakble crops. Besides all Union Sclentific Institute of



Plant .Industry Research there are several other institutes
:IOCatéd in different parts of USSR which are also engaged
in the improvement of vegetakle crops and their production
techn§10gy. The leading institutes involved in vegetatkle

research in USSR are as follows:
I. Leningrad
The NI Vavilov Institute of Plant Industry Research (VIR)

Phé Institute is responsikle for ©ollection, evaluation
Snd cénservation of world éermplasms of over 100 cultivated
planté including 15 vegetable crops such as tomato, pepper,
4cabbage, cucumker, peas, beans; carrot, lettuce, onion,
garllc, radish, trinjal, okra, nelons, squashes etc. The
institute also undertakes researcn for genetic 1mprovement

of these Crops.

II. Moscow

(i) All Union Research Institute of vegetable crops
Qreeding and Seed Production, Lesnoy, gordok, Moscow region:
EStab;ished in 1930, the institute is working for improvement
{éf all important vegetabkle crops viz. tomato, cucumker,
'summeﬁ Squash,‘cabbage, cauliflower, pea, keans, carrot,

radish, onion, pepper etc.

(ii) scientific Productive Association for Vegetatle
Growiﬁg Russia, .Mystici-Moscow.Region: Founded in 1930 the
instiﬁute conducts research on development of varieties
and méchines for differcent purposes and develops technology
for méchanisation of vegetakle production.
¥

EIII. Krasnodar

i) All Union Scientific Institute of Plant Industry

Research~Crimean Experiment Station, Krimsk: Estaklished in



1935 it kecame a part of the Vevilov Institute of flant
Industry Researcih in 1958. he station is devote! to research

on tomato, capsicum, krinjal, .ca, cucumber, sweet corn ctc.
Iv. Tashkant

(i) VIR - Central Asia 3ranch: Estaklished in 1924,
the institute undertakes rescarch on collection and evaluation
of germolasm and improveirent of 20 creps. "Among vegetarles
tomato, capsicun, onion, garlic, vgu plant, okra, muskmelon,
watermelon, unpkin, summer s juashn, s _uash melon, long melon

and lcafy groeens are ilnportaint.

(iLi) Agricultural Institwue, Tashkent: BEstatlished
in 1930, the institure unaertakes rescarch on genctic
iimprove acnt and pLoduction tecuanology of vegetakles such as

potato, tomato, sweet pepeer, cucurkits and peas.

(iii) Uzkek Research Institute of Vegetakle Breeding
and rotatc: The institute was estaklished in 1933. The
institute carries out research for developing varieties tolerant
to extremes of temperature le. maxi um of 45°C and minimum of
~30°C and standardisation of the production technology in
vegetakles like muskmelon, cucumber, tomato, sweet pe.poer,

onion, watermelon, pumpkin, carrot, potato, horse radish ectc.

(iv) Schroedar Horticulture and Viticulture Research
Institutes:
The institure is wnalnly concerned with research
on fruit crocps. No major Lrogramne on veygetakle 1s undertaken.
Research pPriorities

1. Breeding varictics £for green house and open cultivation

and suiltable for nmechanical harvesting.

2. Developiny varieiics for processing.

3. Breeainy varietl s for resisitance to disease and insect pests.



4. Breeding vegetakle varieties resistant to abiotic stresses.
5. Breeding for improvement of nutritional gquality.
6. Heterosis kreeding in selected vegetakle crops.

7. Standardisation of production technology of the

var ieties developed.
Res%arch Programmes

'The ma jor programmes Of research on vegetable crops
in ‘"SR resedrch Institutes include the following:

\Apblieh Research

1 Collection, evaluation and ¢onservation of germplasm.
There is a comprehensive programme on collection,
evaluation, conservation ang documentation of world
germplasm of over l% vegetable crops at the vavilov
Institute of Plant Industry Research (VIR), Leningrad
anq its SQ centres Fll over the country located under its
115Regional/zonal Rbsearch étations. Besides this all
other institutes also of their own have strong programmes
of|germplasm collection, evaluation and conservation.

2‘ Varietal improvement through selection and hykridisation
for ‘high yield and superior quality both for fresh
'consumptlon and proceSSing at VIR and its zonal stations/
1éentres, SPAVG Russia, Moscow, Agriculture Institute,
*Krosnadar, Agricultjure Institute, Tashkant and Uzbek

Research Institute pf vegetakle and potato, Tashkent.
P

. ! \

3. Development of vegetable varieties for mechanical

harvesting at Crimean Experiment station Krimsk, VIR

jLeningrad, VIR Teshkant, AI Tashkent, URI Tashkent,



10.

11.

SPA Moscow and AURI Moscowe.

Development of vegetalble varietles and standardisation
of production technolegy for their cultivation in the
green house as well as in the open - VIR Leningrad,
SPA Moscow, AURI Moscow, CBES Krimsk, VIR Tashkent,

URI Tashkent and AI Tashkant.

Breeding improved varieties possessing resistance to
ciotic stresses like diseases and insect pests - At all
institutes, stations,and centres of vegetakle research
in uSsRk.

Breeding improved varieties resistant/tolerant to akiotic
stresses such as high témperature (45°C), low temperatures
and drought (=50 C) at YIR Leningrad, Moscow, Krimsk,

and Tashkent.

Heterosis breeding incaops like tomato, melons, caktkage,
cauliflower, cucumcter and onion - At Leningrad, Moscow,

Krimks, and Tashkent.

Breeding for improvement of nutritional quality ~ At

Leningrad, Moscow, Krimsk, Tashkent.
!
Integrated management of diseases and insect pests -

At VIR Leningrad, Agriculture institutes, Krimsk and
Tashkant, VIR Teshkant, URI Tashkent. SPA Moscow and
AURI lloscow. |

Standardisation of seed production technology and
intensification of seed production At VIR Leningrad,

CES Krimsk, Agriculture instltute Krasnadar, VIR
Tashkent, URI Tashkent and Agriculture institute Tashkent.
SPA Moscow and AURI Moscow.

Biotechnology research for improvement of vegetakle crops

at CES krimsk, VIR Leningrad (Pushkin).



Basic Research

The following kasic researches are 1in progress

at the centres noted against each in US3SR.

Biochemistry : CES Krimsk, VIR, Leningfad (Pushkin)
Plant immunity : CBS Krimsk, VIR Leningrad (Pushkin)
| X _ )

Cyto-genetics : CbS Krimsk,VIR Leningrad

Molecular Biology : VIR Leningrad (Pushkin}

Breeding methodologies for Vegetakle Improvement

Breeuing methods adopted for improvement of vegetakble

crops in USSR are not differgnt from those used in India.

The conventional methods followed are as follows:

1) Introduct ion, evaluvation and selection of desirable
germplasm including wilt species, cultivated varieties

and segragating kreeding material.

2« Selection:

i) Individual plant selection or line selection

ii} Single seed dsscent

These methods have keen used in self pollinated
vegetakle crops, in case of mutation kreeding, chance recom-—
tination and in selecting plants resistant/tolerant to
diseases, where a population has not been subjected to
epidemic condition. The procedure has keen mainly utilised
for maintenance of the varieties and improving of the strains
and has helped in tringing abkout uniformity in the cross

pollinated crops.



i1i) Bulk method along with SSD has been practiced in

distant crosses for improvement of TSS.

iv) Mass selection has keen commonly used for improvement
as well as maintenance of varieties in cross pollinated

Crops.

v) Mass Pedigree Method: This method has been used
in self-incompatikle crops like cauliflower and
cakkbage for improving the varieties and lncreasing

seed set.

vi) Family Breediny: It has keen used in cvole crops and

root crowps for varietal improvement.
vii) Selfing and massing mainly in onion.

viii) Recurrent selectioﬁ idcluding:
a) sSimple. Recurrent selection
k) Recurrent selection for general comkbining akility
¢) Recurrent selection for specific comtining ability
d) Reciprocal recurrent selection
ix) Disruptive selection: It has keen utilised in cole
crops and root crops for their improvement, disruption

of genetic kase, breaking of linkages etc.

3. Hykridisation:

The mcthod has keen used for crop improvement of all
vegetakle crops in gyeneral. Intercrossing of lines within
F3
quality cultivars for processing and to achieve high TSS.

generation and onvards has keen practiced to develop good

4.+ Back cross method

It has keen used in transferring characters of simple
inheritance, incroporating disecase resistance and quality
characters, transfer of male sterility inm tomato, onion etc.



5) Heterosis breeding

The method has keen used in development of F_, hykrids

3
in tomato, capsicum, cucumker, cakkage, onion etc. However,
heterosis btreeding is ndt given much emphasis as very high
level of yield and quality has keen achieved in the open

pollinated varieties.

Achievements of Research

dolﬂection, Evaluation and Conservation of Germplasm

The N.I. Vavilov Institufe of Plant Indusﬁry Research,
Leningrad is engaged in this task. Over 3,50,000 samples of
more than 100 cultivated plant syecies along with their wild
relatives are teing maintainqd. . They also include germplasm
of 15 vegetakle crops, namely tomato, pepper and hot pepper)
cakkage, cucumker, peas, keans, carrot lettuce, onion, garlic,
:adish, brinjal, okra, watermelon, muskmzlon, squashes/pumpkins.
More than 40,000 samples of germplasm of these vegetakles
‘'have keen collected, evaluated and catalogued after thorough
%tudies at N.I. vavilov Institute of Plant Industry Research,
Leningrad and its zonal centres. These include the following.

crop No. of collections
Tomato 5000

Pepper &

Sweet pepper 2000 3000
Chillies 1000 -
Eggplant 800
Cucumker

Cakbage

Peas

Onion

Potato 12000



Although crops like okra, gourds viz. ash gourd and
snakegourd and oil seed crop of groundnut are not grown 1in
USSR, however, a good germplasim collection has keen studied

and maintaineu and cataloguec in US3R.
VARIETAL IMPLOVEHeNT

Consideratle proyress in the field of vegetable
kreeding has kteen made in US33. This is esgecially so in
tomato, kell/sweet peppers, watermelon, muskmelon, cucumber,
cakkbage, peas and carrot which are the major vegetacle

crops in USSR.

The significant acRievecinents of USSR in plant
Industry research include development of high yielding,
disease resistant varieties and Fl hykbrids suitakle for
. fresh consumption and processing, mechanical harvesting
and for growing Eoth in the open and in glassHOuse/greenhouse,
to meet the reqgquirements of that country. Some of the
salient trends of vegetakle improvement in USSR are as

follows.

Tomato is a major crop in USSR in which 50 centres
are engaged in research. Open pollinated high yielding
varieties resistant to diseases and suitakle for processing
are preferres for field culture in the open while Fl
hybrids are kred for mainly glasshouse cultivation, Highly
improvew varieties and Fl hytrids suitakle for processing,
possessing earliness, long shelf life besides resistance
to diseases have bkeen evolved. The serious disease

include Fusarium (F), Verticillium(v), T#V, Phytophthora

infestans nematodes(N), AlternariaSclani. HMany of the

varieties carry resistance to v, F, N and TMV. Consideraktle

: or
headway has keen made in kreeding/resistance to Phytophthora



which includes rapid screening and race identification.

Following 54 varieties of tomato have been widely
adopted for commercial cultivation in different parts of the
country, out of the several developed of which 8 are Fl
hykrids.

Name of variety Status Characteristic Source

1. Soyuz-l Fl beterminate T2 gene Krimsk

2. Yargo ' OP Resistant to TMV Krimsk

3. Michta op Tmz'gene

4. Titan oP Tolerant to TMV Krimsk
) ‘joiptless

5. Lastechka

. Fy g Resistant to Verti-
6. sStreizh FI ! cillium, Fusarium, Krimsk
7+ Carlsson R g Nemat ades,CGlauospor ium
9. Kubkanski op High ascorkic acid Krimsk

content of 27mg/100gm.

10. Agata op !
11. Seshtava oP g Dual purpose variet ies
12, Podorok op ! for canning and also Krimsk
13. Zernista op g for fresh consumption
l4. Kalkesini op
15. Kukanaskistromil oP Determinate, dual
purpose Krimsk
16. volyogradski 5/95 WP peterminate, dual K imsk
purpose
17. Yantar OF High TS 6-7% camning Krimsk
18. Polyok OP Highly productive

under good conditions Krimsk



19.
20.
21.
22,
23.
24.
25.
26.
27,
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
3s.
39.
40.
41.

42 .
43.
44.
45,
46.
a7.

Variety

Salyut
Veneta

Antei
Prometei
Karatinevi
Clympius
Maikopski
Uzozaini
Temnoterashi

Uzmaéh

Cctobker
Rahor
Novinka

Novinka Kukania

Ermak
Dardone
Lunni
Venkuvosky
Veerozh
Lastochka
Solinshko
.Grenada

sStrizh

Karvonit
Pioneer-2761
Dukok
Ottawa-30
!Dubok early
Grontovi

Status

oP
oP
op
opP
op
OP
op |
oP
oP {
OP

oP
OF

o {
OP )
oP }
OB
op i
Tt
oP {
OP

OP )
oP {

Fl
Fl
oP
opP
OoP
op

Character istic

Wide adaptakility

Mechanical harvest canning

Early, Determinate
Late maturity
Canning

Large fruited

High yielding
dual purpose

‘Barly determinate

peferminate

Green house variety

Green house varieties

Resistant to
Fusarium verticillium
and root Xnot nematodes

Forlgreen house

Cold tolerant

Resistant to phytopthora
Resistant to phytopthora
-] O

Early, firm fruited
cold tolerant

Source

Krimsk
Krimsk
Krimsk
Krimsk
Krimsk
Krimsk
Tashkent
Agri.Instt.
-do-

Uzkek Res.
Instt.
Tashkent

- O=

~Jo-

SPA Moscow

SPA Moscow

SPA Moscow
AURT
AURTI
AURT
AURT
AURT

Lesnoi Gordok



Variety Stacus Characteristic Source

48. Grit.ski op gcarly £irm fruiced AUKI Lesnoi
cold toleraunt Gordok

49. Uzkekistan-30 QP Drougat tolerant AURI Lesnoi
Gordok

50. Kapitak oF srougat tolerant AUKI Lesnoi
‘ Gordok

51. Progressive OoP Drougynt tolerant AU«I Lesnoi
Gordolk

52. Grot op Resistant to AURT Lesnoi
rhiytoshlLora Gor:lok

53. Zhigul op Resistant Lo TKV AURI Lesnoi
Gordok

54. zhurnal Fl Resistant to TMV AURI Lesnoi
Gordak

3weet Pepper

very high yiclding bell peppers have bteen bred in USSR

[ - )
where it is a major cre. for fresh consumption as wgll as

canning. The major rdiscases are 'Verticillium' Phytophthora

MV & CMV. Work on multiple resistant lines is going on.
The emphasis laid on fruit uality aspects tesiues earliness,
growth forms and yizld is noteworthy. Following varieties

vave kbeen developed.

variety Status Characteristic source
L. Voskovidnea Op -Tolerant to high
temperature and humiaity Krimsk
2« Senyushkin opP High yieldiny Krimsk
3. Druzhni cp Hiyh yielding Krimsk
¢« . August-0vski P High yielding Krimsk
5. Kapitoshka OP Tolerant to Verticillium Krimsk
6. Gift of Maldavia ©OP Tolerant to Verticillium Krimsk
7. Lastochka oP Most popular glass house VIR
var iety Leningrad
8. Pedorck Maladavi OP Registant to Verticillium VIR
wilt Leningrad
9., Neghnost OP Glasshouse, high vitamin VIR
content 2000mg/100gm Leningrad
1C. vinnipukh op Dwarf, High population VIR

density (2C.lant/Sq.Metcer)  peningrad



variety Status Characteristic source

11. Izumrat. OP Dual purpose VIR Leningrad
12. Dar Tashkent OP Dual purpose VIR Leningrad &
Tashkent
13. Belgarski-~79 oP High yilelder ' VIR_Taéhkent
l4. Zumrat ) OP Blocky type Uzbék éesearch
Institute,
+ Tashkent
15. Vnukoshi op Greenhouse SPA MosScOW -
16. Virash - CP Greenhouse ~ SPA Moscow
17. tlovinka ) - CP Open Cultivation SPA Moscow
18+ Kuhana | OP Open cultivation SPA Moscow
12. Dardona ’ OP Open cultivat ion SPA Moscow
20. Earmark ' OP - Open cultivation . SPA Mos?ow
21+ SrA Hykrids Fl Resistant to root :
' knot nematodes SPA Moscow

22. Sweet Banana  OP Greenhouse cultivation AURI Leénoy
Cnillies
Variety Status Characteristic . Jurce
1. Tulsk _ F1 Uniform high yield pugent VIR Leaingrad
2. Nine other 1

varieties - oP High yield VIR Leningrad
2. Mangilamski—3§0 oP Long fruited, pungent VIR Tashkent
4. Plovdesky - OP -do- VIR fashkent
S. Unti - oP —-do- VIR Tashkent
&. IMorocco " op —do- | | VIR Tashkent
7. Pittentini OP -do- VIR ﬁashkent

. |
8. FPikantini OP Small fruited very pungent VIR Qashkent



Egg Plant

Eggplant is not a very important croo in USSR yet
significant research work done has resulted in the development/

release of improved varieties as follows.

var isty Status Characteristics Source
1. Batiskie OoP Barly highyield 80t/ha Krimsk
both for green house
amd open .
2. Almaz OP Early highyield 80 t/ha - VIR
Eoth for green house Leningrad
and open
3. A4urora CP Cklong, purple VIR Tashkent
Calktage

Cartkbage 1s one of the most important crops of USSR.
Uniformity, early maturity, high yielding varieties besides
resistance to klack rot and club root are the major breeding
ot jectives. Emphasis has been laid on development of open
¢ollinated lines, although of late F1 hykrids are keing
ceveloged. Rapid screening technigques developed for tlack
rot is keing put to use in its resistance treeding. Self
incomzatikle and cross compatiktle lines developed for
stremngtnening the heterosis ktreeding in cakkage would be of
s.ecial interest in our country. Some of the important

a

varietiss are:



Varioty Status Charactoristic Source

1. 33-3 cP High yielaing widely AURI
. an adaptakle Lesnoy Gordok
2. .woukle cross /
Hynwrids F1 Cani.ing AURI
Lesnoy Gordok
2. lnite Hound
[ezium U Jual Lurpose SFA Loscow
s 3SrA Hyorids F1 Cual ,Lurpose 3FA loscow

cucunnber

Both open ,ollinated varieties and Fl nverins ﬁavé
ceen doeveloged. As in tométo; byen »ollinated lines are
sreferre.) for cultivation in the op.en and Fl hycrids for
zlasshouse. Ccuble crosses and triple crosses are enployea
for develoging PL hybrids. Resistant lines to differsnt races

d
£ sowcery milfew anc CHMV nave been kred. Earliness, yield

0

nd uzuslity are otner selection criteria. Some of the Fl
|
nytrids garry .arthenocarpic gene.
The following 19 varietles have teen developed. Some of the

important ones are as follous.

Varieuy Status Characteristic } Source
1. Mrznensxl Kucan LB Zesisvant to Fbhio, MDD
acalbt and CidV-l Irimsk

2. Concurreat (lom.etor)

ip ringh ylela, carly Krimsk
. rarad OF Hiyn yileld, =arly, Krimsk
' wrocessing
9% Rusctern or garly vo medium . Krimsk
Z. L3p=h Fl zZarly uniform Krimsk
; . . . oy - = |
e 3Friliadenia Trigle High yield and quality Krimsk
ross widely adagtakle
n,zrd
7. PFrezev .Trille Very e@arly, procissing Krimsk




Variepy Status Characteristic Source

8. Signal Triple cross

nykrid very early Krimsk
©.  ldycrid VIR Fl Greenhouse VIR Leningrad
10. Uzbtekski~74C G Hign yielding, superior Uztkek Res.Instt.
quality Tashkent
11. rorod o Tolerant to mildews Uzkek Res.Instt.
| Tashkent
12, Raive7645 op High ylelding, processing Uzkek Res.Instt.
E: ' Tashxent
13. Garkilanoki 822 oO» High ylelding - ' Uzkek Res.Instt.
! | . ' _Tashkent :
&4.% Ralve 645 CcF High yilelding Uztek Res.Instt.
S . Tashkent
}2.  Pervenets cP ngn yieldi. g ‘ Uzbek Res.Instt.
QG.. Uzkbekistana 268 OF ngn ylelding Tashkent ~10=-
1?.2 rarnasic rl . R@sistant to pMJ & Jdio Uzker Res.Instt.
' Tashkeant
12. | Vodoledl op Multiple :leafspot, AUKI Lesnoy
Pseundomonas, PMHD, LMD) Cardok
resistant open
cultivation
ég. ialéctron : op Multiple (leafspot AURI, Lesnoy
Pseudomonas, PHD, DMD Gordok
resistant, open pollinated
2@. Griktovocnania CF Green house cultivatic» AURI, Lesnoy
Frocessing, resistant vo Gordok
Plav, Lo, Jdhitefly, mites
21, rartnenocerpsic PL Resistant to drougnt, AURI, Lesnoy
nhycrids ascechyta klight, Gordok

low temgserature

“Waveérmelon
! ,
i

very nin yiel.ing varieties with superior quality, short

1 |
vineﬂ:lant LYyieS, resizcant o Anthrannose and Fusarium wilt ;

hav * EeEn develofed in Xrymsk and Tashkent regions. These varie-

tlesi ré aS.FOllofs'



Vegetable Production in India - some constraints-and managerial

remedies

V.S. Seshadrix*

Vegetable crops grown in India number over 50 different
kinds of leafy, fruit and other varieties and starehy tubers as
well. The diversity of production systém is guite unigue. With
such a diversity, India is reckoned as the second largest pro-
ducer of vegetables, next only to China. The production is es-
timated around 45 million tonnes from & cropped area of 4.C
million hectares (excluding potato and tubers); which works out
roughly 2.5 to 3.0% of total cropped area. This is ;ery low
against the background of predominantly vegetarian population.
This works out to 120-130 g/capita consumption compared to 250g
in China. Even this low level does not fully reflect the consu-
mption pattern of rural households, where it may go down even to
80 ¢ a day. Low productivity levels in vegetable crops is the
main limitation to recduced availability (Table 1),

Table 1. Productivity levels in vegetable crops

Crop India Japan China France U.S.A. World
averaoe

(tonnes per hectare)

Tomato 9.63 52.00 15.80 6C.10 54.76 25.0¢
Cabbage 5,07 4C,27 17,38 21.16 20.00 21l.62
Cauliflower 7.34 12.73 13.12 12.86 14.23 13.64
Onicn " g.49 44,01 15.75 34.53 4C.19 13.7¢
Green peas 2,75 6 .84 5.44 5.25 £.93 6.08
Green bheens 2.15 T.66 Q.57 18,18 5.75 6 .88

(FAC Production statistics 1989)

*Former Head of the Division Of Vegetable Crops, Indian

Agriculturasl Research Institite, New Delhi,



Bulk of the increase in vegetable production during the

past decades has come from increase in the area rather than in
vields, possibly with the exception of potato. Obviously, the
production of vegetables has increased substantially in response
to market forces, or urban market demands. The recent example
of increase in vegetable area, to meet urban demands, in eastern
U.P. can be traced to the establishment ©of industrial townships
in Sultanpur, Faizabad, Rae-Bareli and Gonda éistricts. The in-
centive effect of expanding market demand has not been so strong
to motivate the farmers to adopt yield increasing measures. We
can still find individual farmers driving up their bullock carts
to the nearest town. O0f course, this pattern is slowly changing

to truck transportation operated by middlemen.
Major constraints

The main constraints to increased vegetable production can be

enumerated into several factors. They can be broadly grouped as;

1. Environmental and climatological
2., Technologicsal

3. Socio-economic

Under the first category, vegetable cultivation is suscepti-
ble to unforeseen natural calamities like hailstorm, floods,
cyclone, drought, ground frost etc. More often, the off season
cultivation of vegetables suffer from such calamities. Because
of increasing urban demands, wvegetable crops are being cultivated
in risky regions of unfavourable environment and hence optimum
yields are not obtained. Protected cultivation may be the answer
but it is a high cost, high energy and sophisticated system with

very restricted applicakility in India.



quality seeds. The estimated requirement of vegetable seeds at
the country's present production level, is reported to be around
20,000 tonnes, for tropical and sub tropical kinds and 200

tonnes for temperate ones. Among these, peas constitute 6000 to
7000 tonnes, bhindi around_SOOO tonnes, and onion 2500 tonnes.

If we have to achieve the targeted production of 120 million
tonnes (Table 2} by 2000 A.D,, naturally the seed requirement has
to be more than doubled. The existing level of vegetzble seed
productiﬁn is mainly shared by private sector seed companies té
~about 25 to 30% and_farmers keep their own seeds in certazin kinhds.
Govt. programmes including public sector corporations at Centre
and States contribute a very tiny fraction of 5 to 10% of the total
requirement. Weak seed production mechenism has resulted in
wider gap between technology available anc technology adopted, in

vegetable crops.

Table 2. Vegetable - production Targets*

Period ‘ Area Production Yield
{Million ha) (Million tonnes) {tonnres/ha)
Present 4.0 40.0 - 45,0 1C.0

Short term
(1990-95) 6.0 75.0 12.5

Long term
(2000 A.P.} ; g.Q 120.0 15.0

* (VIII Plan Frojections Govt. of Indiz)

The major problems faced in vegetzble seed production system
are 2) inadeguate &nd unbalanced cdevelopment of different comp-
onents required for viable, demané respensive vegetable seed

industry. b) lack of post-harvest equipment/facilities/operation



1! is the second category viz. technological constraints
which demand our attention. These include inter alia, limited
number 6f improved varieties, inadequate ané untimely supply of
quality seeds, lack of appropriate package of inputs for optimum
productivity, inefficient plant protection cover against pests,
diseases and weeds and non-availability of competent Extension

machinery for transfer of approprizte technology.

In the third category, market mechanisms especially limited
market support and infrastructure and ;nadequate facilities for
trénsbor;. packing, storage etc. leading to huge post-harvest
loeses aﬁéunting to 25 to 30% demznd attention. Low priority in
national planning and non—availabiliiy of reliable procuction
statistics, are other aspects which speak of lack of sppreciation
of the Govt. organizations on the importance of vegetable produc-

tion,

Since the availsbility of more land for vegetable cultiva-
tion will be very much restricted in future years because ©f
limitation or irrigation and fast urbanization and industrial
development, efforts should be directed more towards raising

productivity levels,

The managerial measures to tackle the several constraints
{(enumerated ahove) are considered below, one each under techno=-
logical category and under socio-economic factors, as typical

examples to attract immediate attention.

Improving the productivity

1, Quality seeds : To remedy the problem of low productivity,

one has to look at the basic reguirements viz. availability of



at level of technolog¥ which is economically efficient.
c) Weakly organised programmes by Govt. agencies resulting in

lezkage of breeders and foundation seed multiplication.

1i) Onion : Taking for example, the case ¢f onion seed product-
ion, the importance is felt because of bulb export of nearly

three lakh tonnes. The export requirement of uniform guality of
bulbs in shape, size and colour and of good storage capacity, has
not been met mainly because of discrganised state of seed product-—
ion. Even some private companies dc not distinguish and maintain
seed préduction sepérately for rabi and kharif varieties. Against
K] iotal~requirement of the country of 2500 tcnnes of onion seeds,

only about 100 tonnes can be assigned to govt. programmes, 250

tonnes tc private sector and the rest by farmers themselves.

The major difficulty 1s the abksence of quality control in
seed production viz. inadeguate and inefficient bulb storage fac-~
ilities {in the case of rabi), lack of proper bulb selection for
the succeeding seed crop, absence of adequate isolation distance
for seed crop, improper maintenance of moisture level in seeds
due to inadeguate seed storage facilities {(with air conditioners
and dehumidifiers) with no arrangement of buffer seed stocks to
offset erratic price trends and inadequate seed processing facili-
ties. Last but not the least, is the absence of Fl hybrid varie-
ties, which slone can bring uniformity in bulb characters and
raise the bulb productivity level from the national average of
about 8 tonnes/ha. compared to 3C to 40 tonnes in advanced

countries.,

iii) Hybrid seed: Another major constraint leading to low product-

ivity in vegetable crops, is the al:sence of Fy hybrié varieties.



The present area under hybrid varieties may be around 25,000 ha.
in tomato, mainly from imported seeds and indigenously produced
seeds from crossing selected imported parents. Next in import-~
ance is the cabbage where nearly 6000 to BOCO ha. are reported
under hybrid varieties whose seeds are entirely imported. Only

a few private seedsmen have develcped commercial hybrid seed
production facilities through labour intensive hand pollination

in tomato. Further very few seed companies have technological
competence ané R & D facilities for commercial hybrid seed
proéucti?n. The import component in the hybrid seed contributes
to the maior share in the cost of hybrid seeds marketed presently.
Because of adverse and varied climatic conditions in vegetable
growing-regionsh growing of Fl hybrids would not be uniformly
economical in all parts of the country, but will be preferred in
selected regions and in & few high value crops like tomato, cabbage,

capsicum, cauliflower etc.

Import of hybrid seeds is not a substitute solution, but can
only serve as a catalyst for the development of indigenous hybrid
seed production technology. The cost effective technology for
growing Fl hybrid varieties has to be developed by the use of
a) indigenous parents’ b) indigenously produced hybrid seeds and
c) disease resistant parents to reduce the cost of plant protect-
ion cover. The public sector seed industry has yet to také the

lead in developing commercial hybrid seed production technology.

ivl Projections : The objective at the national level is to
evolve a 'National Vegetable Seed Policy' which will ensure
"successful, economic and dependable supply of guality vegetable

seeds". The basic requirement for formulation of such a policy



their own R & D efforts instead depending continuously on

imports and paying huge royalties. Proliferation of "Seed traders”
who do not produce vegetable seeds themselves, should be dis-
countenanced. The farmers should not be c¢arried away by short
term remedy of seed imports and the seed industry by resourting

to quick and easy profits from imports. The Govt. should ensure

that nation's long term interests are of paramount importance.

Enhancing the availlability

Another important facet of vegetable production which acts
‘as a disincentive, i1s the disorganised state of markeging ser-
vices. The long channel from the growers to the retail outlets,
involves a chain of middlemen, transport contractors, "ahrtiyas"
of wholesale mandies, who advance funds to the farmers. Further,
it is the trade which obtains merket information and induces the
farmer to go in for production of a particular kiné¢ of crop or
specific variety. In the process the trader retains a larger
share of consumer price leaving farmer's return meagre and not
attractive enough to motivate him to invest in yielé@ increasing
innovetions. Due to high perishability of vegetakles, the
producer has little choice but to unlecad the produce at whatever
price is offered. He is unable to benefit from higher market
prices in more distant locations or out of seascn since his
marketing reach 1s limited. The glut-scarcity syndrome affects

the vecetable farmer in cne direction.

i) Market price : High retail price is partly accounted for by
the presence 0f numerous intermediarier in the market. They

dominate the operations and claim to ahsork most of the market

risks apé flustuations especially in demanc and supply, fickle-



is the availability of a data base On current status and needs
of vegetable seed producticon. An initial survey should collect
reliable statistics on vegetable and vegetable seed production.
A National Vegetable seed Programme will have to be formulated
which will identify a) programme components b) sector-wise
responsibility, institution/agencies, <¢) breeding and research
responsibility d) commercial production management e} guality
control measures £} processing, hendling, pricing and marketing
mechanisms g) availebility of processing machinery, sparé parts
and their maintenance h) Storage facilities and maintenance of
buffer seed stocks i) Extension and training facilities

j)} credit ané financing arrangements and k) seed technology
research input. A Co-ordination body called "hationel vegetable
Seed Committee" may be constituted to monitor the execution of

composite vegetable seed production and marketing programmes.

At the field level, a National Vegetable Seeds Corporation

should be estahlished to oversee and co-ordinate Govt. sponsored
production programmes. The existing operational procedures in
the enforcement of Seed Act should be reviewed. Seed Certifi-
cation staff and guality control personnel should have scienti-

fic competence and adequate lahoratory facilities.

Looking to the future prospects, it is recognised that there
are immense potentialities in improving vegeteble seed production.
Good cguality seeds aloné can make a big impact to increase the
productivity levels in vegetable crops by atleast 25 to 30%. Seed
procductivity— seed yield/hectare should be improved by efficient
management techniques. Further private seo«? industry and public

sector organizations should absorh modern technologies through



a Vegetable Growers Co-operative Marketing ociety which markets
hill vegetables grown there and cabbages in trucks are supplied

as far as to Czlcutta city in May-June. HNational Diary Develop-
ment Board has started retail marketing of vegetables in Delhi.

In South Gujarat, it is reported that Co-operative institutions

are engaged in supplying of fruits and vegetables tOo export markets
in Gulf countries through Bombay. Besides NAFED, there are 12
state/central level sccieties and 275 primary marketing societies
engaged in merketing of fruits and vegetables. However, their
total turn over is reporteé to be only Rs. 120 crores out of

which 45% is accounteé by NAFED aloné.

iii) Post harvest losses : Post harvest losees invariebly occur
at any point in the long marketing chennel. That 25 to 30% of £
fruit and vegetable production valued at Rs. 3000 crores, is even
now lost to the nation yearly during post harvest, is s verv sad
reflection of the status of vegetable production and marketing.

It is of course possible to replace these losses in guantity by
increzse in production, if the levels of the losses remzined
constant. What is actually happening is that an increese in the
production results in the incresse of proportion of losses due to
marketing inadeguacies in handling the extra volume and economic
losses may be greater still. Reiteration of sophisticated systems
anéd technologies like "Coldé chzin" of advanced courtries, may

have little relevence to our needs. Post harvest losses erode the

grower's income for his produce and push up the consumers price.

iv) Survey .t A nationsl survey on post harvest losses in vege-
tables should be undertaken to pinpoint 'where' 'how' and 'why!'

they occur and enough datz &né information will have to be



ness of consumer preferences and perishability. Farmer's share

of the consumer price may range from 30 to 45%. 1In a sample

survey conducted in Karnatzka by Indian Institute of Horticultural
Research, Bangalore (1984), it was computed that 50.47% of the
overall retail price of vegetables, is taken away py the Commission
charges. A study by the Directorate of Marketing and Inspection

of Govt. of India (1985} found that onion producers in Maharashtra
got 41 to 42% of retail price depencing upon the channel private

or institutional. In contrast, wheat an¢ pacddy farmers received

65 to 66% of consumer price, In the c@se of other vegetables which
are more perishable than onion and faced with more volatile demand,
the farmer's share is bound to ke lower. Interestingly institu-
tional presence as intermedisry, has only marginal effect on the

farmer's share.

Thus interests of growers and consumers have to be protected.
Govt. cannot effectively operate a price support mechanism barring
in potato and onion. In marketing of vegetables (also of fruits)
several lak¥hs of self employed persons are enrgaged and it will
not be advisable nor practicsble on socio-economic grounds to
completely displace the private trade. But the necessity of
creating alternate marketing channels to work in completion, needs

no erphasis.

ii} Co-operztive institutions : There have been some success-
ful attempts in Bangalore and Hyderabad cities where co-operative
growers organizations undertake collection, storage, grading,
pricing and marketing of f£fruits and vegetal:les in retail outlets.
This system is reported to be handling only a small volume of
urben trade, due to which it does not exert any influence on the

on the local vegetable prices. In Nilgris (Tamil Nadu) there is



actually interlinked parts of & total system to be shaped into
a powerful vehicle for the economic prosperity of small farm

families and nutrition security of rural landless labourers

and urban slum dwellers.

Today in the £ield of Nutrition and Dietetics, salad vege-
tables are components of healthy diet, even in the advanced
countries where processing industries are well developed. In
future, healthy foods will be mostly horticulture procducts only.

In India, reslisation ard appreciation of the imrense potentialities

of vegetable production and consumption, have to be promoted.

Vegetable ctl;ivatién, of late has gone into commercial s
scaie-especiéily for urban mekets and has become a specialised
activity. Vegetable farmer can no longer afford to function as
a grower and harvédster merely relying on his instincts and
centuries of experience. He should be enabled to emarge as a
full scele farm manager with enterpreneurial abilities and nego-
tiating skills. Farmers should be trained and encouraged to do
what successful businessmen to, acguire and constantly update
information on new technologies &and merketing trends, applying
management skills to reduce costs, improve efficiency and maxi-
mise productivity. It is a good beginning that scome business
organisation in Calcutta city have promoted high technoloty
hybrid vegetable production in Diamond Harbour area s;uth of
Calcutta. Unfortunately most of the vegetable farmers are left
largely to their own resources and only the enterprising few
anc those with resource endowment seem to derive benefits from

vegetable growing.



collected, Then only eff )rts can be made to reduce these losses

by formulating a "LOSS PREVEKRTION PLAN through better wvarieties,

handling, packing and storage facllities.

Often marketing of vegetables is conrsidered in isolation
and without taking a 'holistic' approach of the entire gamut of
production and marketing systems, it would not be possible to

mitigzte the post harvest losses.

v) Projections 1 Obviously a "Loss Prevention Plan" should be
adequately funded to develop & data base collected from the
surveys. Field work in close collaborztion with indivicual
farmers, traders and intermediaries, is essential, s0 that cere-
ful recording of economic valuve of each marketing point anc
volume handlecd, are done. While the Katior.al Horticulture Board
has Ceveloped sufficient infrastructure for collecting market
statistics of arrivals, the next stage is reached to identify
the wulnerable points in the entire marketing chain and steps
will have to be devised to prevent and at least reduce post
harvest losses. Anawareness of the economic dimensions of these
losses shouldé be promoted, A more close co-oréination among

the Agricultural Marketing Directorate (Dept. of Rural Develop-
ment) National Horticulture Roard, and State Departments of

Horticulture, woulé be necessary to launch a NATIONAL LOSS

PREVENTICON FLA&N,
Future Strategies

Vegetable production has been treated on low priority cate-
gory and on conventional approach: like pre-occupation with seeds
fertilizers, water, sSoil etc., as disparate elements almost as if

they are self sustaining factors in themselves, But they are



The impact of burgeoning population of 840 millions of
people will be increasingly felt in the current decéde in the
area of vegetable production and consumption & it points
towards a crisis in the country's ability to feed and maintain
the population & a healthy level. & multipronged strategy of
of boosting vegetable production and consumption shoulé be
evolved comprising inter alia two importent besic components
(enumerated earlier) viz. & "National Vegetable Seed Policy"
ané "Loss Prevention Plan" in post harvest oOperations, besides
others. A 'total system' approach as has been deone in 'Technology
Missions' (in oil seeds) should be thought of, deliberated and
developed with svitable medifications, to tackle the various

problers of vegetable production and consumption.




Vegetable seed industry in” India

Vishnu Swarup¥

Seed is a liv.ug biological cepsule containing within it the
entire genetic and biochemical make-up of a pient. It has,
therefore, attracted attention of scientists of many disciplines,
like plent genetics and breeding, agronomy, physiology, biochemistry,
plant pathology ané entomology. ZAdvancement in genetic imprcve-
menr:t and¢ production technology of vegetable crops is directly
releted to cevelopment of seed industry. The efficiency and growth
of seed industry depend upon the svailability of new and better
varieties, proper meintenance and evaluation of the verieties andé

controlled production of good guslity seecs.
Research andé development

The research ané development, therefore, form an integral
part of & modern seed industry. The §ee6 production ancd distribu-
tion is an interface between the plani breeder and the farmer.

Vegetable Improvement

Ecientific improvement of vegetables in India has a history
of about five decades. Until the year 1942, vegetable seeds were
being imported from the European seed companies, Sutton & Sons
(Englan¢), Valmorin (France), Ohlsen Enke (Denmark), Royal Sluis
(Holand) and a few others to meet the reguirements of growers.

It was only during the Second World War when the supplies of vege-
table seeds from shroad were almost stopped, that the Government
of India started to lay emphasis on seed production in the country.
Successful attempts'Were made to produce seeds of temperate vege-
tables at Quletta (Baluchistan) in 1942-43. Almost during the

same perioc procduction of temperate vegetable seeds was startef in
Kashmir and Kulu Valley. Lafer in 1949, the Centrsl Vegetzhle
Research Station was estshlished at Katrein in Kulu vallev which

was later transferre¢ to the Indizn Acgriculturzl Reseerch Institute,

*Indo American Hybrid Seeds, 214, r'alikes Bhawan, R.i.. furam,
" New Delhi.



New Delhi in 1955, to intensify research on improvement and seed
TR®oduction of vegetables. Vegetable research was further stre-
ngthened by the grant of ad-hoc research schemes of the Indian
Council of Agricultural Research in different States from 1946
onwards. Seperate vegetable research divisions or departments
:Were established in the Central Institute of ICZR like the Indian
‘Institute of Horticultural Research, Hesserghatta in 1968 and
Indian Agricultursl Reseerch Institute, New Lelhi in 1970, foll-
owed by various State Agricultursl Universities at Hissar (Harysna),
Ludhiana (Punjab) and Coimbatore {(Temil Nadu). With the initi-
ation of the All Incia Co-orcdinated Vegetable Improvemeni Project
£y ICZR in 1§70-71 multidisciplinary co-oréinated resesarch began
on vegetable crcps at various centres in different egroclimatic
regions. It hes previded a useful fecility to research workers
for nationel testing of improvec varieties anc agrcnomical prect-

ices and exchance of germplasm.

Seed Incustry

Development of improved varieties necessitated the estaklish-
iment of 8 well organised seec¢ industry in the country. ConSeqden—
tly, the National Seeds Corporation was founded in 1963, to orga-
nise the develcpment of an efficient seed industry anc to provide
services for seed certification, seed quality contrcl, seed proce-
%sing. packaging, seed marketing and training in varipus aspects
of seed production. Afterwards, the Etate Seed Corporations were
éet up in different States to meet the recuirements of guality
seeds in different regions. The State Farm Corporation of Indis,
Asscciated Agricultural Development Foundation, State Agricultuiral
Universities, Tarai Seed Development Corporztion (U.P) and the
Central Institutes of ICAR (IARI and IIHR) alsc multiply and dis-
tribute seeds of vegetable crops. Another sicnificant development
in seed industry was the enforcement of Seed Act of 1966 from
October, 196%, in all the States of the country. The Central Seed
Committee set up by the Government of Indis was given the respon-
sibility to administer Seed Act in the country and fix standards
fpr seed certification, purity., germinstion etc. besides, the release
énd notification of improvecd varieties. There are Centrcl as well
ds State Seed, Certitication Agencies. Later the Central Seed

Testing Laboratory was esteblished in Delhi and also State Seed



Testing Laboratories in different State %%’Fhe country. About
fifteen years ago, the National Seed Programme {(NSP) was under-
taken with the assistance of the World Bank, which is now in its
third phase. During the second phase of NSP, vegetable crops
were also included¢ in the programme. In 1988 the Government of
India libaralised the import of seeds ¢of hybrié pollinated vari-
eties. Simultaneously there were developments in private seed
industry also. Both public ané private organizations have made

important contributions to the growth of veqetable seed industry

in Incic.
Seed Requirements

The total demand of vegetable seeds is about 29,500 tonnes
znnually of which 25-30 per cent is met by the private companies,
i10-15 per cent by the public sector ané the rest from their own
seeds savef hv the fzrmers. The aree under vegetable crops is
about 4.5 million hectares with & production of 41.2 million
tornnes. The consumption of vegetsahles per capita per day in India
is only 120 g, which is far below the recommended dietary stand-
ard of 280 g. It is estimated that by 2000 AD the requirement of
vegetebles in the country would be akout two to three times more
than the present production. Both area znd procductivity have to
be increased@ to meet the nstional recuirement of vegetables.
Expansion anc strengthening of seed industry on modern scientific
basis would, therefore, be necessasry for production cf the required

guantity of gzuality seeds.
Crop Yrocductivity’

I'nfortunately, the averzoe productivity of vegetsbles in India
is only 9.1%5 tonnes per hectare. In general, the sverage vield
in most of the vegetsble crops is very low as compared to those

in developed &nd developing countries.

Procuctivity is influenced by variety, environment, s0il,
production technology and protection from cdisesses and insect
pests. More then 15C imprcvec copen-pollinsted verieties developed
by the public institutions ere relessed in various vegetable crops
which out-yield the local cultivars. However, only 3C to 4C

percent of arowinc erea is covered under these improved varieties



except in a few cases. It is, therefore, necessary to saturate
the growing areas with high yielding varieties.

Hybrid varleties

One of the most efficient and rapid methods used in bring-
‘ing out increased productivity in vegetables is the exploitetion
of hybrid vigour. Through hetercsis breeding, it is possible to
achieve manifoldé increases in yielé along with better quality of
produce and disease resistance. Uniformity of produce and metu-
fity due to genetic homgoeneity and favoursble dominent gene
combinations are the additional advanrtages of Fy hybriés, Unfor-
“tunately, in our country, the progress in developing and popula-
rising hybric varieties have beer slow and without much impact
on vegetable production. In India, the first Fy hybrié varieties
of tomato andé capsicum were released for commercial cultivation
in 19723 by the Indo=Americen Hybric Eeeds. Later with the success
of Fl hybrids, a few other private seed companies alsc introduced
seeds of Fy hybrids of important vegetables in the market., In
October, 1988, the Government of India under the new seed policy
alloweé the import of F1 hybrid ané other improved vegetable
seeds under open general licence at a much reduced custom duty of
15 per cent., The main objective of the new seed policy is to
make available the best guality seeds to farmers. The National
Seeds Corporation has also imported seeds of Fl hybriés of cabbage
and tomato for distribution to farmers. Many joint ventures
with some leading foreign seed companies have come up recently in
the privete sector. It is estimated that about 50,00C tonnes of
vegetable seeds, particularly, tomatc and cabbage, have been
imported in the country since the liberalisation of import of

seeds.

Another importent aspect of hybrid vegetables is the export
of hybri¢ seeds. The production of hybrid seeds is a global
activity. Many international seed compenies of U.S.A., Holland,
Denmark and Japan are producing hybrid seeds in some Asian, South
American and Souvthern European countries where the labour is.
less expensive. It alsc ensures aveilsbility of seeds for
ﬁarketing in different parts of the world rouné the year. Recently
China has taken up preduction of F1 hybrid vegetable seeds for



export on a large scale, with the assistance of some important
foreign seed companiesfv In India, a few private seed companies
produce hybric¢ seeds on contract for export. Although the
export of seeds is not substantial at present, it has a great

potential to increase in future.

The hybrid varieties heave proven beneficial to many in.
different ways, such as, hicher yvield anéd higher returns to
farmers, premium price for produce in the market to fraders anc
better recovery ané guality products for processors, as in case
of tomete. Hybrié seed production provides built-in protection
of proprietory rights of the hybrid varieties to seed companies
unlike oper pollinated varieties, appreciable profits to seed
producing farmers, and gainful employment to youths in rural

areas as it is lapour intensive.

The veoeteble seed industry both irn public andé private
sectcrs, must be expanded end streamlined to meet the challence
of increased demanc of qQueality seeds bv the enc¢ of the present
century. It is possible to achieve the recuired targets in seed
production by adoPting\certain measures, apart from the develop-
ment of svperior high yielding, disesse resistant and better
guality of hvbrids. These measures include modernisation of seed
industry with better eguipment, mechinery, efficient seed storsage
ané packing facilities, and trained personnel, strong inhouse
research and development division &nd intensification of research
on verjous aspects of seeds and seed crop including seed physio-
legy, seed pathology, entomology and agrenomy. Biotechnology
including tissue culture technigue which has become 2n important
gid¢ in plant improverent should receive attention in resecrch
inetititions. The seed producing enterprises should identify the
best arees suiteble for producing seeds of & particular vegetakle,
The vegetahle crop growing 2reas may not necessasrily be also the
best for seec production. There is hercdly any usefil Information

availeble on this aspect in our ccuntrv.

Even though the vegetable seed industry is highly competi-

tive, it has the most challenoinc but rewsrding future in India.




Sustainable vegetable production in India « Prospects and policy
planning

Dr. K.G. Shanmugavelu*

Vegetables play a vital role in the human nutrition, They
provide vitamins and minerals in the diet besides supplying
profein and energy. To meet the full dietary needs of the common
men, to eliminate malnutrition deficiency disorders and to relieve
tﬁevpressure on cereals, there is a greater need of vegetables.

India is the second largest producer of vegetables in the
world next to China. 1India's share 1s 12% of the world production
compared to' 23% of China. The total area under vegetables is
estimated toabe 4.14 m ha including tuber crops.l The percapita
consumption of vegetables is just around 75 g as against the dietary
‘requirement of 200 g. This will be 55 million tonnes. Besides the
direct human needs, the country has also to make provision for
export as well as processing and also allowance.for spoilage. When
considering these factors, by 2000 AD, the production target would
be 91.25 million tonnes which would account for an area of 5
million hectares, assuming an average yleld target of 20 ¢t/hai The
cultivable land-man ratio has been declining from 0.48 ha in 1951
to 0.28 ha in 1981 and this may go down to 0.15 ha in 2000 A.D.

1. Crop Improvement

S0 far more than 175 improved varieties of vegetables have been
released in India by the concerted efforts and devoted horticultural
scientists from various central institutes and Agricultural Univer=-
Bities and Private Agencies. These improved varieties are high
vielding, about three to five times greater than tha local varieties,
In certain cases, these varleties are resistant/tolerant to pests
and diseases also, However, according to an estimate, it seems
that only 30 to 40% of the growing area has been covered under

*Pormer Dean (Hort.), College of Horticulture, Tamil Nadu
Agricultural University, Coimbatore - 641 003,



varieties. It is therefore very essential to flood the vegeta-
hle growing area with these improved varieties. While develop-
ing varieﬁies.‘the vegetable breeders should aim to produce
varieties with high nutritional-value, good keeping quality,
letter transportability and processing quality. While we feel
proud of these significant.achievements, .there is such to be'done
in evolving suitable hybrids through heterosis breeding in tomato,
brinjal, .capsicum, cabbage}'cauliflower, cucumber and onion and
Ihreeding varieties having multiple resistance to biotic. and
abiotic -stress, |

Hybrids

In India, the first Fl hybrid tomato and capcicum were released
for .commercial cultivation in l973. New hybrid tomato covers nearby.
50,000 ha hybrid cabbage about 20,000 ha, Hybrid tomato has
vielded 70 t/ha which is double the.yield of the existing open
pollina;ed varieties. The hybrid yariegiea have proved beneficisal
to many in different ways, such aa higher yields,'aﬁd higher returns
to farmers, a premium price in the market for_the traders, and '
.better recovery and quality produc}s for processors; Beaea;ch has
been in. progress in the production of By hybrid vegetables in
India. The Central Institutes and the State Agricultural Universi—
ties have. evaluated and identified hybrid varieties in several
vegetable crops. They are Punjabo F, muskmelon, Arka Jyothi
watermelon, Arkanavneet in brinjal, Pusa synthetic cauliflower,

Pusa Sanyog in cucumber, Azad hybrid brinjal and Co.2 hybrid bhindi.

Private seeds men have also produced F1 hybrids. Some of |
these Fl hybrids are in tomato, Rupalil, Vaishali, and Naveen from
Bangalore. Hybrid S$-15, Hybrid S-16 and Samiruchi from Jalna and

12 and SC-9 from Calculattay in capsicum Bharat from Bangalore
in'cabbage Ganesh Globe, No, 8 and Harirant from Jalns, in
cucumber Priya and inwatermelon Madhu and Milan from Bangalore.
However, the spresd of these F1 vegetables 1s facing problems such
as availability of adequate guantity of seed materiale, exorbitant
prices' and high cost input.

Production o6f hybrids should be integrated with resistance
breeding. In tomato especially hybrids resistant to leaf curl
will be favoured all over India. 1In Okra, yellow vein mosaic -



resistant hybrids will be preferred. Resistant hybrids will bring
down the cost of production by reducing the expenditure on plant
protection. The main criterion to evolve hybrids is to identify
self incompatible lines and cytoplasmic male sterile lines. These
have been identified in cabbage, in pink onions, tomatoces; and in
muskmelon monoecious female parents, and also in ' cucumber (only
female flower) in various institutions and Research Stations and
their hybrids are being evaluated,

2. Biotechnology

The attention of biotechnologists throughout the world is
focussed in this new field to produce new plants of ¢great interest,
In vegetable crops bio~-technology can be adventageously utilised
in plant tissue culture and genetic engineering.

A, Tissue culture is particularly helpful when used in conjunction
with plant breeding progremme. It enables the timely increase and
hastens the availability of new cultivars. In vitro'cultures may
be successfully employed for obtaining viable hybrid plants, which
usually do not yield viable progeny, through culturing of apical

maistem. For mesophyll protoplasts in lettuce, leaf discs and
hypocotyl segments in A. hypochondriacus, embryos in okra, leaf
discs and stem segments in tomato, protoplasts in Brassica, flower
buds in broccoli, embryogenesis in brinjal, leaf segments in beans

etc, have been employed successfully to produce plantlets. Scienti-
sts should not stop and satisfied with producing plantlets, But
these plants should be commercially exploited,

B. Genetic engineering

Several vegetable crops are susceptible to biotic and abiotic
stress which limit their productivity. Among the various methods
of crops improvement, transfer of wild genes resistant to some of

these stresses 1s most promising,

Resistance to herbicides is being incorporated in crop plants.
Elegent methods of DNA transfer are now available, A new era in
genetic engineering has been ushered. Genetic engineering can also
be used to correct in balance of amino acid profile in vegetables,



We have to go a long way to accomplish in this area.

3. 'Production of vegetables under abiotic stress
4, Drought

Out of 142 million hectares of gfosé cultivated area in our
country, more than 100 million hectares are dependent upon natural
rainfall, By 2000 AD, 47% of the crOpped area will be under rainfed.
Therefore it is necessary that contingenCy plans are to be prepared
for any eventerality which may be the fallure of rainfall, delayed
rainfall, irregular rains and normal rains.

Puture approach

1)  Crop productivity should be stabilised through appropriate.
breeding. The hybrids or varieties s0 produced should be
drought tolerant or droucht resistant.

11) Crops which are more resistant or tolerant then the crops under
rainfed cultivation sﬁould be identified. If the crops are nuc
available in our country, they may be obtained from abroad
and tried in our country. Short duration varieties capable
of escaping drought may be identified.

1ii) The productivity of the crops/varieties should be increased
through breeding, -genetic engineering or by developing appro-
priate package of practices. Since the farmers in the rainfed
areas are poor, the technologies that recommended should be
low cost technologies.

iv) Planning of the inter and sequencial cropping systems is very
necessary for bringing stability and economic benefits to the
farmer. If one crop fails, the other crop should give income
to.the farmer. Already developed cropping systems in the
vegetable crops should be fully exploited,

B. Salt tolerance of vegetable crops

It is estimated that the;e ére about 7 million hectares of
saline, alkaline areas in the country. It is also estimated that



every year Indisa is losing about one lakh hectares to these condi-
tions due to improper drainage or other factors. However, the
extent of salinity is varying from state to state and the incidence
is highest in Punjab (16%), Delhi (15.3%), Haryana (13.9%), West
Bengal {15,50%), Gujarat (11,04%) and Uttar Pradesh (6.30%). There
are certain vegetable crops which can survive under these difficult
conditions. 1In many of the rainfed areas, salinity, alkalinity

is a probiem.

The development of vegetable crops and varieties suitable for
growing in saline soil is one of the major tasks in increasing the
productivity. The salt-tolerance of a variety can be judged by
i) 1its resistance to high salinity levels, 1i) its productive capa-
city at a given level of salinity as compared to that in non-
saline soils,

At Tamil Nadu Agricultural University, Coimbatore, the avalla=-
ble germplasm of all the vegetable crops at the Department of
Olericulture was screened fro salt tolerance. The study has reve-
aled that species and varieties have exhibited varied levels of
tolerance, to salt. Among them, cucurbitaceous vegetables especi-
ally bottle gourd was found to be mosf tolerant upto 1,50 M and the
order of tolerance decreased &s indicated belows: redish: variety
scarlet Jaunpur, Newar (1.25 M), French beans UL.,1 (1.25 M), Co.l
Amaranthus (1.25 M), tomato PKM (1.00 M), Onion Ac. 463 and 450
(1.00 M), cabbage BoC 25 (1,00 M), 63 and CS (0.75 M), and sweet
potato 183, 1881, 18,71 (0.75 M) and Corlander Pusa = 360 (0.75 M).

Based on 20 years of work at the Department of vegetable crops,
Hariyana, Agricultural University, Hissar, to different vegetables
can be classified in three groups, on the basis of their salt
tolerance to salinity.

Salinity tolerance of a crop not only varies among crops/
varieties but depends upon environment and cultural practices also.
Therefore to have more realistic assessment of salinity tolerance of
a given crop, the value of soil salinity at which initial yield
decline begins and percentage yleld decline with per unit increase
in salinity is given in table below for different vegetable crops.



Table 1,1 Relative salinity tolerance of different vegetables
(based on 50X reduction in yield over non-saline

control,
T Salinity tolerance (Kca)
Upto 4
4-6 6-8
Green peas Sweet potato, tomato Fennal, Palak, g
meths, beens and garlic, brinjal, Spinach,’ X
radish carrot, cauliflower, turnip, radish X
chilli, muskmelon Carrot, Onion X
onion, okrs, potatoes, buffaloe gonrd,x
lettuce, bell pepper cabbage X
-artichokeg -

Table 2. Soil salinity (Eca) at which initial yield declirie begins
and percent yield decline with per unit increased in

saliniﬁy

Soil salinity at % yield decline with

Crop* which ‘initial yleld per unit increase in
decline begins . salinity

Bean, 1.0 19.0

Broad bean 1.6 9.6

Broccoli 2.8 9,2

Cabbage l.8 6.2

Carrot 1.0 14.0

Cucumber 2.5 13.0

Onion 1,2 16.0

Pepper 1.5 14.0

Radish 1.2 13.0

Potato 1.7 12.0

Spinach 2.0 7«6

Sweet potato 1.5 11.0

Tomato 2.5 9,90

Tﬁrnip 0.9 9,0




Since large area of the cultivable land has become saline/
sodic, efforts should be taken to select the relatively tolerant
vegetable crops and varieties and further tolerance should be
built up in then through plysiological and breeding methods.
Various agronomical techniques will be of great help to avoid
hazardons salt effects,

4, Biofertilizers

Micro organisms convert about 130 million toﬁnes of nitrogen
every vear nito fertilizer nitrogen. It is possible to meet a
large part of the total nitrbgen demand through proper husbandry
of microorganisms in crop production systems., Biofertilizers are
used to supplement the nutrient requirements of crops. Some of
the micro-organisms Rhizobia (Symbiotic bacteria) and Azozpirillum
and Acetobacter, (non symbiotic bacteria) are found useful in crop
production., These biofertilizers save about 20-25% of Nitrogenous
chemical fertilizers. The usefulness of these bicfertilizers have
not been exploited in vegétable crop husbandry. Adequate quality
of biofertilizers need to be supplied to the farmers in time. The-
major constraint involves the relation between research institutions
arid industry. A transfer of technology between the research insti-
tution and industry is essential. The innovations or recommendations
have to be disseminated through the extension workers to the farmers
effectively, Thérefore, a strong extension and training programmes
in ihis field is very essential.

5. Seed production

Vegetable production can be improved if the veéetable growers
are able to get good quality seeds of improved varieties at adeguste
quantity. A serious constraint faced by the vegetable growers is
the non ‘availability of good quality vegetable seeds of improved
varieties in adequate guantities at the time of sowing. It is
always advisable to produced good quality and reliable seeds by
themselves, rather, than depending on the seedsmen who supply spurions
seeds which ultimately burn their fingers of the vegetable growers,
In this content, training and testing of vegetable seeds should be
imparted to the growers. It is also suggested that a Co-operative



society may be formed in the village where vegetables are pre~
‘eminently grown, for-~yegetable seed production and distribution,
This may be cheaper than the cost . of ‘the seeds obtaining from the
seedsmen.

During 1988, the Government of India.has liberalised. the
import of vegetables seeds as per the new seed policy. . It has
slushe? the import duty on seeds to 15%. The limited number of F1
hybrids in vegetable crops and the extremely limited.availability
of -seeds have influered the Government in allowing the import of
hybrid seeds of vegetable €rops-under the new: seéd import policy.
While the seed industry has hailed’ tliis ‘néw policy, farm scientists
and bfeeders in -thevarious Agricultural Research Institutes and
Universities have opposéd.to the new seed policy, because while
importiﬁg seeds; it is likely, the new pests and diseases may' creep
in along with the seeds.

Some private seed agencies organisge commercisl hybrid seed
production by contracting:with-the farmers .in a group of adjacent
villages. The farmers grow these .vegetables .for production of
'sged8=under close survillence and ‘guidance and the seedsmen gupply
the. seeds of the parents-and inputs and.-train..the farmers in-the
techniques of hybrid:seed production. This kind of management of
hybrid seed production on a:commercial scale should be taken up by
the public sector with suitable modifications and> Government support.
In fact. this gap in commercial hybrid seed production of vegetable
varieties has dlverteé the farmers: to pri%éte seedsmen_ who charge
exhorbitant prices for the hybrid seeds produced, marketed or
labelled by them.

6. - Pests and disease -management

Integrated pests and disease management is very- essential :for
végetable production and the information on vegetable culture is
scanty. The wide spread use of pesticides leaves residues for a
considerible time, causing toxic symptoms to vegetation, fishes and
birds, besides contaminating soil water, environment etc. Residual
toxicity is a serious problem: particularly ‘for the export Oriented
produce. ‘Another serious préblem is the development of resistance



to chemicals, Using integrated measures including biological
control will alleviate the above problems and studies on this
aspect need to be intensified for various vegetable crops. One
of the baslic components of integrated pest management is to
develop varieties resistant to major pests and diseases.

7. Expansion of area under vegetables

Vegetable cultivation is normally confined to inferlor villages
and in the suburbs of towns and cities. Besides vegetables are
drawn from far off places. This i1s not sufficient to meet the
demands of the people. We have to encourage the people to grow
vegetables in the back yards of their humas to meet their daily
requirements. However, conseguent in population explosion, every
inch of land in urban areas is utilised for construction, of houses
and skyacreppers. In such cities, it is difficult to grow vege-
tables. To overcome such problems, vegetables, ¢an be grown at
terraces to meet the requirements of household members. River beds,
tank beds, area near lakes have to be utilised for raising vegeta-~
ble crops. Rice fellows can also be utilised for raiding short
duration vegetables crops with the available soil moisture.

The vegetable cultivation has to be extended to the interior
places in pace with the development of roads or other means of
communication. This makes its necessary, to draw the priorities for
extending the area. Town and cities should get the first prefe-
rence, next in the order could be hills, then beds of tanks, lakes,
rivers and canals and lastly the interior villages.

The extension activities pertaining to vegetable cultivation
are lacking and have no distinct locus standi. In this context,
it is suggested that the vegetable estates (vegetable belts) should
be established properly with the existing areas and advice rendered
to the growers in vegetable culture with profit motive.

It should be the responsibility of the Stage Governments to
organise the growers into suitable co-operatives so that they can
derive the benefits of the collective measures. It should also be
the reSponsibility'of the Governments to see that proper facilities
‘for various kinds of operations are placed at the disposal of the



growérs in the form of custom service. The custom service can
be organised either through co~-operatives or through Governmental

organisations.

The grohers'are also required to Le encouraged to grow vege~
table from the export point of view. Excellent market opportunities
are available in Europe, West Asia and South East Asia and middle
Fast countries. The major constraint for increasing the export
is the non-availability of quality produce suitable for export as
most of the varieties grown in our country are not suitable for this
purpose. Besides this, economic constraints like high cost of pro-
duction, high air-freight charges. packing cost, etc. also act as
detergents for increasing exports. Steps should be taken for
removing these constraints by adopting proper measures.

There are large number of indigenous vegetables particularly
leafy. on which no systematic studies regarding their nutritional
.value and agro-techniques have been done. Leafy vegetables belonging
to different species of Amaranthus, Portulace, Trigonella,_Alter-
.nanthera, Basella, Colosia and various other species should be :
collected and evaluated. for their nutritional and other desirable
characters,




Tropical Vegetables ~ their nutrient contribution and conservation
of nutrients

Dr. Usha Chandrasekhar*

The importance of fruits and vegetables in our daily diet
is well known. Vegetebles are rich and comparatively cheaper
sources of vitamins and minerals. Their consumption in suffi-
clent guantities provide taste, palatabllity and increases
appetite and provides fair amount of fibre. These are currently
reckoned &s important adjunct for maintanence of good health and
beneficial in protecting against some degenerative diseases.
They also play & key role in neutrelising the acids produced
during digestion of proteinous and fatty foods and also provide
valuable roughage which promotes digestion and helps in preventing
constipation, Growing of fruits and vegetables offer greater
employment opportunities and because of intensive cropping are
much more remunerative than the cereal crops. Data given in
Table 1 indicates the production, productivity of the fruits, vege-
tables and tuber crops.

Table 1. Horticultural crops projections upto 2000 A.D.

Area Produc- FProduc-

1986-87 t/hs (in m. tonnes)
m.ha m.ha
Fruits 2.94 26.50 9.02 32~36 40450
Vegetables 4,32 44,96 10.26 60-65 80-90
Potato 0.99 14,14 15.89 17 20
Cassava 0.16 1.35 B.44 1.75 2,15
Sweet Potato 0.27 5.21 1¢.30 6.5 8.0

Even though the production and productivity has markedly
increased in the recent past, the per capita availability of
these i1s much below the minimum nutritional requirements. A
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minimum per capita cons{mption of 280 g. of vegetables including
tubers in essential. However present level of production could
supply only 130 g. per capita per day and thus annual require-

ment works ocut to be 83 million tonnes.

Cucurbit vegetables contain all the nutrients in fzir amounts

and among these vegetables, kakrol contains the highest amount

of protein and carbohydrate. Pumpkin contains carotenoid, bitter
gourd is rich in vitamin 'C® Sponge gourd and kakrol contain
higher amounts of carotenoids. Bittergourd contains high amount
of iron also and all the cucurbit vegetables are fair sources of
Thiamine and riboflavin. Biochemically the cucurbits are cheracte-
rised by bitter principles called cucurbitacins., Taploca contri-
butes for energy from its starch ané is also rich in vitamin 'C'.
Legumes such as cowpea, cluster beans and dolichos beans are rich
in protein, carbohydrate =3nd slso contain appreciable amounts of
calcium and phosphorus. Cluster beans contain higher amounts
carotene a vitamin A precursor. Onion provides fair amounts of
energy, calcium, phosphorus and provides higher thiamine. Yams
provide higher energy, fair amounts of calcium, Phosphorus and
greater amounts of thiamine, riboflavin and is also rich in caro-
tenoids. Sweet potato also provides good amount of energy,

calcium, phosphorus and vitamin C.

Though vegetables are good sources of protective nutrients,
its conservation to maximise the benefit is a matter of great

importance.

How to realize maximum nutrient contribution from vegetables?

The major measures to realize maximum nutritive value from
vegetables are to cook the vegetables without nutrient losses.
Following are a few hints to ascertain maximum nutrient preser-

vation.

1. Buy fresh vegetables and use them while they are fresh to
retain maximum nutritive value.

2. Wash them before cutting to avoid water soluble vitamin less.

3. Whenever possible, cook with skin so that the nutrients nearer

to skin portion is not lost and soaks in. If need be, remove



1o,

skin after cooking. Skins are good sources of fibre as well.

Cut the vegetables only just prior to cooking to prevent
oxidation of nutrients. In crder to prevent vitamin losses
cut the vegetables into large pieces and avoid larger surface

area o0of exposure.

Cook the vegetables in sufficient amount of water. Pressure
cook the vegetables whenever possible and do not discard
excess water, if any, after cooking. Use the excess water
in other preparations.

Do not over cook vegetables as it will result in loss of
flavour, colour and texture and prolonged cooking can also
destroy nutrients.

Avoid reheating of vegetakles. As far as possible serve the
cooked vegetable hot le., socon after cooking to realize the

maximum benefit.

Aveoid high temperature cocking like frying tc get better
benefits.

If vegetables are processed for future use, adopt appropriate

technology to minimize nutrient loss.

Avoid post harvest losses in vegetable production.

Thus there are several measures to conserve the protective

nutrients from vegetables and the researches conducted have shown

beneficial impact of such measures and methods of cooking. Much
more work in this area is needed to improve its post harvest
technology so that wastage could be avoided and much of the vege=
tables produced can be used by the common man.- More research in
the area of vegetakle preservation and maximization of nutrient

conservation is recommended.




Economics of Vegetakle production and marketing

V. Radhakrishnan#*

Vegetables play a very important role in human nutrition,
supplving the much needed vitamins, minerals, roughages etc. 1In
poor countries, importance of vegetables is not adequately appre-
ciated on account of inadequacy of information on héalth education
on the one hand and inability to meet requirements of items of
staple food, on the other. At lower levels, income elasticity of
demand for staple food tends to be quite high and whatever increase
in incomes that take place, gets substantially absorbed by increase
in demand for staple food. At hicher and higher levels of family
incowmes, the proportion of income spent on items of stavle £ood
tends to decline and the proportion spen— on other items of food
tends to increase, Thus, a: higher levels of income, vegetables and
otner horticultural products find increasing importance in the coun-

try's economv.

Jegetable cultivation is yet to attain an important place in
Indian aAgriculture. -~ f the totsl cropped ar=a of zpout 173 million
hectares, vegetables occupy only abcut 3 million hectares (1.73%).
in as many &s ten States, sercentage of area under vegetables to
total cropped area is much lower. Though agro-climatic factors plavy
3n important role in this, the relative unimportance of wvegetable

sultivation iz z2lzo0 due to other reasons such d4s preoccupation with
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the production of staple fooé crops, lack of awareness about the
role of vegetables, non-availabkility of good guality vegetable

seeds, inadeguacy of techniceél know-how etcC.

Costs, Returns and measures of performance

211 producticr decisions are basically ecconomic decisions. Hence
the farmer ought to devote his resources of land, lzbour and capital
ip such a wav as to maximize net returns., Net returns are the ciffe-
rences between totel revenue and total cost (TR=-TC) aﬁd maximization
of net returns means maximizing this difference. Costs and returns
could be computed for the farm business &s & whole or for different
enterprises.,- Among the resources availéble to the farmer, some such
as land cannot be augmented in the short run, while others such as
manure, fertilizers, casual labour etc. can be. In other words, some
resources are fixed in supply while others are variable. On this
basis, costs are grouped into two, viz. fixed costs and variable
costs. Thus, in the short run, level of production can be increased
or decreased only by changing level of variable resources or inputs:
for example by varying level of use of fertilizers, plant protection
chemicals, casual labour etc. Costs involved in the use of variable
factors or factor services are called variable costs. Costs associ-
ated with use of fixed factors or factor services are called fixed
costs. Fixed costs are so called because they do not vary with level
of output, Variable costs are those which vary with level of output.
Fixed costs have to be incurred even if préduction is temporarily
suspended. Examples of items of fixed costs are rent on land, land
revenue, depreciation on machinery and implements, wages of permanent

labour etc. Fixed costs are also kiown as overhead costs. Total cost



consists of fixed and variable costs, Since average cost is cost
per unit of output, which is the sum of average fixed and average
variable costs, average fixed cost per unit of output and hence
average total cost per unit of output will be lower at larger level
of output (within certain limit) than at lower level of output.
There is no distinction between fixed and variable ccsts in the long
run because in the long run, use of each and every resource 1ls vari-
able. 1In other words, there are no fixed costs in the long run. As
noted above, net returns are returns over total costs., In order for
any enterprise to be economic, there must be reasonable net returns.
However, in those short run situations when positive net returns
cannot be made or in other words, losses are inevitable, it is worth-
while to continue production so long as total returns are higher
than totsl variable costs. Thus, return over variable costs is
another measure of performance., By continuing production rather
than closing down completely, losses which are unavoidable, can be
minimized. Thus,'the endeavour should be to maximize profits, but
when losses are inevitable the endeavour should be to minimize

losses,

Yet another measures of performance is break-even analysis

where the level of break even output (BEO) is estimated as,

BED = Total fixed cost per farm
Price per _ Varliable coet
quintal per guintal

At break-even output total cost is just equal to total returns.

Cost of cultivation can be computed inputwise or operation wise
or both. 1In the former case, cost of use of each and every input is

computed and totalled and in the latter case, cost of each and every



operation beginning with land preparation or nursery preparation

is identified and totalled.

The following cost concepts are used in inputwise tabulation

of costs,

viz.

Cost Al: This mainly represents paid out costs and includes cost
of following:
i. Hired human labour
ii, Hired bullock labour
iii. Owned bullock labour
iv. Hired machinery charges
v. Own machine labour
vi. Seed (farm produced as well as purchased)
vii. Plant protection chemicals
viii. Manures (farm produced and purchased)
ix. Fertilizers
x. Depreceation on implements and farm builldings
xi. Irrigation charges
xii. Lané revenue, cess and other taxes
xiil. Interest on working capital
xiv. Miscellaneous expenses
Cost A2: Cost Al + rent paid for leased in land
Cost B : Cost A2 + imputed rental value of owned land + imputed
interest on omned fixed capital (excluding land)
Cost C : Cost B + iﬁputed value of family labour.

Cost C is the totsl cost noted earlier.

As can be seen. some of the items of cost are not actuallyv



incurred such as cost of farm produced seed, cost of farm produ-
ced manures, cost of family lsbour etc. It might appear that
these costs need not be accounted for. It is not correct to ignore
such costs. Thét would result in under-estimation of cost. More
over scme 0f these, if not used on the farm can be sold to others,
Over ané abeve these, there would also be the problem of non-comp-
arability of costs of different farmers, if these costs are ignored.
Thus, some farmers mavy use only family labour while others may use
only hireé labour and if cost of family labour is not accounted for,
it will not be possible to compare their performance. Since resou-
rces used from within thé farm and farm family are not paid for,how
do we account for them? Farm produced material inputs can be eva-
-luated on the basis of prices prevailing for such items in thes

locality. This is known as imputation. A similar approach can elso

be adopted in case of family labour.

Another concept of cost is that of opportunity cost. Opportu-
nity cost of anything is the next best alternative that is forgone.
For example, by using & particular resource, say fertilizers in the
production of say, brinjal rather then in tﬁe production of say,
tomato, or bittergourd, the opportunity of producing a certain quan-
tity of tomato or bittergourd is lost. If the next best alternative
to brinjal is tomato, the opportunity cost of fertilizer in the cul-
tivation of brinjal is the number of additional units of tomatce which
could have beén produced had the fertilizer been used for tomato
rather than brinjal. The concept of opportunity cost helps the deci-

sion maker in maximizing returns from the use ¢of limited resources.



Empiricel findings on costs and returns of vegetable cultivation

There are not many studies on cost of cultivation and econo-~
mics of vegetables. Available informetion however, indicetece that
vegetable cultivation is a paying proposition. In & study in a
major vegetable growinc are& in Kerala, Selvin (1982) obtained the

following results,

Table 1., Costs ané Returns of vegetable cultivetion in
Malappuram district (R./hectare)

Pumpkin Ashoourd
Cost Al 3457 3076
A2 4440 40732
B 4985 4603
c 7898 7325
Qutput (k) 14228 17201
. Gross income R, o787 11362
BC ratio based on Cost Al 2.83 3.6%
-go- A2 2.21 2.7¢%
~do=~ B 1.87 2.47
-do- c 1.24 1.55
Farm business incomes 633¢ B286
Family labour income 4812 685¢
Net income 1Bgc 4037
Farm invest income 2444 4568
Return over wvariable cost 3566 5687

Value of output/labour day 45,57 56.81




+ can be seen that according to the study, ashgourd culti-

vation was more crofitable zand efficient than that of pumpkin.

Results of chree case studies in Palghat district in ¥erala during

Kharif 1990 are given in Table Z.

Table 2, Inputwise cost of cultivation of vegetarcles in
Palghat district ({(fs./ha)

Tomato Bhindi Cowpea
Hired human labour 2371.00 4915.00 3273.00
1 (26.67) {53.33) (35.64)
Hired bullock labour 408,00 408.00 543,00
(4.39) (4.43) (5.91)
Seed 62,00 74.00 74.00
(0.70). (0.80) (0.31)
Manures and Fertilizers $88.00 642.00 494 .00
f11.11) (6.97) {5.38)
Plant protection chemicals £18.00 173.00 926 .00
(6.95) {1.88) {10.08)
Irrigation 245.00 282.00 291.00
{included 1in labour) (2.76) {3.06) {(3.17)
Interest on working capital
Cost Al 4692.00 6494,00 5601.00
(52.77) (70.46) {(61.00)
Rent paid for leased in land - - -
Cost A2 4692,00 6494 ,00 5601.00
Imputed rental value of own land, 2594 ,00 2722.00 3581.00
and interest on fixed capital (22.17) (29.54) (39.00)
Cost B 7286 .00 9216.00 9182.00
(81.94)
Imputed value of family labour 1606 .00 .
Cost C 8892.00 9216.00 $182.00

Note : Figures in Parantheses are percentages to Cost C.



In all these cases, cultivation took place in own land. Family
labour was used only by the tomato farmer. ©One of the major items

of cost was that of human labour. Labour use per hectare was as

gliven below:

Labour days Tomato Bhindl Cowpea
Male 133 104 .30
Female 136 ° 189 195
Total 269 293 225
Total mandays* 235 246 176

*Female labour was converted into male labour on the basis of wage
rate which was ks, 20/~ and &. 15/- respectively per man and woman

respectively,
The different income and efficiency measures computed in resp-
ect of the three cases are given in Table 3.

Table 3. Income and efficiency measures ol vegetable
cultivation in Palohat district (per hectare)

Particulars - Tomato Bhindi Cowpea
Totzi production (Otls.) 741 618 1173
Tota: returns (ks,} 14,820 15,450,00 20,527.0C
Net returncs (Rs.) 5,928.0C 6,234.00 1,345.00
Farm business income (Rs.) 10,128.00 £,956.00 14,926.00
Family labour income iRs.) 7,534.00 ©,234.00 11,075.00
Farm investment income (Rs.) £,522.0C B,956.00 14,926.00
Production per man day (Dtl.) 3.15 2.51 6 .67

Value 0f output for one manday (Rs} 63.0C 63.00 117,00

Benefit cost (output/input)

ratio at cost C 1.67 2,4C .24

&)




It is found that agricultural labourers with meagure land of
their own, leasein riceland during summer season for the purpose of
vegetable cultivation in many areas in Xerala where regular leasing-
in and leasingout of land is illegal, Left to the owners themselves,
the land would have been left uncultivated. By leasingin land,
agricultural labourers who have hardly any land of their own and who
normally would not have farm work to do during that period, are zable
to get some income not only by way of net returns from vegetable
enterprises but also by way of imputed wages of family labour. 1In =2
village adoptad by the Kerala Agricultural University near Trivandrum
leasing in land for vegetable cultivation is a regular practice.
Costs of cultivation of two major vegetébleé‘grown in £hé village

during 1989-1990 summer are given in Table 4.

Takle 4. Cost of cultivation of vegetables in Palappur
Village of Trivandrum district (1989-90 (ks./ha.)

Particulars 3ittergourd Snakegourd
Seed 100.00 158.00
(0.26) (0.31)
Lime - 500.00
{1.02)
Manures 12060.00 12600.00
(30.80) (25.73)
Fertilizers 315.00 £35.,00

(0.80) (1.09)

Pandaling materials 3150.00 4525,00
(8.04) (9.24)
Plant protection chemicals %6 .00 74 .00
(0.25) (0.15)
Implement charges 193.00 163.00
{0.49) (0.33)
Interest on working capital 633.00 £89,00
{(1.62) (1.82)

(Contd.,



Table 4 contd...

Bittergourd Snakegourd

Particulars
Cost Al 16547.00 19436.0C
(42.25) (32.69)
Lané lease charces 1250.00 1256,00
(3.10) (2.55)
Cost A2 177¢7.,00 20686 .00
(45.45) (42.24)
Interest on fixed cepitsl 473.00 678,00
(1.21) {1.38)
Cost E 1227.00 21364.00
(46 .65) (43.62)
Cost of family labour 20890.00 2761C.0C
(53.34) (56 .38}
Cost € 39160.00C 48974 .00
Note : Figures in parantheses are percentages to Cost C.

More than one-helf of thes cost was accounted for by family
labour ang, in fact, the entire labour used was family labour. In
view ¢f the importance ¢f human labour, more details about 1its use

are given below:

No. of labour davs gsed

Bittergourc Snakegourd

Male labour days 340 422
Female labour days 178 270
Child lasbour days .. .xe7r 217
Totzsl labour days 702 905
Total mandays¥* 596 T7e

*Wage rate for male, female and child labour in the locality was
& L. 25,-,



dRs. 30/~ and Rs. 20/« ver day. These rates were used for
imputations and female and child labour were converted

into male labour on the basis of relative wage rates.

The most important use of labour was for irrigation accounting
for about 50% of total labour use for bittergourd and zbout 60% for

snakegourd. This was so kecause, these crops were irrigated through

pot watering.

Data on producticon and different measures of income are given

in Table

n

Table 5. Production and measures ¢f income in respect -f
vegetable cultivation in Palappur Village (per hegtare)

Particulars Bittergourd Snakegourd

Total production (excluding

spoilage cf about one percent) 17600 kg. 41300 kg.
Total returns (ks.) 60984 £1331
Net returns {Total re:urns=Cost C) 21920 12357
Farm business income (i.) | 444137 41895
ramily labour income (fs.) 42714 39967
Farm investment income (Rs.) 23547 14285
Benefit Cost (Cutput/input)

ratio at Cost € 1.56 1.25
B/C ratio at Cost Al 1.69 3.16
3/C ratio at Cost &2 3.43 2.97
3/C ratio at Cost 3 . 3.34 2.87
Output per man day (kg.) 29,53 53.08
Qutput per man dav (fs.) 102,32 78.83

Vegetable marketing

Marketing which includes activities such as timely harvest,



c)

d)

a)

b)

aj

Suying =nd assembling - &ssembling involves bringing together
sither Jdifferent gquantitiazs of a3 wide variety of items for
resale at a single establishment or a large gquantity of similar
items for sale. Successful buying regquires an ability to esti-
mate customers' needs in advance.

Selling ~ Besides making transfer of ownership, it also involves

ldentifying prospective -ustomers, stimulating demand, packaging

and providing information and service to buvers.,

Physical distribution

=

This involves moving the products from their times zand
nlaces of production to their times and places of consumption,
and consists of the following:

Storage - This is particularly important when seasonality in pro-
duction or consumption are involved. For some products, storage
improves quality and for certain manufactured items storage faci=-
litates economy in production.

Transportation = Markets are geographically seperated from produ-
tion areas ané transportaion makes products available at places,
buyers want them.,

Supporting activities - These support or contribute to the carry=-
ing out of other marketing activities. These include the follo-
wing:

Marketing financing - somebody must finance marketing activities
- Essentially, there are two main sources of credit viz. trade

credit and bank credit.



assembling, c¢leaning. grading, packaging, handling and transporta=-
tion etc. play @ very important role in determining the profitabi-
lity of vegetable farming. 1In fact, in the modern world, marketing
includes many other activities besides those mentioned above., It
is szid that marketing begins with the consumer and ends with the
consumer. Marketing is not just making, whatever is produced by
the producer, available to the consumer. Marketing and production
are interlocked, OCundiff et al (1974) define marketing "as the
managerial process by which products are matched with merkets and
through which transfers of ownership are effected". They classify
marketing activities into three general categories, containing hine

activities in allil, as indicated below:

1. Merchandising activities - These consist of activities necessary
to determine and meet market needs in terms ©of products and to

stimulate demand. These consist cof four separate activities,viz.

8) Procuct planning and develomment - which endeavour to ensure tnat
products possess characteristics which conform closely to buver
needs, wants and desires. Apert from produckt quali+ies, this

incluces prevaration of tne rroguct for the mzrket.

b} Stsndardization ané gradinc - A stendaré specifies the basic qua-
litzes/cheracteristics & product must have, to be designated by
certain graces. The gualities must be those desired by the buy-
ers. Standardization and grading are essentigl for efficient
marketing. Both make it possible for customers to purchase bv
desTription rather than by inspection. Grading helps in stream-
linin¢ the handling anc¢ storage and transportstion of farm pro-
duce, for it facilitates mixing ©f lots belonginc tc different

owners,



Price difference Letween the processed troduct and the raw product
should@ not be unduly higher than the processing and the related
costs. Cne of the common measures of marketing efficiency is the

extent of marketing margins. Marketing margins are the differences

between price paid by the consumer on the one hand, and the price
received by the producer for the preduce on the other or for an equi-
valent guantity of produce. ¥arketing margins vary, depending upon
the nature and extent of marketing services rendered and on the length
of the marketing channel. Harketing channel is the réute taken by

the commodity on its way “-om the producer to the consumer, Other
things remaining the same, lower margin is an indication of marketing

officiency. As suggested by acharva and Agarwal (1987) this can be

measured &s

Where ME = Index of marketing efficiency,
Vv = Value of goods sold (consumers price)

I = Total marketing margins

Marketing margins for agricultural commodities in general and
vegetables in particular, in India are generally high on account of
some of the inherent characteristics of the products orn the one hand .
ané on account of marketing environment on the other. These includes
bulkness of the product in relation to value, seasonality of product-
ion, small size of marketable surpluses, perishable nature of the pro-~
ducts, multiplicity of marketing charges, trade allowance, adultera-
tion and lack of grading, secrative nature of transaction, incorrect,

faulty weighment, superfluous middlemen, defective transport, lack

~I marXet infarmaticr,  lack 0f storage fzacilities =2tc.



b) Marketing risk bearing - risks arise from unexpected supply

ané demanc¢ changes =nd natural hazards.

c} Obteining anc analysing marketing information - Availability
of good guality market information 1is very-essential for effi-
cient marketing - informetion which may include sources of
supply, cources of demand, trends in them, prices etc. The
degree of importance of the various activities in actual merke-
ting sitvations are different for different products. They are

also different in different economics.

The different marketing activities create place, time, form
and possession utilities to the wroduct. By moving the produce from
the farm where it is produced to the consumer household where it is
consumed, marketing is said tc add place utility. Marketing adds
time utility by making commodities which are produced seasonally,
available througﬁbut the year, Often and more so in advanced economies,
the form or forms in which the consumer wants the produce is entirely
different from the form in which the farmer sells the product. By
making commodities available in those form in which the consumers
want them, marketing creates form utility. By facilitating changes
in ownership, marketinc alsc creates possession utilitv. Creastion
of these various utilities involves varying levels of costs. Pricing
efficiency would reguires thet price differences between the farmers'
selling price on the one hand and the consumers' buyving price on the
other, are not unduly higher than the costs involved in creating
these vtilities. Thus price difference fo:r a particular product bet-
ween two piaces, should not be unduly higher than transportation and
handling costs. Price difference between the harvesting seascn and

the pre-harvest season should not be unduly higher than storage cost.



There are different marketing channels for vegetables in India

as indicated below:

1, Producer-Consuﬁer

2. Producer-retailer-consumer

3. Producer-wholeszler-consumer

4, Producer-wholesaler-retailer-consumer

5. Producer-commission agent-wholesaler-consumer

6. Producer-commission agent-wholesalier-retailer-consumzar
The first three channels are relatively unimportant.

Often, sales of vegetables to wholesalers take place at .the farm
itself anc¢ harvesting, transportation and handling are done by the
buyer. Though the farmer is relieved of the problems connectecé with
marketing and in thst sense, it is 8 good system. Many a time, the
price received by the farmer may not be competitive. In his study on
vegetablile marketing, Selvin (1982) found that farmers were mostly
selling their prosuce at the farms tc pre-harvest contractors. Far-
mers received only 50 to 54% of the retail price of pumpkin and ash
gourd respectively. It was found that the netmargin (profit) of buy~

ers was guite high. Detsils of marketing margins as reported by him

are given below:

Table 6. Merketing margins for vegetables in Malappuram
district 198z. (k. per kg.)

Pumpkin Ashagourg
Price received by the farmer 0.64 0.63
(50.c0)* (53.85)
Price paid by consumer 1.2¢ ) 1.17
(1c0.00) (100.00)
Marketing margin 0.64 0.5¢
(50.00) (46.15)
Total marketing cost c.11 C.iz2
B {8.59) (¢.40)

(contg.)



(Table 6 contd.)

Pumpkin Ashgourd
¥Net margin of intermediaries 0.53 0.43
(41.41) {36.75)
Index of marketing efficiency
v _n 1.00 1.16

I

*Figures in parantheses are percentages to retail price.

Marketing costs incurred by the intermediaries ranged from 8.59
to 9.40% of the retail price and net margins of intermediaries ranged
from 37 to 41%. The net margin was quite high. The indices of mark-

eting efficiency were very low at 1.00 and 1.16.

A recent study conducted in Tamil Nadu Agricultural University

by Gopal (1988) gave the following results:

Table 7. Marketing Margins for Beetroot in Madurai district

(Rs,/kg.)

Price received by the farmer 0.80
(36.36) *

Price paid by consumer 2.20
(100.0p)

Marketing margin 1.40
(63.63)

Total marketing cost

(including commission) (36.81)

Net margins of intermediaries 0.59
{26.82)

Index of marketing efficiency 0.57

* Figures in parantheses are percentages to retail price

Here Index of Marketing Efficiency was as low as 0.57 and net

margins of intermediaries were also high.



Inefficiency of the marketing system results in lower returns
to the farmer or higher prices to the consumer or both. By increasing
marketing efficiency, it is possible to improve the economic well-

being of farmers and consumers.

Co-operative Marketing

When farmers join together on co-operative lines for purpose of

marketing their produce, it should be possible for them to mitigste

e few of the marketing problems they would be facing. The Royal
Commission on Agriculture (1928) stated that "group marketing must be
more efficient than marketing by individuals, especially in coné;tions
such as those which exist in Indiz where the individual producer is
such a small unit. The ideal to be aimed 8t is, therefore, co-opera-
tive sale societies which will educate the cultivator in the product-
ion and preparation for market of his produce and will provide suffi-
cient volume of produce to make efficient grading possible and will
bring the Indian producer into direct touch with the export ﬁarket

ané with the large consumers in India".

Some of the advantages of co-operative marketing are the

following:

1. Reduction in marketing costs through large volume;

2. Better prices through better bargaining akbility:;

3. Better credit facilities from co-operative credit institutions;
4., Supply of gquality goods to consurers;

5. Help in growing better crops through preovision of production

reguisites, etc.

Co-operative marketing in India has a history of over three

guarters ©of & century. The structures of markeging co-oOperatives in

India consists of the National Agricultural Co-operative Marketing



Federation (NAFED), the state co-operative Agricultural Marketing
Federations and secondary or primary marketing societies. A three
tier system exists in a few states, while a two tier system exists
in others, though the Committee on co-operative Marketing (1966)
recommended & two-tier structure, with apex society a2t the state
level and primary societies at mandi levels. Though the societies
are mostly general purpose institutions, there ars also scme which
are exclusively meant for specific commodities and the latter inc-
ludes vegetatles. Marketing societies are mostly functioning as
commission agents. Co-operative marketing has not made much head-
wav in the marketing of agricultural produce and this is more so :n
case of marketing vegetables., For example, in none of the studies
mentioned above, presence of marketing societies was reported. Many
factors are responsible for this. These include, absence of spont-
aneity in the setting up of co-operatives, target hunting, weak org-
anizational links, pcor management, absence of member-loyality, con-

centration of distribution activity, etc.
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Applications of racistlons and isotopes in horticultural crops

P -A- Wahid*

Nuclear technigques in agricultursl research have played a
significant role in increasing fooé production. These technigues
as employed in agricultural research are largely based on the use
of isotopes (both stable and radicisctopes) and radiations. There
are several research areas in which the use of radiztions and
racdioisotopes has attained prominance. Some of the most important
.areas of practical importance are mutstion breeding, plant nutri-
tion, fertiliser and weter management, insect pest control, pest-
icide residue problems, food preservation, etc. In every branch
of agricultural science, isotopes and radiations find a place as
indispersable research tcol. In fundamental research in plant
biochemistry, physiology, pathology, microbiology, etc., radiations
and radioisctopes have extensive applications. However, it is
not intended here to go into all these aspects. The discussion
will be confined to nuclear technigues which have immediate practi-
cegl applications 'in incressing productivity and production of crops
in general and horticultural crops in particular.

So0il fertility and fertiliser management

Isotope tracers provide an excellant tool for the measurement
of so0il nutrient availability, movement and fate of applied nutri-
ents and fertiliser use efficiency in creps. The basis of deter-
mining soil nutrient availabillity {A-value) ancé fertiliser use
efficiency is the isctope dilution that occurs in the soil-plant
system. When fertilisers are applied to soil, the crop plant has
twe scources of nutrients namely, the native soil source and the
applied fertiliser source. The plant derives a given nutrient from
the soil in direct probortions of its availability from these two
sources. By the use of labelled fertilisers, it is thus possible
to determine how much gquantity of nutrient the plant absorbs from
the applied fertiliser and how much quantity from the native soil

source. The guantity of & nutrient the plant derives from the

*Professor, Radiotracer Laboratory, College of Horticulture, KAU



fertiliser gives a measure of the utilisation of the applied
fertiliser while the guantity of the nutrient that is derived
from the soil gives a measure of the nutrient availability in
the soil.

Several fertilisers labelled with the radioisotopes of the
nutrient elements are available which can be usec¢ in studies of
this kiné for evaluating the efficiency of utilisation of applied
fertilisers. For exsmple 32P-labelled superphosphate, amophos,
etc. can be used for evaluating the use efficiency of these fer-
tilisers as a P source to the crop. 3Ss-labelled_ammonium
sulphate can be used to study the use efficiency of the fertiliser
as a sulphur source. Labelled fertilisers are also available for
micronutrients. For the major nutrients KR and K, suitable radio-
isotopes that can be used in experiments dc not exist. The radio-
isotopes of these elements are too short-lived to be of use in
fertiliser experiments with crop plants. For N, the stable isotope
(15N)—labe11ed fertilisers are, therefore, usec¢ in soil fertility

and fertiliser use efficiency evaluation.
Root actiwvity

Radicisotopes are used to trace the rcot activity pattern of
crop plants. Information regarding root activity pattern of crop
plants would help plan spacing the crops in mixed cropping systems
with minimal interspecific completition for below-ground resources,
Economic and scientifically sound method of fertiliser application
in crop gardens can be evolved based on the infermation on the
most active root zone of the crops. This is achieved by restrict-
ing fertiliser epplication to the scil zone or area of maximum

root activity.

The results of tracer studies with 32? conducted at the Radio-
tracer Laboratory, KaU, had shown th&t in black pepper, more than
5% of the root activity is confined te an aree of 30 cm arocund
the vine suggesting that application of the fertilisers in this
arez would rerder the most effective absorption cof the applied
nutriernts. Czashew tree was found tc be a surface feeder with over
50% of the root activity in the top 15 cm =cil layer. Root activity
within 2 m radius around the tree eccounted for nearly 85% of the



total activity. Thus for cashew, fertiliser -application within
a circle of radius 2 m around the tree appeafgfto be the most
suitable method of fertiliser appliceation. Cocoa is &lso a
suface feeder with rcots traversing more than 150 cm distance
laterally: virtually leading to competition between adjacent
plants spaced at 3 m apart.

So0il water management

Water monagement is' of prime importance in crop gardens. With
the advent of nuclear technique using neutron moisture probe, it
is now possible to monitor soil moisture regimes in the field.
This non=-distructive measurement of soil moisture is based on the
principle of thermelisation of fast neutrons by hydrogen atoms in
the water molecules. The thermslised neutrons are measured toO

czlculzte the moisture content of the soil,
Sterile-male technique {Sterile insect technigue)

The method is used in various areas to eradicate and/or control
insect pests of agricultural and veterinary importance. The method
is either used alone or in iﬁtegratéd pecst management programmes.

In this approach, males of the pest insect are reareé in the labo-
ratory, rendered them sexuzlly sterile by irradiztion and released

in overwhelming numbers, into the problem area. Mating of the sterile
males with normal femalees, leads to the suppression of the popula-
tion growth. The first insect to be totally eradicated in this way
was the screw worm, 8 destructive £ly pest of livestock in the

USA. Other instances where sterile-=male technigue is being tried

are for the control of pink boll worm of cotten, mediterranean

fruit fly, olive fruit fly, etc.

The method has, however, limitations. It is not applicsable
for most pests. Nevertheless, it has features that could contri-
bute to a better sclution for a wide range of pest problems in an

effective, economical and ecologicelly sound manner.
Mutation breeding

One of the most important contributions of radiations has

been in creating new variebility in cultivated plants by inducing



gene mQtations and chromosomal aberrations. In mutation breeding
programpes, the variability on which the selection is applied is
generated by treating the seeds with radiations or chemical muta-
gens in contrast tc the hybridisation where the variability is
created by hybridising two different types. Gamma, X-, neutron

and beta rays are used as the irradistion source. Mutation breed-
ing by irradiation has been successfully done in severzl crops
including ornamentals for evolving varieties with desirable charac-

teristics.
Focd preservation

One ¢f the beneficial applications of atomic energy is in
preserving food stuffs for prolonged periods. The process czlled
'food irradiation' has unicue advantages over conventional methods
of food preservation such as canning, dehydration and salting, etc.
Irradiation of food does not lead to loss of flavour, texture,

odcur and other desirable quzalities 0f foods.

The application of low doses of radiation ( 15 krad) arrests
sprouting of onions and potatoes. This dose of radistion can also
destro} tuber moth, a devastating pest of potato. Low doses of
radiation of less than 50 krad are effective in delaying the natural
process of ripening in fruits. Thus shelf life of mangoes can be
extended by about a week and that of bananas up to twe weeks.
Further, gamma irradiation can eliminate the seed weevil seen in

the stone of the mango.

Chemical disinfestation methods such as fumigation, regquire
repeated treatments as they do not destroy the insect eggs. These
chemicals also leave harmful residues in the treated materials.
Low dose irradiation completely sterilises or kills the common

grain pests including their eqgs.

India is a major spice producing and exporting country. Spice
export trade is always faced with stringent quality requirements
relating to insect infestation and microbial contamination. Fumigca-
tion of spices with chemiczls like methyl bromide, ethylene oxide
and propylene oxiée, leaves undesirable residues in the produce.
.Single treatment of spices with gamma radiation ( 1lMrad) can make
them free of insect infestation and microbial contamination withcut



loss of flavour, Several countries have given legal approval

for food irradiation accepting the method as safe upto an average
dose of 1 Mrad. This dose has been recommended by the FAQ/
IAEA/WHO Joint Expert Committee as safe from the health and
toxlcological points of‘view. About 30 countries have gilven
clearance to over 40 items of irradiasted foods,




Genetic Resources in tropical vegetables - activities of NBPGR

V.K. Muralidharan*

In 1976 the National Bureau of Plant Genetic Resources
was established at IARI Campus, New Delhi., Soon Regional

Stations were established in Shimla, Shillong, Jodhpur, Akola-
Amaravati, Bhowall, Trichur and base centres at Cuttack, Hyder-
abad and Ranchi. Quanrantine stations were established at

Hyderabad and Delhi.

The Reglonal Station, Trichur is in the KAU Campus at
Vellanikkara. The station is meant for carrying out exploration
and collection in Kerala, Tamil Nadu and S. Karnataka and for
maintenance, evaluation and documentation of these resources at
the Regional Station, Trichur. It is also a plant introduction
station for the humid tropics of India. A genetic resources
programme on selected medicinal and aromatic plants is also

carried out at the station.

The constant and sustained disturbances to the habitat is
leading to erosion of genetic resources of crop plants and their
wild relatives. Adoption of new high yielding verieties rele-
gates the old landraces to extinction. If not saved now, these
may be lost for ever. The objective 1s to locate and collect
these resources and maintain these by regeneration every year
(vegetatively propagated material) or conserve seeds produced in

Gene banks (short/long term) so as to make these available to

*Principal Scientist, Regional Staticn, National
Bureau of Plant Genetic Resources, Vellanikkara.



users when needed. Descriptor data are collected and catalogues
are prepared so that breeders engaged in varietal improvement
programmes are able to use these materials. By consensus among
experts a set of descriptors are formulated for each of the
crops. The IBPGR has published such descriptor lists for all
major crops. Conservation i1s also done by tissue culture tech-
nigque and by storage under liquid nitrogen at the Headquarters

of NBFGR.

The NBPGR has been vested with global responsibility of
conserving genetic resources of Okra, Brinjal and responsibility

for Asian collection of chillies.

Exploration and collection in Kerala, Tamilnadu and

S. Karnataka.

From 1978 to 1983 multicrop exploration and collection pro=-
grammes were carried out in all the districts of Kerala, southern
districts of Tamilnadu and eleven districts of Karnataka. Besldes,
forests of silent valley, XKarappara, Nelliampathy, Dhoni, Param-
bikulam, Vellani, Idukki, Pathanamthitta, Kulathupuzha, Thenmala
and wWynad (Kerala), forests of Coorg, Mysore, Chickmangalur,
Mangalore, Karwar and Shimoga (Karnataka) and Courtallam, Tirunel-
veli, Nilgiris, Palani, Kolli, Kalrayan (Tamilnadu) were explored

in parts for collection of wild relatives of crop plants.

In 14 exploration trips 4603 collections in 25 major vegeta-
ble crops and a few each in 6 minor crops were made. Table 1.
A duplicate set was sent to H.O, for distribution tc other
Regional Stations or for maintenance and evaluation there. From

1984 crop specific collections trips were undertaken. Specific

explorations for any of the vegetables crops was not undertaken



during 1984-1987 but vegetable crops were collected wherever
available during multicrop or other crop specific explorations.
Thus 1138 collections were made in the same crops from Trichur,
Palghat, Parambikulam, Wynad and Idukki, Pathanamthitta and
Southern districts of Kerala, Nilgiris, Coimbatore and northern
districts of Tamilnadu and Coorg, S. Cannara and southern dist-

ricts of Karnateka.

In 1989 crop specific explorations were carried out for

cultivated and wild Abelmoschus and Solanum under & collaborative
ﬁrogramme with IBPGR. A collaborative exploration for chillies
with ITHR, Bangalore, were also undertaken. 526 collections

were made in 14 crop species of vwhich major collections were in
Okra (138}, Chillies (49), Brinjal (171}, Bittergourd (23) and
Cowpea (89). 1Im 1990 crop specific explorations were continued
for the three species and a total of 270 collections were made

in 12 crop species of which major collections were in Okra (90),
Chillies (74) and Brinjal (87). The areas covered entire states
of Kerala, Tamilnadu parts of Karnataka and parts of Andhra
Pradesh. The collections extended to the forests also and several
wild relatives and speciles of the same_genera were collected in

the genus Solanum and Abelmoschus (Table 2).

In making the collection Gene Pool sampling was adopted
wherever possible, otherwise, single plants (special characters)
or a small quantity of seeds which the farmer is able to spare
were collected. In wild species populations were small and

whatever possible was collected.



Maintenance, evaluation and documentation

Characterisation and evaluation for yield resistance to
pests, diseases, drought, salinity and other stress factors make
collections immediately useful to plant breeders for varietal

Improvement.,

The station has been identified as a main centre for tuber,
spice and condiment crops and for some fruits. Collections made
in all vegetable crops are sent to Headgquarters from where these
are distributed to Regional Stations which are main centres for

these crops, or maintained and evaluated at Headquarters itself,

The Regional Station, Trichur as a duplicate centre, grows
collections of Cowpea, Winged bean, Bittergourd, Brinjal, Chillies
and Okra. In the past vegetables like Pumpkin, Ashgourd, Bottle
gourd, Snakegourd were tried but as cropping is possible only in
the main monséon season these were found to be adversely affected
by heavy rains. Further these require larger area which is a

limitation to this station.

The crops are grown in rows (1-5) usually 3m x 50 cm/25 cm
spacing. (Cowpea, Chillies, Winged bean), 1k x 1% m spaced beds
for bittergourd and 1 m x .50 m for Okra., Cultural practices
adopted are from Package of Practices (KAU). Controls are repe~
ated after every 20-30 accessions. Better collections are grow

in replicated trials also. Cowpea {Vigna unguiculata): 469 co-

lle&tions are avallable at the station. Most of these have been
characterised and evaluated for yield and pest or diseases when
found. IC 42955 (1036 kg/ha pods) No. 49-82-18 (B00 kg/ha.

pods), No. 93-82-28 (830 kg/ha pods), No, B8-82-13 (1736 kg /ha

pods), IC 44738 (2073 kg/ha pods), No. 7-83-26 (1746 kg/ha pods),



IC 45431 (793 kxg/ha pods), IC 97736 (1535 kg/ha pods), IC 68806
(1580 kg/ha pods), IC 97736 (1200 kg/ha grain}), IC 45466 (1095
kg/ha grain) have been found promising in trials between
1980-1989. These have yielded higher than or on par with highest
control (Kanakamani, New Era, Pavizam and Kuruthola (local),
Resistance to Aschochyta blight which occured in 1986 was scored
with the help of Pathology division (KAU) 69 collections were

low to - very low in reaction to the disease. 45 promising vari-
eties are now in trisl. Several collections were supplied to

KAU and other agencies (See under Germplasm exchange).

Winged bean ({Psophocerpus tetragonolobus)

172 cecllections with several selections/sub collections are
available at the station. With the resurgence ¢of interest in
this highly nutritive crop, all India Co-ordinated trials were
undertaken at this station also. The entire ccllection was
characterised. GRWE 1l. vielding 9377 kg/ha of pods and ITHR 12
(9669 kg/ha of pod), were superior to others while IIHR 12
yielding 752 kg/ha seeds and IIHR 13 (730 kg/ha seeds)- were

better for seed production.

Okra (Abelmoschus esculentus):

Okra collections during 1978-1989 have been very variable
in performance. Co¢llar rot infection has been so0 severe that
more than 50% of the collections ere lost. At present the beds
are drenched with Bordeaux mixture before sowing. 111 collect-
lons which are <istinctly different are available at the station.
During 1990, o©ld collections (125) and new collections (150)

were grown and observed in detail on the basis of descriptor



list (BPGR) for Okra, It was found that several duplicates

were present. These were combined and only those which are
different are maintained separately. Morphotypic study was

also carried out. Tentatively over 40 morphotypes have been
identified, which will be confirmed during this year. Promising
collections were : with 8 or more number of fruits/plant: Nos.
10, 178, 422, 780, 813, 868; Fruits longer than 25 cm: Nos. 7177,
877, 874, 811, 825, BS6, B65, 871, 878. For the sake of brevity
other characters are not mentioned but can be given to intere-
sted persons. A catalogue on Okra germplasm was published in

1590,

Chillies (Capsicum annuum and C. frutescens)

281 collections with 81 sub collections are availakle at

the station. Chillies (Capsicum annuum.and C. frutescens) has

been & very difficult crop to grow. Germination is extremely
variable. In some years, many collectlons do not germinate in

spite of storage under identical conditions.

A catalogue was published in 1983 on collections available.

Evaluation for 44 characters was done in 1990.

IC 88498 and IC 88503 yielding more than 50gm of fresh
fruit per plant w&S superior to others, IC 88506, 88507, 88523
yielded above 40 grams/plant. No. 54-81-14, C. frutescens
collection was handed over to Department of Olericulture, KAU

for further development in 1986.

Bittergourd (Momordica charantia)

144 collections with 86 sub collections are available at

the station. The crop grows well in the monsoon season on well



drained soils. Yellowin': and decay are noticed under continu-
ous heavy rainfsll. The collections has been fully characterised.
Performance has been variable over the years. Later formed pods
mature in quick succession and it has been difficult to keep up
with harvesting in time. The plants are not allowed to grow in
full because of mixing up with other collections if allowed.
However upto 5000 kg/ha pods have been obtained in harvests
during August=-September., Promising lines are IC 45338, IC 85605,
IC 85638, IC 44415, IC 44434, IC 44436 and IC 68306. A wild form
collected from Malampuzha forests bears a large number of fruits,
though small and appears to be able to withstand excessive rains

better., A catalogue 1s under prepsration.

15 collections which had been found to be more tclerant
under field condition to fruit fly were sent to Professor, Ento-

mology, Vellayani for studies of under artificial infestation.

Brinjal (Solanum melongena)

During 1990-91 NBPGR/IBPGR carried out exploration and
collection in the Southern region. 156 collections are now
being maintained at the Station. These were cbserved for all
descriptor ststes as per IBPGR publication on Egg plant, 10
collections yielded between 15-21,7 T/ha fruits while 8M,.7
{kaU) yielded upto 10,9 T/ha only. 8 collections were found to
be resistant to bacterial wilt, phomopsis blight, shoot borer
and stem borer, Promising lines were VvV, 4811, V.89/0-95, yield~
ing over 20 T/ha: V B9/0-34, V,90/0-148 yielding over 20 fruits
per plent:; multiple resistance No. 89/0-80A, V.89/0-82, V.85/91
A:; v.90/153A, V.90/0-1607, Vv.90/0-165, Vv.89/0-155 and V,90/0-138.

A catalogue is under preparation.



Wild relatives

The station mainteins meny species under the genus Solanum

and Abelmoschus as given in table 2,

Germplasm exchange

1442 collections invegetable crops were distributed to
several agencies for plant improvement precgrammes (Table 31).
The Kerala Agricultural University, Vellanikkara and Vellayani

were supplied the maximum number of collections.

Germplesm conserwvation

The Headquarters and Regilonal Stations recognised as main
centres deposit the collection in the Gene Bank at NBPFGR, New
Delhi. Thus 3635 collections are stored as base collection in
the National Gene Bank &t Delhi. Working collections are at

Headguarters and with Regional Stations,

Conclusions

The Regional Station has indeperdently and in collaboration
carried out extensive exploration and collection programmes in
the southern region of the country and amassed a total of 6537
collections in 25 tropical vegetable crops from 1978-1990, 1In
recent years exploration programmes are chalked out after seeking
regquirements of Agricultural Universities and crop based ICAR
Institutes. International crop research Institutes also Operate

in collaboration with NBPGR.

The collected resources are being studied in detail for
morphological characters and their reactions to various stress

situations whenever it occurs. The data are aveilable to plant



breeders to choose donors either through catalogs or perioaic

reports at workshops or through annual reports.

The collected germplasm is conserved at the Gene Bank.
This effort 1s yet incomplete but considerable progress has

been made.

Thus tﬁe National Bureau of Plant Genetic Resources and
its regional stations play a very significant role in collection,
maintenance, evaluation, documentation and exchange 0f genetic

resources of vegetable crops.
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Table 1.

Vegetable germplasm collected 1978-1990

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Total
Legume
1, French bean Phaseolus 2 - - 80 24 33 7 1 55 9 - - 211
vulgaris
2. Pea Pisum sativum = - - 7 - 2 - - 7 - - 4 20,
3, Lablab bean Dolichos X . ~
a a 2 2 - ile 24 68 60 57 30 10 - - 369
4. Velvet bean Styzoloblum
deer Ingianum - - - g 2 - - - 1 1 - - 15
5. Cowpea Vigna ungui-
cu?ata 85 16 e 328 384 214 58 100 44 23 B9 5 1355
6. Sword bean Canavalia sp. - - - 57 8 17 - - 2 1 - - 85
7. Winged bean Psophocarpus
tetragonolobus - 2 - 53 3 - - 1 3 - - - 62
8. Lima bean Phaseolus
Tunatus - - 1 12 3 11 - - 4 - - - 31
9, Cldsterbean Cymopsis
tetragonolobae - - - 40 - 24 7 11 4 1 - 1 =]2)
%
Cucurbit vegetable
10, Cucumber Cucumis ‘
sativus - 2 - 38 127 24 8 7 3 3 13 1 226
11, Pumpkin Cucurbita pepo
& C.moschata - 3 - &7 92 57 16 25 22 2 7 = 291
12. Bittergourd Momordica
charantia - 4 2 67 130 65 13 33 16 7 23 2 363

{contd.)



1978 1979 1980 1981 1982

1983 1984 1985 1986 1987 1988 1989 1990 Total

13. Snake gourad
14. Smecothgourd
15. Ridgegourd

16. Ash géurd

17. Bottle gourd

Others
18. Brinjal

12, Chillies
20. Amaranth
21. Okra

22. Tomato

23. Drumstick

Trichosanthes
angula

Luffa
aegxgtica
Luffa
acutangula

Benincasa
cerifera

Legenerla
slcerarea

Solanum

meIongena

Cégsicum Sppe.
Amaranthes sp.

Abelmoschus
esculentus

Lycopersicum
esculentus

Moringo
olelfera

13

11

Kl

25

20

95
262
98

150

45

29

44

8

40

78

11

43
243
104

208

11

8

7

40

37

49

69
218
40

111

19

12

18
58

20

10

10

16

10

14
53

25

20

19
55

i9

171
49

138

87
74

90

89

31

164

159

i18

527
1072
261

768

86

93

{contd.)



1978 1979 1980 1581 1982 1983 1984 1985 1986 1987 1988 1989 1990 Total

24. Onion small Allium sp. - - - i9 - - - - - - - - - 19
25. Onion Allium cepa - - - 1 - 4 5 3 12 10 =~ - - 34

Total 127 66 21 1671 1589 1129 300 3%3 325 113 7 526 270 6537

Basella, Coccinia, Radish, Carrot, Chyote and wild Trichosanthes sp.
Abelmoschus sp., Momordica sp., Cucumis spp. were alsoc collected.




Table 2, Collection and maintenance of wild related
and other species of Solanum and Abelmoschus

Solanum 1989=90 Abelmoschus 1989=30
S. melongena var insanum - 20 A. angulosus -

S. incanum - A. setinervis - 15
5. macrocarpum - 1 A. moschatus var

5. torvum , - 15 moschatus - 3
S+ indicum - 3 A. moschatus var

S. robustum = 1 tuberosus - 1
S. gigenteum - 1 A. manihot var

S. verbascifolium - 5 tritraphyllus = 2
S. aculintissinum - 3 Abelmoschus Nat.

8. pubescens - 6 hybrid -

S. khasianum - 8 A. ficulneus - 3
5. ferox - 3

S. nigrum - 4

S, sisimbrifolium - 2

S. elaignifolium - 1

S. auriculatum - 2

S. trilobatum - 5

S. seaforthlianum - 3

5. species - 7

5. mamosum - 1

S. surattense - 4

"Other releted species of vegetable crops collected by the
station.

1. Momordica charantia (wild) foot hills of Malampuza

2. Trichosanthes perottetianza

3, Cucumis sp.

4. Momordice subhangulata




Table 3, Germplasm Exchange
1981 Okra 3 Deptt. of Olericulture,
¥aU, Vellanikkara.
Bittergourd 3 do
Snakegourd 2 do
Ridgegourd 3 do
Smeothgourd 2 do
Canavalia 2 do
Velvet bean 3 do
Winged bean 4 do
Bilttergourd 12 do
1982  Chillies 177  Agriculture College, Dhavana,
Karnataka
Cowpea 10 Deptt. of Olericulture, XAU,
Vellanikkara
Chillies 184 Agra University, Agra, U.P.
1983 Okra 15 Professor, Plant Breeding,
College of Agriculture,
Vellayanl, Trivandrum.
Bittergourd 14 do
Snakegourd do
Cucumrber do
Brinjal 8 do
Chillies 20 Deptt, of Clericulture, KAU,
Vellanikkara, Trichur.
1984 Cowpea 50 CARI, Andaman
Okra 5 do )
Chillies 25 do
Bitfergourd 50 do
Winged bean 19 Botany Deptt,,
University of Calicut
1985 Cowpea 76 National Pulse Researt¢h Institute,
Pudukottal, Tamilnadu.
Winged bean 12 University of Budwan, W. Bengal

«es (contd.)
0

.



1987

1988

1989

1990

Chillies

Chillies

Bittergourd

Sword bean
Chillies

Cowpea

Qkra
Bittergourd

Bittergourd
Bittergourd

Qkra

Okra
Cowpea

Chillies

Bittergourd

Abelmoschus wild

sp,

Total

60

i3

19

20
21

125
15
15

115
50

20

29
29

60
51

6

1417

College of Horticulture
KAU, Vellznikkara

do

Vivekandanda Parvatiya Krishi
Anusandhan Sala, Almora, U.P.

do

Deptt. of Olericulture, KAU,
Vellanikkara

Deptt. of Entomology,
KAU, Triwvandrum

do
de

Deptt. of Olericulture, KAU,
Vellanikkara

College of Agriculture, KAU,
Vellayani, Triwvandrum

do

CSRC (KAU), Kannara.

Deptt. of Entomology, KAU,
Vellanikkara

Punjabrao Krishi Viswavidyalaya,
Akola.

Agricultural Research Station,
KAU, Mannuthy.-

Deptt. of Qlericulture, KAU,
Vellanikkara.




Genetics and breeding of Okra (Abelmoschus esculentus (L.) moench)

Dr.0.P. Dutta¥*

Okra (Abelmoschus esculentus (L.) moench), belong to the
family Malvaceae is an iﬁportant vegetable crop value for its
immature tender and green fruits in India. It is commonly known
as lady's finger or okra in English, gombe in French, quiabeiro
in Portuguese, quimgombo in Spanish and bamiah in Arabic. In
India it 18 known by several names in different regional langua-
ges such as bhindi (Hindi), bhendi (Assameese and Marathi),
bhida or bhinda (Gujarati), bhende or bendekayi (Kannada), benda
or bendakay (Telugu), dhendas (Bengall), pendi (Punjabi),
gandhmula (Sanskrit), vendal or vendaikkay (Tamil), vendi (Oriya),
ramtaroi (Chhotanapur - Bihar), and venda (Malayalam). The
fruits are eaten malnly boiled in culinary preparations as sliced
and fried pleces, It is also slice dried in sun for its year
round consumption. Okra fruits are rich in celciuam (90 mg/100g
fresh welght) and provide a valuable supplemenfary {tems in
the tropical diet which is basically starchy in nature lacking
calcium and iron.

Origin and geographical distribution

The geographical distribution of the genus - Abelmoschus
mainly covers South amd Southeast Asia and Africa. Van Borssume-
waalkes (1966) considered southeast Asia (Burma, Indo-China,
Indonesia, Malaysia and Thailand) as the region of maximum
diversity of the genus - Abelmoschus. Charrier and Hamon (1982)
extended the region of maximum diversity to Indo-Pakistan
sub-continent as well as West Africa. After the domestication
of cultivated species of okra in Africa (de Candolle, 1883) the
cultivated forms probably migrated to the mediterranean area

*Principal Sclentist, Division of Vegetable Crops, Indian
Institute of Horticultural Research (ICAR), Bangalore.



and later to India. Its introductlon to tropical and sub-
tropical :America’ prdbably took place during the pre-Columbian
period (Thakur & Aréra, 1986). The origin of cultivated okra
may thus to polyphvletic as suggested by Joshi and Hordes (1976).

Germplasm resources

The InternatTOnad-Board'of PLanthenetiC'Resources (I®PGR)
‘has taken:theilead in«collecting and evaluating -germplasm of
okra-and..related wiid -speciés since 1980 and has designated
{NBPGR. .as .one .of. thelglobal :base centreSIfor ‘okra germpl asm
conservation,. - In order to bring together curators, researchers

and users. of ,okra. germplasm to work An. close coliaboration for
their mutal benefims, At was suggested tc establish ia global
okra, network,: during the'International Okra Genetic Reseqrch
Workshop organitsed by, TBRGR and, NBPGR.-at New Delhi during
October 1990. . It: was: further; sugge'sted to establish an
International Data: Base:for Qkra GIDBO)'at IBPGR Regional -
Office. for South_and Southeast Asis. .The LBPGR will operate
‘the IDBO until.its Sransfer:to the NBRGR 'i.e. two' year after
its- initiation,comprising all the data~received from the

- co=-operating - membericountries. The proposed active.coliection'
centres with resoonsibility to regenerate evaluate and distri-
‘bute okra germpiasm|are - India, Ivory Coast, Philippines,
‘Brazil, "ISA and Papua New Guinea.' A separate- network Cordi-
nating Body wou ld pjovide central Link between all members and
to stimulate the realization of the network., The coordinating
body wili consist of three members i e. the representative of
the Institute holding the base coliection (as Chairman), a.
representative from, Asia and one from Africa on tenurial
basis. The regionai officer of South and’ Southeast Asia will
act as ‘the Secretariat to the organising body. They will ensure
'the active association of IBPGR with the coordinating body. The
okra germplasm presently available at global basis has been

1isted" in TabLe 1.



Taxonomy and systematic status

The taxonomy of Abelmoschus 18 complex and presently

there is a need to complement the morphoiogical and ecological
observations with cytological information. Cultivated okra and
related wild species were originally grouped into the genes
Hibiscus, section Abelmoschus by Linnaeus (1737). Abelmoschus
was established by Medikus (1787) based uwpon the nature of dehiscent
capsule and re-established bty Schumann (1890) based on the
caducity of the calyx and further confirmed by Hochreutiner
(1924) based upon the adnation of the calyx to the petal base

and staminal column. It is distinguished from the genus
Hibiscus by the characteristics of the calyx which 18 spathulate,
with five short teeth, connate to the corolla and caducous

after flowering (Kundu & Biswas 1973, Terrell and Winters, 1974).

About 50 species have been described by the taxanomist
under the genus Abelmoschus. Hochreutiner (1924) however
distinguished 14 species with several varieties of Abelmoschus
manihot and A. moschatus. Van Borssum Waalkes (1966) further
revised the taxanomic status and classified only six species in
the gnus Abelmoschus with several species and varieties.
Further modifications in the systematic status of the genus
Abelmoschus done by the working group of International Okra
Genetic Resources Workshop held a New Delhi, 1990 are as
follows: '

Clasaification developed by Classification adopted by the
VAN BORSSUM WAALKES (1966) INTERNATIONAL OKRA WORKSHOP
(1990)

1. A. moschatus Medikus 1. A. moschatus Medikus
1.1 ssp. moschatus . 1.1 s8sp. moschatus

var. moschatus var, moschatus
1.2 ssp. moschatus 1.2 8sp. moschatus

var. betullfolius (Mast. var., betulifolius (Mast.)
1.3 ssp. blakensis (Hochr.) 1.3 ssp. biskensis (Hochr.)

rss. rss,

1.4 ssp. tuberosus (Span.)Borss.1.4 ssp. tuberosus (Span) Borss.



2. A. manlhot (L.) Medikus, 2., A. Manihot (L.,) Medikus.
2.1 ssp. manihot
2. s8sp. tetraphyllus (Roxb, 3. A, tetraphyllus (Roxb. ex
-Homem.) Borss, Hornem,] K. Graham
var. tetraphyllus 3.1 var. tetraphyllus
2,3 83p. tetraphyllus . 3.2 var. pungens (Roxb.) Hochr.,
: var. pungens (Roxb. Hochrr
3. %. esculentus (L.) Moench 4. A. esculentus (L.) Moench
- “* ({ncluding A. tuberculatus :
' Pal & Singh) 5,' ﬂi tubercuiatus Pal & Singh
4. A.:-ficulneus (L.) W & A ex "6, A. ficulneus (L.) W&A ex
—_ Wight I Wight -
5. Al crinitus Wall. 7. A. crinitus Wall.
6. A. angulosus Wall. ex W & A 8. ,g.‘aggulosu s Wall. ex W&A
9 “g.'caillet (A. Chév,) Steavels
Notes

In.the context of -above classification:

‘f *Guinean' type of okra
'“'Soudanien' type of okra

= A, callle}
= A. esculentus

»
* A.manihot var, caillei A, Chev.m A. calllei
* A. caillei was 1dentified wrongly earlier as
A manihot msp.,manihot (Flora.of, Tropical West .Africa,

Kew Botanlc Gardens)

Tpg“mqrpho}oticaLnand cytological eviaence support
presently distinction of: 9 species of. Abelmoschus as summarlsed

below:

1.

Abelmoschus moschatus Medikus {(n = 36)

A polymorphic species, both cultivated and wild forms are
avalldblée, It has a wide geographical distribution ranging
from Central and West Africa, Asla and Northern Australia.
The s8sp, blakensis occurs only in Papua New Guinea near
the sea. The Ssp. tuberssus .is particularly resistant to
drought and 'fire due .to its tuberous roots, No changes
have been made. in the classification developed by Van

Borossum Waalkes (1966).



2

Abelmoschus manihot (L.) Medikus (n = 30, 33, 34)

The species is cultivated mainly Ln the Far East, Indian

Sub-continent and Northern Australia. It 18 less frequently
found in Amercia and Tropical Africa.

3

The ssp, tetraphyllus var, tetraphullus and the var, pungens
have been raised to species level as A, tetraphyllus var.
tetraphyllus (n = 65; 69) and A, tetraphyllus var. pungens
Tn = 69).  These are morphologlcally distInguished grom
Abelmoschus manihot mainly on the basis of indumentam,

The var. tetraphullus grows at low atltitude bewteen O to
400Om, in the region of Indonesia and Philippines, Papua

New Guinea and New Ireland. The var. Pungens grows at
altitude between 400- 1600m in Indonesia and Phillippines,

A, esculentus (L,) moench (n = 60-70)

The species is cultivated as a vegetable in most tropical
and sub=tropical region of Africa (Sudani~-Sahelian Zone),
India and America. The Sudanian type of okra belongs to

A. esculentus,

A. tuberculatus (Pal and Singh) (n = 29) has been separasated

- from A., esculentus of Van Borssum Waalkes. It is endemic to

u.p, gSaharanpurT, Rajasthan (Ajmer) and Indore {(Central
India).

A, finculneous (L,) W. & A, ex wight (n = 36, 39)

The wild species with the largest distribution stretching
from Africa to Asia and Australia. Its status has not béen
altered,

A. crinitus Wall,

A. wild specles, confined to Asia, Its taxonomic status is
not contested, _

A. angulosus wWall, W, & A, (n = 28)
Wild species confined to Asta, No change in its taxonomic
status.

A. Caillei (A, Chew.) Stevels (n = + 97)

A second edible okra species with a distribution limited to

west and Central Africa. A. caillel (Ghana 8p, or Guinean

type of okra) was udentified wrongly earlier as A, manihot

Es}s.;pc.1 manihot (Flora of Tropical West Africa, Kew Botanical
ardens .

Cytology and Interspecific Aybridization

Three polidy levels of the genus Abelmoschus have been

recognised (Charrier 1984) which has been summarized in Fig. I



Fig, I : Cytogenetical relations in Abelmoschus (Charrier, 1984)
with some amendments to the classification of VAN

BORSSUM WAALKES (1966)

Ploidy - level I Level 2 Level 3
(n = 28-36) ( n = 62-69) (n=+97)

| A. Crinltus n <69 |

l A. angulosuss: n = 28
|
A. ficulpeus: n = 367
: ) : .(F) '\__‘\\
A. tubenculaﬁus:'?n§9T“ Ao esculentus |
] T) +Pn = 62=B5(FT) >
z! g ~
*A. esculentus? n = 36| |A. tetraphyllus ~
S L-—— —-4 \var, tetraphyllus | ' j—— > .
l A. manihot: n = 30~34 n o 6569 A. caillet
- i (a) | |n = 92-100
. - 3 s A -
[_ A. moschatus: n = ?EJ' A. tetraphyllus
' i |var. pungens
n = 69

i

Relations between ploidy - level I specles

. Interspecific crosses have been attempted in 4 out of six
ploidy~level I species and the results are summarised

below:

In the cross combination A. tuberculatus (n=29) x A, flculneus
(n=36) only steriié F, hybrids wére obtained., AveFageé o

1.63 bivalents weré o%served per PMC (pllen mother cell)
{ndicating little ‘zenome homology. The amphidiploid developed
through colchiploidy of F, hybrid showed 65 bivalents which

{s equivalent to the chromosome number of the cultivated

. species A. esculentus (2n=130)., This -artificial amphidiploid
(reconstruction of A. esculentus 2n = 130) was genetically
unbalanced, being compBtely sterile (Joshi et al. 1974).

Crosses of A. tuberculatus (n=29) x A. manlhot (n=34) gave
sterile F, hybrids'wIth 63 univalents indf{cating no affinity
between t%e genomes of the_ parental specles (Kuwada, 1974,
Pal et al., 1952; Joshi and Hardas, 1956).



Other cross combinations between A, mahihot x A. moschatus
and its reciprocal (Skovsted, 1935; Hamon & Yapo, 1985);
A, manihot x A, ficulneus and its reciprocal (Pal et al.,
5 . moschatus x K ficulneus and its reciprocal
iGadwal et al,, 1968), A. tuberculetus x A,moschatus
Gadwal et al., 1968 have not produced any F1 hybrids,

Relation between ploidy level I and ploidy-level (2 species

In order to identify the parental specles of A, esculentus,
a number of interspecific crosses have been attempted which have

been summarised in Table 2,

Metiotic studies of the hybrids between A, esculentus (n = 62, 65)

and A. tuberculantus (n = 29) revealed almost perfect tuberculatus

pairing of the genome of A. tuberculatus with 29 chromosomes of

A. esculentus. The F, hybrlds gave 29 bivalents + 36 univalents
(Joshi et al,, 1974) or 29 blvalents + 33 univalents (Kuwada, 1966)
A tuberculatus is thus accepted as one of the ancestors of.

A. esculentus, Concerning the complementary genome of &,esculéntué

e considerable but incomplete palring was observed in the cross

A. esculentus x A, ficulneus. This cross could not be obtainedby

direct pollination (Pal et al, 1952) but through in vitro culture

of the F, hybrid, Cytological studies of the PMC revealed
27 bivalents + 46 univalents indicating good affinity of the homologus

chromosome. The possibility of a A, esculentus(3) race 2n = 72,

as Leported by Teshima (1933). Ugale et al Ugale (1976) and
Kamelova (1977) needs further investigations for identifying the
source of missing genome n = 36,

Kuwada (1957 b, 1961) obtalned a fertile aritiuual amphi=-

diplold 2 n = 192 between A. eaculentus 2n = 124 and A, manihot
2n = 68 called Nori-Asa,




Crosses bétweenwploidy—level I species and A. tetraphvllus
are not well documenteéd. Pal et al. (1952) obtained sterile

hybrids in cross betweéen different forms of A. manihot in wide

sense. No viable hybrid seeds were obtained in cross between

A. tetraphiyllus and, A, manihot s.s and A. moschatus (Hamon &
Yapo, 1986). Ugale et al. (1976) reported perfect pairihg of

the genome of A. esculentus (?) with 36 chromosome of A. tetra-

phyllus (2n = 130) in the interspecific hybrids.

Relation between ploidy-level and species

Viablé but sterile hybrids in cross between A. esculentus

and A. tetraphyllus were reported by Gadwal (cf.) Joshi and

Hardas, 1976) and Hamon and Yapo (1986). ' No data on'genome.

affinity are- avallable.-

Successful cross combination between A. esculentus: (n=65)

aﬁd_ﬁ} tetraphiyllus véra tetraphyllus (n=69) was obtalined by
Dutta (1970, ‘1975, 1978,-1979). .The F, were vigorous and sterile.
The amphidiploid developed through colchiploidy of Fj "hybrid
were fertile with good fruit and seed set.. Cytological studies

: . |

of the F; hybrids revéaled 36 bivalents and 62 univalents, indi-

-cation one genome of ﬁ.'ﬁeﬁraphyllﬁs var. tetraphyllus is common

with.that of A, esculéntus. ‘' The sterility in the hybrid“was

m&inly due to the failure-of develoﬁment.of female gemetes.
The induced amphidiploids showed redular meiosis forming 134
bivalents (Suresh Babii, 1987). Artificial and sporitaneous
amphidiploids between |tnese two species have been realised by

Jambhale'and Nerkar (198la, b).



Relation between ploidy=level 3 species

Hybridization between A. caillei and A. manihot (Asian
origin) produced viable hybrid seeds (Siemonsma, 1982a, b),
Jambhale and Nerkar (1981a) and Hamon & Yapo (1986). Crosses

between A. esculentus and A. caillei gave viable hybrids with

reduced fertility (Singh'&'Bhatnagar, 1975, Singh (ins Joshi and
Hardes, 1976). Hamon and Yapo (1986) and Hamon (1987)

reported on the crosses A, caillei x A. tetraphyllius. Viable
but sterile hybrids were obtained. Siemonsma (1982) proposed a
hypothesis that A. cailllei (Guineen okra) may be a natural

amphidiploid of A. esculentus and A, manihot. The fertile amphi-

diploid Nori-Asa between these two species realised by Kuwada
(1957a, 1961) resembles A. caillei in morphological characters.
Kondaiah et al. (1990) made crosses between A. caillei and

A. tetraphyllus and with two induceéd amphidiploids i,e.

A. esculentus-manihot and A. esculentus-tetraphllus. Cytologi-

cal studies in cross between A. tetraphyllus x A. caillei gave
!

66.5 bivalents and 6.52 univalents whereas, 1n cross between

A. esculentus - tetraphyllus x A. caillei, 71,98 bivalents

and 18.22 univalents were observed in addition to trivalents
and tetravalents indicating high degree of homology between the

genome of A. tetraphyllus and Abelmoschus cailllei which suggests

that A. tetraphyllus could have contributed two genome to A.caillei.

Chromosome pairing behaviour in the Fl of A. esculentus -
manihot x A. caillei gave 46 bivalents and 13 unlvalents. It
is likely.that out of 46 bivalents majority could be due to
genome homology between A. manihot and A. caillei. It thus
indicates indirectly that A. manihot might have contributed

one genuine and A, tetraphyllus two genomes to A. caillei.



Floral kiology

Okra plant takes 22-26 days from vegetative phase to
generative phase and another 22-26 days from flower bud
initiation to anthesis. Each flower (hermaphrodite) opens
at an interval of 2-3 days. Flowering may continue from
40 to 60 days. Anthesis takes place in the morning 8-10 am)
and is influenced by temperature and humidity. Anther
cdehiscence (trans verse) comnenses 15~20 minutes after
antnesis and is complete in 5-10 minutes (Purewall and
Randnawa, 1947). Okra pollen grains are pentoporate and
spinate. The spines and pores are alternate to each other.
The gollen size varies from 48u to 15.1 . Numker of
anthers per flower as well as numker of pollen per anther
is affected by the position of flower on the stém. Maximum
numker of pollen grains are oktained at 2nd to 4th flower
cosition on the stem. Pollen product ion per anther is
niuner av the apical region when compared fo kasal region
(Srivastawva, 1@82). Though polien grains are polysiphonous,
yet only one pollen tuke is functional ultimately (Nair et al,
1974). Pollen grains germinate in-vitro in 25% sucrose ‘
solucion (Srivastawa, 1982) and remain viakle ln storage at
504 2H for 55 days (Dukey & Singh, 1968a).

The stigma is receiptive at anthesis while pollen
fertility is maximum an hour prior to and an hour after
antnars. {(3rivastawa, 1569). Fertilization is complete
2-=& hour after pollination. Abkout 90% pollen tukes are
received by ovoules positioned at 7 to 14 in the capsule

{(Cnandra & Bhatnagar, 1975).

Ckra is an oftencross pollinated crop and crossing
ranging from 0.34 to 60% have teen reported bty many researchers
(4 -0 15% by Purewall & Randhawa, (1947), 4 to 31.7% by



Venkxitaramani (1%53), upto 42.2% bty Mitidieri and

ven covsky (1974); u_.to 20% ky Joshi and Hardas (1976);
T+34 to 27.3%, Akenova and Fatokun (1984),11.8 to 60%

by Martin, f.4. 1533), Baes and black ants and bumcle

kees are the pollén carriers. Fruits are ready to harvest
3-6 days of anthesis. Fikre formation starts from fruit
i during 5-€tn Zay and by 9th day its highly fikrous

(llath, 1¢76).

Most of the sub-tropical okra cultivars (A. esculentus)

are little influenced ky photoperiods ranging from 10 to 18
- nours. The Guinsen type (A. caildei) requires shorter
critical photooeriod ketween 12h to 1Z2h and 40 minutes.
Sowing in the longy ghotoperiod may result in. vegetative
~hasz for a period of "3-9 months. (Siemonsma, 1982).
Inserticn of a single long day (LD 16h.) among 4 short day
{(1%h.) zrevents floral induction regardless of the posit ion
of tne LD in the 3L segquence. Ths treatment 3 SD + 1 LD .+

33D gave 1007 flower initiation (N lioke 1986).
Crop Imgprovemant

The major okjectives pzriaining to crop improvement

are high yield, wicdaer adogtakility, rasistance to insect

<2ts5 and diseaszs, and goxl organoleptic gualities.

Y.

Specific cnaracters such as fruit length (long or short),
colour (aark green), frult shape (smocth or prominent'
sactures), fruit consistancy show regional preference of the
local consumars as well as the ne2d for export or processing
industry. Major . isease proklems which require immediate
attention are yellow vein mosaic virus, Enation leaf curl
virus, Pusarium wilt, powdery mildev, Cercospora, nematodes,

Lorers, jassids a2né awchids.



Variarility and cdrrelation studies in Okra

#ork donz on crop improvemant is mainly restricted to

(ol

ne s.ccizs A. esculentus witn the exception of studies on

A« manihot in Payua| Mey Guinea and on the Guineen type of
okra (A. caillei) in . est Africa.

A study on ;pe co-efficient of genotypic and phenotypi
variance, neritabil%ty, jgenetic advance and correlation st udies
are useful guides fbr selaction. 4orphologlcal differences
amon; the Indian anA North American varieties are COMyafathuly
smaller than that of varieties from Africa (3irenka, 1983).
Hign germotysic and Inenotypic variance, high hertitakility and
genstic advance forr plant height, inter nodal length, numker of
-krancnes, numcer oélfruits per plant, fruiu length, earliness
and izlc Ler plan have teen reyorged by several scientists.

inyn 1975), Mlshr? (1279), Palanivbluchanny and Muthukrishnan
(1¢22), direnko et al., (198“), Redd, Lt al., (1985), Maksaud
t 2l., (1986}, Ya dav (1986) and Kor.a et al., 1987).

Cor~elation.gtudiea indicate tha£ fruit yleld is pos.tively
cerrelated with glant height, numker of nodes per plant, fruit
lzngun and fruit glrth, fruit weight, fruit numter, early flowering
and tranching, (Sing et al., (1974): Ra0 and Kulkarni (1975),

Rac (1975 a, k), Mahajan, et al., (1979) and Swamy et al., 1978).
Fath coefficient analysis indicates that fruit weight, fruit
numcsr per plant héve direct positive contribution to yield-
while fruilt lbngth, fruit nunker per kranch have the highest
indirect contritution to yield (Ajimal et al., 1979).

Genet ical studies

Genztics of quantitative characters

Genctics of %ield and yield components in okra nave Leen
studied ty :veral quKe_u. Both additive and non-additive genes
l e : . |
are involvea in controlling tne yield and ylgld components. Total

yield is wainly controlled by xditive or additive x additive gene



effects indicating the employment of pedigree treeding methods
for its im.rovement. DMon-additive gene actions have Lkeen
reportad for plant heignt, node numkers, days to flowering,
fruit length, fruit girth, numker of fruit per plant and numker
of kranches per plant indicating the exploitatiqn of heterosis
in these parameters (Rao and Kulkarni, 1978), Singn & Singh
(1278, 1979), Partap et al., (1980), Thakar et al., (1981),
rartap and Dhankar (1983), Kerala and Sharma (1987), Shukla

et al., (1989).

Genctics of gualitative characters

Prasence of purple pigment at the petal kase 1s controlled
ty a single dominant gene and 'in the fruit ty a dominant gene
'Pf', The presence of pigment in the stem, pedicel, epicalyx
and petal veins in contrelled by duplicate gene. Three genes
are involved in the control of pigmentation in the petiole and
leaf veins. {More and vichute 1983). Cut leaves and fruit
soines each iscontrolled either by s ingle dominant gene
(Jasim, 1967) cor by incomplete dominant gene (Nath and Dutta,
1970), pod shape (angular vs. round) is digenic with epistalic
effect (Jasim, 1967). 3hort day trdit in okra is controlled

ty a single recessive Qene, (dyatt, 1984).

Genetics of diseases and Insect pests resistarmces

Resistance to yellow veln mosaic virus in 5. esculentus -
(IC. 1542) is controlledlby two.complementary recessive alleles
yvl, ¥Vl and YV2 yv2. 3ingh et al., (1962). Resistance to
7ellow vein mosaic virus in a. caillei (Ghana species) is
controlled bty twec complemencary cominant genes with additive
affzctss (Sharma and Dhillon, 1983). A single dominant gene
controls the resistance to YVMV in aA. manihot (2n = 66) ané

A caillei (2n = 194), (Merkar and Jamthale 1985).



'Resistance to powdery mildew (Erysiphe cichoracearum)

in okra line 155, derived from advance generation of the cross
A. 2sculentus x Akelmoschus manihot is controlled ky a single
incomplete dominant gene (pm), (Jambhale and Nerkar 1383}.

"Resistance to leaf hopper (Amrasca devastans) in okra

Az 22 is controlled by a single recessive genes} Resistant
varieties have more and longer halr on the mid rik and leaf
lamina than the susceptitle varieties, (Uthamasamy and
Subraményam 1935).

Pure line selection for crop Improvement

Okra variety Pusa Makhmall a pure line section from
dest 2engal was evolved and released for commercial cultivation
Ly Indian Agriculture Research Institute, (Singh and Sikka 1955).
The vgriety has good horticultural qualities bkut is highly .
susceﬁtible to YVMV. Another variety evolved through pure line
selaction is Co-1l (plants and pods are sScarlet red) released
éy Tamil Nadu Agricultural University, Coimkatore, in 1976.
The anthocyanin pigment of the fruit is not staktle and chames

to green on cooking.
Fedicre selection for Improvement

Okra variety PUSA SAAANI tolerant to yeldbow vein mosaic
virus:was evolved by crossing the tolerant line IC 1542 with
Pucsa hakhmali (susceptikle to YVMV) and selecting the desired
recombinants tolerant to YVMV in the advanced generations.

Fusa Sawani yields 70 quintals/acre.Singh gt al., (1962).
Tolerance to Y,V,M,V in Pusa Sawani has keen lost and presently

it is hignly susceptikle.
Interspecific hytridization for crop improvement

The average vield loss in okra due YVMV infection has



tesn estinated as hign as 93.30 per cent when the plants are

d within 35 days of germination, (Sastry and Singh 1974).
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scurces of resistance/tolerance to YVHMV have been located in-

@aillei, A.maninot, Abelmoschus tetraphyllus, wr. ﬁetfaohxllus,

Ae

A. manihot var. pungens and A. crinitus. (Nariani and Seth, 19%8),
Singh et al. (1862), Dutta and Siagh 1975), Singh and Thakur
(197%), Sharma and Sharma (1924) Jamthale and Nerker 1986).

Okra variety Parkhani Kranti resistant to yellow vein

mcsaic virus was evolved bty crossing A. esculentus (n = 65)

{Fusa Sawani) with Akbelmoschus manihot (n = 33). The F

1
was gartially fertile. The partially fertile P, was ftack

crossed twice with fusa Sawani and the recombin;nts were
selected in the advanced generations of BC,Fge The variety
Parichani Kranti'was relcased for commercial cultivation during
1935. .It is a high yielding wvariety and is resistant
(symotomless carrier) to YVMV. vYield potential (120 g./ha,
Jawthale and Nerkar (1986), Nerker and Jambnale 1985).

Another variety Pb-7 resistant to Y.V.M.V. have keen
L ]

evolved at Punjab Agriculture University, Ludhiana using

Abelmoschus Caillei (Ghana sp.) as a source of resistance to

2llcw vein mosaic virus, it has keen identified as a national
variety by the AICVIP worksho,. during 1990. vield 125-130q/ha.

Okra varieties AxKA ANAMIKA and ARKA ABHAY with

resistant ¢ YVV have teen evolved using A. tetraphyllus

var. tetraghyllus (n = 69) as source of resistance to YVMV

+
—
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143, 3angalorz, curing 1350. Its pedigree is detailed
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,Hykrid variety Source

Hybrid=7 Tamilnadu Agricultural uUniversity
Cuimkcatore.

Hyrrid-8 ~d0o=

GOMH=3 Gu)arat Agricultural University,
Anand

‘DCH=2 Indian Agricultural Research
Institute, New Delhi

DCH=~4 - 0=

LLH-5 -do-

utation kreeding

Genetic male sterility in okra has keen induced
through mutation treeding using -rayse. The character is
soverned ty a single recessive gene when present in a
nomozygous conditions. - The character can ke exploited for
hyerid seed production by hand jollination. In comparison
with fertile lines, approximately 70 per cent saving in
time and manual lakour can ke achieved in the groduction,
of hytrid seéds using male sterile of Ckra (Dutta 1971).
Ckra variety EMS-8 resistant to YVMV has keen evolved
v2ing chemical mutégens at PAU-Ludhiana. Mutation kreeding
has also keen attempted to svolve early okra varieties
resistant te ¥VHV (lirmala Devi, (1982}, Ahraham & Bhatia,
(1584), Jamkhale & Nerkar, 1984 and 1985).

ruture Thrust

There is an immediate need to evolve okra varileties
gho.ing comtined resistance to yellow vein mosaic virus,
Znation leaf curl virus and nematodes. Rosistance to
Fusarium wilt, goucary m{ldew, Jassid resistance, shade

an? ~old tolerance need further attention.

Hykrid varicties suitaktle f£or processing industry

o

and excort need tne next priority.



Okra Germgplasm Coll:ctions

cermplasm
maintained

No. of
catalogued
accession

-
O
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o
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L]

NBEDS - India

& = Bangalore
=AU - Ludhiana
SAY = Junagarh

LR X

CAUD = Bhukaneswar

oy
H

]

AU = Vellanikkara.
AC.Res.Co=-ogerative llort. Research
Zection - Sudan
Insticucte of Plant R g, UrL3
College, Laguna, «hi e

#lant Senctic Resources Centre
Ganaoruwa, Sri Lanka

1023584, 3.£.635 sauzka 31, Ivory Coast
Senegal Institute of Agricultural
c3earch = Senegal

ver sidade Pedral &= vicosa

osa, UFVYV, Brazil

Zstacuo zxpt. ae Itaguail,

ro - Rio, Brazil)

23820, Calza focstal: 33 3RAZIL

Senzgyal Institute of Agricultural
Res=arch 7Zentre for Horticultural
Devzlonrent, £C3 3120, Dakar - S&loGAL
avicnal Centrs £for SGenztic Resources

r

of Biotecnnology (BNACHAB), Nigeria

gronomy bDerpartment, University of
Iktanen, Migeris

170C
125
120
126
27
i8

132

703

130
35C0

400

203

290

170

400

558

91

47

200

150

172

2596.




Takle 2:

ploldy-level 1 species (positive =

Results of crosses bketween Abelmoschus esculentus and

viatle seed)

Cross Chr onusona

Authors

Indicatced

reciprocal Bivalents

A. esculentus X numbkers Cross Cross in meiosis
A. tubkerculatus -PAL et al., 1952 Positive posit ive
- 130 x 58 JOSHI & HARDAS, 1956; JOSHI Posit ive Positcive 28.8 (27-29)
et al., 1974 . .
124 x 58 KUAADA , 1966 Posit ive Positive 27-29
A. manihot 72 x 60 TESHIMA, 1933 Positive negat ive 0
- (126-134)x60 CHIZAKI, 1934 Positive - 0-7
SKOVSTED, 1935 Positive  positive
USTINOVA, 1937 Positive negative
SINGH et al., 1938 Fosit ive
USTINOVA, 1949 Positive negative
PaL et al., 1952 Positive positive
124 x 68 KUNADA, 1957 a Positive positive 7
- HAMON & YAFO, 1986 negative negative
A. ficulneus 130 x 72 pPAL et al., 1952 negative negative
- T GADWAL et al., 1968; 2
JOSHI et al., 1974 negative 27.5 (26-28)
A. moschatus 130 x 72 SKOVSTL 1935 positive negative 2
- 130 x 72 GaAD/AL et al., 1968 JOSUI negative . 8.3 (3-16)
et al., 1974
HAMON & YAPRO, 1985 pos itive negative
1The article deals with a cross ketween A, esculentus and A éiggigggg, but the

description of the latter specles corresponds to A. manihot.

2Hytrids ottained by embtryo- and/or ovule-culture.
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Genetic improvement of chilli

Dr. T.R. Gopalakrishnan*

Chilli (Capsicum sp.) is a quintessential spice in" every
Indian cusine and is cultivated in the tropical and subtropical.
regions of the world. Green chilli, chile powder, Cayenne peppers,
tabasco, paprika, sweet or bell peppers, pimentos and Serrano
pepper are all derived from the fruit (berry} of various specieg

of'CaEsicum.

Annual trade of chilli in the world is 55 to 60 thousand tonnes
which is 16.7% of total spice trade in the world. It occupies an
aréa of 9.27 lakh ha with a production of 7.05 million tonnes on
global basis.

India-ranks first in area and production of chilli in the world
producing 780 thousand tonnes from an area of 814.1 thousand ha.
Amdhra Pradesh has the largest area and production (377,000 ha and
2,93,000T respectively) foilowed by Maharashtra (1,38,000 ha and
68,000 T respectively) and Karnataka (1,35,000 ha and 1,76,000 T
respectively). Productivity is maximum in Andhra Pradesh (1653
kg/ha) and the lowest in Madhyapradesh (203 kg/ha). 1India is a
major exporter of chillies and during 1987-88 the export was 6122
tcﬁnes worth of Rs. 83,34,000/. Still chilli occupies 17% shére in
India's Export.

Origin and distribution

Based on lack of reference of Capsicum in ancient languages
Decandolle (1886} concluded that no capsicum 1is indigenous to old
world. Historians agree on the new world origin of Capsicum. ‘The
ceﬁtré of diversity gf common cultivated pepper C. annuum is
Mexico with a secondary centre in Guatemala., C. frutescens is
widely distributed‘throughout the tropical and subtropical Americss
and was“domesticatedgin central America. The centre of origin -of
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C. baccatum is probably Bolivia (Heisser, 1976). The genus
Capsicum quite cleaily is South American in origin (Smith and
Helisser, 1957).

‘ Capsicum was cidrried to the 0ld world by "the early explorers,
being introduced in¥n Spain by Columbus in 1493. Cultivation
spread from Mediternanean area to England by 1545 and to Central
Europe by end of 16'h country. The Portughese brought Capsicum
to India from Braziy prior toc 1585 for cultivation.

Taxonomy :

Cultivated chillli varieties offgt many difficulties in classi-
fication because of their great number, . the transitory nature of
nany of them and the constant creation of new ones through hybridi-
zation and selection.. Early taxonomic treatment of the genus resul-
ted in more than 100 species and botanical varietie$ (Irish, 1898).
Linnaeus in SpeciesgPlantarum (1753) (Hortus cliffortianus) descri-
bed- two species C. &nnuum and C. frutescens. Bailé& (1923) recogni-

zed only one species C. frutescens and proposed 5 botanical varieties

of C. annuum as suggested by Kutze (;891) under C. frutescens.

Modern taxonomiists based on extent of variability recognized
the cultivated Capsicum into five species (Pickersgill, 1989).
(Table 1). C. pubescens R&P is domesticated to temperate regions
vhile the remainingispecies in tropical countries.

Pablé 1, Cultivated species of Capsicum and their distribution

1

Speciles ‘ Distribution

le €. annuum L. Columbia tg Southern USA and
Tsyn. C. pureum,g grossum  throughout Latin America, Asia.
C. cerasiformae’’ i

2a C baccatum L. Argentina, Bolivia, Bra=zil,
TSyn. C. pendulum, C. micro-v Colombia, Ecuador, Paragua,
carpum angurosum) Peru etc.
le C. frutescens L., Colombia, costa Rica, Guatamala,
_ TSyn. C. minImumO Mexico, Puerto Rico, Venizuela.
l. C. chinense Jacq' Bolivia to Brazil, Belize,
Tsyn. C. Tuteum,) Costa Rica, Mexico,
C. umbIlicatum,fE. sinense) Nicaragua, West Indies.
- [
>« C. pubescens R&D| Bolivia to Colombia, Costa Rica.

Guatemala, Honduras, Mexico.




Interspecific hybridization

Despite of .constancy in chromosome number, attempts on inte;
specific hybridization has succeeded only in a few cases (Pickersgill
1971). 1In the interspecific hybridization involving C. annuum and
gl.frutescens partial success was obtained by Pradeepkumar (1990).
Fertile hybrids between C. annuum and C. chinense were obtained by
Pfadeepkumar (1990). Abnormal development of embryo, endosperm and
F, plants were noticed in C. annuum x C. baccatwn, C. frutescens x

C. baccatum and in reciprocal crossess.

Studies by Pickersgill (1967) showed that C. frutescens is the
most closely related species to €. chinense and high level of cross
combatibility between the two specles was reported by Eshbaugh '
(1975). Smith and Heisser (1957) observed that the cross, C. sinense

x C. pendulum can be made with some difficulty with C. pendulum as
female parent. Studies by Eshbaugh (1975) indicates the similarity

among purple flowered species C. cardenasii, C. eximium, and

: EL pubescens.

Chromosome number and morphology :

The diploid chromosome number was reported as 2n = 24 for eacﬂ
of the species, Chromosome size is referred as both small and
lérge. Spontaneous occurence of triploids, tetraploids, trisomics
etc., was reported in chilli.

In Capsicum sp. polyembryonic seedlings were reported. Haplo=-
diploid twins were rare in the species, where as purely diploid
twins were fréquently seen and from these, a few haploid seedlings
were identified (Morgan .and Rappleye, 1958).

Botany and floral bilology 3

Root system is restricted to top 30 cm soil layer. Water
s;agnatiOn of more than 24 hours results in collapse of plants,
Anthesls takes place 5-6 AM with dehiscence of anthers 8-11 aM
(Padda- and Singh, 1971). Dehiscence of anthers, pollen fertility
and stigma receptivity was maximum on the day of anthesis.

Though considered as a self pollinated crop, natural cross



Diagnostic keys were prepared by IBPGR (1983) and EUCARPIA
Capsicum working group for the field identification of the five
cultivated Cagsicum species.

1. Seeds dark, corolla purple ccseseassssasse.C, pubescens

l. Seeds straw-coloured, corrolla white or greenish white ......

(rarely purple) ' 2
2. Corolla with diffuse yellow spots at bases of
lObes awee-aas E: baccatum
2. Corolla witnout diffuse yellow spots at bases
Oof lobes .ceevacns 3
3. Corolla purple . « + 2. o s s o s s o = 4

4. Flowers solitary . . . ¢ . . . . .C. annuum

4, Flowers 2or meore at each node.... C. chinense

3., Corolls white or greenish-ﬁhite..... 5

5. Calyx of mature fruit with annular
constriction at Junction with
pedicel ..cececscsrearanas C. chinense

5. Calxx of mature fruit without
annular censtriction at
junction with pedicel 6

6. Flowers solitary . «. . « . . 7

7. Qorolla milky white,-lobes
usually stralght, pedicels
often declining at ahthesis....g: annuum

7. Lorolla greenish white, lobes
usually slightly revolute,
pedicels erect at anthesis....C. frutescens

After conducting flavanoid analysis in three Capsicum species,
Lopes et al (1978) suggested that there exists greater affinity
between C. Eﬂﬂgﬂ and C. frutescens than between C. Eendulum and
and C. frutescens. Based on ‘Starch gel electrophoresis, Mc leod
{1979) classifieﬁ 14 taxa into five biological species. Based on
electrophoresis ¢f peroxidase isozyme extracted from functional

leaf, Wang and Ma (1987) assigned eight Capsicum to four groups.
Protein electrophoretic studies by Pradeepkumar (1990) revealed
species specific protein bands in g{Jchinense, C. baccatum and

C. chacoense. Among five species Viz. C. annuum, C. frutescens,.

C. chinense, C. baccatum anc C. chacoense, close relationship was

established betwéen C. chinense and C. frutescens.




pollination was reported upto 78%. The extent of natural cross
1

pollination in chilli is furnished below:

NCP (%) Pollination Vector Place of report Reference
7 - 39 Honey bees & Thrips U.S. Odland and Porter
(1941)
58 - 68 Insects Lam Murthy and Murthy
' (196 2)
1.77-54.91 Insects Mexico Compodonica (1983)
31.0-78.0  Insects New Mexico Tanksley (1984}

Coﬁbining ability analysis 3

Gene actions of' economic characters were studied by combining
ability analysis and'generation mean analysis. Salient results

are presepted below:

Characters Gene action Aufhority
1. Plant height Additive Soh et al (1977)
Non-additive Thakur et al (1980)
_ Rao and Chhonkar (1983)
2. Fruit length Additive Lippert (1975)
Non-additive Rao & Chhonkar (1983)
3. Average fruit weight Additive Ahmed et al (1982)
4, Fruits/plant Additive Ahmed et al (1982)
Non-additive Thakur et al (1980)
S. Fruit vield/plant Additive Ahmed et al (1982)
Non~additive Thakur et al (1980)
| Dikil and Anikeenko (1981)
6. Earliness - Non-additive Gopalakrishnan (1986)
7. Capsaicin content  Additive Bajaj et al (1980),

Park and Takatashi (1980).

Manifestation of heterosis :

The first report on heterosis in chilli came from Deshpande
(1933). Reports on manifestation of heterosis for economic

characters are reviewed.



Characters

Avthority

Plant height

Branches/plant
Fruit length

Average fruit weight
Fruits/plant

Fruit yield/plant
Earliness

Capsaicin content

Joshy and Singh (1980), Murthy and Lakshmy
(1983) Krishnakumari (1984}, Uzo (1984),
Pious (1985).

Joshy and Singh (1980), Sontakke (1981).
Rao et al (1981), Pious (1985)
Gopalakrishnan (1986)

Uzo (1984)

Pandey et al (1981), Gopalakrishnan (1986)
Sontakke (1981), Krishnakumari (1984),

Uzo (1984), Pious (1984), Gopalakrishnan
(1986), Pradeepkumar (1990),

Park and Takatashi (1980)

Nowaczyk (1981).

Inheritance of important discrete characters :

Characters

Inheritance Authority

Fruit orientation

Pendulous dominant

over upright Deshpande (1933)
Fruit apex Pointed incompletely

dominant over blunt Deshpande (1933)
égﬁgﬁgre fruit Purple GOminantcﬁ?ﬂbreen Deshpande (1933)
Clusterness Solitary dominant

over clusterness Gopalakrishnan, (1986)
Destalkness Stalked dominant

over destalked Gopalakrishnan (1986)
Pungency Pungency dominant

over non pungency Greenleaf (1952)

Production and resistance breeding 3

Many high ylelding and improved varietiles are developed. They

include Andhra Jyothi,

Bhagyalekshmy, Sindhur, X.235, Jwala, N.P.

46 A:;Pusa Sadabahar, K-1, K-2, C0O-1, CO-2, MDU=1, KAU Cluster,
Jwala Sakhi, Jwalas Mukhi, Sel ‘1, Muselwadi, J=218, Pant C-1,

B.R. Red etc.



‘The bell pepper varieties include Arka Mohini, Arka Gaurav, Arka
Basanth, Califormia Wonder, Yolo wonder, Hungarian wax, Bharath

Fi hybrid etc.

Fruit Quality in chilli :
Chilli is considered a high value crop because. ofhigh capsaicin,

Oleoresin and colour. Highly pungent, glossy, thin, destalkeéd and
deep red coloured varileties with clustered habit will have export

value.
Quality parameters of a few selected chilli lines
are given below 3
Varieties vVit. C Oleoresin Total Capsalcin Crude
(mg/100g) (%) extractable (%) fibre
colour o (%)
(ASTA units)
X 235 145,20 13.40 =~ 106.06 . 0.68 22.70
K.C.8. 1 145,20 10.00 112.12 0.49 24 .85
TC=~1 145,20 9.69 96 . 96 0.48 27.86
Sel 1 220,00 13.90 119.09 0.44 31.97
KAU cluster 220.00 10.00 136.36 0.52 31,01
J. 218 176 .00 9.70 - 0.72 ) 26.00
Muselwadi 176 .00 9,70 106 .06 0.56 25,10
Ca 586 132.00 12,40 118.18 0.64 26 .50
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Crop improvement in Cowpea

Dr, Sallykutty Josepht*

Cowpea forms an important component in the tropical cropping
systems of Indias, It is a multiseason and multipurpose crop,
cultivated either 88 a monocrop or in mixed cropping situations
with other crops, particularly cereals. Also it is grown as a
backyard crop, near small farm houses, in a8 wide range of enwirone
ments, often on poor soils with marginal moisture and with no
fertilisation. 1Its importance is realised on account of its
drought tolerance and adaptation to wide range of soil types. In
substistance agriculture on small farms, nitrogen fixing ability
of cowpea is of special advantage. It is grown throughout India
for its long green pods as vegetable, seeds &8s pulse and foliage
as fodder.

It is variously named as lobia, rawan, barbatti, chaule or
chowlee, black eye pea, kaffir pea, china pea, southern pea, crower

pea etcC.
Cy totaxonomy

Vigna is a pan?ropical genus of about 170 species, 120 in
Africa (66 endemic), 22 in India and Southeast Asia (16 endemic),
and a few in America and Australia (Faris, 1965). Its affinities
with Phaseolua and Dolichos led to a confused taxonomy, clarified
by Verdcourt (1970) who recognised five subspecies of V. unguicu-
lata. Two sub species are wild 3 subsp. dekindtiana in the African
Savanna zone and Ethiopia,subsp. mensensis in fdrests, with
scabrous, dehiscent pods and seed dormancy not found in the culti-

vars,

The common cultivated cowpea everywhere is subsp. unguiculata
(pods 10-30 cm long, pendent, seeds 5-12 mm long, very rarély
srorter than 6 mm); the other cultivated subsp. cylindrica (pods
7.5 - 13 cm long, usually erect, seeds 5-6 mm long), and sesquipe-
dalis (pods larger than 30 cm, flabby:; seeds usually B-12 mm long},
are widespread in India, and the Far East but, though they have
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beer introduced to Africa, :re not found in traditional African

‘tarning systems.

The cytotaxonomy of Vizna is relatively simple, being uncompli-
cated by polyploidy (2n = 2x = 22,24) and with apparently little
geretic and no chromosomal Zivergence of the cultivars from thelir
vutstive ancestor. The five sub speclies of Vigna unguiculata sre
interfertile but all attemp:s to hybridize cultivars with other
ﬁ&ggg species, notably !.rl:teola. V. marina and V. nilotica, pro-
vosed as wild progenitors h:ve falled (Faris, 1965),

Germplasm resources

In order to preserve &-d utilise the genetic variability for
improvement of foodjlequme :rops,‘the IBPGR has, during its first
decade of work, giv?n high zriority to several legume crops. Since
i976, the IBPGR organised a-d/or supported collecting missions for
various food legumes in marr parts of the world. In this endeavour,
the Board has collaborated :zlosely with international centres or
pro~rammes especially of CIaT (Phaseolus beans), ICRISAT (Groundnut,
Chickpea and Pigeon pea), ::ARDA (Faba bean and lentils), IITA
(Cowpea). AVRDC (mungbean a-d soybean) and INTOSY (soybean) and
qumerous national programmes in Africa, Asia, Australia, Europe and
ﬁatin America, The largest coliections of cowpea (12000) are held
at IITA. The NBPGR, India, holds sizeable collections of various
Asiatic Vigna species and p:ulse crops. The assemblage and conser-
vafion of Vigna germplasm wss also carried out by AVRDC,

ﬁioral biology

Floral biology of cowpea is typical of a papilionacecus plant.
The flowers are cleistogamo.s. Flowers open early in the morning,
cﬁOSe before noon and fall :zZif the same day. The extra floral
n?ctaries at the base of co-slla attract ants, flies and bees. But
a’'heavy insect i3 necessary ®0 depress the wings and exposge the
sianens and stigma., The po..en is sticky and heavy. Due to these
r?asons cross pollination is very low. Natural cross pollination to
"an extend of 1.0 - 4.26% was -eported in cowpea and the pollinating
aéents were Bumble bees or ~:ld honey bees.



Breeding objectives

1) Ideal plant type (2) "High harvest index (3) Breeding for

intensive cultivation (4) High stable productivity (5) Suitable
plant morphology and habit (6) Breeding for pest and disease
renaistance (7) Quality improvement.

Crop improvement

Being 8 self pollinated crop, breeding methods normally follo-
wed for self pollinated crops ere used in cowpea also. Selection,
hybridization and mutation breeding are the methods usually adopted.

Selection

Pureline melection is the method of selection practiced.

. Selection, evaluation and yield trials are the three steps involved
here. From a mixed lot, superior plants are selected and they are
grown for evaluation for a few generations. 1In each generation
undesirable ones are eliminated and desirable ones are carried
forward to the next generadtion. The selected lines are grown for
yield trials. They are compared between themselves and to a stand-
ard variety, at several locations (multilocational trial)., If a
promising strain is obtained from the selections, it is multiplied.

Hybridisation

This i8 done to combine different characters present in two
plants together in a single plant., The parents selected for hybri-
édization must be true breeding for getting uniform Fl progeny. For
resorting to hybridization, there are three steps viz. emasculation,
protection and pollination., Emasculation is done on the previous
day evening, of flower buds which &re to open the next day. The
buds are then covered with paper bags tO prevent entrance of foreign
pollen. Pollination is done between S-7 am,

The hybrid seeds collected after crossing are grown to get
the Fl generation. From the F1 seeds, Pz generation is raised in
which there is maximum segregation. Selection is necessary at



this stage. There are two methocds of selection - bulk population
method of selection and pedigree method of selection.

In bulk population method, the seeds of all the F2 plants
are bulked together for the first 3-4 generations ard after that
selection is made. In pedigree rethod from the F, cnwards sele-
ction is made and the seeds of ezch selected line is grown separa-
tely. Then preliminary yield trial and comparative yield trial
are conducted., If any line is fcund superior to the standard

check variety, the seed is multiplied.

Mutation breeding

Mutation breeding is adopted in pelf pollinated crops to
‘create additional variability. 1In these crops, matural variability
is less, Any new variation prodvced can be easily  located. This
method of breeding is suited for legqumes. Male sterile lines of
cowpea and protruded stigma types of cowpea Were produced by
mutation breeding.

Varieties

Co4

CO4 was selected from the exsotic V., unguiculata Russian Glant.
It {s suitable for rainfed as well as irrigated conditions and
matures in 85 days. The plants are erect and seeds are greyish-
brown when cooked. Average seed vield is 916 kg/ha and under
irrigated conditions it averaged 1572 kg/ha. CO4 has field resist-
ance to stémfly and tolerance of wilt, rootrot and mosaic disesses.

Pusa Phalguni

This variety was selected from the canadian variety'Dolique
Due tontin', It is dayneutral, Iushy and dwarf, pods are dark
green, erect and 10-12 cm long. ~rods are ready for harvest in 60
days and the yleld is about 90 g/ha,

rusé barsartil
This is a selection from a c-llection from Phillippines. It

is an early varlety for the rainy seasin. Pods are light green



for pods/plant, where dominance variance was important. The
environmental variance was of lower magnitude. Partial dominance
was observed for all the characters, except days to flower anc
pods/plant for the cross No. 2-1 x Culture - 1 where complete

dominance and over~dominance was observed, respectively.

Apte et 8] (1987) reported that when seed yield/plant, harvaest
index and 10 yield components were investigated in 50 Vigna
unguiculata genotypes, high heritability was found for 100-seed
weight, seeds/pod and days to maturity. Percentage genetic gain
was the greates: for 100-gzeed weight, plant height, branches/plant
and seeds/pod. 100 seed weight and seeds/pod were suggested as

selection criteria.

Thurling ard Ratinam (1987) used yield data from a diallel
cross of 10 lines. The crosses involving high yilelding parerts
were significantly higher yielding than crosses involving low
yielding parents. They concluded that parental yields provide a
sound basis for an initial screening of prospective parents,

Thiagarajan et al (1988) asmessed genetic divergence among
7 parents and treir 12 hybrids. The characters namely dyas to 50X
flowering, 100 grain weight and plant heicht contributed maximum

towards genetic divergence,

Thiyagarajen (1989) carried out genetic variability studies
with seven parer+s and their Fls and showed that there existed
moderate variability for plant height, clusters/plant, pods/plant
and yiesld/plant. Daya to SOX flowaring, daya to maturity, plant
height, pod lencth, seeds/pod and 100 grain weight recorded hicher
heritability estimates. Both the estimates of heritability and
genetic advance vere high for plant height, seeds/pod and 100 grain

weight.

Kandaswamy et al (1989) reported that kxharif was more advanta-
geous i{or expression of a wider spectrum of variability. Selection
for pods/plant, seeds/pod and 100 seed weight resulted in increased
yield. The maxirum range of variation was observed for pods/plant,
clusters/plant a-d seed yield/plant.



and pendent. The poda are about 25 to 27 om long and appear in
two to three flushes,

Pusa Lofasli

Produced by crossing Pusa Phalguni with a cultivar from
Philippines, Dwarf, bush type, suitable for spring, summer and
rainy seasons. Pods thin, light green, 18 cm long, yield 7-7.5t/ha

green pods,

Ritura]

A single plant selection from the cross Pusa Dofasli x EC
26410, The plant is bushy, pods light green, 25-30 cms. long,
suitable for growing in both seasons.

Pusa Komal

It is a product of cowpea strains P-85-2 (high yield) and
P 426 (resistant). Widely adaptable, photoinsensitive and resistant
to bacterial blight, flowers in 40-45 days and produces green pods
in 60-65 days. The bearing is almost synchronous and the pods can
be harvested in three picking. A maximum yield of 172 g/ha was
recorded at Delhi in a spring-sown crop.

Sel 61 B

It is an IIHR selection. Plants are bushy, vigorous can be
grown throughout the year. Pods are green, thick stringless, fleshy
Ready for harvest in 60-65 days. Yields 15 t/ha green pod.

Kanakamony

Evolved by Pureline selection st Pattambi. It is a dual
purpose variety.
Variarility and correlation studies

Hanchinal et al (1981) reported higher estimates of genotypic
and phenotypic variation for days to maturity, pods/plant, 100 seed
weight under different environments., According to Athwal.and Singh



(1966) the season and soil factors are important in the study of
quantitative variation and have the potential to influence U
expression of variability., Schoo et al (1971} anc Hanchinal et 3l
(1981) reported high h2 accompanied with relatively high gerentic
advance for pods/plant; pod length, seeds/pod, 100 seed weight and

seed yleld/plant.

~he correlation and path coefficient studiesg in ccpee, by
different workers also revealed that pods/plant, seeds/pod and 1CC
seed weight were important yield components in cowpea (Singh and
Mehndiretta, 1970 and Dumbre et al (1982).

Jana et al (1982) reported that the characters likxe pods/plant,
branches/plant, pod length and flowering should be considered by
a plant breeder while selecting a plant type for getting maximum
vegetable pod yield. Out of seven characters studied by them, 1000
grain weight had the highest heritability value on broad sense.
Similar result was also reported by Bordia et al (1973), Bliss et 2]
(1973) and Singh and Mehindiratta (1969). A path coefficient
analysis also revealed that pods/plant exhibited the highest magni-
tude of Gdirect effect towards yleld (Jana et a2l (1983). They also
reported that the genotypic correlation between vegetable pod yield
and pods/plant was considerably high. Hence {t is useful tc select
the genotype of cowpea on the basis of pods/plant for effective

improvement in this crop.

Balakrishnan (1978), Pandita et &l (1982) and Dharmalingam and
Kadembavana Sundaram (1984) reported that pods/plant and seed yield
had recorded high genetic variability in cowpea. The low value of
genetic coefficient of variation for days to 50X flowering, deys to
maturity and pod length indicated their limited scope for improve-
ment (Thiyagarajan, 1989). Similar results were reported by
Radhakxrishnan and Jebaraj (1982) in cowpea.

Angadis et al (1978) reported that among the 50 types of
V. unguiculata with diverse geographical backgrounds, pod number,
cluster number, seed yield and 100 seed weight had high heritability
eatimates coupled with high estimates of genetic agdvance.

Patil and Patil (1986) reported that the additive component was
more important for all the characters in most of the Crosses, except



The inclusion of subsp. dekinditiana. may be utilised in
breeding for resistance to different pathogens and insect pests
(Steele, 1976). He further reported that the protein content of
seeds can be in.reased (the range reported 1is 22-35X) and {ts
nutritive value icould be improved by increasing the proportlion

of sulphur containing amino acids,

Genetics of charcters

Genetic Btydies on cowpea, revealed that cowpea seed eye and
seed coat colour are inherited independently (Calub, 1968). Smith
(1956) and Calub (1968}, from studies on eye colour, concluded
that the seed coat eye patterns, such as watson, hosteln, large
eye and small e%e, result from interaction between genes for
wWatson (ww)‘andiho‘stein (hh), the genotypes for watson, hosteln,
and small eye being wwHH, WwWhh and wwhh respectively. Saunders
(1959} confirmea this work but suggested a third gene, the hilum
ring gene (0L, which must be in a dominant conditlon for the
expression of t%e eye patterns-mpntioned above. When this aerne 1is
in the homozygobs recessive condition, a narrow eye pattern, called
the hilum rinqg,' 1s expressed. The hilum ring eye pattern varles
from a type reskmbling the watson eye to a type where the eve-can
hardly be seen.’ Some modifier genes were reported by Franckowiak
et al (1975). &hese include the Watson blotches modifier (vbwb)

and the recessiive modifler gene {dsds) which causes a dense =peklincg

on the seed coat.

Saunders (1959), Ene (1973) and Franckowiak and Barker (1%7%)
working on séeéicoat colour reported that the dominant allsle R
is the generql!golour factor that permits the eye pigmentation to
be expressed qur all or part of the seed, the flowers and other
plant parts. Plants with the homozygous recessive 'rr' genotype
have cream or white seeds with a hilum ring ( &8 very narrow eye).
Thus, the general colour factor R influences the eye pattern. All
non=white coloqrs involve one eye pattern expression which ray
extend over the whole aeced (nolid) or part 0f the seed n= ir
Holstein and Watson, or may be confined to somewhere between a =mall
eye or hilum r{ng pattern for which colour is often not repcrted
(IITA, 1974). [Saunders (1959) reported that all seed folours,
except red, are determined by complementary gene action involving

! .
two or more genes which are unlinked. The expression of black



Table :

Sources 0f disease resistance in cowpea

Diseases

Host resistance

Gene {(s) involved

Reference

Cercospo&a leaf spot
{Cercospora cruenta)

Anthracnose
(Colletotrichum
Tirdemuthianum)

Fusarium wilt
Fusarjum oxysporum f.
tracheiphilum

Phytophthora stem rot
(Phytophthora vignae)

Powdery mildew
Eryeiphe polygoni

Target leaf spot
(Corynespora cassicola)

Bacterial canker
Xanthomonas phaseoll
X. visnicola

Bear yellow mossic HYMV

CR 17-1-34 and

Ala. 963.8

Iron

K, ,~235
3861

VITA 3

Prima

PI 297562

Cls 1 dominant
Cls 2 recessive

Dominant gene (8)

5ingle recessive

a8 recessive gene

Two gene palirs with
epistasis

Single recessive
gene.

Single dominent
gene,

Single recessive
gene

Frey et 3al, 1976

Rogers et al, 1973.

Mackle, 1937

Singh et al, 1982.

Fennell, J.L., 1948,

IITA, 1976.

IITA, 1976.

Singh and Patel, 1977

Providentii, 1974,

Reeder gﬁvgl, 1972

{contd...)



Black eye cowpea mosaic (BCMV)

Cowpea aphid-borne mosaic (CAMV)

Cowpea vellow mosaic (CYMV)

Cowpea Chlorotic mottle (ccmv)

Cowpea Severe mosalc (CSMV)

Southerr bean mosaic (SBM)

TVU 2480

TVu 410

Ala bunch
Dixielee

PI 258811

Macaibo
FP 7733=2
{immune

{(imm

PI 1B6465

bem

One partisally
dominant gene

Three additive
leci

Single recessive
(cc)

Single dominant
gene (cm)

Singh and Patel, 1977

Patel, 198B2.
Bllss and Robertson, 1971
Rogers et al, 1973

Khalf-Allah et 2l,1973

Rios, and Neves, 1982

Hobbs et al, 1983




and mottling (possibly a seed coat pattern rather than colour)

may be inhibited by other genes. The dominant B allele for black
1s'epistatic over all other colours except purple which is determined
by the genes P-R-. The following gerotypes for the main solid
colours of cowpea seed coat were suggested by Saunders (1959),
pdrple. P-R; black, B=N-M=R-j B=N=fmmR-, B-nnM=R« and B-nnmmR~; brown
bbN-M-N-3 buff or tan, bbN-mmR-; marcon, bbnnM-R-. White is
determined by the_receésive rr which masks the expression of the

other colour genes,

Sreekantaradhya et al (1977) reported pleiotropic nature of
genes for pigment on six characters. Loka Prakash et al (1983)
detected differential expression of the gene for axil )Px) in the
inheritance studies of six pigmented characters in cowpea. The
ratio like 39 purple : 25 white for axil and flower; 117 purple 1
139 green for calyx:; 45 ccloured 31 19 non-coloured for pedicel,
Ammature pod and seed (hblack 1 white) were reported for the first
time by Lokaprakash et al (1983). They designated the gene symbol
for coloured pedicel as Pd.

Mode of inheritance of insect resistance in cowpea

Insects Inheritance Reference
Weevi] Resistance to cowpea Fatunla and
(Callosobruchus weevils has additive, Badaru (1983)
maculatus dominance and maternal

components.
Aphid Resistance is & dominant IITA (1984)

(Aphis craccivora) trait and monogenically
inherited

Bruchids and thrips Resistance i{s a recessive IITA (1984)
trait and digenically
inherited
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Genetics and breeding of winged bean

K.P. Prasanna*

Winged bean (Syn. Goa bean, Manila bean, Princess pea,
hsparagus pea and Four angled bean) is a tropical legume vegetable
cultivated for its protein rich pods and seeds, tender leaves, in-
florescence and tubers, all of which are edikble. It is also used
as a forage crop (Ekpenyong and Borchers, 1978). It is called by
different names in different languages as follows ( Anon, 1969).
Bengalli = Chara-komi-sem or Lakar=-sem, Marathi-Chavdhari ghevda,
Tamil-Morisuavarai and Kannada - Shambe Kayli. Two other synonyms
attributed to this crop are 'Soya's rival' and God-sent vegetable'.
This is also known as a 'Supermarket on a8 stalk’, because the plant
combines the desirable characteristics of commpn bean, pea, spinach
mushroom, Soyabe&an and Potato, The crop is considered a saviour

against protein malnutrition .in the Third World countries.

Different opinions exist regarding origin of winged bean. It
is considered a native of either India or Mauritius (Anon, 1969)
Burkill, 1935 thought that it was originated in the African region,

where all the other four or five species of Psophocarpus are found

wild, Accordinc to Khan (1976} Papua New Guinea is a probable centré
of origin since it has the largest variation for plant and pod cha-
racters. Matejka. (1987)discussed Papua New Guinea, South East Asia
or Upper Burm& a&s possible centres of 6rigin of winged bean. Erskine
and Khan.{1581) found wide variation within and between land races of
winged bean in the high lends of Papua New Guinea. They concluded

that strong local preferences and a low extent of cross pollination

*Assistant Professor, Kerzala Agricultural University, Vellanikkara.



between adjacent land races could be the major factors for these
variations. According to Harder et.al, (199C), eight of the nine

species of Psophocarpus are native to Tropical Africa.

Winged bean is cultivated in Burma-and South India, South

In¢ia is considered as a secondary centre of origin by Gopalakrishnan
et.al,{1981). The crop was introduced ffom Burma to Manipur, Tripura
and Mizoram. (Haq and Smartt, 1973) opined that it was in cultiva-
tion fer the past two centuries in Bengladesh. ¥Yow it is in culti-
vation in many of the Asian and Africen countries like India, Burma,
Thailané, Vietnam, Malasysia, Indonesis, Ghana, Nigeris and Sri Lanka
(valicer et.al, 1987} 1In India, its cultivation is limited to states
like Kerala, Tamil Nadu, Kernataks, Goa, Orissa, Maharashtra, West

Bengal, Manipur, Tripura and Mizoram,

Germplasm resources

The following institutions are working on germplasm resources cof

winged bean.

i. Bengladesh Agricultural Research Institute, Joydebpur, Dacca.

ii. ©South East Asian Regional Gene Bank, University of
Phillippines Los Banos College, Jaguna, Phillippines.

iii. Thai National Gene Bank, Thailand Institute of Scientific
and Technological Research, Bangkok, 9, Thailand-

iv. University of Papua New Guinea, P.0O, Box 4820, University BO.,
Port Moreshby, Papua New Guinea -

v, Kerala Agricultural University, Vellanikkara, Thrissur,
Kerala, India.

vi. National Bureaux of Plant Genetic Resources, Pusa Complex,
New Delni .,

vii. Faculty of Agriculture, University of Peradeniya, Sri Lanka.



Taxonomy

Psophocarpus tetresgonolobus belongs to family Leguminosse.

Psophocarpus is 2 small genus of climking plants with tuberous

roots., Etem is weak, twining, leaves three foliate with broad

ovate leaflets, flowers light blue, pods 4 ancled, 15-22 cm long,
2=3 em broad, with each angle continued into 8 much crisped and
toothed papery wing, seeds smooth an¢ nearly globular (Parthaszrathy

1986 ),

Relzted csvecies of Psophocarpus

Psophocerpus Paiustris (Syns E. longepedunculatus)

This is & native of Tropical Africa and is similar to Psopho-

carpus tetragonolobus in many respects. It is cultivated in a few

parts of the tropics for its edible pods snd tuberous roots., It is
of use as a ground cover for perennial crops anc as a component

of pastures (Anon, 1969).

Psophocarous scandens

This is a vigorous perennial vine with mauve, Blue, lilac or
white flowers. The calyx and back of the standerd petals are green
and the keel and the wings have the colour of front of the standard.
Leaves are usually trifcliste, but some with tetra and pentafoliate
leaves were identified. Younc shoots andé pods of this species are
eaten after beiling in water or milk. This is also used 2s a

livestock feed, Harder et al, (1990).

Psophocerpus lancifélius

This is @ perennial climbinc herb with & distinct tuber. All
parts of the plant including the bracteoles are covered with =z

vellow/brown pubescence {(Harder et sl, 1990) .



Psophocarpus gréﬁdiflqrus

Psophocarpus grandiflorus is a perennial wvine attaining Sm.

in length with an extensive root and shoot system, This species
closely resembles the cultivated winged bean. The 4-9cm long pods
are square in cross section and are prominently winged (Harder et

al, 1990).

Psophocarpus lecomtei

This is a prostrate plant with leaves adpressed to the ground.
Slender non twining stems only occasionally branch. The entire
plant including the small winged pods is covered with a white pub-
escence turning brown with age. This is reported to be used as a

fish poison.(Harder et-.al, 1990) .

Floral Biology

15 cm.
Inflorescence is an axillary raceme uptg/long with 2-10 flowers;

_bracteoles ovate, persistent; calyx connate; ¢orolla large, much
exserted; standard broad, much reflexed, deeply -emarginate, auricled
at base, pale green at back, white or pale blue within, 2.5 to 4.0cm
in diameter; wings are irregularly obovate; kneel incurved, obtuse;
vexillary stamen free at base, connate with others from middle,
anthers are uniform; ovary shortly stipulate; ovules many, style long.
incurved and bearded lengthwise, stigms is terminal and globose with

dense hairs around and below. {(Pursglove, 19771.

Breeding objectives

Sastrapradja et.al (1980)studied the effect of different methods

of pollination'in winged bean namely natural open pollination, pollie- .



nation by tripping and pollination by brushing. Of these, the
maximum pod.set was achieved. under open pollination. In this case,
the role of bumble bees is also effective. In another experiment,
Erskine, (1980) observed that the rate of outcrossing was less than
1%, but in the wetseason, it reached 7.6% owing to the activity of

bees (Xylocopa aruana). He also added that stem colour in winged

bean is controlled by @ single gene with purple dominant over the

green.

Thompson and Haryono,( 1980) observed wide genetic variability

in the accessions of Psophocarpus tetragonolobus from Indonesia and
Papua New Guinea;' Muthukrishnan et 2l (1981)éssé35ed the extent of
vaéiability in winged.bean and observed that siggle podweight (g)
expressed the highest phenotypic and genotypic variability followed
by pod yield (g)/plant. Chundawat et 21.( 1981)observed wide range
of phenotypic variation for most of the plant characters in & coll-
ection of winged bean introductions, They observed intermediate to
semi spreading types with shorter internodal patterns among winged
bean collections from different regions. Much variation was repor-
ted in leaf shape, which varies from deltoid, ovate to lanceclate
and pod colour from pale green, green, dark green and purplish.
Erskine and Khan, {1981) observed that the overall wvarizbility for
days from sowing to the opening of first flower, mean pod length and
weight of 10C seeds was partitioned between and within races. They
evaluated the four loci controlling stem colour, ped specking, pod
wing colour ané pod shape and found that the average percentage of

polymorphic loci was B0.4 over all the races.

Hildebrand et.al (1922) reported variation in storage root protein

content in winged bean accessions ranging from 8.2 to 31.1%.



_Philip, (1984) reported that phenotypic and genotypic coefficients

of variation were maximum for weight of root tubers, followed by
green poéd yielé and pods/plant. Crude protein was maximum- in seeds
(41.35%), followed by leaves (37.41%), Péds (31.28%), flowers
{27.45%) and root tubefs (55.89%). Prakash et.al, (1987)cobserved
wide variation in total protein content of seeds, ranging from 38.1
to 45% in different accessions. Abe and Nakamurs,(1987)noted vari-
ation in flowering time, flower colour, leaf shape, pod size, shape
and colour of seed end tuber yield, In a set of winged bean variet-
les studied by Muthukrishnan 53.51,{19815 it was observed that herita-
biiity, genetic advance and genetic advance as percentage of mean
were high for pod weight, followed by pé& length and pod yield/plant.
It was also revealed that pod yield was positively correla£ed with
number of fruité and single fruit weight. Chundawat et.al,(1981)
also reported high genetic coefficient of varilation and high expecced
genetic advance for pods/plant, weight/ pod and green pod yield/
plant. They also reported that pod vield was significantly and posi-
tively correlated with weight/pod, pod width and pods/plant. Path
coefficient analysis conducted by them in winged bean, revealed that
seed size has the highest direct effect followed by weight/pod, pod

width and pods/plant.

Philip, (1984) estimated heritability ané found it to be the
highest for crude protein and crude fibre, but the genetic advance
was low. The genetic advance was maximum for days to final harvest
and pods/plant. Yield of pods/plant was highly and positively asso-
ciated with days to finsl harvest, pods/plant and length and girth
of pods. Seeds/pod exhibited significant negative correlation with

pod yield. She found that the genetic advance through selection



for pods/plant, days to final harvest and pod girth were superior

by 2.95% over straight selection.

Erskine and Kesavan (1982)reported that the general combining
ability effects were csignificant for all charscters they studied
except pods/plant and specific combining ebility effects were sig-
nificant for green pod yield, pod length and days to flower. Gen-
eral combining ability was strongly correlated with the parental
means for pod weight, pod length and ﬁod width. They opinioned
that hybrid performance for pod length and weight could largely be
predicted from the general combining ability. But pod yield in the
hybrids could not be predicted from parental walues. Silva and
Omran, {1987)revealed that poé length and shelling percentage of
winged bean are largely controlled by additive gene action. Hete-
rosis was significant in only & few crosses. Shelling percentage
was positively and significantly correlated with seed yield, an asso-
ciation thought potentially valuable for selection purposes. Veresh
and Shivsankar, (1986) observed decrease in Ml pollen and seed ferti-
lity with increase in dosage of rays when seeds were exposed to a
range of 10 to 35 krad. In Mo, Chlorina followed by Xantha were the
most freguent chlorophyll mutants, the highest frequency of such
mutants occuring with 25 kraé and the lowest with 30 krad. Viable
mutants in M, included those with changes in stature and leaflet
number and shape and early mutants. Veresh, (1%87)observed in the M2,
from treatments with upto 35 krad, a non-liner relationship for
chlorophyll mutation freguency. Chlorophyll mutations included

albina, xantha, chlorina viridis and alboxantha types. Viable muta-

tions included dwarf, bush and early maturing types. Savithramma

(1987)reported 0.6% ethylmethane sulphonate as the optimum dose for



inducing mutations in winged-bean. Here, the ko mutants - incluced

dwarf, compressed internode and bushy, early and determinate tvpes.

Iso-enzvme studies in winged bean revealed that 5 isoenzymes
are useful in separating accessions, and a combinstion of these 5,
identified 127 accessions, morphological and isoenzyme characteris-

tics together seperated 24 accessions ( Peiris, 1986) .

Cultivars

Numerous cultivars are prevailing in winged bean in different
countries where it is grown. Comingjto India, IIHR, Bangalore has
a few selections. IIHR Selections 21,60 and 71 are promising. Sim-
ilarly WBC=2 from Meghalaya is also found good {Parthasarathy, 1986).
A cultivar called WB 12-1 from Puertc Rico was resistant to bacte-

rial wilt {( Valdez and Almodovar, 1980G),

Different characters, which are to be introduced to improve
this crop, are photo insensitivitv, earliness in home garden lires
with extended hervest, plants having single leader with 40-50 nodes

and suitable cultivars for tubers, seeds and green pods (Sathva
nerayanan et 2ai, 1578 )
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Genetics and breeding of Cucumber (Cucumia sativus L.)

Dr. M. Abdul Vshab*

Cucumber, a warm season vegetable is an important member of
the cucurbitaceae. Treated once as a very Seasonal crop, cucumber
underwent many changes in the past years and now several crops
are taken/year. This important change was brought about by changes
in cultivar, maturity, adaptability, processing technology and

ccnsumer preference for the product.
Common names and synonyms
Cucumber has many synonym as given below,

Bengali - Sasha; Gujarati - kakdi, Hindi, Punjabi - khira; Kannada -
soy, hekaiji; Kashmiri - Larry Malayalam - Vellarikkas Oriya -
kakadl; Tamil - kakkarikkai; Telugu - Dosakayi.

Origin and distribution

Cucumber i1s throught to have originated in India. (De Candclle
1582) and has been in cultivation here for 3000 years, Cucumls
hardwickij the probable progenitor of cucumber grows wild in the
foot hills of Himalayas. Burma could be regarded as the secondary
centre of origin. The plant was carried west ward to Asiaminor,
lorthern America, and Africa long before written history (Whitaker
end Davis, 1962), At present, it is grown through out the world
in tropical and subtropical regions.

“Botany and floral biology

Cucumber is commonly a monoecious annual, trailing or climbing
vine with stiff hairs throughout. Stem angle with small simple
terdrile, leaves long petioled, lamina 4-9 cm long, deeply 3-5
'lcted with rounded sinuses. FPlowers small, yellow, 3-10 mm in
diameter, staminate flowers in cluster, pistillste flowers solitary

*hssccirte Professor, Kerala Agricultural University, Vellanikkara,



¢n long, slender, hirsute peduncles. Fruits oval to oblong
veriable in size, covered with long sharp glicening hairs on warty
nimples, rind pale green, turning to ivory on ripening, flesh

g%eenish, 3eeds many, small, white smooth, 3-5 mm long.

Choudhury and Pathak (1961) studied floral biology-of cucumber
under Delhl conditions. Anthesis takes place between 5.30«7,00 am,
Aéther dehiscence is between 4.30 - 5.00 am. Pollen fertility

laste for 14 hours -after anthesis. Stigms becomes receptive 12

hrs. before to 7 hrs, after anthesis.

Taxonomy and cytogenetics

The genus Cucumis has over 40 spp. Oof which B arc Indian
(Chakravarthy, 1959) either in wild or in cultivated forms. All
tAeSe specles are génerally monoecious. Cytological studies vers
carried out for seven species Viz. C. cellosus, C. hardwickii,
€ melo, C. prophaterum, C. diapaceus and 7 varieties viz. C.g.
vs: ickling (Syn. C. melo var pickling) C. melo var phut, var
agrestis, var momordica, var muskmelon, var utilissimus and var
gﬁurmi (frivedi and Roy, 1970: Singh and Roy, 1974). The studies
réyealed that the genus is dibasic with both 7 and 12 3s the base
ch}omosome numbers. The evolution of the genus with base nuﬁber
x's 7 and 12 is not clear. Bhaduri and Bose (1947) considered that
the evolution of the base number 12 In the genus is from the base
number 7 by. fragmentation. This was supported by Ayyankar (1567)
al'so. However, origin of base number 7 from 12 by fusion has also
been suggested (Trivedi and Roy, 1970). '

The three 14 chromosome #D.are Callosus, 8ativus, and hardwickid.
Karyomorphological studies revealed three pairs of chromosomes with
secondery constriction in sativus and hardwickii indicating their

c'odmenecs., The absence of such 5ec0nd$ry congtrictions suggested
that C. callosus is the primitive taxon from which the other two
derived. This indicates s trend towards asymmetry. However, studies
hesec on chromatin length indicates the closeness of C. hardwickii
an¢ callosus {Trivedi and Roy, 1970; Singh and Roy, 1974}. Studles
of the taxon with 24 chromosomes showed that the cultiveted varie-

-1 £ of C. melo heve 8 tendency towards asymmetrv (Singh and Roy,
1970) .



Genetics and breeding of Cucumber (Cucumis sativus L.)

Dr. M. Abdul Vshab*

Cucumber, 8 warm Se&son vegetable 1s an important membar of
the cucurbitaceae., Trested once as 8 very seasonal crop, cucumber

underwent meny changes in the past years and now several crops

are taken/year. This important change was brought about by changes
in cultivar, maturity, adaptablility, processing technology and

censumer preference for the product,

Common names and synonyms
Cucumber has many synonym as given below,

Bengali - Sasha; Gujarati - kakdi, Hindi, Punjabi - khira; Xannada -
soy, hekaiji; Xashmiri - Larry; Malsyalam - Vellarikke; Oriya -
kakadi; Tamil - kakkarikkai; Telugu - Dosakayi.

Origin and distribution

Cucumber is throught to have originated in India. (De (Candolla
15€2) and has been in cultivation here for 3000 years. Cucumis
hardwickij the probable progenitor of cucumber grows wild in the
foot hills of Himelayas, Burma could be regarded as the secondary
centre of origin., The plant was carried west ward to Asismlinor,
¥orthern America, and Africa long before written history (Whitaker
and Davis, 19%2). At present, it 1s grown through out the world

in tropical and subtropical regions.

Botany and floral biology

Cucumber is commonly a monoecious annual, trailing or climbing
vine with stiff hairs throughout. Stem angle with small simple
t:rédrile, leaves long petioled, lamina 4-9 cm long. deeply 3-5
leted wWith rounded sinuses. Flowers small, yellow, 3-10 mm in
diameter, staminate flowers in cluster, pistillate flowers solitary
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Genetic Resources of cucumber

The fcllowing institutes maintain cucumber germplasm as

deteiled below (Alcezar and Qulick, 1983).

S1No, Name of Institute No. of accessions

1 Maritasa Institute for vegetable crops
Bulgaria . 7

2 Shandorg, Chinsa 214

3 Dept. of genetic resources, Division of
genetics and Plant Breeding method
.Prague - Czechoslovakia 89

4 Zentralinstitute fur Genetik und 193
xulfur pflanzenforschung, 4325 land races
Gatersleben, Germany (GDR)

5 Research centre for Agrobotany, National

Institute for Agricultural varlety
Testing NIAVT, 2766 Taplioszele,

Hungary 60

I.I.H.R., Bangalore, India 20

KAU Vellanikkara, Trichur 10
8 Vivekananda Parvathiya Krishi Anusandhan

Shala, Almora, U.P, . 10

NIAS Japan 121
10 Institute for Hort. plant Breeding (IVT)

Wageningen, Netherlands 1930
11 National Hort. Res. Institute, (NIHORT)

Idi, Ishin, Ibadan, Nigerias 9
12 PGRL, Pakistan 5
13 UNA, Lima, Peru 19
14 I1.P.G., Laguna, Philippines 461
s IHAR, Warsan, Poland 11
16 DPSC, Pretoria, South Africa 2
17 INIA, Madrid, Spain 11
18 ARARI, Izmir, Turkey 33
19 VIR, Leningrad, U.S.S.R., 2767
20 NSSL Colorado, USA 235
21 NCRPIS, Lowa, USA 662
22 WRPIS, New York, USA 260
23 IVRC, California , unknown number

24 Robinson's Geneva, N.Y. 110




Gene list of cucumkter
Plerce (1989} gave an updated list of 105 genes for cucumber
g;g;ol Character Gene Character
Symbol
a - androecious ap - spetalous
Ar - Anthracnose reslstance B - Black or brown spines
BZ - Blackspine - 2 B3 - Blackspine - 3
By - Black spine - 4 bi - bitter free
bl - blindg bla - blunt leaf
By - Biteer frult bu - bush
Bw - Bacterlal wilt reslstance 4 - Cream fruit
Cca - Corynespora cassicola Ccu - Cladosporium cucumerinum
resistance reslstance
cd - chlorophyll deficient cl - closed flower
cla - Colletotrichum cm - Corynespora melonia
lagenarium resistance resistance
cmy - Cucumber mosaic virus co - green corolls
resistance
cor 1- cordate leaves - 1 cor-2- Cordate leaves - 2
(Syn: cor)
cp - gompact cr - crinkled leaf
cs - carpel splitting D (Syns g)- Dull fruit skin
de - determinate af - delayed flowering
di - Diabrotica resistance dal - delayed growth
dm (Syn: dvl
pl- downv mildew resistance (synidl) - divided leaf
dw - dwarf Es=-1 =~ Empty chambers -
Es-2 - Empty chambers - 2 P (Syni Acr, acr F, D,St)
- Femeale
fa - fasciated - Fba - Flower bud abortion
v - pusenin oomens 5 - golden leaves
resistance
gt (Syni n)] = Gooseberry fruit gc = goléen cotyledon
g1 - ginko gl - glasbrous
Gglb = glabrate qy - gynoeclous
H - Heavy netting fruit I - Intensifier of P,
In-de (Syn Inlde} - . In - (Syn. P) -

Intensifier of de

Intensifier of female
sex expression

(Con‘t’d. LI



Gene list of cucumber

Pierce (1989) gave an updated list of 105 genes for cucumber

Gene

Intensifier of de

Intensifier of female
sex expression

(Contd...

Charact
Symbo1 er g;;;Ol Character
;
a - - androecious ' ap =~ apetalous
Arf!- Anthracnose resistance B ~ Black or brown spinei
B2 - Blackspine - 2 B3 - Blackspine - 3
B, - Black spine - 4 bl .~ Dbitter free
bl;;— blind bla -~ blunt leaf
Bt;‘- Bitter Zrult bu - bush
Bw ' - Bacterial wilt resistance a - Cream fruit
Cca - Corynespora cassicola Ccu = Cladosporium cucCunerinum
resistance resligtance
cd - chlorophyll deficient cl - closed flower
cla - Colletotrichum cm - Corynespora melonis
lagenarium resistance resistance
cmy - Cucumber mosaic virus co - green corolla
resistance
cor 1~ cordate leaves - 1 COr=2~ Cordate leaves - 2
(Syn: cor)
cp' - gompact cr - crinkled leaf
cs - carpel splitting D (Syni g)- Dull fruit skin
de’ - determinate daf - delayed flowering
di: - Diabrotica resistance dl - delayed growth
dm' (Syn: ‘dvl
pl- downv mildew resistance (Synidl)~ divided leaf
dw - dwarf Es-1 - Empty chambers -
Es-2 - Bmpty chambers - 2 F(Syn: Acr, acr F, D,St)
‘ - - Female
fa. - fasciated - Fba - Flower bud abortion
Foo - ;?:;figﬁc3$§§§gﬁﬁm. g - golden lesves
resistance .
gb'(Synl n) ~ Gooseberry fruit ge = goléen cotyledon
gi: - ginko g1 - glebrous
glb - glabrate gy ~- gynoecious
H - Heavy netting frulit 1 - Intensifier of P,
In-de (Syn Inlde) - In F - (Syn. F) -




Genetic Resources of cucumber

detelled below

(Alcezaor end Gulick, 19831).

\
The following institutes maintain cucumber germplasm as

S1lNo. Name 0of Institute No. of accessions
1 Maritsa Institute for vegetable crops
Bulgarls 71
2 Shandorg, Chinsa 214
3 Dept. of genetic resources, Division of
genetics and Plant Breeding method
.Prague - Czechoslovakia 83
4 Zentralinstitute fur Genetik und 193
xulfur pflanzenforschung, 4325 land races
Gatersleben, Germany (GDR) =
5 Research centre for Agrobotany, National
Institute for Agricultural varlety
Testing NIAVT, 2766 Taploszele,
Hungary 60
I.I.H.R., Bangsalore, India 20
¥AU Vellsanikkara, Trichur 10
2 Vivekananda Parvathiya Krishi Anusandhan
Shala, Almora, U.P. 10
NIAS Japan 121
10 Institute for Hort. plant Breeding (IVT)
Wageningen, Netherlands 1920
11 Nstional Hort, Res. Institute, (NIHORT)
Idi, Ishin, Ibadan, Nigeris 9
12 PGRL, Pakistan 5
13 UNA, Lima, Peru 19
14 I.P.G,, Laguna, Philippines 46
g IHAR, Warsan, Poland 11
16 DPSC, Pretoria, South Africa 2
17 INIA, Madrid, Spain 1z
18 ARARI, Izmir, Turkey 3
19 VIR, Leningrad, U.S.S5.R. 2767
20 NSSL Colorsado, USA 23¢
21 NCRPI1S, Lowa, USA 662
22 NRPIS, New York, USA 260
23 IVRC, California unknown number
11C

24

Robinson's Geneva, N.Y,




Gene

Gene
symbo 1 Character symbol Character
1 - locule number 1h - long hypocotyl
11 - little leaf ls - 1light sensitive
m - andromonoecious M-2 (Syn.b)
(Syn:a, ) andromenanc{ovs ~ 2
mp {Syni pf+,pfd, pfp) mp=2 - multipistillate
- multipistillate
ms-1-male sterile -1 mo=2=- male storile - 2
n - negative geotropic ns - numerous spines
peduncle response
O{y) = Orange yellow corolla opp - opposite leaf arrangeme!
P - prominent tubercles pc (p) - parthenocarpy
pl - Pale lethal pm-1 = powdery mildew
resistance = 1
pm =2- powdery mildew pm=3 = powdery mildew
resistance - 2 resistance « 3
pn-h (3,pm) ~ powdery mildew " pr - protruding ovary
resistance expressed by hy
hypotyl
psl (Pl) - Pseudomonas lachrymans R - Red fruit
resistance
re « revolute cotyledon ro - rosetgs
s(f,a)- spine size and frequency $-2 - gapine - 2
8-3 - s pine =3 sc - @galt tolersance
sc (cm) - stunted cotyledons 8'c(cm)= stunted cotyledons
s - S0, resistance sp ~ short petiole
8¢g - 8mall spines T ° = Tall plant
L4 - tendrillers te - tender skin of fruit
Tr -~ Trimonoecious Tu - Tuberculate fruit
u(d) - Uniform {mmature fruit ul - umbrella leaf
color
- virescent vv-1 - Variegated virescent
w -  white irmmature fruit wf ~ white flesh
colour .
Wav - Watermelon mosaic virus Wmv~l~l- Watermelon mosaic
resistance virus resistance~1
Yc=! =~  Yellow cotyledon - 1 yC=2- Yellow cotyledon-2
vyf{v) - yellow flesh yg(gr)- Yellow green immature
fruit colour i
Yp - Yellow plant zymv = 2Zucchinl yellow mosal

virus




Breeding objectives and methods

The methods and Objectives of breeding vary c¢onsiderably with
the region, purpdse etc. In the survey bn breeding ocbjectives
made in USA (wehner, 1988)  the brimary objectives were yield,
Cisease resistance, fruit quality and earliness/sex expression,
Other traits were fruits/plant, fruit seed cell size, days to
flower, branching habit, day length response, heat tolerance,
drought resistance, coid vigour, c¢old &nock resistance, Ba8i. woac-—
rance, cold germination, air pollution resistance, parthenocarpic
fruit, brine stock quality, nutritional value, fruit shape, resist-
ance to diseases like gummy sifm blight, rhizactonia fruit rot,
anthracnose, pythium colony leak, downy mildew, CMVY, wnvz, angular
leaf spot, target leaf spot, powdery mildew, scab, fusarium wilt,
bacterial wilt, verticillium wilt and pests like prickle worm,
spider mite, and root knot nematode.

Important breeding methods are pedigree (cross, select, self),
hack cross (cross, select, backcroas), Inbrad back cross (croms, BcC,
self, select}, single seed descent (cross, self, select), recurrent
selection (Rs), half sib, full sib, 5, line, 82 line, Mass selectiol
(single plant, Rs), pureline family cross (cross, bulk, self, selec

arid reciprocal recurrent selection.

Objectives for release of germplasm types are . inbred.lines,
hybrids, inbred or line cultivers (from selfing), open pollinated
cultivars (from mass selection), multiline cultivar (mixture of
isolines) and synthetic cultivers., (73 inbreds intercrossed).

Breeding achievements

1. Considerable progress was made 1in evolving high yielding
var{eties/hybrids. They include Japenese Long Green, Straight

Eight, Pusa Sanyog, Poinsette etc.

2. Resistant lines

Diseese/disorder © Resistant varieties

a) hus perasitic

!. Low temperature injury Azerberjan
2. Gumrosis Supert OE 48
Hanok 264

1. Drought



Breeding objectives and methods

The methods and objectives of breeding vary considerably with
the region, purpose etc. In the survey bn breeding objectives
made in USA (wWehner, 1988) the primary objectives were yield,
disease resistance, fruit quality and earliness/sex expression.
Cther traits were fruits/plant, fruit seed cell size, days to
flowver, branching habit, day length response, heat tolerance,
drought resistance, cold vigour, C0id snOCK resistance, S8icC wuae-
rance, cold germination, air pollution resistance, parthenocarpic
fruit, brine stock quality, nutritional value, fruit shape, resist-
ance to diseases like gummy siém blight, rhizactonia fruit rot,
anthracnose, pythium colony leak, downy mildew, CMV, WMV, angular
leaf spot, target leaf spot, powdery mildew, scab, fusarium wilt,
bacterial wilt, verticillium wilt and pests like prickle worm,
spider mite, and root knot nematode.

Important breeding methods are pedigree (cross, pbelact, self),
back cross (croas, select, backcrosa), Inbred back cross {cross, BcC,
self, select), single seed descent (cross, self, select), recurrent
selection (Rs), half sib, full sib, Sy line, S, line, Mass Bselectior
(single plant, Rs), pureline family cross (cross, bulk, self, selec

and reciprocal recurrent selection.

Objectives for release of germplasm types are . inbred.lines,
hybrids, i{nbred or line cultivars (from selfing), open pollinated
cultivars (from mass selection), multiline cultivar (mixture of

isolines) and synthetic cultivers., (73 inbreds intercrossed).

Breeding achlevements

1. Considerable progress was made in evolving high ylelding
varieties/hybrids. They include Jepanese Long Green, Straight
Eight, Pusa Sanyog, Poinsette etc.

2., Resistant lines

Disezse/disorder Resistant varietles

a) Koa peresitic
1, Low temperature injury Azerbarjan
2. Gumrosis Supert OE 48
3. Drought Hanok 264



Gene Gene

symbo 1 Character symbol Character

1 - locule number 1h - long hypocotyl

11 = little leaf ls - - light sensitive

m - eandromonoecious M-2 (Syn.b)

(Synia,q) andromon~asci{ong - 7

mp (Syni pf',pfd, pfp) mp-2 - multipistillate

- multipistillate

ms-l-male sterile -1 MmEwl= male sterile - 2

n - negative geotropic ns - numerous spines
peduncle response

O{y) - Orange yellow corolla opp ~ opposite leaf arrangemel

P ~ prominent tubercles kc (p) - parthenocarpy

pl - Pale lethal pm=1 = powdery mildew

resistance = 1

pm =2- powdery mildew pm=3 < powdery mildew
resistance - 2 reglstance = 3

pm=h (8,pm) - powdery mildew pr - protruding ovary

rc -

s{f,a)- spine size and frequency

8=3

resistance expressed by hy ;

hypotyl
psl (Pl) - Pseudomonas lachrymans

reslstance
revolute cotyledon

- apine =3

sc {cm)- stunted cotyledons

sd
8s
Ld
Tr

uimM)

Yc=}
v (v)

¥P

302 resfstance
small spines
vendrillers
Trimonoecious

Uniform immature fruit
color

virescent

white lmmature fruit
colour

Watermelon mosaic virus

resistance
. Yellow cotyledon - 1
“yellow flesh

. yellow plant

R -
ro -

-2 -

gc -

8'c(cm) -

sp -

T . -

te -

Tu -

ul -

vwv-l =

wf o

Wrmvelel~-
yC=2=

yg (gr)-

Iymv -

Red fruit

rosettu

spine - 2

palt tolerance
stunted cotyledons
short petiole

Tall plant

tender skin of fruit
Tuberculate fruit
umbrella leaf

variegated virescent
white flesh

Watermelon mosaic
virus resistsnce=l

Yellow cotyledon-2

Yellow green immature
fruit colour .

Zucchini yellow mosai:
virus




Disease/disorder _Resistant varieties

b} 3., Fungal

1. Downy mildew Palmetto, Ashley
2. Powdery mildew Folaris, Ambra
3. Scab Wisconsin SR 12, Bleamto .
4. Anthracnose Hybrid signal 235 Hybrid 517
S. Leaf spot Hivergreen, Biveryel
!l Bacterial
1. Wilt ' PI 200816, PI 196477
2. hngulaer leaf spot Poinsette, Gemini, Dixie
a) Viral
2. Mosaic Kyoto 3 Feet Table Green
Market More
e) Nematodal
1. Melcidogyne incognita West Indian Gherkhin
Prospects

. The prospects in cucumber Iimprovement are:
bushy habit, lowernode to female flower, higher sex ratio, more
flesh thickness, desirable fruit shape, 8ize and flesh colour,

bitterless fruits, uniform frults, less seediness, better transporta-

bility ad once over harvest,
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Disease/disorder _Resistant varieties

b) 3. Fungal

1. Downy mildew Palmetto, Ashley
2. Powdery mildew Poleris, Ambra
3. Scab Wisconsin SR 12, Blearto .
4. Anthracnose Hybrid signal 235 Hybrid 517
5. Leaf spot Hivergreen, Biveryel
c) Bacterial
1. Wilt PI 200816, PI 196477
2. Angular leaf spot Poinsette, Gemini, Dixie
d) Viral
2. Mosalc Kyoto 3 Feet Table Green

Market More

e) Nematodal
1. Meloidogyne incognita '~ West Indian Gherkhin
Prospects

The prospects in cucumber Iimprovement arel
bushy habirt, lowernode to female flower, higher sex ratio, more
flesh thickness, desirable fruit shape, size and flesh colour,
bitterless fruits, uniform fruits, less seediness, better transporta-

b{lity =d once over harvest.
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Genrtics and Meeding of Muskmelon (Cucumis melo L,)

Or. Abdul vahah*

The apecies Cucuris melo L. 1s a large taxon COmprlsin$ of

plants whose mature fruits are used as desserts, salads or cooked
vegetahles. In the case of muskmelon fresh flesh of fruit is

e8ten Out of the rind after removal of seeds as dessert. The
fruits of some cultivars are even preserved. Huékmplon is é warm
season crop grown for the tropics to the temperate reqions.: The
crop requires plenty of sunshine and heat and does well in #he rot
dry tropics. It does not do well in the humid tropics or 1? a damp
atmosphere where the foliage diseases are serious and the f#uifs

are of poor quality,
Conmon names and synonyms,

Assamese - Chiral; Bengali - Kharmnjs; Telungu - Velapandu, Kasturi
\arabuja, Kharbuja, Velapandu; Tamil - Velapalom, kakkiri, kari;
Malesyalam - Thaikumbalom; Kannada - kakkarike; Marathi -~ kh%rbuj:
Gujarati =--Sakkartoli; Hindi - kXharbooj; Punjabl - kharbuza::
Sanskrit - kalingay English - Sweet or muskmelon; French - c¢antaloups
German - Melonegurke ; Konken - Bachang 7 American - cantaléupe

or muskmelon l

Origin and distribution

The place of origin of muskmelon is not known with cer%anity.
Eastern region of tropical Africa is considered to be its céntre
of origin, since this area has great concentration of wild specles
showing phytogenetically older characteristics with good ;e%istance
to several pests and diseases (Leippik, 1966). Whitaker anq Davis
(1962) thought that Central Asia, comprising of Russia, Afghanistan,
Pakistan and North West India as the SeCOndarf centre of origin.
Russian botenists like Pangalo {1951) were of the opinion at, no
African wild species coule be suspected as the ancestor of melons.

Based on sllozyme studies, Alcazar (1977) suggested India a? the

*hssociate Professor, College of Horticulture, Kerala Agricéltural
University, Vellanikkara.



area of origin of cultivated melons. Dane et &l (1980), from
cytogenetical studies suggested South Africa as the primary gene
Ccentre of this genuas. Now, {t is distrihuted world wide.

Botany and floral biology

Muskmelon 1s trafling softy hairy annual., Vines are monoe-
cious or andromonoecious. Root system large and superficial. Stem
ridged or striate. Leaves orbicular or ovate to reniform, angled
or shallowly 5-7 lobed, B-15 cm in diameter, dendate base cordate,
petioles 4-10 cm long, tendril simple.,’' Flowers staminate and
clustered, pistillate and sclitary hermaphrodite 1.2-3 cm in
diameter, yellow, on short stout pedicels, calyx 5 lobed, 6;8 mm
long, corclls deeply S partite, petsals round, 2 cm long, stamens
three, free, connectives of anthers prolonged, pistil with 3-5
placentas end stigmas. Fruits very variable in size, shape and rind
thickness, globular or oblong, smooth or furrowed, rind glabrous
and smooth (0 rough &nd reticulate, pale to deep yellow, yellow-
bfown or green, flesh yellow pink or green many seeded. Seeds
whitish or buff, flat, smooth, 5-15 mm long. _

Nandpuri and Braru(1966) studied the floral biology of musk-
melon under Ludhiana conditions. Anthesis take place between 5.30-
6.30 am and anther dehiscence 1s between 5.00 and 6.00 am, Pollen
remains viable upto 14 hours. Stigma becomes receptive 2 hours
before 2nd 3 hours after anthesis,

Taxonomy &and cytogenetics

Since the genus Cucumis is a large polymorphic taxon, the
taxonomy is still 1in confusion. There are dessert, culinary and
sslad types in this taxon. Horticultural}y, muskmelon and cantaloupes
of USA differ slightly in physical characteristics and regional
adaptation. The netted melon or muskmelon has a s6ft rind and
netted markings on the surface. The flesh has stronger aroma,
juicer flesh and larger seed cavity. Todey cantaloupe refers to
cultivars that are highly dniform in the overall netting {(corky
tissuve on the rind) with relatively indistinct ribs or vein tracts.

Internslly the flesh i1s thick, salmon orenge in colour with chara-



area of origin of cultivatrd melons. Dane et al (1980), from
cytogenetical studies suggested South Africa as the primary gene
centre of this genuas. HNow, it is diatributed world wide.

Botany and floral biology

Muskmelon is trailing softy hairy annusl. Vines are monoe-
cious or andromonoecious. RoOt system large and superficial. Stem
ridged or striate. Leaves orbicular or ovate to reniform, angled
or shsallowly 5-7 lobed, 8-15 cm in diameter, dendeste base cordate,
petioles 4-10 cm long, tendril simple. Flowers staminate and
clustered, pistillate and solitary hermaphrodite 1.,2-3 cm in
diameter, yellow, on short stout pedicels, calyx 5 lobed, 6;8 mm
long, corolla deeply 5 bartite, petals round, 2 cm long, stamens
three, free, connectives of anthers prolonged, pistil with 3-5
placentas and stigmas. Fruits very variable in size, shape and rind
thickness, globular or oblong, smooth or furrowed, rind glabrous
and smooth t0 rough and reticulate, pale to deep yellow, yellow-
bfown or green, flesh yellow pink or green many seeded. Seeds
whitish or buff, flat, smooth, 5-15 mm long.

Nendpuri end Brar (1966) studied the floral biology of musk-
melon under Ludhiane conditions. Anthesis take place between 5.30-
6.30 am and anther dehisacence is batween 5.00 and 6.00 am. Pollen
remains vishle upto 14 hours. Stigma becomes receptive 2 hours
before &nd 3 hours after anthesis,

Taxonomy &nd cytogenetics

Since the geﬁus Cucumis is a large polymorphic taxon, the
taxonomy is8 still in confusion. There are dessert, culinary and
salad types in this taxon. Horticulturally, muskmelon and cantaloupe
of USA differ slightly in physical characteristics and regional
adaptation. The netted melon or muskmelon has a so0ft rind and
netted markings on the surface. The flesh has stronger aroma,
juicer flesh and larger seed cavity. Today cantaloupe refers to
cultivars that are highly dniform in the overall netting {(corky
tissue on the rind) with reletively indistinct ribs or vein tracts.

Internally the flesh is thick, salmon orange in colour with chsara-



Genetics and breeding of Muskmelon (Cucumis melo L.)

Dr. Abdul vahah*

The species Cucuris melo L. is 8 large taxon comprising of

kplants whose mature fruits are used as desserts, salads or cooked
vegetahles., In the case of muskmelon fresh flesh of fruit is

eaten out of the rind after removal of seeds 88 dessert. .Tﬁe
fruits of some cultivars are even p}eserved. Huékmelon is $ warm
Season Crop grown for the tropics to the temperate reqionﬁ.; The
crop requires plenty of sunshine and hest and does well in the rot
dry tropics. It does not do well in the humid tropics or in a Jump
atmoaphere where the foliage diseases are serious and the f%ui*s

are of poor guelity,
Common names and synonyms.,

hssamese - Chiral; Bengali - Kharmujs Telungu - Velapandu, ﬁasturi
rarabuja, Kharbuja, Velapandu; Tamil - Velapalom, kakkiri, ﬁari:
Malayalam - Thaikumbalom; Kannada - kakkarike; Marathi - kh%rbuj:
Gujarati --Sakkartoli; Hindi{ - kharboojs Punjabi - kharbuzaé
Sanskrit - kalingas English - Sweet or muskmelon:; French - gantaloup;
German - Melonegurke ; Konken - Bachang ; American - cantaléupe

or muskmelon

Origin and distribution

The place of origin of muskmelon 1s not known with cer#anity.
Eastern region of tropical Africa is considered to be its c¢ntxe
of origin, since this area has great concentration of Hild,?pecies
showing phytogenetically older characteristics with good resistance
to several pesté and diseases (Leippik, 1966). Nhitaier éné Davia
(1962) thought that Central Asia, comprising of Russia, Afghanistan,
Pakistan and North West Indias as the Secondarf centre of origin.
Russian botenists like Pangalo (1951) were of the opinion at, no
African wild species coule be suspected as the ancestor of melons.

Based on allozyme studies, Alcazar (1977) suggested India aT the

*Associate Professor, College of Horticulture, Kerala Agricﬁltural

University, Vellanikkara.



C. melo var. agrestis - plants with slender vines small flowers
' and inedible fruits.

Var. cultura - Stout vines, large flowers and edible fruites

var, reticulatus - netted melons, mosat American cultdvara

and cantaloupes belong to this qroup.

var. cantaloupensis - cantaloupe melons, warty fruite, scaly,

rough hard skin netting absent.

var. inodorus -~ wintermelonas of USA, fruits with littile

musky order Eg: Honey Dew (green {leshed)

Casata and Crenshaw.

var. flexuosus - snake on serpent or longmelon. Fruits upto
90 cm long (it is same as C. melo vaor. utili-
utilissimus of Indla.

var. gonomon - Pickling melon, fruit smooth, glabrous, without
musky odour variously shaped.

var. chito - Mango lemon or lemon cucumber. Fruits small

(orange sized). Also cslled vegetable orange
Oor melon apple.

var. duadin - Fruits small like ehito, surface marbled with

rich brown very fragrant, ornamental.
Another one, C. melo var.momordica is also recognised. This is

8180 recognised. This is the phoot of Indie, whose fruitskin bursts
Oor evacks on mAturity.

Genetic Resdurces of muskmelon and other Cucumis 8pp .

Alcozer and Gulick (1983) listed the following institutes

maintaining germplasm for muskmelon and other Cucumis spp.

SiNo, ‘leme of Institute No., of accessions
' C. melo C. spp.
1 IPIGR, Sadovo, Bulgarisas 156
2 CATIE, Tussialba, Cdasta Ricas 2
3 RIPP, Prague, Czechoslovakia 2
4 IRNA, Monfavet - Avignon, France 240



cteristic flavour and the seed cavity is small and dry. The true
cantaloupe is 8 European melon, not arown in Americo characterised
by warty rind and dark yellow flesh. These are ddeal for packiné
and long transport. The wintermelon of 1ISA on the other hand
require long growing season &t relatively higher temperature under
semi arid conditfons and not suited to long storage aAd shipment
after harvest, HMost of central Asia verieties like those from
Afghanistan and Uzbekistan of USSR are loﬂg duration types grown
during dry period from April-May to October. These are generally,
oblong, . round, netted or smooth skinned, green, orange or white
fleshed. Eg: Sardamelon available in Nor th India. In the Persian
group persjian large and small are recognised. There are also melons

grown in glasshouses in Europe and Japan.

Deakin et 8l (1975) grouped Cucumis 8pp. into five. C. sativus
and other 14 chromosome Species in one, and cultivated melon in-the
second, Anguria group is third consisting @f C. longipes, E.‘
africanus, C. dipsaceus, C. leptodermis, C. myriocarpus, C. propheta-

run, C. zyhesi, C. ficifolius and C. leptadactylus. The fourth grtup
had C. dinteri, C. sagittatus and C. humifractus. The fifth group
had only C. metuliferus. The later cytological investications by

Dane et al (1980) confirmed conspecificity between C. dintesi and
C. sagittatus and between C. myriocarpus and C. leptodermis. The

annual cross compatible species sre C. afribanus. C. anguria, C.

dispaceus, C. leptodermis and C. myriocaprus. The perennial cross

compatible species are C. ficifolius, C. zeyhesi, perennial tetra-

Ploids, C. anleatus, C. heptadactylus end C. zezhesg and perennial

hexaploid C. figarei. .

There exists huge diversity of the polymorphic species C. melo.
Russian botanists like Pangalo (1951) and Zhukosvsky (1962) have
raised C, melo even to generic status of Melo sp. retaining cucumber
under Cucumis. The West Indiai Gherkin C. anguria found in semiwild
state in West India 1is now considered conspecific with C. longipes.
The wild form was retsined as var. longipes and the cultivated as
var. anguina (Meeuse, 1958, .Deakin et al 1971).

Naudin (1859) divided the species into several botanical varieties

adopting trinomial nomenelature 58 given below.



cteristic flavour and the seed cavity is small and dry. The true
cantaloupe i8 a European melon, not arown in America characteriaed
by warty rind and dark yellow flesh, These are ddeal] for packiné
and long transport. The wintermelon of 1ISA on the other hand '
require long growing season &t relatively higher temperature under
semi arid conditions and not suited to long storage and shipment
after harvest, Most of central Asia varieties like those from
Afghanistan and Uzbekistan of USSR are long duration types grown
during dry period from April-May to October. These are generally,
oblong, round, netted or smooth skinned, green, orange or white
fleshed. Eg: Sardamelon available in North India., In the Persiah
group persian large and small are recognised. There are also melons

grown in glasshouses in Europe end Japan.

Deakin et al (1975) grouped Cucumis spp. into five, C. sativus
and other 14 chromosome species in one, and cvltivated melon in-the
second, Anguria group is third consisting of C. longipes, C.
sfricanus, C. dipsaceus, C. leptodermis, C. myriocarpus, C. propheta-
run, C. zyhesi, C. ficifolius and C. leptadactylus. The fourth group

had C. dinteri, C. sagittatus and C. humifractus. The fifth grouﬁ
had only C. metuliferus. The later cytological inveatications by

Dane et 21 (1980) confirmed conspecificity between C. dintesi and
€. sagittatus and between C. myriocarpus and C. leptodermis. The
annual cross competible species are C. africanus, C. anguria, C.

dispaceus, C. leptodermis and C. myriocaprus. The perennial cross
compatible species sre C. ficifolius, C. zeyhesi, perennial tetra-

ploids, C. anleatus, C. heptadactylus and C. zeyhesi and perennial

hexaploid C. figared,

There exists huge diversity of the polymorphic specCies €. melo.
Russian botanists like Pangalo (1951) and Zhukosvsky (1962) haﬁe
raised C. melo even to generic status of Melo sp. retaining cucumber
under Cucumis., The West Indian Gherkin C. &nguria found in semiwilld
atate in West Indis is now considered conspecific with C. lonciggsq
The wild form was retained as var. longipes and the cultivated as
var. anguina (Meeuse, 1958, .Deakin et al 1971).

Naudin (1859) divided the species intoc several botanical varieties
adopting trinomial nomenelature as given below.



C. melo var. agrestis - plants with slender vineg amall flowersa
and inedible fruits.

Var. cultura - Stout vines, large flowers and edible fruite
var, reticulatus - netted melona, most American cultivare

and cantaloupes belong to this qgroup.

var. canteloupensis - cantaloupe melons, warty fruits, scalv,

rough hard skin netting absent.

var. inodorus - wintermelons of USA, fruits with little
musky order Egs Honey Dew (green fleshed)

Casata and Crenshaw,

var. flexuosus - snake on serpent or longmelon. Fruits uptc
90 cm long (it is same as C. melo var. utili-
utilissimus of India.

var. gopomopn -~ Pickling melon, fruit smooth, glabrous, without
musky odour varijously shaped,

var. chito - Mango lemon or lemon cucumber. Fruits small
(orange sized). Also called vegetable orange
or melon apple.

var. duadin - Fruits small like ehito, surface marb,led with

rich brown very fragrant, ornamental.
Another one, C. melo var.momordica is also recognised. This ius
also recognised. This is the phoot of India, whose fruitskin bursts

or evacks on maturity.

Genetic Resdurcees of muskmelon and othey Cucumis 8pp.

Alcozer and Gulick (1983) listed the following institutes

maintaining germplasm for muskmelon and other Cucumis spp.

SINo, ‘lame of Institute No, ©f accesslions
C. melo C. spp.
1 IPIGR, Sadovo, Bulgaria 156
2 CATIE, Tusaialba, Cdata Ricas 2
3 RIPP, Prague, Czechoslovalkia 2
4 IRNA, Monfavet - Avignon, France 240



No, of accessjonsa
51 Name of inatitute ccess

NO. C. melo c. spp.
5 Ziguk, Gaterleben, GDR 133 Unknown No,
6 NIAVT, Tapioszele, Hungary 98 60
7 VCRI, Budapest Hungary S0
8 1IHR, Bangalore, India 430 20
9 NBPGR, Phalgi 32

10 ARC, Abu Ghraib, Iraq 17

11 I.G., Bari, Italy 69

12 NIAS, Ibaraki, Japan . 122

13- PGI, Kyoto, Japan 11

14 IVT, Wageningen, Netherlands 325 136

15 BIHORT, Ibadan, Nigeria 11 17

16 ARC, Islamabad, Pakistan 5 5

17 UNA, Lima, Peru 22

18 " IPG, Laguna, Philippines 177 252

19 IHAR, Warsaw, Poland unknown

20 DPSC, Pretoria, South Africa 31 46

21 INIA, Madrid, Spain 568 76

22 ARHRI, Izmir, Turkey 92 21

23 VIR, Leningrad, USSR 3736

24 KBL, Colorado, USA 1024 26

25 NCPIS, Lowa, USA 662

26 SRPIS, Georgis, USA 2099

27 NRPIS, New York 353 24

26 UA Arizona

29 IVORC, Californea unknosm unknown

30 Robinson's, Geneva, New York 15 111

Gene list of muskmelon

An updated list of 74 known genes were reported for muskmelon
(CeC, 1986) . '

Gene symbol Character Géne symbol Character

" a(syniM) ~ andromonocecious ab - abrachiate

Af ~ Aulacophors reslstance Ag .- Aphis gossvpil tolerance




Gene symbol Character

Gene.ﬂymbol Character

Al=1 (Al )-AbsiSSIOn layer=1

Ap-l1 (Aps 1 ) - Acid phosphat-
ase - 1

Bi -

Bitter

dc = 2« Dacus cucurbitae -2
resistance

Fom-2 (Fom, .J) Fusarium
oxyqporu& g melonls resistance

g = gynomonocecious

gl - glabrous

gyc - greenish yellow corolla
Jf = Juicy flesh

Mc - Mycosphamrella citrullina
resistance

ms-l(msl) male sterile - 1
ms-3 (MSL) male sterile ~ 3
n - nectarléss
O - Oval fruit

Pa - Psle green follage

Pc-2 - Pseudomonas cubensis
. resistance

Pgd—22(6 PGDH- 22)-phosphogluco-
dehydrogendse 2

Pgi - 1 (PGI=-1 ) - phosphogluco~

isomeranse 11

Pgi - 1% (PGI-lz) - phosphogluco
! iBOmerase12

Pgi—2 (PGI-22) - @ho&phoqluca
isomerase
2 (PGM-22)- phOSphogluco-

mutase 22

Pgm~2
Pm-z (pm } - powdery mildew .
recistance - 2

Pm=4 (PM' ) - Powdery mildew

reslstance

pm-sr(pﬁs)

Al-2(Al2)- Abscission layer - 2
Ap-lz(APS-lz)- Acid phosphatase=2

dc - 1= Dacus cucurhitae - 1
resistance

Fn = Flaccida necCrokis

Fom-1 (Fom,} - Fusarium oxysporum
fq melonis resistance

Fm_a o L]

gf - greenflesh colour
gp - green petals

h -~ halo cotyledons

Imi - iong meinstem interncde

MC~2 (Mcl) Mycosphserella

¢citrullina resistance

R
ms=2 (ms“) male sterile - 2

ms=-4 . hale sterile - 4

nsv - necrotic spotvirus resistance

P
Pc -

- pentamerous

1 - Pseudomonas cubensis
resistance

Pgd F'21(6-PGDH—21)-Phospho

glucodehydrOQenase 2

(PGI-1 )—phosphog}uco
isomerase 1

Pgi-q

Pgi - 12(PGI-1 ) = phosphogluco-
isomerase 11
(PGI-21) - phosphogluco

isomerase 21
Pgm - 2?(PGM-21)—phOBphoglﬂco-

mutase 21

Pgi - 2°

Pm~1

Pm-3 (pma)- powdery mildew
resistance - 3

~.powdery mildew
resistance - §

(Pml)-Powdery mildew resistance



Gene symbol Character

Gene .symbol Character

Al-1 (Al )—Abslssion layer=1

Ap—l1 (Apa-l ) - Acid phosphat-
ase - 1

Bi - Bitter

dc = 2= Dacus cucurbitae -2
resistance

Fom=2 (Fom ) Fusarium

oxygporu& 3 melonls resistance
g = gynomonoecious

gl - glabrous
gyc - greenish yellow corolla
J€ = Juicy flesh

Mc =~ Myccsphaerella citrullina
resistance

ms-l(msl) male sterile = 1
ms=3 (MSL) male sterile -~ 3
n - nectarléss
O -~ Oval fruit

Pa - Pale green foliage

Pc=2 = Pseudomonas cubensis
. resistance

Pgd-22(6 PGDH-Zz)-phosphogluco—
dehydrogenase 2

Pgi - 12(PGI-12) - phosphogluco-

isomerase 11

Pgi - 1% (pGI-1%) - phosphoglico
! isomerase12

Pgi-2 (PGI=2 ) - phosphogluca
isomerase

2

Pgm=2 (PGMo22)- phosphOgluco—
mutase 2

. 2

Pm-2 (pm ) - powdery mildew .
resistance - 2

Pn=4 (PM°) - Powdery mildew

resistance

Al-2(A12)- Abscission layer - 2
Ap-lz(APS-lz)- Acid phoéphataae-Z

dc - 1l- Deacus cucurbitae - 1
resistance

Fn - Flaccida necrodis

(Fom,)} - Fusarium oxysporum
f. meionia reslistance

Fom-3 - -

Fom-1

gf - greenflesh colour

gp - green petals

h - halo cotyledons

lmi - long mainstem interncde

MC-2 (Mc?l) Mycosphaerella

¢itrullina resistance

ms=2 (ms®) male sterile - 2
msS-4 . male sterile - 4

nsv - necrotic spotvirus resistance
P - pentamerous

Pc = 1 - Pseudomonas cubensis
resistance
Pgd,?'21(6-PGDH-21)-Phospho
' glucodehydrogenaac 21

Pgi- 1 (PGI=~ 11 )-phOSphog}uco
{somerase 1

Pgl - 12(PGI-1 ) - phosphogluco-
i somerase 11
(PGI—21) - phosphogluco

isomerase 21
Pgm = 21(PGM—21)-phoaphoglico-
mutase 21

(Pml)-Powdery mildew resistance

Pgi - 2°

Pm=~1

Pm-3 (pm3)- powdery mildew
resistance - 3

-.powdery mildew

Pm-5
: resistance - §

_(pms)



ié Name of {natitute No, of accessions

C. melo c. sgp.

5 Ziguk, Gaterleben, GDR 133 Unknown No.

6 NIAVT, Tapioszele, Hungary 96 60

7 VCRI. Budapest Hungary 50

8 IIHR, Bangalore, India 430 20

9 NBPGR, Phalgi 32
10 ARC, /Abu Ghraib, Iraq 17
11 I.G.j Bari, Italy 69
12 NIAS, Ibaraki, Japan 122

13 PGI, :Kyoto, Japan 11
14 IVT, Wageningen, Netherlands 325 136
15 BIHORT, Ibadan, Nigeria 11 17
16 ARC, Islamabad, Pakistan 5 5
17 UNA, Lima, Peru 22

18 1P¢, Laguna, Philippines 177 252
19 IHAR, Warsaw, Poland unknown

20 DPSC, Pretoria, South Africa 31 46
21 INIA, Madrid, Spain 568 76
22 ARHRI, Izmir, Turkey 92 21
23 VIR, Leningrad, USSR 37%6

24 RBL, Colorado, USA 1024 26
25 NCPIS, Lowa, USA 662
26 SRPIS, Georgia, USA 2099

27 NRPIS, New York 3153 24
28 UA Arizona

29 IVCRC, Californea unknosm unknown
30 Robinson's, Geneva, New York 15 111

Gene list of muskmglon

An updated list of 74 known genes were reported for muskmelon
(CGC, 1986).

Gené symbol Character Géne symbol Character

a(syn:M) = andromoncecious ab - abrachiate

Af - Aulacophora resistance Ag .- Aphis gossvpii tolerance




Gene aymbol Character - Gene symhbol Character

Prvl(h'mv) - Papaya x'ing.spot F’rv2 4Wmv) -papaya ring spot
virus resistance virus resistance

Px-ll(PRX-II)-peroxidase;11 Px-lz(PR-lz)- peroxidase—l2

?x—?l(psz) - peroxidase 21 Px-22(px28)-pcroxid65e - 22

r -. red stem ri - ridge

8 - sutures si - 1)b) short internode - 1

51-2 -short interncde - 2 S0 - Bour .

sp - sSpherical fruit st - striped pericarp

v - virscent v = 2 virscent - 2

Vat - virus aphid transmission w - white frult (mature)
resistance )

wf « white flesh . Wi - white fruits (immature)

Wt - White testa Y =~ Yellow epicarp

ygly) - vellow green Yr - yellow virescence

2ym - 2Zucchini Yellow moéaic

virus resistance

Breeding objectives and methods

The important objectives of muskmelon breéding are (1) develop-
ment of cultivars with superior consumer qualities such as improved
clesh colour, texture, T.S5.5. and fruits which withstand transporta-
tion stressy; (2) identificstion of varieties resistant to powdery
mildew and downy mildew; (3) exploitation of heterosis for economic
characters and (4) resistance to cucumber mosaic virus, squash mossic

virus, cucumber green mottle virus and aphids,

The important breeding methods are (1) mass selection (2) pedigree
method (3) bulk population (4) back cross (5) heterosis and .
(6) mutation breeding (to maintain varistility) Polyplidy, inter-
generic 'md in‘erspecific hybridisatiorn are not of much use in

muskmelon.



Breeding achievements

In muskmelon, the gene action ot important characters have been
studied and 74 genes have been listed. Studies {n variability,
combining ability and heterosis have been carried out, The salient

breeding achievements arei

1. Improved cultivars like Arka Rajhans, Arkajeet, Pusa Sarbati,
Pusa Madhuras, Heara Madhu, Punjab Sunehri, Durgapura Madhu,
Pusa Hybrid etc.

2, Utilization of male sterility from American msle sterile lines
MS=1 and MS~2 using carls Facourite and Pear es pollen parent.

3. Registant lihes

Disea%e/pests Resistant varieties

Powdery mildew Campo, Jacumba, Georgla 47,
Planter's Jumbo, PMR 45 and Seminole

Downy mildew Seminole, PI 124112, Georgis 47,
Ealisto, Home Garden, Gulf stream
Planters Jumbo.

Fusarium Qxysporum Perlita
Squash Mosaic virus PI 157080 (from China)

Cucumber Green Motcle virus  Phoot, kachri, 83-27-6R (Non dessert)

Muskmelon Mosalc virus Oriental pickling melon {(non dessert)
Aphids Aristo, Invernizo, Escrito
Prospects

Prospects ofimuskmelon inprovement is mainly on development of
varieties suitablé'for high density planting which is associated
with éhick'flesh énd small seed cavity, induction of variasbility
theough mu;ation.linterpscific and int- rgeneric hybrid isolation



RBreeding achievements

In muskmelon, the gene action of important characters have been
studied and 74 genes have been listed. Studies in variability,
combining ability and heterosis have heen carried out. The salient

breeding achievements are:

1. Improved cultivars like Arka Rajhans, Arkajeet, Pusa Sarbati,
Pusa Madhuras, Hara Madhu, Punjab Sunehri, Durgapura Madhu,
Pusa Hyhrid etc.

2. Utilization of male sterility from American msle sterile lines
MS-1 and MS-2 using carls Facourite and Pear as pollen parent.

3. Resistant lines

Disease/pests ' Resistant varieties

Powdery mildew Campo, Jacumba, Georgia 47,
Planter's Jumbc, PMR 45 &nd Seminole

Downy mildew Seminole, PI1 124112, Gecorgia 47,
Ealisto, Home Garden, Gulf stream
Planters Jumbo.

Fusarium oxysporum Perlite
Squash Mosaic virus PI 157080 (from China)

Cucumber Green Motcle virus Phoot.'kachri, 83-27-6R (Non dessert)

Muskmelon Mosaic virus Orientél pickling melon (non dessert)
Aphids Aristo, Invernizo, Escrito
Prospects

Prospects of muskmelon inprovement is mainly on development of
varieties suitable for high density planting which 1s associated
with thick flesh and small seed cavity, induction of variability
theough mutation, interpscific and 1n1-vqenéric hybrid isolation



GGene aymhol ‘Character

Grne symhol Character

1
Prv’ (Wmv) - Papaya ring spot
virus resistance

Px-ll(PRX-lllsperoxidaseLll

Pr’v2 4wWmv) -papaya ring spot
virus resistance

Px-lz(PR—lz)- peroxidase-12

Px-21(px2A) - peroxidase 21 Px-zz(psz)-peroxidase - 22

r -. red stem ri - ridge

s - sutures 8i - 1)b) short internode - 1

si-2 -short internode - 2 S0 - B3our .

sp - spherical fruit st - striped pericarp

v - virscent v - 2 virscent - 2

Vat - virus aphid transmission w - white fruit (mature)
resistance .

wf - white flesh Wi - white fruits (immature)

Wt « White éesta Y‘ - Yellow epicarp

yg{y) - yellow green Yr - yellow virescence

Zym - Zucchini Yellow moéaic

virus resistance

Breeding objectives and methods

The important objectives of muskmelon breeding are (1) develop-
ment of cultivars with superior consumer qualities such as improved
clesh colour, texture, T.S.S5. and fruits which withstand transporta-
tion stress;y (2) identification of varieties resistant to powdery
mildew and downy mildew; (3) exploitation of heterosis for economic
characters and (4) resistance to cucumber moséic virus, squash mosaic

virus, cucumber green mottle virus and aphids.

The important breeding methods are (1) mass selection (2) pedigree
method (3) bulk population (4) back cross (5) heterosis and .
(6) mutation breeding (to maintain vaerist.ility) Polyplidy, inter-
generic md in‘erspecific hybridisation are not of much use in

muskmelon.



for transafer of resistance to diseases and insects; high and low
temperature and drouaht tolerance; and domestication of wild

specCies.
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Genetics and breeding of pumpkin

Mini Raj¥

Introduced to India from the South Americen Centre of Crop
origin by foreign navigators and emissaries, pumpkin is grown
throughout India. The archeclociceal and botanical records lead

inescapably to the conclusion that Cucurkbita moschats is of new

world origin. Secondary cenrtres of diversity for Cucurbita exists
in Eurcpe an¢ were originzted following the introduction of it's
culture to the old world. The premature land races’'were formerly

gbundant. in both hemispheres. (Aguinagalde et &l 1990).

Rotany and cytogenetics

There is & ibt of confusion in the common epithets like sguash,
pumpkin, marrow etc, and more than one common name is ascribed to
any one botanicel species. Horticulturally, however, sguash culti=-
vars are commonly divided into two classes, ‘bush' and 'vining'.
The bush squashes do not store well and are commonly called as

Summer Sguash under the species cucurbits pepo. The vining group

‘includes winter squashes (Cucurbita maxima) and pumpkin (Cucurbita

moschata), (Sheshadri, 198€)., All the pumpkin cultivars are vining

types.

The genus Cucurbita consists of about 13 species or species
groups. However, there are only 5 domesticated species of Cucurbita
ené they are separated by sterility barriers as well as a convincing
number of morphological features of the trichomes, leaves, calyces,

corollas, stamens, pedicels.ancd seeds. They are Cucurbita maxima,

*Assistant Profeéspr, Kerala Agricultural University, Vellanikkara.
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Cucurbitea péﬁo,:cucurbita moschata, Cucurbita ficifolia and the

current addition Cucurbita érgyrosperma (recently shown to be the

correct name for what has generally been called Cucurbita mixta,

(Nee; 1290,.

No obviops candidate for a wild ancestor of C. moschata is
known at this- time. None of the wild species now known match the
vggetative or .floral characters of C. moschata very closely. E;
moschata is characterised by ;oft pubkescence on the leaves and
v~y plants, calyx lobes.which are éften expanded and foliose énd
a harg, smoothly angled pedicel which flares at the frui£ attach-
ment ahd then aBrﬁptly“COntracts;- The seeds afé‘ﬁariablé but
always have a‘;rominanﬁlbordef_differentiated iﬁ colour from the
body, (Nee 1990) ;The most populer cultivar in C. moschata is the

Butternut squésh with fruits relatiﬁely small, cylindriéal with

pronounceé bulb surrounding the seed'cavity and bright orange flesh.

Isozyme studies

Flavanoid§, proteins and isozymes are selected as phytochemical
compounds to be studied in the genus Cucurbita and cultivars to
compare their inter and intra specific veriability. These compounds
are currently considered as useful taxonomic markers to clarify
phylogenetic relationships in Cucurb;ta species. (Aguinagalde et al
1990). Isozyme studies by Weeden, 1984 in which genetic analysis
of B isoenzyme systems were carried out, reve&led that st least 28
loci condition the isoenzymic phenotypes in C. moschata. The result
of the ansglysis tcgether with the high chromosome number in the
genus (2n = 40) and the cytological evidence given by other authors

are taken as evidence for the allotetraploid origin of Cucurbita.



Mutschler ancd QUSh,(IQBT)identified two Series of 2Z-4 plasmids in

Cucurb.ita moschats cultivars with Crookneck &and stable or unstable

Butternut fruit morphology.

Genetic resources of C. morcheta

Cultivated Cucurtits oricinated ir twe certrec in the New World

Cer;tral mexicc is the certre of or1i ir for E. nerc, E. moschatea,

C. mixta ard possibly C. ficifolic end Sovtarrn ierv, Rolivia and

Northern Aroertine are the cer*res of oricin for C. maxima.

hAccording te the glokbal report of geretic rescurces of Cucurbi-

taceae by IBPGR, (Alcazear ard¢ Gulicht, 1€€3}, the following institutes

collect aré maintain germplasr of C. moschata.

Sé‘ Name of the Institute No. of accession:
‘ ) in possession
1 INTH {Institute Nacional de Tecnologia
Paropecuvaria) Argentina 20
2 IPGR (Institute of Plart introcduction and
genetic resources) Sadove, Bulgaria 7
3 ICH (institute Colomtiano Acropecuaria)
Palmira, Colombia 14
4 CETIE (Centro Acgronomnico Tropiczl de Investi-
gacion Y Ensenanza), Costa Rice 330
5 NIAVT {National Institute for Agricultural
variety Testinc} Hungary 2
6 NIAS {(National Institute of Agricuvltural
science)}, Ibaraki, Japan 37
7 MNEPGR (National Board for plant Genetic
Resources), Vellanikkera, 1India 39
g INIA (Instituto K.-cional de Investiaaciones
77

hgricolas) pexico

(contd.)



(cont..)

sl.
No. Name of Institute No. of accessions
in possession
S UNA (Universidad Nacionél Agraris)
Peru | 5
10 DPEC {Division of plart &nc seed control)
South Africa g
13 ARZRI {Aegean Kegional Agriculturel Research
Institutey . Turkey ' 12
12 NSSL (National Seed Storage Laberatory) Usa 141
13 NCRPIS (North Central Regional Plant
Introduction Station) USA &
14 SRPIS (Southern Regional Plant Introduction
Station) USA 268
15 NRPIS {Northeast Regional Plant Introduction
Station} USA - 62
16 IVCRC (Imperial Valley Conservation Research
Centre) USA 59

Genetics of characters

Estimates of gene effects indicated the relative importance of
additive, dominance and epistasis for fruit and cavity size indices -
(Doijode and Sulladmath, 1981)with the implication that recurrent
éelection_may pfove profitable to bring genetic improvement in this
crop. { Doijode et al, 1982)studied the geneiic components of varia-
nce of rind thickness in the parental, F,, F,, BC, and BC, genera-
tions of a 9 x 9 half diallel. Additive, dominance, additive x
additive ané dominance x dominance gene effects were important.
(Doijode and Sullgdmath, 1982)observed that, in general, additive x

|

additive gene interaction was predominant for the inheritance of the

trait, days to fruit maturity. Inheritance of B - carotene in



;pumpkin yas studied in a diallel analysis ,(Doijode, 1%€3).Partial
dominarce was observed for this treit. PreﬁominanCe of additive
gene actiorn was noted which was further confirmed by high narrow
sense nerxtehility, Graphéc analvsis of dets on six yield related
énd guality treits from & 7 x 7 complete dizllel cross reveaied
that complerentary oene action conditioned days to fruit maturity,
content of total soluble solids ard fruit weicht, while Euplicate
gene action concditioned fruit size index, cavitiy size index and
flesh thickness,|Doijode and Eulladmatl, 1GE4),  Sirchi et i, 1%&6
obrerved overdominence for stem length, davs tc opening of the first
ﬁale and female flower, fruits/plant and yieldé/plant ernd dominance
for caye to fruit harvest, fruit weicht, fruit index anc¢ flesh thi-
cknecss. Epistasis was pronounced for all tﬁe traits. Recessive
alleles were ﬁredominant for days to first harvest and dominent
slleles for all other traits. Mode of_inheritance of seed charact-
ers in pumpkin revealed predominance of non-additive genetic effect
for number of seeds, seed weight, 100 seec¢ weight and seed c=ize
incdex,{Doijode et al IQS?L Over dominance was observed for numker
of =eecds, seed weight and 100 seed weight &nd complete dominance for
seed size index. The heritsbility estimate was high for seed size
index. (Mutschler ancd Pearson, 1987) opined that butternut. shape of
fruit was monoéenic an¢ dominent, in crosses between Crookneck ané
stable Butternut varisties. But in crosces between Crookneck and
unstakble Butternut lines, inheritance of fruit shape was not mono-

genic and in some cases were strongly affected by the maternal

phenotype.
Varisbility and correlation studies

In a8 study of 1& diverse genotypes,{ Gopzslavrishnen, 1979)found



that fruit yield/plant was positively correlsted with main vine
length, average-fruit weight and weight of first mature fruit.
Ferale flowers/plant and fruvits/vlant had no correleation with fruit
vield/plant. Carotene conteni was observed rather independant cof
fruit viel-/plant. He suggested thet selection of plants conside-
icn of coemponent cherac-

ring yield per se was efficient than seiecti

ters.

Hich ecstimates of heriterilitv and geretic acvance were observecd
for vire lencth and fruit set (%), (Rana, 1982;. A highly siorificent
pocitive assoCivtionwith vield/plant was founé for female flowers/
plant, frvit number, fruvit weight anc¢ flesh thickness. Path coeffi-
cient analysis showed that the magnitude o0f direct effects Bf the
characters studieé¢ on yield depencded on environment. (Sirohi et &l
1986 )reported high heritebility and low genetic adveance for days to
first harvest, friit weight, fruit shaée index and flesh thickness.
Extent of veriability and divercence amonc 50 selected genotypes
were assessed by(Suresh Babu, 1989). He grouped their into five clusters
based on Mahalanobis D2 statistic. In genetic variability studies
of 20 genotypes of pumpkin, (Borthakur and Shadeque, 1990) found that
heritability estimates were hicher for internodal length of main
Creeper, total leaf area/plant, fruit weight, fruit size index and

flesh thickness indicating that selection based on phenotypic perfor-

mance would be effective for these éharacters.

Heterosis

(Doijode et al 1982) studied heterosis of 9 vield related traits
in 21 Fl's derived from a 7 x 7 half diallel. Fruit weight, fruit

size, cavity size and flesh thickness exhibited the hichest positive



heterosis, CM 12 in combination witthrka Chandan or IHR 8 gave
éignificant pHSitive heterosis over the hetter parent-iof fruig
weight., Heterotic performance for TSS and B - carotene were

studied by Doijode 1983. Maximum heterosis over the mid parental
value for TS5 content was 52.7% and maximum heterosis cver the hetter
parent was 43,1%. Content of B - carotene was ¢enerally intermedi-
ate between the parental values and there was no significant heterosis
over the hetter parent nor over the mid vsrental value..(Doijiode

et al 1982)reported heterosis for seed number, Seed weight/fruit,

100 seed weight and seed size index in a 7 x 7 diallel excluding

reciprocals.

Nine agronomic characters were studied In a diallel cross of
10 lines, (Sirohi et al 1986). Specific combinirg abkility (SCA)
variance components exceeded general combirine ahjiity {GCA) vari-
ance components for all characters except vine length. The cross
'8 93 % CHM 12 had the greatest SCA for virls/plant ans the next

greatest SCI for fruits/plant and fruvit weight.
Interspecific hybridisation

Breeders have long been interested in interspecific crosses

among major Cucurbita spp.(Whitzker and Davis 1962)concluded that

Fucurbita moschata occuples a central position arong the annuzl
.species and can be crossed with difficulty with C. pepo, C. maxima,
amd C.: mixta. Embryo culture and/or amphidiploidy were suggested to
overcome pocrly developed embryos and F1 sterility usvelly encount-
ered in these crosses, They also indicated that the litelihood of
success varied with cultivars of the 'Butternut’ group of C. moschata

with C. pepo 'Delicata’. Both natural field crossing and controlled



pollinations were involved. Natural crors hetwsen C. pepe and
C. moschata never occurred. Failure of181 han¢ pollinetions to
produce seeds suggested that (there was parthenocarpic development
of fruits) "Butternut" strains and 'Delicsta’ mav be less promising
as parents to achdeéve this interspecific cross than scme cultivars
previously used such as 'Large Cheese' and 'Connectcu Field®
{(Sharashenidze and Ramishvili,1979)report@6 2hout the natural hybrids
of C. pepo, C. maxima and C. moschata from Georais, which exhibited
both paternal and maternal characters. Pollination of C. moschata
'Karotinnaya' with a mixture of pollen from two varietiecs of C. maxima
produced viable hybrids, Savchanko, 197¢, Selection in the F2—F4
gave useful forms with high values for yield and contents nof dry
matter and carotene. {(Paris et al 1980) attemped interspecific hybri-
disation among C. moschata and C. pepo. They could successfully
transfer a gene (B) affecting fruit characteristics from C. pepo to
C. moschata. (Kwack and Fujieda, 1983 obtained high female lines thro-
ugh Inter specific hybridisation of Cucurbita. 1In crosses of PM 143
(from C. pepo x C. moschata) with C. maxima variety 'Kuri', the F

1
hybrids differed@ from both parents in sex expression: the first

female flower was borne at a lower node than in ei%ﬁér_parents and
they bore more female flowers upto the first 20 nodes than either
parents. Seed abortion and techniques for oktaining hybrids in inter
specific crosses of Cucurbita Q;é studied by(¥wack and Fujieda, 1987).
Endosperm growth in the hybrids was similar to that in the parental
species, bup embryo growth was retarded. There were varietal effects
on the success of interspecific hybridisation.( Munger 19920) mainta-
ined interspecific population obtained throunh embryo culture from
'Yankee Hybrid', a yellow straight neck Summer Souvacsh, (C. pepo)

pollinated by 'Butternut' (C. moschata).



Ré2istance breeding

Providenti et al (1978) reported that C. ecuadorensis was

{ifimuné 6r resistant to four viruses infecting cucurbits and it was
LS [N
compatible with C. maxima which would be a good source of resista-

fi&¢é in Ereeding programme. They also found that C. foetidissima

ig a gédd source of resistance to three viruses infecting cucurbits
and that C. martinezzl was resistant only to two viruses but could
be used to transfer resistance to CMV to C. moschata. Three vari-
eties of pumpkin namely CM-14, King of the Mammottls and Large Red
weré reported by {Jayasree 1984) to be resistant to yellow veln

Mosaice,

Umamaheswaran {1985) screened nine varieties of C. moschata for
resistance to pumpkin mosailc virus and reported that none of the

varietles were suceptible to pumpkin mosaic virus.

Mﬁnger and Providenti (1987)studied inheritance of resistance
t0 Zucchinl Yellow Mosaic Virus in C. moschata and found that a
éihglé dgene when homozygous in C. moschata confers a high level of
resistance to Yellow Mosailc Virus. Balakrishnan{1988)also found
that all the 9 varietles he tried were susceptible to pumpkin mosaic
vifué, but the degree of infection varied. Paris et al (1888)repo-
fééd that resistance to Zucchini Yellow lMosaic Virus was controlled
S§ & single dominant’gene designated 2YM. Screening 71 genotypes
for resistance/tolerance to pumpkin mosaic and yellow vein mosaic
diseéase revealed that all genotypes except CM-214 were susceptible.
@ﬁrééh ﬁébu, 1989.). Artificial inoculation studies confirmed immunity

of cM 214 (Nigeriah Local) to pumpkin mosaic virus and yellow vein

mosdaic virus,



Improved varieties
Arka Chandan

A selection from Rajestan collection, mediuchized flat fruits
weighing 2-3kg with depressed polar ends, rind colour, light brown
with creamy patches at maturity, fruits mature in 125 days, it is

released from IIHR, Hessarghata.
Co~-1

A local collection, early maturing in 135 days, each produces
10 to 12 fruilts and yield ranges from 23 to 25t/ha, released by

Tamil Nadu Agricultural University, Coimbatore.

CO-II

Fruits are small weighing 1.5 to 2/kg. It is highly suitable
for dense planting and kitchen garden. Flesh 1s reddish with High

sugar content, released by Tamil Nadu Agricultural University.

Pusa Viswas

This variety released by IARI, New Delhi is suitable for growing
in spring/summer season in northern plains. It yields 40t/ha. Fruits

‘are produced in 120 days, weigh 5 kg. and have a thick golden yellow
flesh,
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Genetic improvement of bottlegourd (Lagenaria siceraria
(Mol. stendl}

Dr. Arumugam®*

Crigin and distribution

Lagenaria siceraria is found at the present time, through-

out the tropics and subtropics of theWorld either as a cultiva-
tec plant or 'Camp féllower'. Archaeological evidences proved

that it originated from Africa and distributed to the new

world.

Taxoncmy

Vigorous, annual vine, having smooth, viscidl foliage,
musky scented, with brancheé tendrils, ccorolla white, staminate
and pistillate flowers solitary, fruit 15 cm to 130 om in length,
being cdisk~like, globular, club-shaped, or bottle-shaped, seeds
16-25 mm long, a few are broad, flet and¢ corky, others narrow

an¢ two pronged.

Cytogenetics

Very little cytological or genetical work is reported in

this species. There are eleven pairs of comparitively small

chromosomes.,

Inheritance

Pathak and Singh (1980} studied the inheritance of fruit

snepe, colour and taste in L. Biceraria. They used inbred lines

*Dean, Horticultural College, TNGDNAU, Periyakulam - 626501
Tamril Nadu.



in thelr crosses and obtsined segregations for fruit shape,
colour and teste in the F, generation as shown below:

Fruit shape

Conical x tumari Mono-hybrid 3 tumari @ 1 conical
Round x Club Mono-hybrid 1 round : 2 inter
. mediate
1l club
Club X tumari Dihybrid 9 bottle : 3 clubs4 tumari

Fruit colour

Patchy x white Monohybrid 3 patchy : 1 white

Fruit taste

bitter 1 sweet Mono-hybrid 3 bitter : 1 sweet

There was no evidence of the existence of linkage between
any of the above characters. Additional observations indicated

that fruit maturity and seed-size inherited polygenically.

Breeding strategy

In the past, 2 little breeding work for the evolution of

high veilding and better guality varieties are done on this group

of crops.

At the Indian Agricultural Research Institute, New Delhi,
studies carried out in 1962 showed that crosses among six varie-
ties (three long and three round) exhibited heterosis in 22 Fy
progenies selected in respect of earliness and toﬁal vielé. The

mean increase in yield of hybrids over the mean of all the

parents was 100.6X. The hybrid between IC. 2416 (from Hosiarpur)

and Summer Prolific Long (Standard variety) outyielded the better
parent by 266.61%.

At the same Institute, 18 Fl comhinations were =tudied for

their hybrid vigour. Heterosis for early and total yield was



recorded. The best two hybrids, 41 x 6 and 11 x 41 cutyielded,
their respective better parents by 81-42% and 78.60% respecti-
vely, forty five per cent of hybrids showed increase in number
of fruits also. Majority of the hybrids showed an increase in
weight and length of frults. 1In combining ability, the parent

No. 11 was superior to all,

In punjab, a varjety of bottlegodurd, Early long was deve-

loped by selection.

At the Indian Agricultural Research Institute, New Delhi,
a8 varlety called Summer Prolific Round is listed among the

improved varieties.




Genetic Improvement of Ribbed gourd (Luffa acutangula) and
Spongegourd (Luffa cylindrica)

Dr. Arumugam*

Origin and distribution

The Luffa acutangula and L. cylindrica are cultivated in

all of the tropical regions of the World. Luffa species are

originated from tropical portions of Asia and L. cylindrica is

indigenous to tropical Asia - probably India,

Taxonomy

Meonoecious, annual vines, with branched tendrils and five
to seven lobed, nearly glabrous leaves, flowers yellow, showy,
with the corolla of five free petals, staminate flowers in
racemes, the pistillate flowers solitary and short - or long -
pedunculate, anthers free, pistil with three placentae and many
ovules, sigmas three, bilobate, fruit oblong or cylindrical and
rind becoming dry at maturity, the interior fibrous, seeds nume=-

rous -~ a tropical genus of about eight species of Asiatic origin.

Cytogenetics

The early cytological work with Luffa sp. has not been very
enlightening, except in enabling us to record that all members

of the genus have thirteen pairs of chromosomes.

Inheritance

Singh et 3l (1948) invegtigated the inheritance of sex forms

*Dean, Horticultural College, TNGNAU, Periyakulam - 626 501
Tamil Nadu,



in Luffa acutangula. In this speciles, there are four sex forms:

|
monoecious, 'andromonoecious, gynoecious and perfect (hermapnro-

dite). All except the gynoecious type are true - breeding when

self-pollinated. '

Mudaliar (1940) reported of an interspecific cross between

Luffa acutangula and Luffa aegvptiaca {(wild), where the F,

progenies were intermediate in character and gave two flushes in

a season and stood hot weather well.

Pathek and Singh (1949) succeeded in making reciprocal
crosses between these species. The morphological features of

the Fl plants are generally intermediate between those of the

parents.

Saito (1953) successfully induced tetraploids of Luffa

cylindrica and established tripleid lines from inter-crossing

diploid and tetraploid lines. Shinohara et al (1955) developed

tetraploids resistant to Fusarium wilt, Tetraploids were

induced in two cultivars of L. cylindrica and one of L. acutangula.

Fusarium resistance in the tetraploids wes random in nature.




Agathi (Sesbania grandiflira Pers)

Dr. I. Irulappan, Ph.D.*

Agathi is a tropical, quick growing and soft wooded tree
which has ornamental, food and fodder values. Agathi is valued
for its Vitamin A (25.56 iu/100g) rich leaves. The flowers are
alsoc eaten as vegetable. From one Or two rees in the kitchen
garden, a regular supply of leaves for greens all through the
vear can be obtained. The tree can be used as a standard for
pepper and betelvins, as shade tree for coconut seedlings and

as wind break for banesna plantations.

Agathi is one of the few vegetables which provides iodine,
(2 mg/100 g of the edible portion). The bark yields good fibre
and a gum and the juice of the flowers is said to improve the

sight, when squeezed into the eyes.

Table 1. Nutritive value (per 100 g edible portion)

Components leaves Flowers
Moisture (g) 73.1 87.40

Protein (g) B.4 1.80

Fat (g) | 1.4 0.60

Fibre {g) 2.2 1.00

Calcium (mg) 1130 -
Phosphorus (mg) 80 -

. Iron (mg) 3.9 - (Contd.)

*Dean (Horticulture)}, Tamil Nadu G.D. Naidu Agrl. University
Coimbatore - 3.



Table 1 contd.

Components leaves Flowers ®
vitamin & (iu) 9000 -
Thiamine (mg) 0.21 0.13
Nicotinic acid (mg) 1.20 2.80
Ascorbic acid (vite) (mg) 169.00 41.00
Riboflavin (mg) 0.90 -

Iodine (mg} 2,30 -

Leaves anc¢ flowers of agathi are much valued for their

nutritional and medicinal properties.

It is a native of Malaysia and is grown in parts of Punjab,
Delhi, Bihar, Orissa, Assam, Bengal, Tamil Nadu and Kerala. There
are two forms of Agathi, one with red flowers and the other with

white flowers. The white flowered Agathil is suitable for kitchen

garden.

Agathi can grow up t0 a height of 12 m and nearly 30 cm in

girth with straight stem and spreading branches.

The roots of the Sesbanias are copiously covered with large

root tuberc¢les which should make them a good green manure.

The cotyledons are large, epigeal, the first leaf is simple

ovate or sub-oOvate, three-=lobed.

The leaves are odd even pinnate with very numerous narrow
leaflets and narrow stipules. Leaves are 15-30 ocm long with
10-20 pairs of leaflets and an odd one. Leaflets are linear-

oblong about 2.5cm long.



Flowers are very large;.7.5-10 cm long, white or in one
variety red, in ?ix 2=4 floéered racemes. Calyx teeth short,
sub=egqual, corolla exserted, petals long clawed, keel petals
sub=-rostrate; stamens 941 with uniform anthers. Ovary linear

stipulate, many ovuled. Style filiform, incurved glabrous.

Pods are long measuring 30-45 cm. They are linearly

septate, deliscent and many seeded.

2dgathi is often cultivated in@¥dens but rarely lives more
than 2 vears. 1t grows best in black cotton soils and comes up

guickly when the surface so0il is loose and uneven, It is resistant

to drought.

The seeds are first sown in the nursery and later transplanted
at a distance of 90 om giving a population of 12,345 plants per

hectare.

In Tamil Nadu, two months after sowing/transplanting ammonium
sulphate is applied to the seedlings. A tree vields 4.5 - 9,1kg
of leaves per year. The plants come to flower by September-

December and to fruiting during summer.

In the early stages of crop growth it suffers severe attack

by seedling blight caused by Colletotrichum capsici. The disease

can be effectively controlled by 1 per cent bordeaux mixture

spray.




Chekurmanis (Sauropus androgynous Merr.)

Dr, I. Iruvlappan, Ph.D.

Chekurmanis (Saurcpus androgynous Merr.) (Syn. S. albicans

Blume, S. gardnerianes wight., S. sumatrans Mig.) is a perennial
leafy vegetable. It‘also called as multi vitemin green/multi
mineral packed vegetable. It has an unique position in the list
of leafy vegetables because of its high nutritive value and mul-
tivarious uses. 1Its leaves are very rich in protein, minerals
and vitamins A, B and C. The crop is being grown in Southern
India, Indonesia and Singapore. The leaves can be cooked like

other greens,

Nutritional composition in 100 g of edible leaf

Contents
Moisture (%) 73.6
Carbohydrate (g} 11.6
Protein (g) 7.4/6.8
Fat (g) 3.2
vitamin A (IU)} 9510/47, 500
vitamin B (IU) 51
vitamin C (mg) 110/247
Riboflavin {(mg) 0.32
Calcium (mg) 570
Phosphorus (mg) 200
Magnesium (mg) 61
Iron (mg) 28
Calorific value 54

Origin and distribution

The plant is originated in the Indo Burma Centre of crop

Dean (Horticulture), Tamil Nadu G.D. Naidu Agricultural
University, Coimbatore - 641 003.



origin. It is found in the Sikkin Himalayss, Khasi, Abor and
Arka Hills at 1220 m elevation and in the West?fn Ghets of
Kerala from Wynad Northwards at altitude of 300 to 1200 m., It
is believed tc have been introduced 1nto Kerala from Malaya in
the year 1953, In Malayalam 1t is knowr. as 'Madhura Kheera®.
The plant grows wild in the evergreen forests of the Western
Ghats and in the scuthern parts of Kerala. It was introduced in
to Tamil Nadu through the Agricultural Research Stations of the
state during 1955-56 where it become popular as "Thavasi

Murungai®,

Botany

Saurapnus androgynus Merr. belongs to the family Euphorbi-

aude. The genus sauropus consists several other species of which
the following species are related to androgynus. These are

(1) Sauropus assimilis Thw. (2) S. netroversus wight. (3) S.

rigidus Thw. and (4) S. quadrangularis Muell.

The plant is an erect and glabrous perennial shrub, It
grows upto 1.5 meter in height. The branches are tesete and

and flaccid.

The leaves are alternate membraneous, entire, sesile ovate-

oblong and 3.5 cm in length.

Flowers small, greenish red, monoecious, minute, axillary,

pedicelled and clustered. Fruits sessile, white or pinkish,

0.2 cm in diameter with a fleshy epicarp.

Mode of Pollination

The crop in highly cross pollinated and entomophilous. Plants



being monoecious and protogynous, cross pollination in the

rule.
Soil and climate

The plant grows well in all types of soils. A warm humid
climate with good rainfall is best suited for the luxuriant,
succulent growth of leaves and twigs. It can tolerate shade
to some extent. The crop has been observed to come up in mild
humid locations with equable temperature like Coimbatore, Kallar,

certain parts of Kanyakumari district and Kerala state.

It is propsgsted by stem cuttings which root easily and
also through fresh seeds. Both hardwood and semihard-wood
cuttings of 20-30 om length after trimming the leaves are used
as planting materials. They are planted in shallow furrows
spaced 30 em and at a distance of 10-15 em in 2-3 rows. Rocted
cuttings can be made in nursery beds also or in pots and then

transplanted around the kitchen garden.

Cultivation

The land is ploughed and levelled well, Well rotton FYM
is added @ 2 kg/sq.m. The cuttings are planted in shallow
furrows atleast 15 days earlier to the onset of monsoon during
April-May. Subsequently fregquent irrigations are given until

root initiation takes place.

After the onset of monsoon it doces not reguire much
irrigation. The cuttings come up very well and would be ready
for harvest within 3 or 4 months of planting, when the plants

are about 90 cm high. The apex is nipped off which enables



the plants in,kutting forth new branches. The tender shoots
and leaves can be harvested intermittently for several

subseguent year as.

An application of urea as top dressing or foliar spray
would be sufficient to overcome initial retardness of the
cuttings. Further, application of organic manure or nitrogenous

fertilizer after every picking gives. more yield.

Eventhough it can withstand the hot dry weather for a
long period, watering of plants in such condition is desirable

for getting constant appearance and growth of new leaves,

Pests and diseases

Scale insects and aphids infest the plant and control of
these pests 1is easlly secured by spraying Parathion at 0.2%.

The crop is cotherwise free from pests and diseases.

Uses

Tender shoots and leaves are used for culinary purposes, and
as salad. Thé leaves are also said to be used to give a light
green colour to pastry and to fermented rice in the Dutch East
Indies 8ncd in Java for preparation of soup. The plant is also
useful for grohing as a hedge around home gardens where because
of its perennial nature, provides an evergreen lush te the ‘
garden. It hag also been Observed tﬁat it could be trained on
pandals, archeé and on trellises. In Java, it 1s often planted
in live fencesfand in the midst of garden beds to provide light

shade for the other vegetables planted in the beds.

Besides other uses, the leaves are used as cattle and

poultry feed in certain parts of the .country. In some other



places, the plants are planted as a& soil binder to prevent

soil erosion;

Medicinal uses

Chekurmanis has several medicinal properties. The julce

of leaves pounded with roots of pcmegranate (Punica granaum)

and leaves of jasmine (Jassminum sambac) is used against eye

troubles. 2 decoction of its roots is ¢fter recommended for
fever in rural areas. Pounded roots and leaves are used as

poultice for Ulcers in the nose.

Crop Improvement

There are no distinct type or cultivar in this crop. As
the crop is cross pollinated@ and clonal propzagstion is possible,
breeding methods like single plant selection and mass selection
can be successfully adopted. Exploitation and maintenance of
heterdsis is also a possibility. Information on c¢ytogenetical
studies of the crop is not available. Being 2 potent and highly
nutritious vegetable it needs the attention of the scientists

for its upgradation,




curry leaf (Murrays koenigii (L) spreng) = Rutaceae

Dr. I. Irulappan, Ph.D.

Curry leaf is an important perennial tree vegetable and
the leaves are widely used in Indian cookery for flavouring
foodstuff. The leaves have a slightly cungent, bitter and
feebly acidic taste and they retain their flavour and other
gualities even after drying. Ground curry leaf with mature
coconut kKernel and spices forms an éxcellent preserve. Curry
leaf is also used in many of.the Indian ayurvedic and unani

prescriptions., It has many medicinal values and industrial

uses.

The leaves contain moisture (63.8%), protein (6.1%), fat
(1.0%), carbohydrate (16%), fibre (6.4%), minerals (4.2%),
vitamin A (12600 iuw/100 g), nicotinic acid (2.3 mg/100g) and
vit. C(4 mg/100g). Besides these, 18 free amino acids are

present in the leaves,
History, origin and distribution

Curry leaf is found to grow wild along the foot hills and
plains of Himalayas from Kumacon to Sikkim. It is cultivated in
Bengal, Assam, Deccan platean, Western Ghate, Tamill Nadu and

Kerala.

Originated in the 'Tarai'® tract of Uttar Pradesh, gOrws upto

an elevation of 1500 m and is widely distributed in India, Burma,

*Dean (Horticulture), Tamil Nadu G.D. Naidu Agricultural
University, Coimbatore-641 003,



Ceylon, China, Pakistan, Australis and the Pacific Islands.
!

Sy=tematics and Botany

Murraya ié,a member Of Rutaceae and is an unarmed, semide-
ciduous, aromat@c pubescent shrub. The genus Murraya has four

specles of which 3 may be found in cultivation.
Chromosome number

The curry leaf tree is a true diploid with 2n = =8, n = 9
(Raghavan 1957). 1Its high seeded nature, viability of seed and

fertile progenies indicate the true diploid nature of the tree.

Related species

Two species Murrava paniculata (L) Jack (indigenous to Burma)

and Murraya exotica L. (Syn. Chalcas péniCulata Mant., Caminum

!
sinense Rumph, Marsana buxijolia Sonnerat) (indigencus to Indis,

Ceylon and Chiné) are most closely related to Murraya Koenigii.
The wood of M. Eaniculata,-aometimes rgferred to as chinese box w’
wood or Andaman:Salin wood, is popular in the trade. Murrava
exotica is a popular hedge and is well adapted for topiary. It

is alsoc used sometimes as a rootstock for citrus,

Curry leaf tree

Murrayz koenigii is a shrub or & small tree, 3=5 m high with

slender but strong woody stem. The branches are covered with
dark grey bark. :The woody stem has a closely crowded, shady

crown. The roots are woody and widely spread, occasionally send

up suclers.

The leaves are alternate, exstipulate, imparipinnate, 15-20
1
cm long, usually glabrous, sometimes slightly pubescent when



Drumstick (Morings oleifora Lem,) Syn. Morinca pterigosperma

Dr. I. Irulappan, Ph.D.

Prumstick (Moringa Oleifera Lem.) is a vitemin rich,

mineral packed and nutritious tree vegetable. It is considered
as a delicacy in the South Indian households and is the most
popular for the distinct appealing filaévour of 1ts fruits. The
fruits, leaves and flowers are used in culinary preparations.

" The roots are said to be used in Ceylon as a substitute for horse
radish. The rootg, the bark and its exudation and seeds are also
utilised. An o0il from the seeds (oil of Ben) is reported to be
used as a lubricant in watch making and. in the preparation of

cosmetics. The seeds are also reported to be fried and eaten.

The composition of nutritive value of drumstick leaves and

pods per 100g of edible portion is given in Tables 1 and 2.

Table 1. Nutrit‘ye value of leaves and pods
(per 100 g of edible portion}

Leaves pods
Moisture (%) 75.0 86.9
Protein (qg) 6.7 2.5
Fat (g) 1.7 0.1
Carbohydrates (g) 13.4 3.7
Mineral (qg) 2.3 2,0
Fibre (g) 0.9 4.8
Calories ' g2 26

(contd.)

*Dean (Horticulture), Tamil Nadu G.D. Naidu Agricultural
University, Coimbatore 641 003,



Table 1 contd.

Leaves Pods
Calcium (mg) 440 30
Megnesium (mg) 24 24
Phosphofous (mg) 70 110
Potassium (mg) 259 259
Copper {mg) 1.1 3.1
Iron (mg) 7 5.3
Sulphur (mg) 137 137
vitamin A (iu) 11360 184
Chlorine (mg) 423 423
Thiaxine (mg) 0.086 0,05
Riboflavin {(mg) “0.05 0.07
Nicotinic acid (mg) i0.8 0.2
vitamin C (mg) 250 120
oxalic acid (mg) 101 101
Table 2. Protein fractions of leaves and fruits{G/16 CN)

Leaves Fruits
Arginine 6.0 3.6
Histidine 2,1 Col.1
Lysine 4.3 1.5
Tryptophan ‘ﬁ.9 0.8
Phenylalanine ;§.4 4.3
Methionine 2.0 1.4
Threonine 14.9 3.9
Leucine 19.3 6.5
Isoleucine 6.3 4.4

valine 7.1 5.4




voung and very strongly aromatic. Rachis is slender, tertee

and pubescent, often with;% light reddish tinge above. Leaflets
number 9-25 or more short stalked and alternate., ovate tO ovate
lanceolate, gland dotted and strongly aromatic. The leaves

have a slightly pungent, bitter and feebly acicdulous taste.

They retain their flsvour and mairtain it even when moderately

dried.

The inflorescence is a terminal, pedunculate, many flowered,
compact, corymbiform, cymose panicle. The peduncle and pedicels

are pubescent.

The flowers are small, white, fragrant,'about 1 em long
subcompanulate, ebractiate or with minute bracts. Calyx is deeply
5 cleft and pubescent. Petals number 5, free anc spreading.
Stamens are 10 and are attached around or outside the disc.
Filaments are free, alternately short and long, linear, subulate
and bear small and short anthers. Ovary is hypogynous and is
seated on the disc, Z2-celled with 1 or rarely 2 ovules in each
cell. The style is elongate, cylindrical, thick and articulste.
The stigma is capitate or grooved. It is self pollinated and

variability is much limited.

Fruits occur in close clusters. They are succulent, ovoid
or subglobose, apiculate and glandular. The berries are 1l-2cm
in diameter with a thin pericarp and mucilagincus pulp enclosing
1l or 2 seeds. Seeds are large with small embryo. Fruits turn
green to red and ultimately black on ripening. Seeds are non-

endospermic with membraneous and glabrous taste.



Climate and soil

Curry leaf is well grown in warm climate. A loamy soil

with good organic matter is best suited for its cultivation.
Propagation and, cultivation

Curry leaf is usually propagated by seeds and seed suckers.
It can also be propagated by leafy cuttings of ripe wood. Air

layering also can be tried for its propagation.

Planting is done during the monscon. A spacing of 1.5-3m
is given in the main field. A basal dose of farm yard manure at
the rate of 5 kg per pit is given. It is possible to harvest
leaves 15 months after planting with iudicious pickings. Once
the plant attains three years of age it can be put for commercial

harvest and a fully grown up tree is iikely to yield about 100 kg.

of leaves per year,
Diseases and pests

The crop 1@ vulnerable to only a:few diseases and pests,
such as saprot (Fomes pectinatius), collar rot of seedlings

(Rhizoctoniz solani) and a leaf spot (Phyllosticdina murravae).

The economic losses due t0 the above diseases are minimal.




The composition of seed kernel and cake left after extract~
0

ion of.olil is given in Table 3.

Table 3. Composition of Kernels and cake after extraction

of oil
Kernel (%) Cake (%)
Moisture 4.0 -
Crude protein 3B.4 58.93
Fatty oil 34.7 -
N-free extract 1l6.4 -
Fibre 3.5 -
Minerals 3.2 -
Lime (Ca0) - 0.40
Phosphoric acid (PZOSJ - 1,09
Potash (K,0) - 0.80

The o0il from the seeds of M. oleifera is known in the trade
as Ben or Behn oil. The o0il is edible and used for illumination.
The o0il is highly valued by watch makers as a lubricant. It has
also use in cosmetic industry and also has some value as a
constituent of non-yvellowing, non-drying plasti¢ising alkyde.

The characteristics of seed 0il are presented in Table 4.

Table 4 : Characteristic of seed oil

Specific gravity 0.8984
Acid value 3.5
Sappnification value 182,2
Jodine value 64.2
Reichert Miessel value 0.44

(Contd..)




Table 4. contd..

Acetyle value 11.5
Hehner value 91.6
Unsaponified matter (%) 3.05

Fatty acid compenents (%)

Palmitic acid (%) 9.3
Stearic acid (%) 7.4
Behnic acid (%) 8.6
Oleic acid (%) 65.7

Origin, History ené Distribution

The use of moringa leaves as greens has been highly esteemed

in India since time immemorisl, and its importance has been men-

tioned in "Rigveda®.

)
A

Drumstick is indigenous to northwestern Indis. In its wild
form, it is found in the sub-Himalayan region from the east of

river Chenab to the Sarda and in the tarai tracts of Uttar

Pradesh 1in India.

The tree is widely distributed in Indis, Egypt Phillippines,
Ceylon, Thailand, Malaysia, Burma, Pakistan, Singapore, West

Indies, Cuba, Jamaica and Nigeria.

Botany and Nomenclature

Systematics:

The plant is a medium-sized, tree belonging to the family
Moringaceae which has a single genus Moringa. There are two
common species viz., M. oleifera and M. concanensis, the former

being the vegetable species. M. oleifera is distinguished by



leaves usually tripinnate, leaflets 12-18 mm long, petioles
yellow or white without red streaks, and the tree is medium
sized. M. concanensis is characterised by bipinnate leaves,

leaflets 15-30 mm long, petals with red streaks or reddish at

base and a large tree.

Based on morphological characters of the plant and the
fruit characters other than the length of fruit it was found
that the several types could be broadly clzssified based on the
branching habit of the tree and the pigmentation of the fleral
parts and the fruits. In regard to the branching hakit, tye
types could be broadly clessified into two groups viz., i) types
having profuse branching hebit and in which the branches are
straggly and drooping and (ii)} types having only a few branches
and in which branches are errect, ©f the two, the former is

preferred by growers on account of their larger yields,

Based on the pigmentation of the plant, floral part and the

fruit, three broad groups could be distinguished.

I Groups

The tender twigs are dirty brown, leaf stalk and peduncle
of panicles tinged purple; stamens and ovary completely purple:;
fruits in tender stages reddish, turning green with reddish

streaks running from base to tip at full maturity.
II Group:

Twigs dirty breown, leaf stalk, nodes, peduncle, pedicel and
their point of attachment deep purple; basal portioﬁs of sepals

and petals tinged purple; stamens and ovary completely purple:



fruits at tender stages deep reddish turning to black purplish

on full maturlty.

III Group:

The plant parts are green except the basal portions of tne
leaf stalk which are sometimes tinged purple:; sepals whitish;
petals either white or light vellow; stamens and pistill light
yvellow; fruits at tender stages light green with or without

purple tinge turhing to darker green on maturity.

The types that are under cultivation generally fall into
the first or the third group. The second group is not found
under large scale cultivation persumably because of the compara-

tively lower yields and the poorer quality of fruits.

Apart from the above mentioned characters, the types are
also found to differ in several other minor characters such as
the size, thickness and texture of the leaflets, the aroma of the
flowers, the smoothness or otherwise of the fruit surface and
the thickness of inner flesh, its taste, flavour etc. In some
places in Madurai district, a distinct/type of drumstick in which
the fruits have small tubercular protfuberanCes over their sur-

face was 2also met with.

Varnacular Names

In Burmese it is called dandalottin; Sanskrit: Sobhonjana;
Hindi: Shajmah, Shajna, Segra; Bengalese: Sajna:; Orlya : Minigha,
Sajina; Punjabese: Sanjna; Marathi: Sujna; Tamil: Murungai

Malayalam: Moringa, Muriga and Assamese: Sajina.



Cytology
The tree 1s a true diploid with 2n = 28 (Patel and Narayana,

1937).

Structure

A small or medium sized tree; bark corky, soft, fissured,

glabrous, tuberous root.

Leaves are spirally arranged, 25-48 cm long, crowded at the
distal end of the branches, long-petioled, incompletely tripinn-
ate in the rachises, with glands between the pinnate and the
leaflets; leaflets stalked, ovate or obovate, base acute Obtuse
or rcunded, often obligue, apex obtuse, rounded or emarginate,
entirse, dull green on both sides, lighter coloured abaxial
(Beneath), pinnately nerved, at first shortly grey, pubescent,

soon glabrous, 0.9-1.8 x 0,5-12 om.

Flowers are fragrant, bisexual, oblique, stalked, united
into erect, axillary, many-flowered panicies, densely pubescent,
jointed beneath into apex, 0.7=-1.0 cmn long. CalyX deeply 5 =
partite, tube somewhat angular, cupular=cyathiform, obligue,
green, densely shortly pubescent on both sides, sepals unegual in
size 0.7-1.4 x 0,25-0.5 cm. Petals 5, uneqgual, vellowish, white
with a greenish base with thin veins, the 2 hindmost and the two
lateral ones reflexed, ovate or obovate, obtuse, with a canali-
culate base, on the innerside hairy at the base otherwise glab-
rous. 1lel.7 x 0.5-0,6 cm; the foremost petal erect, obovate,
obtuse, glabrous on the inside, on the outside with longitudinal

rows of hairs; 1l.4-1.6 % 0.6=-0.8 cm.



Stamens 5, alternating with 5 stabulate(ftaminodes, dense-
lypilose at the base, the hindmost stamen the longest, 0.8~0.%cm

the other ones much shorter.

Overy stalked, densely clothed with rather long, oppressed
hairs, terete, with 3 longitudinal furrow, l-cellediplacentae
3, bearing a double row of ovules, style thin, curved white

shortly pubescent hollowed at the apex.

Capsules are Pendulous, linear, acurinate, obtusely bigonous,
ribbed, usuzlly 20=45 cm long, sometimes upto 120 cm long,
3-valved, valves spongy and thick; impressions of the seeds,

half globose.

Seeds are numerous, globular, about 1 cm diameter, 3 winged:
wings produced at the base and the apex 2-2.5 om long, 0.4=0.7cm
wide, écarious, the cuter walls of the epidérmis of testa thick,
Below the epidermis is a parenchyma zone where the cell walls
have numerous p%ts, thus presenting a8 reticulate appearenace.
There follows a region of fibres, upto 150cm in length, contain-
ing orystals. The rest of the testa consists of parenchyma
similar in structure to the outer zone, &lthogh they are longer

in longitudinal section and have longer intercellular spaces.,

The endosperm is a single layer with o0il drops and tiny
alenrone grains. Associated with the aleurone layer are 2 or 3
layers of flattened cells. The cotyledons parenchyma cells
contain oil drops, alenrone grains and sometimes cluster crystals.

The inner cells of the cotyledons are stellate.



Ecology
Climate and soils

It is strictly a tropical plant and grows well in the
plains, However, it is found growing in the subtropical climate
also. It is predominantly a crop of dry and arid tract where

it has been found to perform well and give profitable yields,

Drumstick is not very exacting in soil requirements. It
grows well in almost all types of soils except stiff clays, but
sandy loam soils containing a good amount of lime are the best
suited for its cultivation. The crop is more or less confined

to sandy soils as seen inthe coastal areas.

Cultivation:

Propagation:

The tree can be propagated by seeds or through limb cuttings.
The latter being usually preferred to ensure earlier production
and better productivity. Limb cuttings of 1 to 1.35m length and
14 to 16 cm in circumference, obtained from selected trees are

planted in situ during June-October.

The limb cuttings are planted in well prepared pits of
60 x 60 x 60 cm. at a spacing of 2.4 to 3.0 m in the sguare system.

The cuttings root easily.

In some areas, old uneconomic trees are out down leaving a
stump. From this, a number of shoots arise subsequently of which
only one is allowed to grow. From this branch, cuttings of 2m

length and 4-6 cm in diameter are taken and used for planting.

The crop i1s grown purely as dry crop. Hand watering is done



at the initial stages, if necessary, till the plants are well
established. Regular irrigation and manuring are rarely pra=-
ctised. In the homesteads of Xerala, ring trenches are taken
around the tree and filled with green leaves, farmyard manure
and ash during rainy season. Application of 7.5 kg. farmyard
manure and 0.37 kg. ammonium sulphate per tree, during the month
of December gave three fold increase in yield over the unmanured

trees, in a research programme conducted at Coimbatore,

In places which are exposed to heavy winds, slender branches
are liable to be damaged and break easily at the joints espe-
cially when fully loaded with fruits, In such situations, mounds
are formed around the tree trunks upto a height of 30 to 45 cm

from the groundlevel.

Harvesting and yield

In South India, the drumstick generally bears in two seasons,
viz., July=-September and March-April. Pods are also found some-
times on the tree almost throughout the year. The seasons of
bearing and yield however, vary from place to Place possibly due

to local soil and climatic conditions.

The plants raised from cuttings bear in 6-8 months of
planting. The yield is generally low in the first two years
(about 80 to 90 pods per tree per year). The normal yvield starts
from third {ear onwards and a single tree can yield as high as
500 to 600 pods per year. The yvleld of pods progressively incr-
eases over the years. Under north Indian conditions, the treée
sheds its leaves in December-January and new leaves appear in

February-March. This is followed by flowering and fruiting which

is harvestable during May-June.



0ld treee will become 111 shaped with straggly as wellipas
high branches. To give & good shapeﬁgo such trees, pecllarding
(heading back the main branches) is practised. Thisz ensures a
dekirable shape to the trees, confines its growth within limits,
promotes new growth on which pods will be produced in plenty and
facilities easy harvesting. Thies practice of pollarding has to
be repeated as and when necessary. The longevity of the tree is

seid tc be about 15+20 years.

Crop improvement

There are only a few named varieties of drumstick. 1) 'Jaffna’
is a popular drumstick tvpe in South India. This variety bears
long pods {60-90 cm in length) ané with a soft flesh of good taste.
This type of morings can yield 400 pods from the second year of
planting which increases to 600 pods per tree per year from the

third year of planting.

ii) 'chavakacheri murunocai‘s This is an ecotype of Jaffna moringa,

which bears pods as long as 90-120 cm.

1ii) *Chemmurungzi' t This is also another ecotype of Jaffna

morinaga. This type is said to flower and fruit through out the
year and &lso yilelds heavy crops. The tip of the pod is red in
colour. The tree is medium sized and bears long pods.

iv) 'Palmurungai' is preferred for its thicker pulp and better

taste 0of the pods.

v) ‘'Punamurungai' is another variety grown in the home gardens of

Tirunelveli-Kattabomman and Kanyakumari districts.

vi) 'XKodikalmurungei' is cultivated predominantly in the betel

vine gardens of Tiruchirapalli district of Tamil Nadu. The pods

are shorter (20-25cm in length) and thick fleshed. The pods and



leaves are very tastier. The trees are short statured and the
>, & :
leaves afi smaller. This is a distinct type propagated by aseeds.

vil)'Kattumurungai® t1 This is a wild type producing small and

inferior quality pods. The trees are larger and leaves are

bigger. The pods are 30-60 om in length and fleshy but used as

cattle feed.

There are some other types of %oringa also,
viiji) Thavittu murungai ‘
ix)  Kodi murungai
x) Nalla Murungai

xi) Bitter murungai

It is reported that in West Indies there are certzin tvpes
which rarely flower and bear pod and are principally cultivated

for their foliage and others are cultivated for pods (0Osche 1977).

considerable genetic variability has been reported to be

available in the tarai trect of Uttar Pradesh.

In the germplasm pool consisting of 122 accessions, which
are maintained vegetatively &t the College of Horticulture,
Vellanikkara, & larée variability has been reported. Nine ©of the
accessions namely, MO1, MO2, MO5, MO 10, MO 12, MO 20, MO 32,

MO 40 and MO 107 exhibited earliness. The number of fruits/tree/
yvear ranged from 3 to 541 and MO 65, MO 70 and MO 52 were rated
as the best for vielding more number of pods/tree/year. For
commercial cultivation, the ideal podé length is 45 to 60 cm and

7 accession, viz. MO 70, MC 65, MO 95, MO 7, MO 25, MO 78 and

MO 52 were selected with mean yield of more than 10 kg/tree/year
with fruit length of 45-60 cm. Among the accessions, the highesat

vield was recorded in MO 70 (26.25 kg/tree) followed by MO 65



(25.73 kg/tree) and MO 107 (23.52 kg (tree).

Though moringa is grown over vast areas as & pure Ccrop,

little attention was given earlier to culture of manuring.

In recent years, moringa is grown as a commercial crop with
improved package of practices and the productivity has increased

considerably under such situations.

The ecolution of seed moringa types has brought out a
revolution in moringa cultivation. Seed moringa is grown as a

pure crop or intercrop or as shade crop.

The package of practices for the cultivation of seéd moringa

are as followsi-

Seed Moringa - Packaage of Practices

Season = July - December
spacing - .2.5m x 2,5m
Seed rate - 600 g/ha

Preparatory cultivation

Dig pits at the spacing of 2.5 meter either way to a size

of 45 x 45 x 45 cm. Add 15 kg of compost or FYM/pit and mix it

with top soil.
Sowings

Sow one seed per pit at a depth of 2,5 to 3.0 em. About 50

seedlings may be raised in polythene bags for gap £illing.

After cultivation

Gap filling may be done within a month. When the seedlings

are about 75 cm. in height the tip may be pinched to facilitate



branching.

Manurings

The following domes of fertilizers may be applied per plant

3 months after planting.

Urea 3 100 g
Super phosphate: 100 g

Muriate @f Potash i1 50 g.

Again apply 100 g of urea per plant after six months when

the plants are in bearing.

Irrigation

Irrigate before sowing and on the 3rd day after sowing. Keep
sufficient moisture until germination. Irrigate at the interval
of 10-15 days according to soil types. Irrigate sufficiently
after every application of fertilizers. Enough moisture !should
be there during summer which will prevent flower shedding and

increase the yield.
Plant protection:

Drench the s0il around the plant with any cropper fungicide
(2 g/litre) to prevent wilting of plants. Spray Duspan (3 ml/
litre) sgainst hairy caterpillars, To control Leaf eating caterw
pillar spray Endosulfan (2 ml/litre) or monocrotophos (1.5 ml/
litre). Spray Dichlorovos (0.5 ml/litre} or Monocrotophos (1.5ml/
litre) of Fenthion (0.5 ml/litre) against fruit flies. Avoid

spraying one week before harvest.

Ratoon crop:
Cut back the trees to 90 om from ground level after the
harvest is over in about 14 months. 1In another 4 to 5 months

the plants will come to harvest. Similarly ratoon crops can be



taken for 3-4 years, Within & week B8fter cutting back the

fertilizer dose given sbove has to be applied along with 25 kg.

of FYM or compost every year.

Intercrop:
Short durationwagetable crops like Tomatc, Cowpea, Bhindi
car be grown &s an inter crop in Moringz field. Moringa can be

growr: &s ar intercrop in orchards ené coconut plantations during
the pre-bearing age.

Crop Improvement

There is @ wide variability among seed moringe progenies.
In a variability study conducted at Perivakulam consisting &
population of 184, yvield for inflorescence, fruit weight, and

vield by number of fruits/plant exhibited wide variability.

In an ancther study carried out at Coimbatore, variation of
larger magnitude was reported for number of fruits, weight of
fruits, anéd number of branches, The varilation was moderate for
ster girth and height of emergence of first branch. A low vari-

ation was recorded for length and girth of pods.

Two varieties have been released in seed moringa so far.

l. K.M.1l, Pods are short (32-37 em in length and 5.5 to 6.0 cm
in girth), pod weight is 65 to 82 g, number of pods per tree/yesr

226 to 32B, pod yield is 14.690 to 26.900 Xg/tree/year and seeds

per pod 10 to 13.

2. P.X,M.1. This variety was releaged in 1988 from the Horticul-
tural Reseerch Station, Periyakulam. It 1s very popular in the

Southern States. The salient characters of this variety sare:



ANo. of flowers/inflorescence 52

No. of primary rachis/inflorescence 7
No. of secondary rachis/inflorescence 15
No. of pods set/inflorescence 2

Poé length (om) - 61 to 78

Poé girth (cm) =~ 6.3 to €.6

Poé weight (g) =140+17C

No. of seeds/pod - 19 - 20

No. of pods/plant - 186 to 215

Poé vield/planti{kg} - 2%,66 to 34.68

Plant Protection Control

1. Seedlinc damage by painted - Spray BHC 50% or carbaryl € 2g/1
bug -~ Clean cultivation

Spray endo sulforn 2 ml/1 or
Methyl parathion 1,5 ml/1

2. Leaf eating caterpillar

3. Bud worm - ~d0=

This is the most serious pest
causing economic losses to the
growers

4. Fruit fly -

- Remove the affected fruits and
destroy

- Spray parathion or

- Dichlorovos @ 1 ml/1 or
Monocrotophos 1,5 ml/1

5. Hairy caterpiller - Spray methyl parathion 1.5 ml/1

6. aphids - Spray Methyl Demeton or Dimethodate
1 mlAl

7. Fruit rot - Spray Mancozeb 2 g/1 or

Carbandazim 1 g/l

Drenching with copper-oxy chloride

@ 2 g/l




Waterleaf
Ceylon spinach/Water spinach/Swamp cabbage
Talinum triangulare (Jacq.) Willd.

Dr. I. Irulappan,Ph.D.*

Water leaf is a soft mucilaginous leafy vegetakle grown in
the tropics. Being a shade loving species, it is suitable for
cultivation under other crop canopy. The leaves and tender
shoots are used as vegetables. The edible parts contain protein
(1.9%), fat (0.7%), carbohydrates (4.3%) and minerals like calcium

(120 mg) and phosphorus in traces. It also contains iron (8.9mg).

Origin and distribution

The origin of the crop is traced to Brazil. Later it was
introduced from Brazil to Java in 1915, At present it is being
cultivated as a minor leafy vegetable in India, Malaysia, Indo-

nesia, Arabian countries, US2 and West Indies.

Botany

It belongs to the family Portulacaceae, genus Talinum which
has neary 50 other species of annual or perennial herbs, more or
less succulent, sometimes woody at base. The related species in

which leaves are eaten as vegetable are T. arnotti, T. caffrum,

T. patens, T. portulecefolium, T. crassifolium, T. cuneifolium

and 2. indicum.
Chromosome number

The chromosome number is 2n-~48 and 72. The higher chromosome

number indicates polyploid nature of the crop.

¥Dean (Horticulture), Tamil Nadu G.D. Naidu Agricultural
University, Coimbatore.




The plant:

The plant is a herbaceous perennial, erect or decumbent at

base, 35 to 90 cm in height.

The stem in stout, succulent and fleshy. The leaves are
light green, shining, triangular in shape and fleshy, obovate

or narrower. Leaves are about 7.5 cm long,

Flowers are large, pink in racemes. Seeds are black, small,
smooth and matures rapidly after floweqing. Short day condition
favour flowering and fruiting. The purple flower colour is par-
tially dominant over white flower colour. The crop is highly

self pollinated.
Soil and climate

The crop prefers well drained soil rich in organic matter.
It grows upto an.altitude of 1000 m., Most humid conditions

favour optimum growth and development of the crop.

Propagation

Water leaf is propagated through seeds or cuttings. Seedlirgs
raised in containers are transplanted to raised beds when 5,.8cm
tall. They are planted at a distance of 30 cm apart. As a basal
dose, farmyard manure is applied at the rate of 5 kg. per 10 sqg.

meters. Foliar application of urea {(1.5%) is also beneficilal.

Harvesting:

The tender shoots are harvested & to B weeks after plantinc.
During short day condition, flowering occurs and seeds develop

very rapidly impairing the cooking quality of the vegetable.



Shoots of about 15 to 20 cm length are cut when le%;es are
fully developed. Terminal shoots are removed at first harvest
to encourage lateral shoot development for subseguent harvests,
When the branches form a dense mass, it is better to replace

the 0ld plants with new planting.
Pests and diseases

Pests and diseases are recrely serious in this crop which

makes i1ts cultivation easier.

Uses

Besides 1ts use as a leafy vegetable and in soups and stews,

it can find its use as a succulent in ornamental gerdens.

Crop Improvement

No cultivars have been developed through organised breeding
programmes. The high oxalate content of the leaves limits its
consumption. Therefore, breeding programme may be directed

towards evolving varieties or types with low exalate content.




Management of soil acidity and salinity for vegetable cultivation

Dr. A4.1. Jose*

1. Soil acidity and its management

S0il becomes acidic mainly due to the loss of bases by exce-
ssive rainfall and soil acidity is common in all regions where the
precipitation is high. Removal of nutriernts by higher plants and
microocrganisms, production of carbondioxide and organic acids by
the decomposition of organic matter, improper use 0f commercial
fertilizers and the production of mineral acids such as sulphuric
acid 4n acié sulphate soils are other factors which make soil acid.

Negative charges on clay minerals originate from the isomcrphous
substitution in the crystall lattice of & cation of lower valence
for a cation of higher valence and alsc from the dissociation of
h?drogen ions from hydroxyl groups which are structural components
of the crystal lattice. In region of high rainfall where the bases
are easily lost from the soil due to heavy leaching, the cation
adsorptive sites (negative charges) of the clay minerals get satura-

ted with hvdrogen ions making the soil &cid.

Under strongly acid cbnditions, avidity is mainly & function
of aluminium ions releaseé from the so0il. Under these conditions,
much aluminium becomes soluble and is present in the form of Al3+
ions or aluminium hvdroxy cations. Presence 0f these iong or the
clay surface is considered to be acid forming since these ions when
released into soil sclution have & tendency to hydrolyse giving rise

+, : ; . s
to H ions in soclution, causing acidity.

- Lt
Al:,.l.Hzo /-._‘ AIOH +~
A1OHTT 4+ H.O ——— > A1 (OH).+ +
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S0ils behave like~ & buffered weak acidé ané that it will resist
sharp changes in pH accordingly. This i$s because there exists an

*Professor ané Head, SS&AC, Kersls Agricultural University,
P.C. Vellanikkare - 680 €54.



equilibrium between the ions in soil solution and that adsorbed

at the colloidal surface. Conseguently, a change in the concent-
ration of H¥ions in solution (active acidity) will be counteracted
by changes in the concentration of adsorbed H¥1ons (potential
acidity) either by the adsorption of ions on tc the surface or by
its release into the soll scoluticn so as to maintain the egquilil-
briun. Thus, the buffering capacity of the so0il will be proporti-
onal to its cation exchange capacity. Evidently to neutralise the
acidity of soil, both the active acidity and potential acidity are
+0 be taken into account. A clayey acid soil will require much a
larger quantity of lime as compared to & sandyv séil of the same pH.,
This is because, the pH measures only the active acidity " ions
in solution) of the s0il yhile the clayey soil with its high CEC
will possess high potential acidity due to adsorbed H' ionms.

The lime recuirement of soil refers to the amount of lime re-~
guired to neutralise the soil t¢ a desired pH value (usually 6.5).
"It can be founé out by neutralising a known weicht O0f soil with a
known volume of standard KOH sclution and calculating the lime

required on per hectare basis (15 cm depth).

The liming materials commonly used are the oxides, hydroxides
and carbonates of calcium or calcium and magnesium. .The reaction

of liming materiels with the acid soills can be representec as

CacC, + heat > Ca0 + €O,
Calcite
CaMg(COB) + heat =Ca0b + Mgl + 2C0.
Dolomite
Ca0 +H.,0 =>Ca (CH) .
Burnec
or
quicklime Slakec lime

(EI7,"  + calon), /I Cs + 2H,0

(Magnesium oxide reacts similar to calcium oxide)
The guality of the liming materisl will be usuiglly expressec in
terms of calcium oxide eguivalent or by calcium carbonate ecuiva-
lent. The CaQC3 eguivalent is &lso known as the neutralisinc power
of the material. The efficiencv 0f the materisl also depends on
the degree ©f, finess: assuming 100% efficiency for a 6L mesh

material.



Liming is done to provide & soil reaction that is favourable
for the growth of plents and for the adsorption of mineral nutrients
from the soil. Perhaps the greatest single cdirect benefit of
liming acid laterite soils is the reduction in the solubility of
Fe, Al and Mn where the concentration of these ions in soil solu-
tion approaches toxic levels. The liming materisls also provide
Ca and Mg which zre often limiting nutrient elements 1In these soils.,
The indirect benefits include increased aveilability of phosphate
and micronutrients, improved microbial activity and scil physicel
conditions. Thus liming of acid soil will relieve the Fe an¢ Al
toxicity, reduce P fixstion and improvz phvsical conditions of soil

as indirect effects,

In liming the acid soils, it should be borne in mind that these
soils are developed and continue to be under warm humid climate
with high rain fall, congenial for the development of acidé soil.
Therefore, it will be impossible tc meintain the soil reezction
neutral or &t nesr neutral point, permanently.  On economic conside-
rations, liming programmes should be oriented to the judicious
application of lime to maintain 2 favourable ramce of socil pH at
the sensitive pericd of crop growth. Though liming soil to & pE
value 0f 6.5 is considered ideal, it is & controversial peint
whether liming the avié soils to a pH value above 5.5 will be eco-

nomica: in terms of crop vield.

The effects of liming with and without fertilizers on tomatoer,

maize, snap beans (Phaseclus vulgaris and cabbage were evaluated

by Smith et 2l. (1985) at 22 production centres. Calcite, calcite
with 3% Mo and dolomitic lime types at rates o0f 4.5 - 15.7 t/he
were comparec¢ with unlimec¢ controls. High lime rates increased
vields i1n all crops and had no deleterious effects. Substantial
changes in soil pH and Cz and Mg saturation took place within & year
of appliceticor. The concentration of leaf Mn and to & lesser extend
lesf 2Zn and B was decreased by liming. Calcite lime 1.-.creased

leaf Ca but depressed leaf Mc especigllv at 13.4 - 1.7 t/hes. Come
parable dolomitic treatments enhanced leaf Mg substantiallv busz dié
not increase leef Ca. Within Z-3 months of lime application, leaf
analysis showed¢ that the calcite type usually supplied reasonabie
amounts of Ca, the dolomitic type consistently suppiied substantial

guantities of Mg ané both tne types reduced leaf Mn in &ll crops.



Increase in yield of vegetables due to applicetion of lime has

been reported by various workers {(Manrique, 1985; Nucham, 1965;
Genenchova et al., 1987; Laughlin et al., 1987; Tapper et al.,

1987; Cutcliffe, 1988: Parker et al., 1988.

2. Management of salinity and alkalinity

2.1 Saline soils

They contain a concentration of neutral soluble salts suffi-
cient to serjously interfere with the growth of mest plants. The
electrical conductivity of a saturated extract (ECe)} is greater
than 4 45/m. Less than 15% of the CEC of these solls is occupied
by sodium ions and the pH usually is below B.5. This is becsuse
the soluble selts present are mostly neutral and bhecause of thelir
domination, only & small amount of exchangeable sodium is present.
Such soils are scometimes called white alkali solls because of sur-
face encrustation, if present, 1s light in colour. The excess soluble
salts, which are mostly chlorides and sulphates of sodium, calcium
and magnesium can readilv be leached out of these so0ils with no
appreciable rise in pH. This is a very important practical conside~
ration in the management of these solls. The acid- saline scoils

(Pokkalil and Kaipad soils of Ernakulam and Cannanore district in
Kerala) are acidic as well as saline, They are saline because of
the intrusion ©of sea water. The scluble salts, chlorides and sul-
phates vary with season.and lecality. Maximum salinitv is observed
durinc summer. These solls are cultivated using salt resistant
varieties and¢ adopting special agronomic practices. The kari soils -

of Kuttanad in Keralz are extremelv acidic, waterlogged and ssline

in certain patches.

2.2. 8aline sodic soil

They contain appreciable quantities of neutral soluble salts
ané enouch adsorbed sodium ions to sériously affect most plants,
More than 15% of the CEC of these soils is occupied bv sodium and
the pH may or may not be below B.5. The pH is more likelv to be
below &.5 because of the deessive influence ©f the neutral socluble

salts as in the case of saline soilxs. The electrical conductivity
of a saturated extract will be more than 4 dS/m. Unlike the szline



soils, leaching will markedly rise the pH of saline sodic soils
unless Ca or Mg salt concentrations are high in the soils or in
the irrigation water. This is because, the exchangeable Na, once

the neutral salts are removed, readily hydrolyvze and thereby
sharply increases the hydroxyl ion concentration of the scil
solution. In practice, this is detrimentzl since the sodium ions.
disperse the minerzl collcids, which then cevelop z tight, imper-
viouvs soll structure., At the same time, sodium toxicity tc plants
is increased. It is there fore necessary to convert toxic sodium
carbonste &nd bicarbonate to sodium sulphate by first treating

the scil with heavy aprlications of gypsum or suvlphur. Leaching
will then render the soil more satisfactory for crops.

2.3 8odic soils

They do not contain any great amount of neutral soluble salts,
detrimental effects on plants beinc largely due to the toxicity of
the sodium as well as the hvdroxyl ions. The high oH is largely
due tc the hydrolysis of sodium cerbonate.

* 4 208" + H

- -
2N + CO + 2H.C ;; 2Na CO3

2
The resulting hydroxyl lons give pH values of 10 and above. Alsc,

the sodium complex undergoes hvarolvsis.

F— I + -
isoil [Na + HC |soil  |H + Na + OH

The exchangeable sodium which occupies morethan 15% of the CEC of

*hese s0ils, is free to hydrelvse because the concentratzon of
r.extTel sslts is rather low. The E.C. of saturated extract iz less
than 4 d5/m. Conseguently the pH is abové £.5, often rising as
high as 10.0. Owing to the deflecculating infliuence of the sodium,

such scils usually are in an unsetisfactorv phvsiceal condition.

Because 0f exXtreme alkalinityv resulting from the Na:CO3 present, the
surface of the sodic soils is usuellv discoloured bv the dispersed
humus carried upward by the capillary water and hence the name

black alkali soil. These so0ils are often located in small areas

called slick spots sorrounded by soils that ere relatively vrodu-

ctive. As in the case ¢of seline sodic soil, the soil should be

treated with gypsum or sulphur before leaching.




Reclamation

Providing under-drainage and leachiné or flushing work well
with saline soils., But in the case of sodic scils the caustic
alkali carbonates should be first converted to sulphates by <+reat-
ment with gypsum or sulphur. The so0il must be kept moist to
hasten the reaction and the gypsum must be cultivated into the
surface. The soil is then throughly leached with irrigation water
to free it of some of its sodium sulphate. The cypsum reacts with

both the Na2003 and the adsorbed sodium as follows,

N CacQ., + Na SO4

N82C03 + CaSO4_ 3 2
leachable
Soil ;“: + Caso, —— Ca + N8,50,

Sulphur upon oxidation yields sulphuric acid which not only changes
the sodium carbonate to the less harmful sulphate but alsc tends to
reduce the intense &lkalinity.

+ H.O + Na,SC

CO, + H,S0, = €0 2 2774

N32

; E
scil {g: + H,S0, >[—S_@H + Na,So,

When sulphur i: used, the carbonete radicel is entirely eliminatec

as CC2 while gypsum retains it as CaCOB.

" 8aline ané saline-sodic scils with their relatively low pH
(usuallv less than B.5; detrimently influence plants largely beca-
use of their high soluble salt concentration, leadino to the plasmo-
lysis of the plant cells. Sodic solls, dominated by active sodium,
exert a detrimentel effect on plants by caustic influence of hich
alkelinity, toxicitv of the bicarbonate and other anions ané the
adverse effects of sodium on plant metabeolism and nutrition.

2.4 Tolerance 0f vegetable crops to saline-zlkalil conditions

Among the vegetable crops, garden beet, asparagus, Sspinach,
cabbage anc tomztoc are the high salt tolerant crops, whereas radish,

celery and areen beans are salt sensitive crops (U.S.D.A., 1954).
Generally tuber crops are sensitive to salts. The values of



relative tolerance of vegetable crops to salinity for S50% reduct-~
ion in yield and 10% reduction in yield have been given by USDA
(1954) and Branson (1960) respectively.
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Shade response of a few tropical vegetable crops

R. Vikraman Nair*

Cultivation of short duration, seasonal crops including
vegetéble. crops in the interspaces of coconut is a common practice
in the coconé& belt of the country. A variety of crops are grown

with varving flevels of success,

The sucdess of an intercrop depends mainly on the level of
light infiltration through the coconut canopy and the ability of
the intercrop to cbme up in the shaded situation. The former
depends on spacing given to coconut and the age of palms. Estima-
tes made at the Central Plantation Crops Research Institute,
Kasaragod have shown that percentage light transmission through
coconut canopy in & space~-planted coconut plantation can range
from as low as about 10 per cent in a ten-year old plantation to
as much as about 70 per cent in a 70 year old plantation, there
being a2 near propoftionate incresse with advancing age. During the
reriod before the ICth vear, the values fall sharply with advancing
age they being very close to 100 to start with.

With such a large veristion in light intensity in éhe inter-
spaces of coqbnut, crop performance will vary depending on situa-
tions end there is, thus, necessity for choice of crops and crop
varieties. The general recommendations are the following.

(1) Prom 10 to Zoth year of planting of coconut when light
infiltration is less than about 20 percent, it may not,
perhaps, be possible to raise any crop in, the ‘interspaces
of coconut economically.

(143 From 50th vear onwards, intercropping can be done with

shade-loving'and zhade~telerant crops upto the SOth yYear

when light infiltration will be between about 20 and 50

per cent.

(1i1) PFrom SOth year onwards when light intensity will be more

*Professcr of Agronowmy, Ker&la Agricultural University, Vellanikkara



than about'50 per cent, shade-loving, shade tolerant and

shede intolerent crops may be used ac intercrops.

(iv]} Shede sBensitive species will be generally unsuitable for

intercropping.

In order to assess fhe st.ade respbnse of some ¢f the common
short duration tropiczl crops, trisle were conducted by raising
these experimentally at shade levels of about 0, 25, 50 and 75 per
cent at the College of Horticulture, Vellanikkara during the period
from 1980 to 1982. Some of these crops included coleorasis, coleus,
cowpea, krinjsl, amaranthus, cluster beans, bhindi and sweet potato,
The responses 0f these crops to shade were markedly different. In
all these crops, yields were the highest in the open and they
declined with increasing levels of shade. The rates of decrease
were, however, different. In colocasia, the yields under shade
expressed as percentages of that in the open were substantially

hicher than the percertages of illumination. These percentage values

at 25. 50 and 75 per cent shade levels were 56, 50 and 42 percent,
respectively., fhese two crops were, therefore, classed &8s shade~-
tolerant. In coleus and brinjal, percentages of yield were almost
comparable .to the percentages of illumination and these were classed
as shade-intolerant. The percentage values were 78, 59 and 39 for
coleus and 72, 45 and 23 for brinjal. 1In all the other three crops,
the. trend inyield was one of substantial.decline with shading. This
trend qualifies these crops to be classified as shade-sensitive.
Data on the yield of these crops at various shade levels are given
in Table 1. 1In &ll these trisls, only one variety each of the

crops was used.

In order to &ssess the extemt of intervarietal variations in
shade response of crops, trials were taken up since 1988 by inclu-

.ding nearly all the available varieties of the crops. Colocasia

was one of these crops tried, Results of this trial showed sub-

stantial differences in shade response between morphotypes some Of
them giving higher yields under 25 per cent shade than in the open.
These varieties thus, qualify themselves to be grouped as shade-
loving. Most of the morphotypes, however, were brought under the
categories of shFde tolerant and shade~-intolerant crops. Data on

the vield of 11 morphotypes of colocasia are given in Taple 2,



it is established that light infiltration

To summarise,

through coconut canopy varies widely and hence,

thé quantity of

These intercrops also show

light avallable to the intercrops.

large inter-species and inter-varietal differences in shade

response,

thus, making choices of crops and crop varleties

meaningful.
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Table 2. Effect of shade on total tuber yield, cormerl yield

and corm yield of colocasia morphotypes

Cormel yield Corm yield Total tuber

Treatments -1 -1

t ha t ha yield t ha™*

Shade levels (%)

TI(O) 23.5 5.0 28.5
T2(25) 22.6 . 6.6 29.1
'r3(50) 19.4 6.6 25,3
T4(75) 15.5 6.7 22.1
SEM+ 1.3 0.9 0.7
Ccp (0.05) 4.0 NS 2.1
Morphotypes

Hl 24 .0 2.8 26 .8
HZ 32.6 6.3 38.8
H7 14.7 3.2 17.9
H8 16 .3 3.4 17.9
Hg 17.4 2.7 20.5
HIO 2.6 8.4 31.0

4- L] 20-

H12 1 6- 6.0 3
H17 21.1 4.4 25.8
HIS 16.4 12.7 29.1
H16 l18.4 13.2 31,6
Sree Rashmi 24.6 5.3, 29.2
SEm+ 3.7 1.5 4.5

cp (0,05} 7.4 3.1 9.0




Crop management of solanaceous vegetables - Tomato, brinjal and
chillies

S.K, Tikoo*

Indla is the second largest procducer of vegetables next to
China, BEstimated production is 45 million tonnes annually, which
is less than half of our annual requirement presently. The family
Solenaceee, which includes five economically important vegetable
crops viz., Potato, Tomato, Brinjal, Chillies and Bell {(green)

peppers contributes substantially to the annual production in India.
After potato, tomatc is the most widely grown vegetable crop in

the world. It is the second largest crop t¢ be processed as it
lends itself to several products like ketchup, juice, puree, paste
etc. It is estimated that 20 million tonnes of processed tomatoes
are produced in the world today, which is 40-45% of the total vege-
table production, Portas et al (1991)., Area, production, and produ-
ctivity of these three crops is presented in Table 1.

Takle 1 1. Production statistics of tomato, chillies and

brinjal
Crop World India
Areat Prodn. Yield Area Prodn. Yield
Tomatoes 2669 63988 23,98 Bix* 790 9.58
Chillies# 1925 9610 8.51 904 877 .9
Brinjal 431 5644 13,11 372 ASTAg43, 11,92
{Not available for India)
SOURCE : F A O Year Book 1988
* - Area = 1000 ha ; Prodn. = 1000 t ; Yield = t/ha

** - FAO Estimate, Actual Area may be above 100,000 ha

# - FAO does not include India. Hence, Indian figures have
been added to FAO data.

*PHI Biogene Limited, Bangalore - 560 032,



Although India is %he 2nd largest popdlous country in the
world we produce tomatoes in just 3,15 percent of world's area
and' total production is even lesser at 1. 23 percent of the world,
Out- average yields of 9 to 10 t/ha compare most unfavourably with
the averages of above 60 t/ha in USA duringithe year 1990, Chillies,
Are  grown over &an area of 46.96 percent of the world's acreage,
put - if the available 'statistics are richt = our total production
is just 9.12% of the world. This is due to the fact that our
average yields are reported as 0,97 t/ha compared to 11.2 t/ha in
“hina, 14.12 t/ha in Turkey, 35.336 t/ha iniYugoslavia, Raju &
wuckose (1991),

In brinjsl the situation is not clear as India's statistics
are not available. However, in Karnataka alone 25000 hectares of
brinjal are grown annually and average yielés are reported to be
20 t/ha. This compares very favourably with the world's average
vields of 13,11 (FAO Year book, 1988)., Asia grows 85.7 percent of
the world's brinjal,

The inevitable conclusion is that a huge gap in production
exists mainly due to low productivity. In order to meet the requi-
red per capita consumption there is a need to (a) improve producti-
vity in all these crops and (b) even increaée area in tomato. The
reasons for lower productivity can be traceé to followings

1. Inadeguate input management due to
"a. lack of resources to buy inputs

b. poor transfer of available technology.

2. Non availability of' inputs uniformly al; over the country
'e.g., a. 1inadequate guantity of quality seeds
. fertilizers and pesticides

3, Lack of varietles suitable for the consumer, industry and the
producer. Eg., in tamato the producer ﬁeeds high vyield,
disease resistance and transportability} the consumer wants good
appearance, taste, and shelf life; the industry needs uniform
size, good colour, high solids and viscbsity.

The need of the hohr is to narrow down;these gaps. An excellent

co-ordination between science & technology,:governmental agencies,



private and public sector is required to allow for widespread
increases in output.

Economic importance

The three crops under discussion ere highly remunerative to
the grower. Cost of cultivation of open pollineated and hybrids is
preserted in tables 2 and 2A, A cost bhenefit analysis on current
market rates prevelling in Karnataka is presented in table 3. It
clearly reflects the benefits to the grower, especially, the higher
returns incase oOf hybrid varijieties of tomato and brinjal. The estis
mates are conservative anc¢ hence an experienced and well informed
grower can not only help realise potential yields, but also increase
his own profits substantially. One important factor linked to these
is the post harvest handling, packaging and price support that the
grower gets., Discussing that would, of course, be osutside the

purview of this paper.

Table 2. Cost of cultivation of open pollinated tomato, brinjal,
abd chillies

Costs per acre (Rs. )

Inputs Tomato Brinjal Chillies
Seed cost 40 25 120
Nursery ralsing 150 150 - 150
Ploughing (4 times)

@ Rs, 90/acre 360 360 360
FYM € 10 t/acre 500 500 500

Labour costs
a., Land preparation

~ 'Basal = 4 men Se 96 96
b. Fertilizer Application

Basal -~ 4 men 64 64 64
C. Top dressing & Earthing up

(€ men) 128 - 128 128

d. Irrigation - 1/2 man day/i
irrigation 30 irrigations in

12 days = 15 men 240 120%* 120%
e. Weeding (Twice) 8 men/weeding 254 254 ‘ 254
f. Sprays (8 sprays x 1 man) 128 128 128

g. Fruit pickking and packing _
(8 to 12 times) 400 400 300

(contd...)



(Table contd..)

Fertilizers 54C 500 300
Insecticides + Fungicides 60C 500 250
Total cost 350C 3200 2770

* - Irrigation reguirement is much less as more drought tolerant

Table : 2A, Cost of cultivation of hybrid;varieties per acre
of tomato amd brinjal¥ '

Cost ‘per Acre (Rs. )

Inputs Tomato Brinjal
Seed costs 900 300
Nursery raising 150 150
Ploughing @ Rs. 90/acre 360 360
FYM® 10 t/acre 500 500
Labour costs (in O P variety) 1310 1190
Additional labour for picking** 300 300

Additional labour costs (Staking,
Pruning & Tying of Plants - 8 men

X 2 days) 1280 -

Stakesg**t* : 3000 -

Fertilizers (as in O P) 540 500

Addtnl, fertilizer costs for

Additional Top dressings 300 300

Insecticldes + fungicides ‘ 600 500
Total costs 9,240 4,100

* - Hybrids not available in Chillies as yet,

** _ Por extra yleld, extra labour required for picking
and packaging :

*** . Initial Investment Rs. 24000/8 seasons = Rs, 300C.




Table 3. Cost benefit ratio for open pollinated and hybrid

varieties to the grower for tomato, brinjal and chillies

Tomato Brinjal Chillies

op HYB or HYB oP
l. Cost of cultivation
per acre (Rs,) A 3500 9240 3200 4100 2770
2. Average sale price/kg 1,00 2,00 1,0 1.5 1.5
3. Average marketable
yleld-t/ha 10 25 8 12 O.,5%*
(Dry chillies)
4, Total income B 10000 50000 8000 18000 7500
5. Transportation
costs C* 3000 7500 2400 3600 150
6. Net income (4-5) 7000 42500 5600 14400 7350
7. Net profit (6-1} 3500 33260 2400 10300 - 4580
8. Net cost bernefit 131 11336 130.75 1:2.5 131.65
A - @ the rate of labour costs in Karnataka
B - Wholesale rates - Tomato 3 OP @ Rs. 1/kg, HYB @ Rs. 2/kg
Brinjal : OP @ Rs., 1/kg, HYB @ Rs, 1.5/kg & Chillies @
Rs. 15/kg.
* - @ Rs. 300/- per tonne for a distance of 50 km frem farm:

to market
** - Yields can be upto 1.2 t/acre in improved varieties under
irrigated conditions

Production management

In order to bridge the yield gap and increase cost benefit
ratios to the grower, available production techniques have to be
meticulously followed. Hence, following parameters of crop product-
ion need to bhe efficiently managed.

8. Soil and climate

b. Raising seedlings

¢. Land preparation

d. Transplanting anc¢ spacing
e. Fertilizers and manures

f. Irrigation



g. Soil mulching

h, Training/staking

i, Use of growth regulators if any
j« Physiological disorders

kK. Harvesting

a. Soill and climate

Ideal temperature regimes, soil types and pH reduired for

these crops are presented in table 4.

Table : 4. Idezl climatic regquirements of tomatoes, chillies,
brinjal and' green pepper

Ideal
Crop Mean Mean Soil types Igeal
Min Max P
T omato 16 ¢ 30 ¢ Well drained, deep 6.0 to
loamy soil with good 645
moisture holding
capacity are ideal
Brinjal 22 ¢ 3C ¢ Clay Loam or Silt Locam 5.5 to
6.0
Chillies 18 ¢ 32 c Light loamy scil rich 6.5 to
in lime for rainfed - 7'0

well drained black soils

Source 3 Atherton and Rudich, 1986, Bose and Som, 1986

High temperature accelerates both crop growth rate and the
.ripening process (Geisenberg ' Stewart, 1986). Temperature is the
main factor that determines how fast a plant grows. Growth occurs
only when temperature is above 2 minimum level called the develop-
mental threshold. As the temperature increase beyond this threshold.
As the temperature increases beyond this threshold, growth rate
increases first, then plateau's off, and finally declines if tempe-
‘ratures approach an upper limit (Anon, 1985), e.g., the developmental
threshold in tomatoes is about 10 C; the upper limit for growth 1is
43 C to 44 C, This basic relationship governs the development of
most organisms except warm blooded vertebrates. Due to warmer night




temperatures in rainy season tomatoes in Karnataka reach harvestable
maturity one week earlier than in the rabil season, Such information
and the per se varietal maturity characteristics can be very useful
to plan planting schedules so that the harvesting and movement of
the produce could be regulated as is done in most of the developed
countrlies.

The seasons for South, North and Hilly areas are identified
in table S. The first season mentioned in each region is the
optimum season for ideal production of the crop. Off season culti-
vation brings in related problems of crop management. Eg., high
temperatures of above 35 C during summer reduce fruit set in all
three crops because of ovary dessication and inability of pollen to
germinate at that temperature. Summers alsc mean high incidence of
viruses transmitted by vectors eg., leaf curl virus in tomato and
chillies. The rainy season brings the fungal problems viz., Leaf
Spots and Fruit Rot in tomato, chillies and brinjal because of the
congenial conditions for their growth., During the rabi season,
fruit borer remains one of the main problems in tomato, as the weather
favours borer activity. In order to manage these problems, crop
protection schedules have to be suitably altered. These schedules
will depend on local situations. Comprehensive knowledge has been
acquired over the years on the role of environmental factors on the
germination, growth, flowering, fruit development, fruit ripening
and quzlity of tomato. For a review on these, suggested readings
are Picken et al (1986), Atherton & Harris (1986), Ho & Hewitt
(1986), Grierson & Kader (1986), Giesenberg and Stewart (1986) have
indicated optimum temperature required for various stages of crop
growth in tomato. However, such detailed information on chillies
and brinjal is lacking.

b. Raising seedlings

There are two methods for raising healthy seedlings

(a) Bare root transplants and
(b) Block transplants,

The former are obtained by sowing directly in rows in raised
nursery beds. The latter are raised in seedling flats having
honeycomb like cubicles of appropriate size. These honeycombs are
filled with an excellent, light weight, presterilized rooting media



like peat moss =- pe;lite = vermiculite mix} Seeds are sown in each
of these and uniform seedlings produced. Rabl season transplants,
irrespective of seedlings produced; Rabi season transplants,
irrespective of being bare root - the only practice following in
India - or blocks, are ready for transplanting in about 30 days,

In the rainy season it takes only 25 days because of relatively
higher temperatures. Following is a check list for raising tomato
seedlings per acre:

*Prepare 10 raised beds (8" to 1™ high) of 2.5' width & 15' length
for each acre of planted crop :

*™ix 5 baskets (10 kg each) of well decomposed compost (FYM) red
soil and sand in a ratio of 11131 per bed, to form flat levelled
tops.

*Spread & mix 10g of Furadon granules and 1/2 kg Suphala fertilizer
mix per bed uniformly

*Drench the beds thoroughly with Captaf (2g/a) solution one week
before sowing & cover with a plastic sheet. Remove the sheet one
day before sowing.

*Sow the seeds in shallow furrows 3" apart. Close the furrows with
FYM=-SOIL mix and cover with dry grass

*Water the beds every morning with a rose water can, During summer
additional watering and shade for the first 15-20 cays needed.

*ITmmediately on germination (6/7 days after sowing) drench the beds
with Captaf solution again

*Spray the seedlings with a mixture of Nuvacron 1.5 ml/1 + Dithane
M45 2g/1 on 15th and 25th day after sowing.

*Harden the seedlings by reducing watering during the 4th week
atter sowing. Plant by 30th day after sowing. During warmer season
seedlings will be ready by 25th day.

The process of hardening is especially important to obtain woody
seedlings with an excellent rootishoot ratio, Hardening means
exposing the plant§ to water stress which promotes root growth and



development of woody tissue = a natural stress response. Such
seedlings establish well in the field allowing good plant stands,
because the transplanting shock 1s reduced. Block transplants do
not face such a shock and hence establish a uniform plant stand
much faster. By using the block transplant method, it is possible
to raise an ere of tomato nursery with just 30 to 40 g of seeds. A
very useful system followed in most developed countries to reduce
expenses on hybrid seed costs,

Number of seed beds required per acre would be the same for
Brinjal but would have to be 15 in case of Chillies when following
60 cm x 30 cm spacing. Since the rainfed crop is planted at longer
spacing (table = 5), the number of seed beds required are 7 only.

In order to increase quality of transplants Melton and Dufault
(1991) have shown that nutrient solutions of 225 mg/N, 45 mg P and
25 mg X per litre should be used to water the seedlings, especially
the block transplants, Priming le., pre-sowing salt treatments and
osmo conditioning, has been shown to increase uniformity and speed
‘of germination, especially under low temberature conditions, Geisenberg
and Stewart (1986)., The most commonly used chemicals are K No.3+
K3Po4:; NaCl, Mannitol or PEG (Polyethylene glycol). Priming could
help advance the season during cooler temperatures.

Cc. Land preparation

Levelled and deep lands and ideal for crop growth as these
ensure even distribution and penetration of water. Ideally, a well
prepared field is that which allows satisfactory .water infilteration
and retention, provides enough air space to allow for a ready exchange
of soil sir with the atmosphere, Hegarty (1978). Johanssen (1989)
emphasised the role of deep ploughing for ideal root growth in
tomato, without which, he claims, tomatoes in the open field could
not realise the present ylelds. From an average of 50 to 55 t/ha in
early 80's in California, the present averages are 70 t/ha, Excellent
lan preparation and pre planting management has contributed substan-
tially to this increased productivity.



d. Transplanting and spacing

Except tomatoes, which are direct seeded in many countries
like U.S.A. - especially the processing types - the three crops are
transplanted. Irrespective of the crop, the best method of trans-
planting is to irrigate the field one day prior to planting,
Appropriate equipmenﬁ (can be designed locally) should be used to
make 3-4" holes on the sides of the ridges at recommended spacings
(table - 5). Transplanting should be carried out ir the evenings
to avoid dessication due to higher day temperatures. Uproot the
seedlings and plant one per hole, Ensure that the soil 1s firmly
pressed around the root zone to remove air pockets which can deter
fresh root growth, Follow the planting with a light irrigation.
After top dressing the seedlings are brought to the centre of the
ridge by earthing up.

Crop density can be decided upon several considerations. Knowing
the canopy size of the variety/hybrid under cultivation is important.
Determinate tomatoes have a smaller canopy than the semi-determinate
and indeterminate types. Canopy size is greately influenced further
by the soil, fertility, irrigation, temperature and growing season,
Varieties meant for concentrated fruit ripening like those meant for
processing are planted closer than varieties which are expected to
yield over a longer period. Early vields in tomato are promoted by
higher plant density as the mumber of early flowers per cluster are
increased, but this may not result into higher total yields, Fery and
Janik (1971). Geiseﬁberg and Stewart (1986), have reported that in
processing tomatoes under ground culture optimum plant population
under irrigated conditions is 50-6§0000 plants compared to only
30-40000 plants under arid conditions, At lower population density
the fruit size is increased and s0 is per plant yield but not higher
yields per unit area, Tikoo (Unpublished data).

) In Brinjal there is a wide range of spacings reported in
literature, a few of which are presented here. Choudhary (1979) reco-~
mmended S0-60 cms sching between rows as well as plants for bushy
varieties. 75=90 cms between rows and 60-70 cms between plants for
spreading varieties., Chauhan (1981) observed long fruited varieties
to yield best at 45 x 60 cms spacing and round ones at 60 x 75 cms.



Gupta et a8l (1978) recorded highest yield of Brinjal at 75 x 50 cms
on sandy loam soil at Bangalore., Shukla and Prabhakar (1987)
obtained highest yield of brinjal hybrid Arka Navneet at 50 x 40cms
spacing. PFrom the above it is obvious that the spacing decision
will have to be taken as per recommgndations given for a'particular
variety as well as on the soil type.

Factors like variety, so0il fertility, irrigated or dry~land
cultivaticn, are the parameters for the choice of plant spacing in
chillies. 1In Karnataka and Maharashtra, spacing of 75 x 75 cms and
90 x 90 cms is generally followed whereas in Andhra Pradesh and
Tamil Nadu, narrow spacing of 45 x 45 cms or even closer is practiced,
Shukla (in press), Wider spacing of 90 x 90 cms is followéd in
rainfed cropping especially in tall varieties like Byadgi and’
Sankeshwar in Karnataka and Maharashtra. Chilli varieties NP46A,
Jwale, K=-1 are short statured and 60 x 60 cms spacing is followed.
For concentrated dry red chillies bush varieties should be grown in
60 x 30 cms only. Again, no single spacing can be recommended.

e. Fertilizers and manures, s

‘Well decomposed farm yérd manure at the rate of 25 tonnes per
hectare is a standard requirement of all the three vegetables'under
discussion., The fertilizer dosages are discussed below = crop wise..

Tomato

S0il type, its water holdihg capacity, relative maturity of
the cultivars being planted will hold the key to fertilizer dosage
as well as the method and frequency of application. 1In general a
long duration cultivar will recessive one basal application followed
by at least two top dressing at 20 day intervals after transplant-
ing. Hybrid cultivars, especially indeterminate ones, require
extra top dressing as well as higher dosage of total fertilizer per
unit aréa. In medium and heavy soils, phosphorus, Potash and most
of the nitrogen is applied as basal fertilizer before planting
followed by the remaining nitrogen as a top dressing.

There are several ways of applying fertilizer in tomatoes. In



U.S.A. and Israel the |processing tomatoes receive 50 percent of

tﬂé basal dose through broadcast which is ploughed in and followed
by seedbed preparation., Rest of the basal dose 1s rotovated on

the individual beds. Mixed fertilizers are also applied in bands
3-5 cms below and beside the seeds when direct seeded. However, in
case of transplanted crop the fertilizer band is placed 7—10‘cm§
below and 5 cms beside the rows to prevent high salt concentration
in the proximity of the seedlings (Gelsenberg and Stewart). As per
Feigin and Shakib (1971), 2.5 kg of nitrogen is required for every
tonne of tomato produced. If tomatoes are produced in sandy soilg
and under low soil temperature, the ratio of ammonia tO nitrate
should be 1:11 because higher ammonia can adversely influence root
growth, Ganmore-Neumann and Kafkafi (1980). Under warm soil condi-
tions application of nitrogen as ammonia or urea would be suitable,
A long term continuous usage of ammonium form of Nitrogen can alsc
make the soils more acidic,. Pill et al (1978), reported that hibh
level of ammonia could cause blossom - end rot. In general, 60 kg
of N per hectare is recommended as preplanting basal dose, For open
pollinated cultivars another 60 kg 0f N is recommended as a top dress.
For hybrid cultivars 60 kg, N.as a second top dress is advised. Scme
even,recommend & third top dress of 60 kg N, A comprehensive study.
on fertilizer requirement of hybrids vs, open pollinated cultlvars in
India needs to be carried out,

Varietal differences in response to nitrogen have bheen reported
by Tikoo et al (1990). Such studies should be extensively conducted
to evolve varieties which are efficient in usage of available ferti~
lizers. It woudd help reduce cost of inputs, Adequate levels of
phosphorus during establishment and initial crop stage ensures helathy
root growth. In developed countries they use a starter solution
.containing 8324 (N:P), at about 10 cm per metre row, The rates for
drip irrigation are phosphoric acid at 30-100 cm per m of water during
the whole growing season, Geisenberg and Stewart (1986). For
adequate levels of pottassium 500 to 1000 kg of KCI K2So4 would be
necessary per ha, Sagiv et al (1973). They suggest a proportion of
1313 or 2:3 NiK in drip lines for firm and high-quality fruit.

Mizrachi (1978) observed improved total soluble sclids in the fruit
by using high potassium fertilization. In a study on use of fossil
shell fertilizer and iés efficiency, Hasegawa (1989) reported the
following:



a. fruit water content and average fruit weight was highest with
inorganic fertilizers

b. sugar and amino acid levels were highest with or¢anic fertili-

zers and

c. vitamin C content was highest with fossil shell fertilizers.

Among the micro-nutrients, boron, manganese and zinc are the
most-important. Boron deficiency causes reduced root growth, very
dark burn on leaf margins and spots between leaf veins. Symptoms
resemble salt damage, Anon (1986) and Tiwari and Choudhury (1986).
Boron deficiency also enhances fruit cracking. Soil application of
Borax @ 20 to 30 kg per hectare, 1s recommended, Zinc deficiency
is seen by yellowing of leaves between veins, Anon (1986). It will
occur in high pH soils like Boron. Increases in sugar/acid ratio
‘by use of mangenese at 10 ppm have been reported, Tiwari and
Choudhury (1986). 1In order to avoid these deficiencies two prophy-
lactic sprays, one et flowering and the other a fortnight later is

suggested.
Mrinjal
The atnrtiamn on fertdllrsr npplicat bon hAe Juean nively 1oy iowend
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sLuut oU t/ha removes about 190-25-159 kg of N, P,0, and K,0 per
hectare, Gnanakumari and Styanarayan (1971), The recommended range
of N:P:K 1s 56:56128 kg to 280312803280 of Ni:PiK as per various
studies (Shukla, in press). The soil type, varietal characteristics
and climate are the variables that have to be kept in mind before
making a choice. The most commonly applied dd¢sage is given in

table - 5,

Although, micronutrient deficiencies are seldom a problem in
brinjal, adequate supply of minor elements ensures good flowering,
fruiting and earliness, Som and Maity (1986), In water and sand
culture experiments, Mehrotra et al (1973) recorded the type of
deficiency symptoms of N,P,K, CA, Mg, S, Fe and B in Brinjal. Since,
practically most farmers in out country would neither carry out
soil analysis nor be aware of the deficiency symptoms, it would probably
be a good idea to undertake prophylactic sprays as suggested in

tomato.



Chillies

The recommended dosage of N3PiK: is given in table = 5.
Deshpande (1985) recommended 1/3 N, 1/2 PZO5 and 1/2 KZO as basal
dose, A wide array of fertilizer recommendations have been repor-
ted, Bose and Som (1986). Again, the choice will be based on soil
type, irrigated or rainfed cultivation and the variety to be

grown,
f. Irrigation

Adequate moisture supply at the right time ensures excellent
crop growth and hence yield, The frequency of irrigation will
depend on the moisture retention capacity of the soil, water table
and weather conditions, Extensive work has been done on irrigation
systems in tomato. Rudich et al (1977) adequately demonstrated how
irrigation schedules can be manipulated t¢ improve processing tcmato
fruit quality viz,, increased soluble solids., A growing season
which ends in a relatively dry period with favourable temperatures
for fruit ripening and harvest would be ideal for manipulating irri-
gation schedules to enhance fruit quality. If the soil has high
water retention ability and the wetted soil layer during rainy season
has 150 cm depth, experiments in Israel have proved that economic
yields of high quality can be achieved with one auxillary irrigation
7 days after first fruit-set. Such systems of cultivation need to be
adopted in India in suitable environments, Three main types of
irrigation are followed:s

da. The traditional furrow system
b. Overhead sprinkler and
¢, Drip irrigation.

Furrow irrication is the oldest system and 1s most suited to
India due to negligible initial investment costs. It is highly
suited to medium andheéavy soils where excellent horizontal distribution
of water can be achieéed. In light soils furrow irrigation .can be
successfully employed if furrows are close enough to the plants.
Overhead sprinkler irrigation is expensive to install and may not be
sulitable throughout tﬁe crop growth as it stimulates fungal, growth

when the plant canopy is large.



Drip irrigation is the ideal system to realise the potential
vield in tomato, Phene (1989) has shown in experimental trials on
a8 large scale that open field yields of 170 t/ha have been obtained
using a sub soil drip. 1In Israel yields of 120-140 t/ha are
routinely obtained these days. The reasons for the success of drip
irrigation have been summerised by Stevens (1986) as follows:

1., Improved water-use efficiency as it helps cut water requirement
by 30 to 50 percent,

2. Careful control of soil moisture allows excellent root growth,
plant canopy, high fruit set, healthy development of all the
set fruits to potential size, low incidence of fungal diseases
and excellent fruit solids. The last of which is a prime regui-
site of tomatoes for processing.,

3., Direct application of fertilizers and chemicals so that optimum
guantities are avallable to root zone. This means less losses
due to leaching. ’

Initisl cost of setting up a drip irrigation system is Rs. 35000/=-
per acre presently in India, This system can operate for several
seasons. The recurrent costs would be fertilizers and chemicals,,
beside repair and renewal of drip lines periodically. Since the
Yield increase would be phenomenal large scale trials on this system
are essential, Tomato roots are known to develop in a depth of 150cm
and in a radius of 80cm in medium and heavy soils., In light soils
they penetrate 60-80cm only. A well developed root system reduces
stress conditions in case of high temperatures or dry winds (Portas
and Dordio, 1980), This spread of the roots and soil type can be
used as a guideline for frequency of irrigation to be followed.

In brinjal and chillies, exhaustive studies on water reguire-
ment and irrigation system are lacking. However, the paraﬁeters
mentioned in tomato will hold good., Chilli being essentially a rainfed
crop would regquire much less water than Tomato and Brinjal, Also,
the marketable product in chillies is the dried fruits and hence
heavy watering to form the bulk of the fruit weight as in tomato and
brinjal is not required.



g. So0il mulching

Soil mulching can be beneficial in the following ways:

a; Uniform moisture distribution in upper layer of soil

b. Better root development in upper layers for better
utilization of nutrients

€. Weed control

d. Moisture conservation

Transparent, yeliow and black polythene mulches are most
commonly used abroad. 1In Israel the yellow plastic mulch is used
to reduce infection by yellow leaf curl virus of tomato because the
vector Bemesia tabacilgets more attracted to the yellow plastic,
Cohen (1982). The heat of the plastic due to exposure to sun kills
the flies. Plastic mulch is alsoc known to affect fruit yield and
quality, Geisenberg and Stewart (1986)., The suggested thickness of
the clear and black poly ethylene films is 0,03 mm, while the yellow
film should be 0.04-0.05mm. The film should be 120 cm wide. During
cool season clear plastics are prefered but black plastic is used’
during warm season as it radiates back the heat and hence keeps soil
temperature within tolerable limits,

h. Training/staking

In tomatoes grown under supported culture, especiclly for tallar
varieties and where several harvests have to be carried out, the
plants need to be staked or trellissed. The most common form of
stakes are thick (2" dia) to 6' poles to be fixed vertically in
between planting rows at 2 m intervals. Long thin (1" dia) poles are-
then horizontally tied on to these poles at 2 or 3 levels at 1,5
intervals from the ground. 20 days old plants are then lcosely tied
on to these horizontal stakes. If the lands are quite levelled and
can have long planting rows, the horizontal stakes can be replaced
by mild steel wire strung across each.row. Varietal growth hekit and
the growers preferenc? of fruit size helps decide on how many stems
per plant can be maintained. Lower the number of stems better the
frvit size, Care has to be taken to remove all side shoots from
young plants except the axillary shoot below the first flowering
cluster, This helps in incfeasing stem girth and also in training
the plant properly. fhe axillary shoot below the first flowering
cluster is the most vigorous and is hence retained. In addition

one may maintain one or more stems for training.



When grown under environmentally controlled structures = like
green houses in scandinavian countries - the plants are grown with
single stems. The hybrids used in such conditions are indetermi-
nate in growth habit. Koming (1989) has shown that a harvest
index of 84% is achieved in such conditi®dns., Against a fresh growth
of 24.5 kg per plant the fruit yield was 20.6 kg per plant. The
number of trusses per plant in this experiment was 30.5 trusses.
Such training conditions and controlled environments can mean yields
of 468 t per ha in tomato.

1. Growth regulators

In tomato frulteset can be severely hampered i1f the night tempera-
- ture go below 10-12 ¢ or above 20-22 c. Under high temperatures
the stigma becomes exserted and prevents normal pecllination, while
low temperatures render pollen non viable, Levy (1972). Low tempe-
rature fruit set also results into fruit deformation like catfacing etc.
Literature is full of references on several compounds that can be
used for improving fruit set, Atherton and Rudich (1986), Bose and
Som (1986), Shukla (in press)., While these treatments can certainly
improve matters the relative success will deperd on the commercial
formulation and how closely the recommended guidelines for a parti-
cular product have been followed, Ethrel is used extensively in
countries where the post harvest packaging and movement of the fresh
produce is regulated. In USA the mature green tomato fruits are
held in cold storage after treating with ethylene at 400 ppm. The
fruits then ripen to 2n even colour by the time they are transported
to the retail stores.

In processing tomatoes harvested once over, commercial ethepon
treatment at 200-400 ppm 1s carried out when about 15 percent of the
fruits are red. But once the treatment is carried out the fruits
have tO be harvested within 15 days or else there can be a very
heavy loss of fruits. Any mistakes in concentrations can mean

scorching of leaves prematurely and thereby heavy sun scalds.

In Brinjals treatment with 2,4=-D at 2-5 ppm and 4-CPA at 20ppm
at the flowering stége caused earlier and more uniform ripened
fruits, Som & Maiti (1986), have reviwed this work,.

Application of mixtalol, a mixture of long chain aliphatic
alchohols, at the rate of 4 pprm, 6-8 weeks after transplanting is



reported to increase brinjal yields by 35 tp 52 percent, Shykla and
Prabhakar (1986). The ultimate choice of growth regulators will
depend on the commer?ial formulation and its dosage recommended.
Suffice it to say that such sprays mre beneficial to the crop if
used judiciously.

Similarly several growth regulators have been tried in
chillies to reduce flower drop eg., NAA at 50 prm, Muthkrishnan
et 2l (1986). They also quote that (i) malic hydrazide and ethrel
at 3000 and 200 ppm, respectively, were observed by Kim & Ho, (1978),
to suppress flowering in chilli and (ii) 400 ppm ethrel improved
fruit setting in both winter and summer crops, Nagdy et al (1979),

Type of growth regulator, genetic make up of the crop, environ-
ment under which the crop is grown are the important factors that
will govern the choiée. However, exhaustive studies under varied
environmental conditions in India need to be carried out to help
arrive at ideal dosages,

j« Physiological disorders

Several physiological disorders are known in tomato. Based on
an extensive review, Grierson and Kader (1986), have described

these as follows:
a. Blossom-end rot

Beginning as small water-soaked lesions at or near the blossom
scar of green tomatoes, the spots enlarge into light or dark brown
sunken leathery tissues. Inadequate calcium supply in the soil is
related to this malady. Varietal differences are well known, indi-
cating genetic contro?. Use of calcium ammonium nitrate as a source
of nitrogen is recommended., Concentration of calciua in fruits
below 0.8% (dry weight basis) markedly increases this problem.

b. Blotchy ripening

Green, greenish~yellow areas on normal red fruits is a charac-
teristic symptom of biotchy ripening. Such areas contain less orga-
nic acids, dry matter, total solids, starch, sugars and nitrogenous



compounds. Higher potassium and inorganic nitrogen seem to
reduce the incidence of blotchy ripening., Exact causes are not

yvet known,
i. Green back

A genetically related disorder caused by the presence of the
green shoulder in immature fruits, which does not ripen properly.
Can be removed by genetically 1ncorporating the uniform ripening

gene 'u' in the varieties.

ii. Sunscald or sunscorch

On exposure of fruits to direct sun radiation for a long
duration, especially if temperature of fruits exce=ds 30 ¢, the
affected parts become yellowish and remain so during ripening. The
skin gets shrivelled when temperature of exposed fruit exceeds 40c,
it becomes white and sunken which is a typical symptom of sunscald.
Cultivars with very good foliar cover escape such injury.

iil. Cracking

Tomato fruits tend to exhibit radial or concentric cracks on
its skin especially following extreme fluctuations in water supply.
It is under genetic control and is related to the thickness and.
resilience of the skin. The splits on fruits reduce their appear-
ance, transportability and make them more susceptible to pathogen
attack, Use of crack resistant cultivars is a remedy, besides

ensuring adequate water supply.

iv. Puffiness

Existence of open cavities between the outer pericapp and the
locular contents is called puffiness. Percentage incidence is rela-
ted to the genotype and growing conditions which can cause improper
pecllination, fertilization or seed development,

v. Gold fleck/pox syndrome

Irregular or round green specks appearing on the green and
immature green frulits causes the ripe fruits to look poxed with
gold flecks. These reduces the fruit's market value. Genetically



resistant varieties are the only remedy.

Such detailed information on Brinjal and Chilli disorders

are lacking.

k. Harvesting
Tomato

The harvesting schedules for a particular variety or hybrid
will depend mainly on the season, its maturity and growth habit.
It will also depend on if the produce is meant for fresh consumpt-
ion or processing and also if the tcmatoes are direct seeded or
transplanted. Transplants take approximately 14 to 20 days less
from planting to harvest than direct seeded (d5) tomatoes., Harvest
dates for both ds & transplanted tomatoes can be further advanced
by 7 to 14 days using clear polythene mulch, Low Nitrogen availa-
- bility and water stresé at this time can alsc shorten ripening time
 (Griesenbach and Stewart, 1%86).

"Fresh market

Since the fresh market fruit will require a gap of a few to
several days from the growers fileld to retail shop, the climactric
‘nature of the tomato fruit helps in planning stages of harvest.
Tomato fruit has the following maturity stages (table 6).

Table 6. Maturity stages in tomato

Av. No. of days
to reach red
ripe maturity*

Maturity stage Description

Immature Green No jelly like material in the

(IMG) locules, seeds get cut when

fruit sliced by knife 15
Mature green Jelly=like matrix in all locules;
M G) seeds are not cut by a shagp knife

upon slicing the fruit 7 -8
Breaker (B) Slight break of colour at blossom

end; Internal red coloration 4 -5
Turning (T) Break of colour 2ll over the fruit

More yellowish tinge 2 -3

(contd...)



Pink (P) Whole fruit almost pinkish red 1 -2
Rep ripe (RR} Firm fully red ripe fruits 0

¥ « in firm fruited cultivars

Deperding on the distance of the market the choice of stage
Oof harvest is made. In India fruits are picked only at breaker
stage as fruits picked at mature green stage would require treat-
ment with ethylene to bring uniform ripening. Firmer the fruit,
better is the transportability. This factor is also important to
decicde harvesting schedules, Besides these factors, maturity of
the variety and growth habit is to be kept in mind to decide planting
and harvesting schedules (Fig 1). It shows comparitive yield data
on 5 tomato hybrids over 5 weekly pickings. While most hybrid show
@ peak at PICK 3, HYB 2 and HYB 3 peak at pick 4 & 5, indicating their
relative lateness., CHK 2 is the earliest and its pickings are almost
over by PICK S. Such information on varieties/hybrids is essential
to help the farmer extend his growing season by staggered planting
cf early type followed by a late type.

Growth habit would be another factor for harvesting schedules.
An indeterminate (I) cultivar would have the maximum harvesting
period, followed by the semideterminzte (SD) and the determinate
(D) varieties. This is so because the flowering in the I types is
gradual - three leaves separating two flowering trusses, In SD.
types the flowering is intermediate, two leaves separating tw6
flowering trusses. In D types there is a concentrated fruit ripen=-
ing, only one leaf separating two flower trusses. Open field
yields of tomatoes range between 25 to 170 t per hectare depending
on variety, growing conditions, season and type of cultivation.
Indeterminate varieties in open fields have a harvest index (HI) of
45lper cent = source exceeding the sink, Semi-determinates have a
HI of 55 to 60 percent and determinates have upto 70 percent HI.
Under green house, Hasegawa (1989) reports 84 percent HI.

Processing tomatoes

Determinate cultivars have been very well exploited for the
processing industry as these-allow complete harvesting once over or



FIG.1.RELATIVE Y{ELDS(t/a) OF PROMISING

TOMATO HYBRIDS OVER 5 PICKINGS
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in few pickings. Since the fruits have to be harvested red-ripe
proper estimates of the quantity to be harvested can be made and
utilised to schedule supplies to the processor. An area where the
whole strategy has been fine tuned in countries like USA, Italy,
France, Turkey etc., but still in a primitive phase in India. One
hopes that such vast fund of information can be duly put to applied
use. Yields of processed tomatoes can be between 25 to 70 t/ha.

Brinjal

In brinjals, edible fruits are harvested at mature green, when
the skin 1s very glossy and seeds have not been formed, At harves-
ting, the fruit is picked along with the éalyx which gives 1t the
fresh appearance. Green calyx and purple fruit is the typical colour
combination. Shukla (in press) reports that heavier crop can be
produced if fruits are picked before they reach full size. Average
yields vary between 20 to50 tonnes per hectare. The frequency and
duration of picking 1s related to growth habit as in tomato. The
choice of variety can be made on the ultimate need of the grower,

market demand and pricing.
Chillies

Chillies can be harvested at green stage or dried-red stage,
Majority of the harvest is of course in the latter form. In several
case the growers prefer to pick the first harvest as green chillies
which stimulates further flush of flowering and fruit set, Green
fruits are ready to pick within 2 months of transplanting. The
number ©of pickings will depsnd on season, cultivar and cultural
practices., Yields per hectate are as follows in general.

Yield (t/ha)

Rainfed Irrigated
Green chillies 7 to 10 20 to 25
Dry chillies 0.75 to.1,0 2.0 to 2.5

(Source : Deshpande, 1985)




All these three crops have a very promising possibility of
growth in India in the next few vears, especially tomato and
chillies. The key for higher productivity is harnessing of
available technology. Awareness of the exonomically important
diseases and their timely control measures will go a long way in
sustaining yield potentials. Massive efforts are required to
transfer the technology in the quickest possible time to the
vegetable growers so that the gap in productivity is narrowed
dovn, Future will éee'further improvements in the varietal chara-
cteristics, especially the value added qualities like multiple
disease resistance, better fruit quality etc. A co-ordinated
effort to improve post harvest management would help in allowing
the higher yields to reach the consumer without the losses in

transit.




1ABLE — S5 : A PRODUCTION GUIDE FOR TOMATO, BRINJAL AND CHILLIES

CROP
INPUTS TOMATO BRINJAL CHILLIES
SEED RATE/ACRE
oP 123g 125g 250@g
Hybrid 6@g &dg 1509
SEASON S—-0ct—Nov,Jun—-Jul S-0ct-Nov,Jun-Jul S—0ct~Nov,Jun-Jul
Feb-Mar Feb-Mar Feb-Mar
N-Nov-Dec ,Feb-Mar N-Nov-LDec,Feb-Mar N—Nov-Dec,Feb-Mar
July-Aug July—-~Aug July-Aug
H-Feb—-Mar H-Feb-Mar* H-—Feb-Marx
METHOD OF T & DS T T
PLANT ING
SPACING POcm x IBcm F0cm x 3I@cm &@cm x J@cm+r (IRR)D
(Single Row? (Single Row)
15@ecm x 3@cm FBcm x FBcm (RF)
(Twin Row)
FYM 10t 10t 10t
BASAL 284kg:40kg:24kg 24kg:40kg: 14kg 8kg:8kg:8kg ({IRR)
FERTILIZER 12kqg:12kg:12kg (RF)
PER ACRE '
(N : P : K)
TOP DRESSING 24kg:—:— 24kg:—:— RF — B8kg:~—:-
PER ACRE ¥%% IRR - 12kg:—:-—
£ — T = Transplanted DS = Direct Sowing
XXy - For hybrid cultivars one or two additional top dresses of Nitrogen are

recommended depending on the tyhe of hybrid (See text).

S - SOUTH N — NORTH H — HILLY REGIONS NORTH RF — RAINFED IRR - IRRIGATED
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Management oflleguminOus'vegetables

Indirsa, P~

Leguminosae (Syn. Fabaceae), one’ of "the‘three' largest
families of flowering plants, 'in¢ludes pulses. vegetables green
manure crops, ©il seed crops, cover crops and timber plants.
Among these, vegetable legumes are important from nutrition point
of view as they supply proﬁeins to the diet. " Having root ﬁpdules,
they fix nitrogen from the air and thereby enhénce soil fertility.
Both the pods and seeds are rich in protein and are excellent )
sources of vitamins and minerals. The important tropical leguminous

vegetakbles are cowpea (Vigna unguiculata), Field bean (Lab.ab
purpureus), winged bean (Psophocarpus tetragonolobus) and cluster

bean (Cyamopsis tetragonoloba).

Cowpea

Cowpea (Syn. asparagus bean, snake bean, yard'long bean,
southern pea) is grown'throughout the counffy for'its long greey
pods as vegetable, seeds as pulse and foliage as vagetablc cud .
fodder (Chakraborthy, 1986). Tt is Cultivate_ over an srea of
0.57 million hectares with_angeapimate¢ production of 0.12 million
tonnes of grains in India. The largest area is in Rajastan (31%)
followed by Tamil Nadu (20%), Karnataka (17.18%) and Orissa (9%)
(Henry ané Daulay, 1988). iIn 'Kerala,lTan'}il Nadu, 2ndhra Pradesh
and West Bengal‘ long, thick podded varieties. mostly trailing
where as. in Haryana, U P., Bihar and R.P. dry

While Punjab, Gujarat and MLharashtra prefer

types are grownj;

seeds are eaten.
short, thin pods of Pusa —.doffasli.type.ﬁMohan, 1988} .

Soil

well drained, humus rich, sandy loam. soils are the best _
suited for growing cowpea.. It thrives under .vide range of soils

if proper drainage is provided.

*aAssistant Professor, Kerala Agricultural University,

Vellanikkara.



Physiological factors

Cowpee is a warm seasaon crop ané thrives the best between 231-35°C,

It can be grown successfully both in spring-summer. and rainy
season in the plains. It cannot withstané heavy rsinfall and

water logging, Different cultivars respond differently to tempe-

rature and day leﬁgth and thus there ere distinct cultivars for
High light intensity delays

spring-summer and rainy seasons.
George and Neir

flowering but increeses flower and pod numbers.
(1587) confucted a field trial to test the feasibility of growing

cowpea under coconuts. The cowpea Cv, Kanskamani was artificially
ehaced by 0, 25%, 50% or 75%. Yielcs under 0, 25%, 50% & 75%

shading were 1.58, 0.66, 0.40 and 0.15 t/ha respectively, Dry

matter production was less affected by shading. LAI was not

affected uptc 60 days after sowing after which it rapidlv declined.
It was concluded that cowpez for vecetable purpose would not be

suitable for growing under coconuts.

Sezason

Cowpea is grown throught the year under Kerala conditions.

It can ke grown. as a cover crc¢p in coconut geérdens ané as an inter-

crop inr tapiocs during May-September. It can be grown as & pure

crop in single crop an¢ double crop rice fallows during rabi and

summer Seasons. It carn be grown throughout the vear in homestead

Generally it is sown in June-=-July for reiny season Ccrop.

gerdens.
it canr be grown

In places like Bargslore where climate is milc,

almost throughout the year. Proper time of sowinc in Northern

India starts from February and may be continued till september

(Singh an¢ Patel, 1990). Damocarsn et al (1988) studied perform-

ance of cowpea lines under different rates of sowing during kharif.

Five cowpea cultivars sown on lsth and BDth July gave 2 year

average seed yields of 832 andé 862 kg/hea respectively compared with

446=-565 kg, When sown on 30th June or 15th Auvgust. The cultivars

NPRC 2 and CO4 gave the highest yields of 718 anc 797 kg. comparecd

with 580~-677 kg for other Cvs.
Seed rate and sowing

Cowpes 1s a direct sown crop. There are two methodes for

sowing - broadcasting ané dibbling. Under Kersla conditions, for



grain and dual purpose types of cowpea & seed rate of 60«65 kg/ha
is recommended for broadcasting and 5C~60 kg/ha for dibbling.
For vegetable type it is 20-25 kg/ha (KAU,' 1989)., The seedrate

recommended for the cultivar Pusa Komal ‘is 15-2C P"/ha 1Singh &
Patel, 1%90). Hoodz and Snngh (1989) reported that 'a seed rate

of 20-25 kgsha is sufficient for crain and green pods. But for
mixed cropping, its Seed qhould be mixed proportionately with

seed of other crope. There is no defin;te proportion for a mixed -
crop of fodder cowpea. For’ é mixed graln crop,:abput 10 kg.

cowpea seed is mixed with';he seeds of othEr*cfops énd‘35-40 kg/ha
is enough for fodder purpose. Seed treatment with Thiram at

3 g/kg of seeé is advisable before ‘sowing, The seed should be sOwn
at a depth of 6-7 cm. There should be sufficient moisture in the

field at the time of sowing.

Spacing

For grain ané dual purpose types, if dibbling is adopted, a
spacing of 25 cm between rows and 15 om between plants'is recomm-
ended with 2 seeds/hole. If broadcasting is adopted, the seeds
can be sown broadcast over the field and channels drawn after
sowinc. For vegetable type, a snacina of 45 cm between rows and
IZ com between plante is sditab}e'(KAU, 1989}.,|Under'8angalqre
conéitions & spacing of 60 cm'(;dw‘to row) and 15 cm (seed to seed)
is recommended (Mohan, 1988). X spacing'of-Bb-GR'cm-x 10 cm is
‘recommended@ for the cv. pﬁsa komal in k. India- During’ summer,

spacing is usually reduced.
Manures anc¢ fertilisers

Ir Kerala, a fertilizer dose of 11me.|250 kg/ha or Dolomite
40C kxg/ha N 20 kg/ha, P. O 30 kg/ha and xzo Ao kg/ha is recomm-
ende€. Among these, lime is applied at the tlme of first ploughing.
Half the guantity ole, whole of . ons and K20 are applled at the
time of final.plouching. The ramaining N may be ‘zpolied 15-20,

days after sowing.

According to Singh and Patel: {1990) Cowpea requires only a
staérter cose of fertilizer comprising 10f20 kg. nitrogen ané 5U-75k
phosphorus, to be inéorporated/hecfare of land before sowing.



. Cv. Puse komel,

" these two Ccrops reguires any

-control in‘30,45 and 60 cm apart,

Since cowpes is highly susceptible to 2n deficiency, especially
in paddy-and wheat rotated soils, incorporation of 1lu-15 kg. Zinc

Sulphate/heactare would be bheneficial.

Adehayo (1985) reported the effect of applying 0,2,5 or 10%
(on DM basis) of cowdung, poultry manure or house hold waste to

an xlfisol soil collected at 0-15 cm depth in Kigeris on DM

vields of cowpea Cv. Ife Brown. The greatest cdrymatter accumula-

tions of 1%.6, 13.8 and 1C.5 g. were obtained st the hichest rate

of poultry menure, cowdung zné¢ houvsehold waste respectively.

Pouvltry manure ceve the hichest overzll dry matter yielcs.,

Irrigstion ané interculture

Cowpea is a shallow-rooted crop and reguires less moisture
It is sensitive to water logging. Therefore light

for its growth.
Irrigation prior to flowering helps

irrigation should be given.
and another irrigation should be given after the

2fter hervesting of green pods of the first
This will help in ini=-
1986). For the

in pod setting
pods have set.
flush, another irrigation improves yield.
tiation of second flush of flower.(Chakraborty,
in normal weather the first irrication is reguired

at flowerinc and another at poc¢ formation. However the summer

cror shoulé be irrigzted every 20 deys (Singk an¢ Patel, 1990).
| In Kerala during the second crop season, ie. September to
Diecember cowpez is grown as g fringe crop along the rice field.

bunés. Durinc summer season, it is grown as & pure crop in rice

fazllows after the harvest of first or secondé crop paddy. Only

irrigation.

The plot is to be kebt free of weeds for the first 45 days

after sowing. One hoein¢ should be done about 4 weeks after

sowing for controllino weeds and helping in root aeration. Earthing

up is done at first:'flowerinc stage and again after the second

harvest.

Chauhan et al {1985) reported the efficiency of herbicides enc

other cultural practises on cowpea. They compared nitrofen,

fluchloralin, alachlor and pendimethalin each at 2 rates for weed

control in cowpea, with 2 cultural practises (hoeing or hand-

weeding 30 days after sowing and weec free conditions) ané unweeded
Amongst weed control treatments




the highest vegetable production of crop and yield were under

weed free conditions,

For grain and dual purpose varleties of cowpea, decapitation
is found to be advantagecus as the crop shows trailing tendency.
Rafigue-Uddin (1983) studied the effect of some defoliation
treatments on the yield components in cowpea. Two erect, non-
vigourous and determinate cowpea Cvs, were grown at 3 plants/bag
upto 50% flowering. Thereafter they were grown at 3,2, or 1 plant/
kg bag without defoliation and with 20,46, 6C or BO% defoliation.
The cdecrease in number of plants/bag incredsed the numlter of
pocs/plant and had no effect on 100 seed and number of seecs/pod.
The number of pods/plant and 10C seed weighé decreased with

increase in the defoliation level.

kmong the different orowth regulators 'spraying of maleic
hyvdrezide at 50-200 ppm just before flowering is found to increase

the viel¢ of pod in cowpea.

Harvesting and yield

Green pods for vegetakle are ususlly ready within 50 days
2fter sowinc depending upon the variety. The green pocd: should
be picked in tender condition otherwise they beccme fibrous.
Marketable pods are available in about 45 days in case of an
early cultivar &nd may continue upto 100 days in flushes. It
procduces about 50-8C cguintals of green pod/hectare.

Economic of cultivation

The cost of cultivation of cowpes was worked out by Motilal
Nehrv anc¢ Thampi (1987). They found that by inﬁesting about
Rs. 12,300/he, farmeres are gettinc a net profit of Ks. 15,400/ha

excluéing cost of family labour.

Fiel¢ bean

The lablab bear or Dolichos bean (sem) is one of ‘the most
ancient amorc the cultivated planté. In tﬁp wesf, it is known
ac 'Eonevist' or the 'Hyacinthk bean’. ‘Itlié grown tﬁroughout the
tropical regions of Asia, Africa and America. 'Thé crop is multi-
purpose - 2 pulse, vegetable and forage. Althougk the crop is.
indecenocus &nd grown 3all over ghe coduntry- compact large 2areas

of commercial production are uncommon. .The Rerennial type



{typicus) and annua2l type (lignosus) ere grown in India. It is

a field crop in Tamil Nadu, Andhra Pradesh, Karnataka, Madhya

Pradesh anéd Maharashtra. Despite the many good ettributes, the

crop rema@ined unexploited owing tc low productivity, long duration,

photo-sensitivity and an indeterminate crowth hebit. The consumer

preference also varies with pof cize, shape, colour and aroma,

(shivasankar and Kulﬁarni, 1989).

S0il and climete

Dolichos bean grows on & wide range 0f scil with average
Premnath (1¢76) reported that field kean is relatively

fertility.
It is adspted to the trepicel and sub tropical

& cool seascn crop.
regions. There ere some droucht resistant étreins, grown s a
drylend crop in regions with €30 to 890 mm/annual rainfsll,

Fruiting starts by winter ancé declines during summer,

Sowing and season

it ics mostly grown as
It is
The seeds

Dolichos bean is 8 direct sown crep.
& homestead vegetable in Keralz, commonly near houses.
trailed over pandels or allowed to climb on roof tops.
are sown in July-Auvgust with the onset of monsoon.

In south and cerntral India, it is usually grown as a mixed

crop with regi ¢r sorghum. It is ¢€rilled at & spacinc of 1 metre

hetweer raci or sorchum. Ragi or sorghum, earheads are harvested

first leaving the stelks for giving support to the vines of

dolichos bean. The vines grow profuselyv on them anc flower in

November-December, civing & continuous crop of greer pode and dry

seeds throughout the winter an¢ spring. The vines when cut with

sorghum straw give a nixed fodder with hich nutritive velue. If

it is grown as & pure crop it can be sown at & spacing of 1mx0.75m.

Three to four seeds are sown/hill and later thinning is done tc

allow two plants to grow/hill. About 20-30 kg seed is required for

sowing one hectare. In a kitchern garder, plants can be retained

for 2-3 years (Chakraborthy, 1986).
Fertilizers &nc¢ manures

A manure and fertiliser dose of FYM - 20t/hs, L-50 kg/ha,
p-kg/ha and K=-50 kg/ha is recommendec¢ in Kerala (Kau, 198%8}. Wnen



grown as a8 mixed crop with fincermillet it is fertilized with

20 kg ammonium sulphate and 4L kg superphosphate/hectare after

the first weecding, Recent studies at UAS, Bangalore, showed a
11.4% increase in vielé when the rhizobium was inoculated and

only 6.4% enhanced vields, with an application of 25 kg/ha of
nitrogen over the control (Shivasankar and Kulkarni, 1%E9).
Weeding

Inter-cultivation can be done to check weeds from growing in
the field types but In garden tyses such & practice is not

pcssible once the vines spread,

Irrication

Dolichos bean is mostly grown &s a rainfed crop. During

summer, frecuent irrigation should be avoided since it is sensitive

to waterloaging.

Flower drop

A high rate of flower shedding is a major factor limiting

‘ Only 1{ to 20% flowers produced mature
nitrogen 20ko/nha &t flowering
appliceation of Calcium

grocductivity in dolichos,
intc pods. Soil application of
increases the yielé perameters. Also,
Chloride C.1% and LA+ (10C ppm!} wher the first inflorescence comes

tC flower increases fruit set and productivity {sSshivasankar and

¥ulkerni, 19£8).
Hervesting and yield

Doliches pods at their ezarly stage of development, although
hichly tender, ¢éo not sttain proper size ané weicht while at
later stages of developmrent, the pods become hard and fibrous
end lose consumer's acceptance, They are harvested when green
and secculent. Jane and Chéthopadhyay {(1977) observed that
méturity index depended on'ﬁoé-weicht which in turn depended on
pod breadth. The process of pod development differed in varieties
anc hence they were grouped as éarlf poéfmaiuring anéd late pod-
maturing which could be harvestec at 2C &nd 25 days after anthesis

respectively for fresh market. The rate of dry matter production,

grein development, pod déveIOpment ané 'crain : poc ratio varied



in all the varieties at various stages of maturity. The
varieties like Kalyanpur Tl' Deshi and Rajani were found to be
early pof meturity for fresh market with respect to tenderness

and meximum weight.
The average yield varies from 50 to 8C guintals of green

pods per hectare.

Winged been

Winged reen offers an exeptional promise and shows a great
potential for overcoming the protein malnutrition problem through-

out the humid tropics. In &dcdition to high protein, its seeds

contain sizeable amount of oil, ¢éry matter, potessium, Calcium,

Sodium and phosphorus.

So0il and climate

The crop can be grown in any soil with gooc so0il texture.

It can also be grown in heavy soils with poor drainage. Sandy

ancd well drsined soils are good for tuber production. The crop

does not grow well in very alkeline or v--v acid soils.
The winged beitn has traditionelly b .. cultivated between

latitudes of 20°K end 10°S. 1In recent ¥ s the plant is succesS—

fully introcucec tc subtrcopicesl and warm,

The crop withrstand, hich temperature but ne¢ -er survives frost,
Continu~

remperate letitudes.

It is sersitive to photoperiod, humidity and :ainfall.
ous day temperatures higher than 32°C or lower -*an 1E°C inhibit

flowering even under otherwise suitable short-day conditions.

The plants reguire short day conditions for flowering.

Flantino during short days would result in flowering within €&
which i= detrimental to many legumes, is good

weeks. Rainfall,
for winged bean eventhough & short period of drought will not

It is treditionally cultivated in areas with
It thrives in hot humid
This crop also cdis-

efféct the crop.
annual rainfall of 700 to 4,00C mm.

areas with 2,500 mm or more annual rainfell.

plays some drought tolerance (Shanmugevelu, 1%89).



Seed rate, sowing and spacing

A seed rate of 15-20 kg/he is recommended in Kerala. Pre-

soaking of the seeds for 2 days before planting would give a

good germination percentage. The seeds are sown in- flat beds

or ridges. The spacing varies depending on the cultiver and
location. In Kerala the recommended spacing is 75 x 50 cm.

Season

The time of planting has a 51gn1ficant effect on yield.
wirced bean 1s mainly grown in small plots in backyard gardens,

edges of fields or agalnst fences or walls. 7i.ey 8re generally

sown at the beginning of wet season., . In Kerala July-August is
the optimum season. The init;al growth of seedlings is too slow
and with the completion of thehmonSOOn rains the $eedllng5 make
vigorous growth. The plant; being. .respensive to day length,
starts flowering in October-Novembgr when short-day'conditions

prevail,

Staking

The plants start twining s few weeks atter germination., So
they need support in the early. stages of growth. Normally indi-
vidusl supports are given_with local wood materials. Stake or
trellises 1,2 to 2 m tall are generally used. Supports can be
made of bamboo, cpir, branches of trees etc.' There are some living
plant supports like fruit trees, subabool (Leucaena leucocephala)
and sesbania bispinosa. . Initisl success wlth'planting_corn and
winged bean together has been obtained - the cprn crop matures
£irst and can be harvested, the winged bean thén uses the born
stake as support. (Shanmugavelu, 1989), These supports prevént
pod rot by holding the pods from being affected by soil moisture.
Winged bean is also grown as a cover c¢rop but then the yield will

be limited.

Pruning

Winged¢ beans grown for tubers are traditionally pruned.
Flower removal and pruning 1ncreases tuber yield. Vines, for green
pod yleld are not usually pruned.



Manures and fertilisers

Research on the nutritional reguirements of winged bean is
Sarnaik et al (1984) reported the Lesponse

meagre in our country.,
Plants

of varying spacings snd fertility levels on winged bean.

of the Cv, IHR 4 spaced at 30, 60, 90 or 120 cm in row with
10C cm ketween row received N at 3C or 6C or P205 at 406, 60 or

80 kg/ha with Kzo at 4C kg/ha as a basal dressing. These treat-
ments had no significant effect on pod length, pod weight,

number of seeds/pods, filling percentage and 100 green seed weight.
The highest yield (10096.2 g) of pods/plot (72 m°) was with N at
30 kg/ne or with 60-80 kg P205 (9506.8 g, 9629.05 g). The dry
mstter ylelds increase, with phosphatic fertilisers and Nitrogen

gffects nodulation.

Growth regulators

~Lee (1988) reported the response of selected growth regula-
tors on growth and procduction of winged bean. 2,3,5 triodo
benzoic acid (0, 15, 30, 45 and €0 ppm), 2-napthoxy acetic acid
(0, 25, 50, ,75 and 100 ppm) and chlonnequat (0, 25, 50, 75 and
100 ppm) were applied to the foliage of winged bean at 3,4 and
5 leaf stage. Plant heilght was significantly reduced upto about
7 weeks after sowing by the application of crowth regulators.

There was no significant difference in fresh pod weight between

treated¢ &nd contrel plants., Z2,3,5 triiodo benzoic acid applied

a2t 30 or 45 ppm, 2 napthoxy - acetic acid at 50 or 75 ppm and

chlopmequat at 50 or 75 ppm,
vielé of fresh pods.

significantly increased number and

Irrigaticn

Thougl winged bean is & rainfed crop, it needs irrigation

as the se@son procresses. Weekly irrigations are desirable until

the plants are large a2nd have roots deep enough to resist short

drouahts.

Intercultural operations

_ As the winged bean seeds germinate late and because the voung
plants grow slowly, the planting needs speciel care for several
months. The plots should be kept free of weeds by hand weeding,



hoeing or by mulching. Mulching also helps to conserve soil
moisture. This practice increases tuber yleld also.

Harvesting and yield

The green pods to be used as vegetable are ready for har-
vesting 10 weeks.after sowing and extends indef: itely. Each
vine yields about 25 pods every 5 or 6 days. Bagchl et al (1989)
suggested that the green pods are harvested fgr.upto 21 days
after anthesis and the green beans for 21-35 days after anthesis.
Eeyond thét stage it shoula bé utilised as a-arain lemavme, -

Cluster bean

Cluster bean or guar is grown for its young tender pods
use as & vegetable., It is méiniy grown for fqdder and seeds
for guargum production. There are dwarf ané giant types, dwarf
types being grown in Punjab, Haryana and U.P. whi}é the giant
type is preferably grown in Gujaraet. The green pods are r°ch
source of vitamin A, iron and also contain vitamin C,

S0il and climate

It is a shallow rooted crop with a surface feeding nature.
The crop prefers well drained sandy léam seoil. it can tolérate
szline and moderately alkaline séiis with PH (7.5 to €.(. and in
heavy soils nodulapion 1s hampered.

Cluster bean is a typical tropical vegetable prefering warm
climate even though it can be grown in the subtropics during
summer. It 1s suited fd;'thefbrid zone of Rajasthan and Haryana.
It prefers lona day conditions’ for growth and short day condi-
tions for EIOWefing, it is‘érown throught the year in South

Iindia.

Seed rate and sowing

The seed réte\&arieaf due to the cultivar, planting season
etc. To sow one hectare area, about’30740,kg seed of cluster
bean 1s required. The ;eéds are sown at a.spacing of 45 cmxl5 cm.,
For the Cv. Pusa Sadabahar a spacing.of 60 cm x 12-15 cm. is
recommended (Singh, 1989). |



Cluster bean is grown twice in a year as a spring-summer

crop-and rainy seeson crop. Under mild winter a third crop can

also be taken. Jain et al (1987) reported the effect of date

cf sowing of cluster bean seeds on yielé ané guality oi the.

They found that crops sown on 10th July gave higher seed

CIoOp.
th July or 10th

protein and gum yields than those sown on 25

August.

Manures and fertilisers

Manuring is generally restricted to zpplicetion of Farm yard

It is adced @ 150-200 C/hectare. Inorganic fertilizers

MEnnuUre.
Fhosphorus 50-70 kg and potassium,

are &dded & nitrogen, '1C-20 kg.
56-70 kg/he. Nitrogen is spplied in two splits, first at the time

of planting and later in the flowering stzge: {Singh, 138%).

Intercultursl operations

Cluster bean is a shallow rocted crop, Therefcre only shallow

intercultural operations are done to provide good conditions for
crop growth and to keep dowr the weeds. Sonesni et al (1585) found
that the most criticzl periodé of crop weed competition was 20 to

50 days after sowing as determinec from data on yield and cérymetter

sccumeléeted by the weeds. A few herbicides like 2, 4«D and DSMA

(Disocium methane arsonate) are also used in weed contrcl € 2 kg/ha,

Harvesting 'and yield
The pods would come ready for picking, depending upon the

cultivar, from 40 days onwzrds. The total duration of the crop

is about 120 days. The yield varies from 5 tc 6 t/ha of tender
green pods and 6 to 10 g/hs of seeds.

Uses

The tender pods are used as fresh vegetable or sometimes

dehydrated and storec for use. It is & nutritious fodder for

livestock. The mucilagihous seed flour is velued as guar gum
(galactomann} and this gum 1s used ir textile, paper, cosmetic

and oil industries (Parthasarathy, 1986).
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Agronomic management of drumstick, Curry leaf, chekkurmanis
and agathi

B. Reghunath*

Drumstick or Moringa (Moringa pterygosperma) is one of the

most popular perennial vegetables in the South Indian households.
It is a unique vegetable in which not only fruits but also leaves
and flowers are egually useful. Immature fruits are cut into
pieces énd used in several culinary preparations. Fruits are
good sources of vitamins B and C. The leaves besides as vegeta-
bles, are 21s0 used for seasoning pickles and for flavouring ghee,
The leaves are rich in vitamin A (11,300 Tu) and C (220 mg/100g).
The seeds of mature fruit are sometimes fried and eaten. It also
vields an oil known as '0il of Ben' which has several commercial
uses. Chopra et al 1949 stated that all parts of the tree have

medicinal properties.

In spite of all these, the crop remains underexploited and
hardly any research is conducted for its improvement. 1In Kerala
the plant is an inevitable component of house~-hold garden. An
area of 16,569 ha., is occupled by this crop which accounts for
more than 50% of the total area under vegetables excluding tuber
crops in the state. Current annual production (1988-89) is
16,435 tonnes and the productivity is around 1 tonne/ha. Selected
clones of drumstick are capable of yielding upto 30 kg/plant. On
per hegtare basis, such clones can give up to 18 topnes/ha. The
gap'in Yield is remarkable and'concértéd research efforts can

rise the productivity of drumstick from 1 tonne/hectare to several

*Associate Professor, Kerala Agricultural University,
Vellanikkara, P.C.



folds higher.

Drumstick 1s comparatively a hardy crop which can withstand
tropical situations and drought to a great extent. It thrives
well under low soill fertility conditions. MNot much of manures or
fertilizers are glven to this crop. Cost of cultivation is appro-
ximately Rs. 10,000/ha for new planting and between Rs. 6,000/-
to 8,000/~ in subseguent years. Major cost is involved in after
cultivation and harvesting the crop. After cultivation mainly

includes weeding and covering the basins and pollarding.
Soll reguirement

Drumstick is not very exact in soll requirements. It grows
and yields satisfactorily in all types of soils except those
having stiff clays and extremely sandy conditions. Sandy loams
containing gopd amount of lime are preferable. Water logging 1is

injurious and hence well drained s0il gives the best growth.

Climate

Drumstick attains the best growth and yields in tropicsl
climate in plains of South India. Muthuswamy, 1954. It prefers
300-1000 mm well distributed precipitation annually.. However, 1t
can tolerate drqught to some extent. Irrigated crop gives good
foliar yield, however, irrigation has to be withheld during Dec-Jan-
months to get profuse flowering for greater fruitset. The tree
has fragile limbs and:branches and are often broken by heavy wingd.
Hence, in wind swept areas, moring§ should be planted preferably in
sheltered situations close to a wall or building or other permanent

structures or wind break should be provided around the area planted.



Propagation and planting

Drumstick can be propagated by seeds or vegetatively by
1imb cuttings; the latter being generally preferred to ensure
productivity. Budding and air-layering are also possible.
Muthukrishnan and Seemanthini, 1974 reported that 1-2m long limb
cuttings with 15-26 cm girth are the best materiels for planting.
They are planted preferably during June-fugust in 60 cm. cube
pits at & spacing of 3-5 m either way. For planting a hectare,
400 to 1200 limb cuttings are reguired depending on spacing. It
is advised to plant the cuttings first in polythene bags filled
with potting mixture and get rooted before planting them in the-
mainfield. This method reduces casualities in the field and gives
2 uniform stand of the crop. Use of rooting hormones such as
Seradix~2 results in 100% rooting of cuttings and air-layers,

Sundararaj et al 1967,
Irrigation

The growing plants may not require watering except during hot
weather when they may be irrigated once in about eight days.

Muthusamy, 1954.
Intercultural operations

The tree basin may have to be cleared of weeds once in an year
and slight hoeing of the soil under the trees will be beneficial.

Seemanthini, 1964.

Nutrient requirements

Manuring of drumstick is rarely practised, being a hardy tree

capable. of growing with very little attention. 1In Kerala, green



leaves, FYM and ash are put into ring trenches taken at 60-90cm
away from the tree during rainy season and are covered. by soil.

Sundararaj et al 1968 reported that under Coimbatore conditions,
application of 7.5 kg. FYM and 370 g of ammonium sulphaté/tree/
year gave three-fold increase in yield when compared to unmannured
trees, Under Kerala conditions, application of 10-20 kg FYM,
alongwith 60 g N, 80g P,0; and 40g K,0/tree/year is recommended

(xaAU 1989),
Yield and cropping seasons

Plants raised from sprouted cuttings start bearing form 6-8
months after planting. Muthukrishnan and Seemanthini, 1974. During
the first two years, yield will be low. From the third year
cnwards, regular bearing commences. A tree yieids 400-600 fruits
annually. In terms of weight, the yield will be 15-20kg/tree/year.
A good tree may yield up to 1000 fruits/tree/year weighing upto
30 kg. The major cropping season is March~April. 1In Soﬁth Indian
conditions, besides March-April sometimes one more crop is obtained
during July-September. Under North Indian conditions the tree
sheds its leaves in December-January and new leaves appear in

February-March. This 1s followed by flowering and fruit set.
Harvesting and storage

Fruits are harvested while they are tender, using long bamboo
poles fitted with-curved knives at their end. Frults are usuzlly
harvested while their outer surface is smooth without showing

prominant projections of seeds contained inside.

0ld trees, as a result or thelr straggly habit of growth,

become ill-shaped and ugly with tall lanky branches causing diffi.

1

culty in fruit harvesting. In such cases {Pollarding' is necess-



ary. This is the process of heading back such old, tall and ill
shaped branches "to produce good shape and 2lso to promote new
growth on which fruits are produced in plenty. The fruits harv-
ested are not stored for long since only fresh fruits fetch a
premium price. There are no proper storage methods for fruits
and hence they are not normally kept for more than 3 or 4 days.
Under refrigerated conditions, the fruits may be kept for 10-14

days.
Pests and diseases

The tree is not affected by serious pests or diseases. Certain

hairy caterpillars namely Eupterote mollifera, Noorda blitealis

and N. moringae sometimes infest unopened flower-buds causing
flower drop Cherian and Besheer, 1939. Another hairy caterpillar
pest which feeds on the foliage and tender shoots, sometimes
assumes serious proportions. Kareem et 3l 1974 reported that cer-
tain‘fruit flies infest the fruits which lead to drying up and

rotting of fruit tip.

For controlling caterpillar pests, they can be burned using
lighted torches or can be repelled by the application of fish oil
resin soap emulsion. BHC (WP) @ 28.5 g/11.25 1 is also effective

when sprayed 2 or 3 times at fortnightly intervals.

CURRY LEAF

Curry leaf (Murrava koenigii) is an under-exp;oited perennial
leaf vegetable. It'is a common backyard plant of South Indian
homesteads. Its highly aromatic leaves are used to flavour and

season food-stuffs. Leaves are also consumed raw in the form of



chutney or preserve by grinding it with coconut gratings and
chillies. Leaves retain flavour and aroma for long and even
after drying. They are added to almost all the curries and hence
its name 'curry leaf'. Leaves are gocd source of carbohydrate
(18.7%), protein (6.1%) and fat {1%) and are reputed as very rich

source of vitamin A (12,600 IU) and minerals (4%), IIHR, 1979.

Curry leaf is not cultivated in large scale in Kerala. Certain
private ayurvedic pharmaceutical concerns cultivate curry leaf for
use in medicinal preparations. 1In Tamil Nadu (Periyar District),
Karnataka (Dharwad Belgaum and North Kannada Dist.) and Andhra
Pradesh commercial curry leaf cultivation is gaining popularity.
In Periyar district, Tamil Nadu, the crop yields 4 tonnes of fresh
leaves/year. There are no established clones or high yielding
varieties. However there are two types under cultivation, broad
leaved and-small leaved, For commercial cu}tivation broad leaved
type 1s used whereas small leaved type 1s mainly cultivated for
extracting volatile oil, There are also piAk—petioled and green-
petioled types among which the pink type has a strong aroma and
preferénce in the mérket. In Tamil Nadu, p%nk petioled typekis
more popular and shows remarkable drought-té;erance compared to

the green-type.

Jalaluddin et él 1990 stated that curry leaf cultivation is
a profitable enterprise especially to marginal and small farmers
as it can be grown eveﬁ in pror soils incurring less inputs and
less care. The return/unit area and the benefit cost ratio of
its cultivation is cémparabl& or more than any cish crop as it
is less labour intensive with more remuneration. In Tam1l Nadu,

the cost of cultivation is estimated Rs. 3000/ha. and gross return



is Rs. 20,000/ha. vwhen calculated at the rate of Rs. 5/kg. Of
fresh leaves Gowda et al 1990, The cost benefit ratio is 115

or even more. Madalageri and Bhagavanthagoudra, 1989 reported
that under highldensity planting, 10,000 plants could be grown/
ha. each plant yielding & mean of 2 kg. fresh leaves/year. Thus
the production potential of this crop is 20t/ha. The constraints
in curry leaf production are a very fewer, like the pest and
Qiseases whiéh often devastate the crop, unless or otherwise the
grower bestows attention to‘resort to proper management strategies

as it warrants.
Soil

Curry leaf is a hardy perennial which can be raised in mar-
ginal lands. It thrives well in deep well drained and light soils

with high organic matter, Gowda et al, 1990 a.
Climate

Curry leaf, though originated in taral tract in the foot hills
of the Himalayas, its cultivatipn was spread mainly in plains along
the tropical belt., It requires§a milder climate with less severe
winter and summer. Certaln types.are winter sensitive and some are
insensitive. Madalageri et al 1990 reported that extra harvest of
leaves was possible in winter insensitive types (DWD-2) compared
to sensitive types which exhibited a definite period of winter dor-
mancy. For commercial cultivation in South India, winter insensi-
tive types are preferred. The plant can tolerate drought to a
considerable extent but cannot withstand water logging. In ill
drained conditions, the leaves turn yellow and start withering. It
can tolerate a temperature range from 18 to 40°C., however optimum

is around 30°C. Moderate precipitation well distributed through-



out the vear enhances foliar growth and yield., Curry leaf plants

need plenty of sumshine and plants grown under shade:look stuntesd.
Propagation and planting

Curry leaf is propagated through seeds and root suckers. For
commercial planting, seedlings are usually used., Since curry leaf
1s a self pollinated crop, variability among seedlings is much
limited, Indira and Peter, 1988. Root suckers, though give truew
to=-type plants, may not be avalilable in plenty for large scale
planting. Goocd, plumby seeds are collected during May-June from
v;gorously growing good mother plants. They are sown in Polythene
bags filled with potting mixture and kept under partial shade.
Regular irrigation using a rose-can is needed. Within 20-30 days
seeds germinate and good seedlings attain a height of 20 cm, within
three ménths. At this stage the plants may be transplanted to the
maiﬁfield in pits of 45 cm., cube at 2-5m spacing either way. Gowda
et al, (1990 a) reported that young seedlings have a serious problem
of poor establishment in the fleld. To avoid casualities, they
suggested the use of well grown plants of 1 - 1% year, In'about an
year of planting, the crop grows to 1 = 1.5m height. The first
harvest of leaves can be made at this stage and the plants are
pruned tétally leaving short stubs of 30 cm from the ground. This
helps to produce 3-5 branches and the plants are maintained as a

bush at 1 - 1,5 m height.
Irrigation

In the first year of planting, irrigating the crop once in a
week, especially during rainless months, helps in its easy establi-

shment. Once established, the crop does not regquire much of



watering and they can tolerate drought to a remarkable extent.
However, irrigation once in a month significantly enhances foliar

growth and yleld.

Intercultural operations

After each harvest, the field should be thoroughly weeded and
irrigated. Dead and diéeaSed branches should be removed and the

gaps, 1f any, sheuld be filled Up.
Nutrient requirements

In curry leaf cultivation, application of chemical fertilizers
is rarely practised by farmers. Appl;cation-pf organic manure espe
cially the empty earheads of cumbu (after threshing) at the rate of
one basket/plant is followed by local farmers of Periyar district,
in Tamil Nadu, Farm yard manure is applied once in two years.
Gowda et al (1990 a) recommended 25 tonnes of FYM and 60 kg. N,

10kg P and 10 kg Kzo/ha. annually. Fifty percent Nitrogen and

2%
entire quantitf of P and K are to be applied during June. Rest of
N is applied after six months. Balaji, 1988 reported that curry
leaf plants need to be fertilized with 50-150g N, 25g of P205 and
25gfof Kzo/plant annually for continuous growth and yield. Gowda
et 3l, 1990 b however reported that higher levels of N may increase
the attack of pests and diseases. They also reported that plants
allowing to a natural growth (than pruned at different levels) and

applied with 150g N, 75g P and 75 g. Kz)/plant annually gave the

highest leaf yield. Instead of single application, splitting of
fertilizers and applying 1; after each harvest is more beneficial
in increasing yield. As per KAU 1989 application of 10-20 kg FYM

and 60, 80 and 40g of NPK respectively/plant/year gives good growth



and high yield under Kerala conditions. Bhargavantragoudta,l1990
studied the effect of certain growth promoting substances and

nitrogen in the growth and yleld of curry leaf.
Harvesting and yleld

Curry leaf is conventionally grown. in South Indian homesteads
as a perennlal tree crop with wider spacing ranging from 2m to Sm
either way. In this method, a hectare of land will accommodate only
625 to 2500 plants. Trees are allowed to grow tall and they attain
4="mheight within 3-4 years. This makes harvesting difficult and
the yield/tneé does not go beyond 8 kg/year. At this rate the
annual yield/hectare is only 4«5 tonnes of leaves. A high density
bush c¢ulture planting method:was proposed by Madalageri and
Bhagavantragoudre, 1989 which has the potential of yielding up to
25 t of fresh leaves/ha. According to this method 10,000 plants
are accomodated in a hectare area at im x lm spacing. Harvesting
is done every 3 months. Iniéially the yield will be poor, but will
increase with successlive prunings. In each harvest 5 - 6t of fresh
leaves/ha can be expected. Three to four harvests are possible in
a yvear, if the cultivar is insensitive to winter. Under proper

management conditions, the crop can be maintained upto 25 years,

Harvesting is done with sharp knives when the leaves attain
full size and when their colour turn dark green. Since the leaves
are used afresh‘they are to be marketed immediately after harvest.
There are ﬁo prﬁper storage methods for leaves. Harvesting leaves
with 30-45% cm long lateral branches and preventing direct exposure
to sunlight and packing them in banana leaves will help to retain .
the freshness of curry leaves for upto 48-72 hours after harvest.

On drying, the leaves get shedded from the petiole. However they



retain the aroma even after drying.
Pests and dlseases

In red scils=, termite attack is a serious problem for curry
leaf cultivation. Dusting 5% BHC to the soil gives an effective
control , Gowda, et al, 1990, Jalaluddin et al, 1990 reported

Citrus psylla (Diaphorina citri), Citrus butterly (Papilio demoleus),

black f£fly (Aleurocanthus woglumi), scale insects (Anoidiella

orientalis), leaf roller (Tonica zizyphi}, bark borer (Indarbela

tetraonis), leaf weevils (Myllocerus discolour) and certain hairy

caterpillarg as common pests of curry leaf, Some of them assume
serious ﬁroportions under vulnerable situétions. However, the pests
are easily manageable when plant protection measures are taken in
time under close monitoring. Though, hand picking and use of insect
traps are the best advocated methods, they may not be feasible in
commercial plantincs. Use of natural enemies comes as next best
method. As a last resort, chemical insecticides can be applied but
éne should be ver& carefullin'aQOiding thelr unscrupulous use as it
may lead to the residual toxicity problem as the leaves are méant
for direct use. Prefersbly the non-residual chemicals like
Dimethoate, Fenitrdthion, Malathion and Monocrotophos are used to
bring down the pest pOpulafion to below threshhold level. Even

for these chemicals, the farmer must allow a safe waiting period

of not less than 3 Qeeks.for harvest of leaves z2fter pesticide

application.
CHEKKURMANIS

Chekkurmanis (Sauropus androgynus) is a small evergreen, slow

growing bushy plant attaining a heicht of 2 = 3.5m. As a leaf



vegetable, it 1is usually maintained as a perennial plant at a
height of 1 -~ 1,5m by frequent harvest of leaves and apical stem.
Due to the high nutritive value of the leaves, the plant is
popularly called as 'multivitamin green'. Leaves are rich ssurce
of carbohydrates (11.6%), protein (6.8%), fat (3.2%) Vitamin A
(9510 1U), thiamine (0.48mg/100g), riboflavin (0.32mg/100g),
vitamin C (247 mg/100g) and good amount of minerals. The plant
is a n;tive of India and Burma and was introduced to Kerala from

Malaysia in 1953.

Chekkurmanis, occupying a prominent place in almost all house-
hold kitchen gérdens of Kerala, has not yet been cultivated in
large scale for commercial purpose. Hence no data on area and
production of this vegetable are avallable. On a rougﬁ estimate,
its annual productivity is 30 -tonnes of green leaves/ha. and pro=-
duction potential is upto 50 tonnes/ha. A homestead plant glves
1-3 kg of lgaves/year. The cost of cultivation of this crop is
very meagre since it requires not much of after-care.. It is a
drought tolerant crop, however, irrigation during summer helps to

increase the number of leaf harvests.
Climate and s0il reduirements

Though plants are found at higher elevations upto 1200 m
above MSL, it grows luxuriantly at lower elevations at 500 m MSL
and below. The plant grows to a tall shurb when untrained in
humid areas. Sunlight has profound influence on leaf shape and
size and also in leaf yield, Shanmugavelu, 1989. When the plants
are raised under shade, it produces broader leaves, whereas under

full sunlight, it produces narrow leaves. Under partial shade



ané irrigated conditions, crop performs the best and the leaves
are lafger and more yields can be obtained. It comes up well in
all types of soils. However, the growth an¢ yield are high when
they are grown in rich weli drained sandy loam or semi-laterite
soils. The plant produces leaves throughout the year and frequent
clippings of apical tender shoot and leaves enhances branching and

further grwoth.
Propagation

The crop producgs viable seeds and plarnts can be propagated
both by seeds and using stem cuttings. Seec¢ propagated plants come
to harvest little later znd hence vegetative method is commoﬁly
adopted. Herbaceous stem cuttings (6-12 months 0ld) may be collec-
ted with 5-6 nodes or 20-30cm length and planted in polythene bags
containing sand. %Treating cuttings in 50mg/1 NAA solution hastens
rooting, Shanmugavelu, 1989. It takes 20-25 days for rooting.
Rooted plants are transplanted to pits of 30 cm cube in trenches
of 30 em. width and'30 cm. depth. Usually, it is grown as a hedge
or fence around other veéetablg plots or kitchen garden. For

rlanting a hectare area, about one lakh cuttings are required,
Manurial requirement

Shanmugavelu, 1989 reported that in each pit taken for planting
chekkurmanis 5 kg. FYM is added in addition to 25g each of ures,
superphosphate and muriate of potash. Liquid manure, prepared by
pPlacing cowdung in a gunny bag in a trough of water and soaked for
48 haurs, then‘dréined and diiuted four times is applied at fort-
nightly igte:gélguaggg: each harvest. This is very effective in

getting a luxuriant vegetative growth. Chemical fertilizeras are nn+



usually applied. However, application of 30g of 711015 NPK
mixture/plant supplemented with 1% urea spray after each clipping

enhance leaf yield considerably, KAU, 1989; Indira and Peter, 1988,
Harvesting

First harvest ¢of leaves 18 possible after 3-4 months of
planting, when the plant reaches sbout &0 cm.'height. Subsequently
In every fortnight, another harvest is possible, i1f the plants
are manured and irrigated. Plants are usually trimmed to 1 ~ 1.5m
height to facilitate easy harvest. The tender shoots and leaves
are used for culinary purposes. Shredded leaves cooked with
coconut flour forms & delicious side dish for meals. Leaf bits
added to blaquraﬁ flour and made into 'vada' is a nutritious snack.
Alongwith greengram the leaf shreds are made into certain curries
to be consumed along with 'idlies' and 'dosai' as breakfast. The

fresh tender leaves also form a good salad.
Pests and diseases

The plant is devoid of any serilous pests and diseases except
an occasional incidence of scale insecés and aphids which can be
controlled by spraying Malathion @ 1 ml/1 water. Caution should
be taken not to pluck the leaves and tender shoots immediately

after spraying the insecticide.

AGATHI

Agathi (Sesbania grandiflora) is a quick growing tropical
tree valued for its edible leaves, tender pods and flowers. Leaves
are also used as a good fodder and flowers are highly ornamental,

Stem of the tree is rough and straight and used as a standard for



trailing black pepper and betelvine plants. 1In Tamil Nadu, the
plants are grown around banana garden as & wind-brezk and arcund
coconut seedlings as a shade plant. The woo@ is soft and bark
vields good fibre and a gum. The plant has medicinal values as
well., TIts leaves are rich in protein (8.4g/100g of edible portion),
vitamin A {9000 IU), vitamin C (16%mg/100g) and vitamin B Complex.
Flowers contain 1.8 g protein/100g of edible porticn. Flowers
aregood for making 'Bajji'. 2gathi is one of the few vegetables
which provides iodine (2.3mg/100g of eéible portion). Hence' regu-

lar consumption of agathi leaves is good for goitre patients.

Agathi is not cultivated in large scale for vegetazble purposes.
It is grown in parts of Punjab, Delhi, Assam, Tamil Nadu and
Kerzla mainly for fodder and shade purposes. It is high time that
we fully utilised this under~exploited nutritious plant for food
purposes. The potential for leaf vegetable procduction of this crop
is very high. On an average, it produces 40 tonnes of edible
leaves/ha)year. Its potential for leaf production is upto 95t/
ha/year.. No works are reported on standardising its agroncmical
or nutritional requirements. If properly exploited, giving optimum
cultural conditions, the crop has much greater potentislity in

vitamin A rich green leaf vegetable production in the country.
Climate and soil regquirements

Agathi grows well both in lower plains and in high ranges
upto 1200m above MSL. The tree grows to a height of 12m if left
unpruned. It requires plenty-of sun~shine and under shéde. the
leaf yield and leaf size are affected, It comes up well in all

types of soils, but grows the best in black cotton soils. Indira



and Peter, 1988, It grows quickly when surface soil is loose

and uneven. It is also resistant to drought.
Propagation

The tree produces long slender cowpea like pods during
October-December which mature during summer and provide viable
seeds. Seeds are first sown in nursery beds or in polythene bags
filled@ with sand and dried cattle manure (1:1). Seedlings of
30-45 cm height are transplanted to mainfield in pits of size 30cm
cube during May-June. Seeds can also be sown in situ. Two or three
seeds are sown per pit and later only the best one seedling is
retained in a pit. Pits are taken at 90-100cm spacing ei£her Way .

In a hectare area 10,000 to 12,300 plants are planted.
Manuring

No reports are available on manurial requirement of the crop.
However, application of nitrogen fertilizers are reported benefi-
cial for growth @and leaf yield in agathi. In Tamil Nadu, two
months after sowing, ammonium sulphate is added, Indira and Peter,

1988,
Harvesting

Leaves are produced throughout the year in agathi.' Three to
four harvests of leaves are made at an 1nterval of 3-4 months.
First harvest is‘made after 3=-4 months of planting. Tender leaves
are harvested retaining older leaves. During summer, irrigation
1s given after leaf harvest. Tree flowers during September-December
Young flowers and pods are harvested during this time and used to

prepare 'Bajji' and several other dishes. Shredded leaves when



cooked with '‘grams' and coconut flour torm 2 good side dish for

lunch. The fresh tender pods are used just like cowpea.

Pests and diseases

Seedlings, in the early stages of planting, are affected by

a blight disease caused by Colletotrichum . capsaici. It can be

controlled by applying 1% boredeaux mixture... There are also cer-
tain maggots (of drosophilid fly) which bore into the shoots of
mature plants causiné gradual wilt. They can be controlled by

dusting with BHC. {5%)

Prospects

Prospects of cultivating agathiéforrfood and other purposes
are great. The white flowered types can he cultivated for sdible
purposes where as the red flowered types, which are slightly
bitter, can be used for other purposes. Leaves and flowers are
also valued for their medicinal properties. The juice of the
leave;'and flowers is qséd in n;sal catarrah and headache. A
poultice made from leaf juice is applied to bruises. Leaves are
useful for curing sore mouth, Julce of flowers 1s applied to the

eyes to cure dimness in vision.
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Management of watermelon, Ridgegourd, Spongegourd and Bottlegourd

Sadhan Kumar, P.G.*

wWatermelon

Climatic requirement

Watermelon cannot withscand frost and needs a long growing
season with a relatively high temperature. The seeds do not germi-
nate satisfactorily below 21°C., It is less effected by atmospheric

humidity when compared to muskmelon.

Soil recuirements

Deep, well drained, rich sandy loam exposed to the sun are the
best for watermelon., In Kashmir, it is grown on sandy alluvial
sails. In U.P., it is grown on low priced sandy soils along the
beds of Ganges and other rivers. It can also be grown in garden
soils, and slightly sleopy, gravel soils and even on highly acid soils
- as high as pH 5.0. 1In Rajastan, it 1is grown on completely bare

and new dunes both on wind-ward and lea-ward sidez >f the dunes

(Chauhan, 1989),
Land preparation

Land is prepared by ploughing 2-3 times ané :finally planking
it for the preparation of beds, Beds are made 2.4m wide with 60 cm.

‘wide furrows between them.

In another method, pits of g0emcdiameter and 3U-45 cm depth
are taken at the desired spacing., Pits are taken at a spacing of
2-x 3 m (KAU, 1989},

Sowing and seed rate

In U.P,., and Dglhi, it is s80wn-in February and in central India
trom February to June. In hilli regicns, it is sown from middle of
February to end of March and from middle of July and in South India
from middle of January to end-of March,

Seed raté varies from 5.6 to 7 kg/nha.

*Assistant Professor, College of Horticulture, Vellanikkara,



Manures & fertilizers

Dhesi et al (1964) obtained higher yields with N,P,K at the
rate of 50125:25 kg/ha.

Kerala Agricultural University recommendation is as followa.
Apply FYM & 20-25 t/he as basal dose along with helf dose of N
(35kg) ané full doses of P (25 kg) ané K (25 kg). The remaining
dose of N (35,kg) can be applied in two equal splif doses at the
time of vining and at the time of full blossoming.

Analysis of growth and yield of variety Arka Manik in relation
to irrigation and N fertilization revealed that increasing levels of
N fertilization (60 kg———> 120 kg ———> 180 kg/ha) increased dry

matter accumulation and distribution through high
leaf area index, leaf ares& duration amd CGR ané contributed a large

proportion of dry matter to fruits resulting in higher yield (Hegde,

1988).

Irrigation

Durihg the initial stages of growth, irrigate at an interval
of 3-4 days. Irrigate alternate days during flowering and fruiting

periods. - After fruit formation, irrigation is restricted.

Results of' an irrigation study in the variety Arka Manik indi-
cated that frequent irrigation when the s0il matrix potqntial at
15 ocm. depth reached - 25 KPa& resulted in meximum drv matter accumu-

leaf area index, leaf area duration, Net

lation and distribution,
1988).

assimilation Rate and C.G.R. leading to higher yield (Hegde,

Interculture

To keep down weeds, intercultural operations should be done
before spread of vines. Weedicides like butralin 1.7 kg and
Ethalfluralin 0.8 to 1.0 kg per hectare as pre~emergent spray is

effective.

Spreading of dry grass over the surface of soil before spread
»f vines help to 3void the direct contact of fruits with the soil.



Effect of growth regulations

Singh and Dixit (1975) reported earliness and increased
fruit yield with MAA (100 ppm), MH (200 ppm) ané TIBA (50 ppm).

Arora et al (1985) got more female flowers and yield with
the application of GA4 (25 ppm).

Harvesting

Fruits are ready for harvesting 30-40 days after pollination.
From sowing to harvest, 1t takes about 90-120 days. Ripening

stage is indicated by:

(i) Withering of tendrils

(ii) Change in colour of the ground spot from greenish
white to pale yellow.

{ii1i) On thumping, the metallic sound ©of rind changes
into a dull or dead sound.

Yield
40-60 tonnes/ha.

Hancling and storage

Watermelons reguire careful handling as they are easily
damaged. They cannot be stored for more than 2 to 3 weeks,

Storage studies in watermelon varieties Charleston Grey and
Jubilee showed thaé preservation of sugar content was best with
storage at 32°F but pitting and brown staining of the rind occcured
by day E. Avoidance of these chilling symptoms and maintenance of
sugar content were achieved by conditioning at 80°F for 4 days after
harvest., Conditioned fruits could be stored at 70°F for upto 8
days without loss of marketable produce. Conditioning of the
fruits can easily be achieved by placing in a ventillated non-ref-
rigerated building after harvest (Picha, 1988).

Bottlegourd
Climatic reguirements

Hot and moist climate is good for its cultivation. It is highly

susceptible to frost. High rainfall ané cloudy days proﬁote disease



aﬁd insect pest infestation. Under moderate climate, it can be
. grown throughbut the year (Chauhan, 1989),

Soil reguirements

any type of so0il but loam and fertile
It can

It

It can be grown an
sandy loam soil rich ir organic matter are best suited.

alsc do well in clayey soils if proper drainage is given.

dows well in pH ranging from 5.5 to 7.

Land preparation

It can be sown in pits or beds. If sown in beds, then 2 to 3

ploughing ic .enough. In case of pits, digging of the soil for 15
’ Singh (1989)

to 20 am shoulq be done. Spacing is 1.5 x .9 « 1.2 m,
recommends & spacing of 2 - 3 m x 1.5 m.

Sowing and seed rate

In U.P., Punjab and Delhi, first crop is sown in February-
Second crop is sown in June~July and third crop in October-
November. In Bihar, it is sown from January to July and in Nove=-
mbar while in Rajstan it is sown from January to March (Chauhan,

March.

1989) .

Bottlegourdé can be sown in February-March, June-July and

October«November (Singh, 1989),

Seed rate is 4.5 to 5.5 kg/ha in summer and 2.2 to 3.2 kg/ha

irn rany season.

Irrication

Summer crop reguires irricetion at freguent intervels. There

is no need for irrigation tc reany sSeason crop except ir long drv

spells.

Interculture
Shallow cultivation ic done before spread of vines. Weeds

should be removed, Weedicides like Fluchloralin at 3 litres and

Butachlor at 2.5 litres per hectare is excellent for weed control.



Storage

Bottlegourd fruits can be kept for 2 to 3 days without any
damage under shade. They can be kept still better if they are
sprinkled with water and stored in shade in a well ven.illated

place.

Ridgegouré and spongegourd

Climatic regquirements

Both have got a wide range of adaptability,., But they thrive

best in warm humié regions.

Soll requirements

Though both the crop can be grown in any type of soil, well
draine¢ loam soil rich in organic matter is the best.

Land preparation

Land is ploughed 3 to 4 times, followed by one planking. It
is sown in pits 6C to 90 com apert or in lines of beds at the same

distarpce. Plant to plant éistance is 30 cm.

Sowlinc and seed rate

Early crop can be sown from January to March ané late crop in
rainy seascn. In hilly region, sowing 1s taken up in June=July.

In Mysore, it is sown from February to October.
About 3.3 to 4.5 kg seed is enough for one hectare.
Manures anc fertilizers

Each pit should be filleé with 10 kg of well rotted farm yard
msnure plus 100 ¢ of complex No. 6. Thirty days after sowing, 100g
of ammonium sulphate may be applied as top dressing {Shanmugavelu,
1%€S),

Pruning

Pruning of ridgegourd to six pruning branches with a medium

spacing ievel (45 am) produced the longest plants, gave maximum



Manures and fertilizers

Bottlegourd is & shallow rooted crop and responds well to

About 150-200 gquintals/ha of farm verd manure or

fertilizers.
Besideg 40=50 kg

compost should be applied during land preparation.
nitrogen, 40-60 kg phosphorus and 60-80 kg potéssium should be

applied.

Pruning

Pruning reduceé the number of branches which is directly corre-
lated with number of fruits and yvield in bottlegourd (Sharmez et al

(1988).

Staking

Staking

It is better to provide Stake during rainv season.
The growth

will avoid the direct contact of fruits with wet soil.
fruits are better when they are hanging. Gene-

and development of
But it is advisable to srread

rally, summer crop is not stalked.

dry straw or grass on the grouné before the spread of vines.

Effect of growth regulators
Ranchawa and Eingh (1976) observed that GA 10-20 ppm, Cveoczl
at 40-6C ppm and MH 200-300 ppm improved the female to male f£lower

ratio in bottlegourd,

NAA 25 ppm proved most economical for large scale procduction

of bottlecourd (Singh and Randhawa, 1969) . Saimbhi and Takur
{1973} found ethephon 500 ppm tc be effective in incfeasinc fruiting

end vield¢ in bottlegourd.

Harvesting
Fruits of bottlegourd should be harvested wheri thev are tender.

The smaller ard tender the fruits, the more is the price that it

fetches.
Yield

130-235 guintals/ha.



Recent trends in the insecticidal control
of key pests of vegetable crops*

Dr. C.C. Abraham**

The importance of vegetables in the balanced diet has
been very well recognised, but the cwrent level of dietary

intake is only around one third of the optimum level of

280g/adult/day. This is mainly due to shortfall in production,

the present annual output being only 45 million tonnes as
against the requirement of 75 million tonnes, By the turn
of the century, the requirement of vegetables for domestic
consumption will he of the order of 120 million tonnes.
Shortage of vegetables is very keenly felt in urban and
suburban areas where the prices are steadily shooting up.
It is time that we undertake a dynamic, target-oriented

production drive to step up vegetable production in the

country by quantum leaps,

Pesticides have been recognised as the key inputs for
increasing the production of horticultural crops including
vegetables, In India, these crops account for one third
of the total annual pesticide consumption, which is of_the
order of 72,000 tonnes. The use of insecticides in an

indiscriminate manner without any consideration of the need

* Notes on the lecture delivered in the Summer Inctitute
on "Recent Advances in Tropical Vegetable Productlion”,
held at the College of Horticulture, KAU from 29th July

1991 to 7th August 1991,
** Associate Dean, College of Horticulture, Vellanikkara,
Thrissur 680 654, Kerala



has led tn tne extensive spread of the toxicants in the
environment and transport of théir residues from one farming
system to the other, leading to;their build up and often
magnification in the food chain. wWidespread misuse of
organochlorine insecticides such as DDT and BHC has already

led to thé build up of terminal residues in vegetables,

fruits, milk and milk products.

In a carefully designed bio-rational strategy for pest
management!' in vegetable crops, oﬁer—de;endence on conven-
tional insecticides should be dispensed with. Insecticides
areAto be shosen carefully on thé basis of thelr innate
toxicity to the key pests, bio-dégraéability and residue
dypamics. There is a dire need fbr neecd=based applications
of insecticides linked to the visual thresholds. It is time
for us to arcelerate the tempo ofiresearch efforts on toxicant
with more target specificity and énvironmental safety with a
view to idehtiff the ideotypes which can replace the breoadly

toxic compounds that are currently used widely.

Benigni.and less expensiﬁe methods of pest control such
as host plant resistance, bio-conﬁfol and use of botanical
pesticides possessing insectistati&idal properties are to
be properly ..ntegrated along with Ehemical control in a
compatible manner in IMM packages for vegetable crops to

obtain stabl% levels of control at reasonable costs.



Indiscriminate application of insecticides in vegetable
crops has brought about Bseveral hazards such as development
of insecticide resistance to pests, terminal residues,
environmental pollution, destruction of natural enemies and
resurgence of primary and secondary pests. Develorment of
insecticide resistance in the diamond back moth Plutella
Xylostella (L.) attacking cabbage and caulif;ower, Helicoverpa

(Heliothis) armligera (Hubn.) on a wide range of crops including

tomato and the frult and shoot borer lLeucinodes orbonalis Guen.

on brinjal is a serious problem caused by overuse of insecti-

cides. The resurgence of Bemisia tabacl Genn. on several

crops including tomato, greater incidence of the stem fly

ophiomyia phaseolli (Tryon.) on french bean and cowpea as

well as that of the gall midge Asphondylia capsici and the

mite Hemitarsonemus latus on bell pepper are other examples

of recently emerging problems induced by insecticides

{sreenivasan, 1988),

INSECTICIDES FOR VEGETABLE CRORS = EMERGING TRENDS
The use of organocChlorine insecticides in vegetable crops

is a very dangerous practice which has to be curbed by means

of coordinated extension efforts.

Synthetic pyrethroids are ideal candidates for use in
vegetable pest control in view of their sharp contact toxicity
stimulus and fast biodegradability. AS a class, they are

excellent against lepidopterous tissue borers. The massively



increased potency of these compdunda makes it poasible to use
them in rélatively very smaller quantities. A wide range of
photostable pyrethroids such as permethrin, cypermethrin,
deltamethrin, fenpopathrin, flucythrin%te and tefluthrin .
are currently available for pest control. Tefluthrin is a
novel pyrethroid insecticide for controlling a wide range of
soil insect pests,

Cartap hydrochloride (Takeda -chemical Industries) based
on the Nereistoxin principle posséssing a novel mode of action
consisting of blockage of ganglioqic transmission by receptor
-binding, can he advantagecusly used to tackle pest species
which have developed resistance to\OP and carbamates. This
is availablel!in India as Fadan SP 50%. For controlling the

diamond backimoth Plutella xylostella which developed

resistance to synthetic pyrethroidsfand the OP group of
insecticides,. padan was found to be”successful when applied
at C,3% al, But recent reports show that the insect has
developed resistance against cartaprhydrochloride also.

Further studiés on the scope of using this inseecticide on

vegetable crops would be very rewarding.

Ethofenprox is a unigue insecticide based on CHO molecular
frame developea from the lead skeletons of fenvalerate and

cypermethrin with added toxic stimulus and much reduced

hazards to fishies and mammals., Trebon (Mitsui Toatsu Chemicals)

based on ethofenprox is available as a 20% EC formulation to

be used at 100 g ai/ha against pests of wvegetable crops.



Avermectins are a new class of insecticide - nematicide,

derived from the soil microbe Streptomyces avermitilis. These

compounds block electronic potentialities between interneurones
and excitatory motor neurones in the ventral nerve cord. Work
on the utilisation of this compound for controlling nematodes

and insect pests of vegetable crops 1s likely to be quite
useful.
The use of granular insecticides such as carbofuran and

rhorate for controlling pests of vegetable Ccrops has several
advantages of extended systemlc toxicity against sucking pests.
Application of these toxicants at seeding and/or at transplanting
or as bare root dips is a very useful measure to curb sucking
insect pests which occur in the early growth phase in bhendi,
brinjal and bittergourd crops, but the tendency to use these
compounds in the post-flowering stage 15 highly hazardous.

A walting period of at least 60 days will be necessary in the
case of carbofuran treatments, while, for phorate the period
should be at least 80 - 90 days.(Avasthi,ll981). 1Tne tendency
to use carbofuran in excessive quantities even beyond the
flowering stage of bittergourd has somehow become popular

among farmers in Kerala. This is a dangerous practice which
has to be discontinued for the better.
Carbosulfan {(dihydro dimethyl benzofuranyl methyl carbamate)

has all the advantages of carbofuran with the additional

advantage of stability under alkaline situations.

Seed treatment with carbosulfan 25% DS at 1.25% al on a

w/w bdsis is reported to be effective to control the sucking



insects which occur during the early growth stages of
vegetable and other crops. The formulation contains a

binder adhesive,which ensures uniform sticking of the

toxicant on the seed coat. 1In bhendi and cowpea, early

season pests are limiting fapﬁors'ln the survival of plants
and seed tréatment with carbosulfan is, therefare, a very
useful practice.
INSECTISTATICIDES FOR FEST CONTROL

The emerging trend in crop prétection is to make use
of insectistaticides for decimatiné populations by suppressing
growth and reproduction rather than causing rapid mortality.
Plant derived products, chitin synthesis inhibitors
(diflubenzuron, triflumuron, buprofezin); hormones such as
juvenoids, ecdysteroids; antihormones and nutrient antagonists
belong to this novel group of pesticides.

Plant derived compounds present a treasure chest of

bio=active principles for pest control. Among a wide range

of botanicals 2valuated, the products from the neem tree

Azadirachta inJdica and the China berry Melia azederach

(Meliaceae) have shown great potential in controlling insect
pests. The feeding inhibitory properties of the Neem Seed
Kernel Extract (NSKE) are due to the;présence of the three
terpenoids, namely, meliantriol, azadirachtin and solannin.

Due to the complexities'of the molecular structure, neem

terpenoids are 'Juite unlikely to be synthesised. Indian

neem kernels contain only 0.75 g of kq°1 of azadirachtin,

thile the. kerneils from neem trees grown in Ghana are richer,



the content being 3.50 g kg-l. NSKE is to be used at 34
per cent for protecting vegetable croﬁs against lepidopteran
larvae., Neem oil emulsion at 3 per cenf also possess
antifeedant properties, but as compared to NSKE, this is

inferior.

A decoction prepared by bolling neem leaves in water has
also been reported to be effective against sucking pests
(Nandagopal et al. 1990). Appropriate formulations, proper
timing and methods of application are importent considerations
in the use of neem materials fpr pest control in vegetable
crops., Among other plant species reported to possess insecti~

static principles, the sweet flag, Acorus calamus (Araceae)

malabar nut Adathoda vasica and A. beddoni; réd bean vine,

Abrus precatorius (Fabaceae) Indian privet, Vitex negundo

(Verbenaceae), Annona reticulata (Annonaceae) are more

important candidates for further evaluation against vegetable
pests.

Acorus calamus rhizomes contain an essential oil the

vapours of which are capable of inducing stériLity in female
insects by causing resorption of the ;erminal cocytes in the
ovarioles. The active ingredient involved is beta-asarcne.

In males, sterility is induced by immobility, agglutination
and malfunctioning of the sperms, due to suppression of the
interstitial cells of the vas deferens. The essential oil

is highly superior to classical chemosterilants which possesses
toxic, mutagenic and carcino§enic properties (Ano:..1983).

A major application of A. calamus rhizmes is in protecting



various kinds of seeds and grain from pest infestation

in storage.
The chitin synthesis inhibitors such as diflubenzuron,

triflumuron are effective against lepidoptera while buprofezin

is specific against Homoptera. Very little work has been done

on their utilisation for vegetable pest control. Work on

these aspects needs to be stepped up.

Juvenile hormone .analogues based on kinoprene are ideal

for controlling white flies infesting vegetable crops grown
in green houses. Methoprene based formulations for the
control of Agromyzid leaf miners in vegetables and sciarid

flies infesting mushrooms have already been cleared for

field use.
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Nematode problems in tropical vegetables and thelr management

T.S. Venkitesan*

It is now scientifically well recognised that plant
parasitic nemetodes act as a limiting factor in agricultural
production. Several plant nematodes are implicated to cause
serious damage to vegetable crops leading to production of
poor quality prcéuce and yield loss. Vegetable production in
every part of the country 1s impaired to a greater or lesser
extent by nematode pests. In more recent times, awareness of
nematode attack on vegetable crops have increased greatly in
economic proportions. An extensive list of plant nematodes
associated with various vegetable crops in India was reported
by Sitaramaiah, (1984). However, studies connected with the
pathogenic capability of some important fifteen species of
plant nematodes alone are established. (Table 1.). 1In the fore-
going pages, the nematode problems and their management on the

important tropical vegetables are discussed.
A, Tomato

Tomato (Lycopersicon esculentum) 1is associated with eight

species of plant nematodes amoné which the root knot {Meloido-

gyne spp.) and the reniform (Rotylenchulus reniformis) nematodes

are the serious pests (Table 1). These two nematodes are almost
prevalent in all the vegetable growing aréas/fields in our

country.

*Professor, College of Horticulture, Kerala aAgricultural
University, Vellanikkara.



List of Important Plant Nematode Parasites
asscciated with Tropical Vegetable Crops

Table 1.
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Root knot nematodes (Meloidogyne spp.}

Among the root‘knct_nematodes, M. incognita and M. Jégggégg
srivastava,  1969)are the two important species attacking
tomato. They attack the plant alone or in concommittance acco-
rding to the distribution of the population present in the
vegetable fields. An analysis of crop loss caused by M. inco-~
gnita was done by Reddy,(lQBQ_and he reported that a a preplant
nematode population density of 20 larvae/gram of soil in the
field, can result in yield reduction by 39.,7%. This loss was
due to the few ﬁumber and low weight of fruits produced and
delayed fruits ripening. ‘According to Parvatha Reddy,(lgeéL'the
avoidable yield loss due to M. incognita alone could be between

40=46%,

Presence of this nematode attack can easily be identified
by the swelling (galls) produced on the roots even in the nur-
seri beds as well as in the main field. These nematodes feed
on the conductive -tissues in the root systems and cause patho-
genic effect in blocking'ﬂqp;ake of nutrients and moisture;
which indirectly reflect on plant growth and its physiological
functions, Alam et al, (1974) reported that the amount of water
absorbed by tomato plants infected by M. incognita @ 50, 500,.
5000 larvae/planflwere 4.97, 3.54 and l1l.64 g respectively against
6.02 g absorbed bf a healthy plant. Ganguly and Das Gupta,(lQBé)
repo?ted that M. incognita infection in tomato (var. Pusa R;by)

induced quantitativé dhanges in protein and polyphenol oxidase.

Not only the infection by root knot nematodes alone affect

the productivity of tomato crop, their infection lead to further



invasion by the soil borne pathogenic fungi and bacteria lead-
ing to disease complexes. Routry et al, (1986 found that prior
infection of M. incognita 7 days earlier increased wilt caused

by P. solanaceanum upto 75%. Ramnath and Kamal Wanshi, (1989)

reported that M. javanica infection predisposes tomato plants

to attack of Penicillium digitatus and Rhizcctonia bataticola

enhancing root necrosis and damping off of tomato'seedlings.
Root knot nematode and Fusarium causing wilt of tomato, are

also well known.
Reniform nematodes

The other important nematode which attack tomato is the

reniform nematode Rotylenchulus reniformis. The life cycle and

pathogenic effect caused by this nematode are worked out by
Sivakumar and Seshadri.]1972). They reported that R. reniformis
is mainly a phloem feeder in tomato roots. It causes hypertrophy
hyperplasiq,thicknening of cell walls, granulation of proto-
plasm ,enlargement of nueleoli and nuclel in the infected cells.
Giant cells are formed. Deposition of lignin and suberin are obs-
erved, The infected cells have excess of starch granules and
proteins compared to normal cells. Around the feeding site
100-150 gient cells are formed. No cell changes are found in
xylem tissues. Tomato is found to be a very good host for

this nematode and the population development and increase on

tomato is 136.9%, {Sivakumar and Seshadri, 1971) ., Recently the

dagger nematode Xiphinema basiri is reported to attack tomato

plants and cause pathogenic effect, (Roy, 1973}, The nematode
attack produces typlical "Fish hook" symptom on root tips of

tomato roots. This neratode 1s an external feeder.



Control

Management of nematcdes attacking tomato are studied and
different ways of tackling them are reported by several workers.
Tomato varieties resistant/tolerant toc the nematode infection

have been evolved (Table 2).

Table 2, Details of tomato- varieties/cultivars resistant/
tolerant against plant neratodes

. . Nematode 7
Varieties against Authors
Beef Master, VNF 360, M. incognita Mahajan and

Betterboy, Bigset, Mangat, (1984)

Bonus, Contessa,

M. jsvanica

Hessoliné, Montecarlo,
Motabo, Motella-
Pilernita, C 3110, 3279,

13
3104.
NIDR - 1 11 isolates of Narayana and
M. incognita Reddy, (1983\
4 isolates of
M. javanica
Radiant, Ronita, M. incognita Singh and Reddy,
NMR-1, S.L. 120 (1982)
Punjab NR-7 M. incognita Nandpuri et al
(Cross of S,, X M. javanica 09831
NMR-1) Fusarium wilt

Chemical control

Several measures to prevent the infection of nematodes



ire. reported by workers. »Among the chemical methods, bare
oot dip treaiment .and applitation of granular pesticides are
successful in eliminating nematode infection. Treatment of
aursery to produce nematode free seedlings for transplanta-

tions, 1s suggested as one of the methods.

Sivakumer et al, (1976) reported that application of Carbo-
furan @ 0.18 to 0.36 kg al/ha ten days after transplantation
geve control and higher yield of tomato infested with M. inco-
gnita. In case of R. renoformis infection carbofuran @ 0.15
to 0.30 kg ai/ha or aldicarb @ 0.4 to 0.8 kg ai/ha 10 DAT was
effective; and increased yield. They found that application
of lower doses were more economical. Thaker and Patel.(1985)
observed that bare root dips of tomato seecdlings with phenami-
phos & 250=~750 ppm for 15/30 mts or Isofenphos @ 500-750 ppm
for 30 mts gave minimum root knot index in case of M. javanica
infection and control of the nematode.‘ Jain and Bhaﬁti,(1988)
found that phosphomidon @ 1000 ppm for 8 hrs before transplaht—
ation gave effective control of the same nematode but was phyto-
toxic., They also reported that transplanting 8 weeks old seed-
lings alone reducéé root knot infection compared to 4 weeks old
seedlings. Application of aldicorb 1 kg ai/ha at transplanta-
tion reduced the nematode attack and increased yield. Hague
and Pacdmavathy, {1985 reported that increased aged seedlings of
tomate transplanted reduced the R. reniform nematcde attack.
This may be probably due to maturity of roots giving a mechani-

cal protection for the penetration of the nematodes.



B, Brinjsl

Eggplant (Brinjal) (Solanum melongena) is attacked by

)
four species of root knot nematodes, the reniform nematode
and thrée species of ectoparasitic nematodes (Table 1). 2mong
these, the root knot nematodes Meloidogyne species and Reniform

nematode R. reniformis are the most important oOnes.

Root knot nematodes (Meloidogyne species)

Among the root knot nematodes; M. incognita and M. javanica
attack egg plant frequently. M. thamesi and M. lucknowica also
infect the crop. Crop loss caused by the root knot nematodes
on brinjal is reported anything between 50-75% (Sanwal, 1951).
Gaur and‘Prasad,(1980)reported that an yield reduction of BO%
could occur , if there are 4000 juveniles/250 cc soil/plant as
initial population by attack of M. incognita. They found that
yvield reduction could be due—to hastened maturity of the crop
and short duration of fruiting stage of the infected plants;
Phavan and Sethi, (1976 found that even 1000 larvse of M. incog-
nita/1000 g soil could result pathogenic effect on egéplant.

In Haryana under field conditions, the yield loss due to

M. Incognita attack on brinjal is reported 34-45% by Bhatti and
Jain, (1977), Hrishnappa et al, 1981 found that M. incognita
attack could result 44.8% yield loss by nematode alone. In a
nematocde protected plot by applying 8 kg ai/ha of phorate the
vield obtained was 20500 kg/ha where as the yield in unprotected
field was only 11300 kg. Impacts on plant growth by nematode
attack were studied by Kurian end Kuriyan, (1981 and they found
that 10,000 larvae/plant resulted in reduction of 64.5% leaf

production, 32.6% shoot length, 61.2% shoot weight, 34.9% in



root weight and 82% in yield. Apart from the damage caused
by nematode alone, they predispose plants to cther insect
pests and fungal/bacterial diseases. Sitaramalah and S8inha,

(1984)0bsarved ttiat the combined effects 6f Pseudomonas sola=-

nacearum (Blotype 3) and Meloidogyne javanica on eggplant were

greater than indépendent infections. They found that even 10
egqg massas/plant-could facilitate disease development in a
period of six days. Mishra and Nath, (1988)reported that 85%
of the root knot infected egg pvlants were further attacked by
red spider mites and shoot and fruit borer pests., In ungalled
plants, no attack of these pests were noticed. The nematode
infected plant root system could change the chemical composi-
tion in plants, predisposing them to attack by other pests

{(Wallace, 1973).
The Reniform nematode

The pathogenic effect caused by Rotylenchulus reniformis

on egg plant was studied by Singh and Khera, (1979%. They found
that this nematode causes heavy damage on plants,even @ 100
nematodes/1500 cc soil as initial inoculum., They reported that
this nematode feeds on cortical parenchyma'cell of roots; lead-
ing to hypertrophy of cells and mechanical changes in the tissues.
They also observed that the nematode could bring about 55% and
75%, reduction in ary shoot and root weight due to its attack,

at a population level of 10000 larvae/plant within a period of

90 days.



Control of nematode attack in brinjal

Since brinjal is invariably attacked by the common impo-~
rtant plant nematodes, it is_imperative that suitable pest
management practices are adopted; to obtain optimum yield
return from the crop. Checking nematode attack not only in-
creases yield but alsoc saves the crop from other serious

fungal and bacterial diseases.

Studies conducted at OUAT Bhubaneswar using Karanj or
neem cake against M. incognita increased yield 8-10 quintals/
ha. over untreated plants, (Anon, 179} It is also reported
that application of carbofuran 3 G & 1 g/30 cm2 as preplanting
field treatment gave three fold increase in yield. Dipping
roots of brinjal seedlings in 1% carbofuran solution for 6 hrs
before transplanting prevented nematode attack. Three weeks
0ld seedlings dipped in 1200 ppm Oxamyl (Vydate) for 20/30 mts
gave good control of M. incognita infection in eggplant and no
phytotoxicity was observed by Alam EEAEl-(1973l Bare root dip
treatment of brinjal seedlings before transplanting in 500-1000
ppm of Aldicarb, carbofuran or turbufos for 10-15 mts against,
reniform nematodes (R. reniformis) were effective in reducing
soil/root population upto six weeks of +treatment,(Krishnaprasad

and Krishnappa, .1981%

Cultural operations are also effective in reducing nema-
tode population in soll in the field. Deep digging in pléts
(20 cm depth) prior to transplanting seedlings, raised in
nursery treated with metham sodium @ 25 ml/ m2 and spot appli-
cation of sldicarb € 1 kg ai/ha reduced nematode attack and

increased vield.



Attempts made to find out resistance against the nematodes
oy earlier workers failed. Recently, Ravicharndra et al, (1988)
reported that a cultivar viz. Gulla of eggplant popularly
grown 1in Southern Karnataka was highly resistant to race 1 and
race 2 of M. Incognita and slightly susceptible to M. javanica

and race 3 of M. incognita.

C. Bhindi (Okra) (Abelmoschus esculantus)

This vegetable crop is attacked by two important kinds of
nematodes viz. the root-knot (Meloidogyne spp)} and the reniform

(Rotylenchulus reniformis) nematodes. Apart from the above,

three more nematodes attack this crop. Whenever okra is rotated
with/after the solanaceous vegetables the enhanced population
resulted in the field attacks of this crop(directly seeded) and
damages severly. Fleld level studiles conducted on the avoida-
ble yield loss caused by the root knot nematodes alone is

28-91% in Okra, (Reddy and &ingh, 1981}, In Rajastan, Yadav et al
(1975) observed that the yield increase in field trials conducted
for chemical control of nematodes attacking Okra, varied from
30-70% by different chemicals. Anwar ané Alam, (1989) reported
that both M. incognita and R. reniformis caused significant redu-
ction in plant growth in Okra c.v. Pusa Savani. Water absorption
capacity of roots were impaired. In concomitant infectlons,

the reduction' in plant growth as well as water absorption capa-
bility (WAC) were more pronounced. The nematode attack also
reduced the uptake of nutrients. Hague et gl,(197é)found that
in aserial parts of root-knot (M. incognita) nematode infected
plants, less of NPK levels were present compared to uninfected

ones. The roots of nematode infected plants contained more of



NPK, Sharma et al. (1980)reported that -synergistic effect on.

root rooting was present in Okra plapts. When both M. 1ncog-

nita and Rhizoctonia bataticola attacked together, pronounced

increase of proline in roots was observed.
Nemetode management

Several workers attempted to check the nematode attack on
Okra by use of chemicals and other non~chemical methods.
Sivakumar and'Meefﬁainuddin,(1974)observed that application of
K in combinations with P or N or K alone check reniform nema-
tode multiplication. N alone increases multiplication whereas
P and K cauéed the lowest multiplication. According to
Sivakumar and Seshadri, (1972)Bhindi is not a very good host for
reniform nematode and incfeasad population b§ 40% dnly. Rao
et 21,(1987) reported that Aldicarb or Carbofuran & 1 kq ai/ha
with Neem cake @ 0.5 t/ha checked reniform nematode éttack,
increased growth- and vield. Kumar and Sivakumar. {1981) attempted
seed treatment with nematicide and fungicide for control of
wilt compléx involving reniform nematode and R. solani in okra.
They obéervgd that 5% carbofuran (w/w) or aldoxicarb (2%) with
starch as sticker was effective in control of pre and post emera
.gance wilting. Yadav et al, (1975 obtained 70% increased yield
in Okra by use of Vydate (0.2%) as seed tratment and foliar
spray for control of nematodes at field level.  Use of dry azolla.
as bio-fertiliser 2% by w/w basis checked root knot nematode
attack .in Okra by Thakar et al, (1987. . Four weeks:bld'decompgqeq
subabool leaves @ 40 g/kg.soil. with carbofuran @ 1 kg.ai/ha was
effective in checking ‘attack of rocot Xnot nématode in okra-

according to Paruthi_gf_a1!(1989}, Ramanath et al, (1982) founA,



that application of decomposed material of Argemone mexicana
(weed) @ 2 kg/6 M2 plot controlled M. javanics attack-in okra.
Use of ollcakes or saw dust or paddy husk 500 g/plant or
Cromolaena or neem leaves 250 g/plant applied to basins of
plants a week prior to pianting control nematodes on Bhindi,
(Anon, 1989} . In Assam, M. graminicola infected Bhindi, (Roy,
1990). The TNAU, Coimbatore has released a variety AE 116, resi-

stant to M. incognita.

Chillies (Capsicum annuum)

Though about 30 species of plant nematodes are reported -
to be associated in soil with Capsicum spp.,(Sitaramaiah, 1984)
chillies are attacked by about six important nematodes, among

them the root knot nematode M. incognita, M. arenaria and

M. graminicola,(Raoc et al, 1984), the spiral nematode Helicoty-

lenchus dihystera, the stunt nematode Tylenchorhynchus sp. and

root-lesion nematode Pratylenchus dellateri are the most impor-

tant. Field tests carried out at Udaipur on crop loss caused
by the root knot nematodes revealed 50% vield loss @ 4 larvae/g
soil as initial population. These nematodes définitely cause
pathogenic effect on chillies. M. areanaria causes yellowing
decline disease in Tamil Nadu, reduction in shoot length and
weight and root weight of infected plant. It produces distinct
symptoms on the plant viz. ilnterveinalchlorosis, downward
cupping of leaves and significantly reduced yield of infected
plants, (Rajagopalan et al, 1569), H. dihystera and P. dellateri
cause p?eceptible reduction in root growth resulting less vigour
and growth of plants and crinkiling of.leaves at 50 nematodes/
1500 cc of soil at planting time, (Muthukrishnan et al, 1975\

Chillies also serve as a good host for the reniform nematode



. and sustain populations built up.

As many as 19 varleties and cultures of chillies were
scEeéned for resistance against root knot nematodes but none
were free frOmninfeséatibn;(Rajagopaian, et 3&,_197ﬁ. Recen-
tly Jain et al, (1983) reported that CAP 63 and line No. 5§79
‘were highly resistant and moderately resistant respectively
to M, javanica in Haryana. Screening tests with chillies
:coﬁducted tor resistance against M. 1ncOgnita nas not met witn
Vsuccess,(Anon. 1984). In Orissa, deteailed trials with chemi-
cals for control of chillies nematodes were carried out,
(Senapathy, 1983)." According to Muthukrishnan, (1973 app'licat.ion
of Fensulfothion @ 7;5 kg ai/ha around base of plant at plant-
ing time effectivelv controls. root-knot nematode infection.
Under the AICRP on Nematodes, screening tests carried out at
different centres revealed thaf varieties Pusa Jwala, Sindhuri
and Chanchél'are resistant againsf M. incognita and varieties
Mohini,VChamégware found moderately&reéistant to:the'same
nematode, { Anon, 1987). Several lines tested were promisingly

resistant and bheing further tested.

Gourds

Bittergourd (Momordica charantia) is attacked mainly by the

root=knot nematodes M. incognita, M. javanica and the reniform
nematode R. reniformis. The root-knot nematode attack induces

unthrifty growth of vines, with production of small sized
leaves which crinkled in the margins. The: fruits are under
sized. Detailed studies on assessment and the exact nature of
crop loss and damage are to be worked out. The apove mentioned

three nematodes also attack ribbed gourd and cause similar type-



of damages on the plants. Hussain and Saxena, (1969 reported
that Meloidogyns spp. cause galls on the stem of L. acutangula
which are in the so;l level and these galls are similar to the

root galls. They also attack ashgourd (Benincasa hispida) and

pumpkin (Cucurbita moschata), (Sethl et al, 1964} Field
trials conducted at Rahurl showed that 36.5% of yield loss is
caused by M. incognita when the initial nematode population
is 4-6 larvae/g of soil, (Anon, 1987). Paruthi and Gupta, (1985)
reported that M. javanica induced growth reduction on bottle

gourd (Lagenaria siceraria) even with 100 larvae/kg soll at

sowlng time of seeds. 8Siddiqui et al, (1974)observed that
M. incognita produces galls of various sizes and shapes and
plants undergo temporary or permanent wilting under water
stress. This nematode is a steelar feeder and changing the

parenchymatous cells to meristematic and abnormal phloem occur.
Cowpea

Sitaramaiah,(1984)had recorded that cowpea (Vigna sinensis)

is associated with 18 neﬁatodes, among those three species of
root-knot nematodes (Meloidogyne), spiral nematodes (Helicoty-

lenchus EE-) five speciles of'stunﬁ nematodes '(Tylenchorhynchus

sp.) the lance nematode ' (Hololainus indicus) and the reni-
———r

form nematode (Rotylenchulus reniformis) are important. The

cyst peglonpea nematode Heterodera cajanl is also an important

one. Among all these, Meloidogyne spp. and Rotylenchulus

reniformis, (Khan et gl,-1969 are the most important, frequently
attacking the crop and causing considerable damage. Reddy,f1988)
recorded the avoidable crop loss due to root-knot neratode on

cowpea as 29%. Unpadhyay and Singh,(iQBS)observed that



M. javanics infected plants at higher nematode levels exhib;-
ted yellowing, shedding of leaves and stunting of plants with
reduced rhizobium nodulation. Nanjappa et al, (1978) reported

that emergence of cowpea seedlings were deleyed and seedlings
stand reduced by 11% due to R. reniformis & one nematode/g of

soil, Cowpea cen be Bubjected to con-comitant attack of

M. incognita and Heterodera cajani under field conditions., In
sﬁéh_cases thertwo nematodes are found qutua}ly affected and
inhibited for host infection and total multiplica%ion. Prior
infection by one is detrimental to the other, {Sharma and Sethi,
19762), However they observed that H. cajani was faster in
causing infection than M. incognita. They also found that both
the nematodes singly or in con-comitantance reduced growth
significantly, affected root nodulation and N éontent in plant.
Reduction of N content is found more in M. incognita alone
a;tacked plants than H. cajani. These two nematodes, attack 'N’
nodules also. Sharma and Sethi, (1976b) also observed that low
concentration of carbohydrates in plants can be one factor
responsible for resistance/tolerance. In susceptible plants,
more carbohydrate accumulation was noticed by them. Studying

the interaction of fungi with the nematodes, Khan and Hussain

(1988) found thet Rhizoctonia solani along with M. incognita
caused greater reduction in plant growth than by R, reniformis.
Varaprasad, {1989 observed that H. cajani along with Fusarium
solani and R. bataticola caused reduction in plant growth.
However, the nematodes adverse effects were mitigated especiélly
with high level inoculam of R. bataticola but the cyst formation
was higher and not affected. According to Gangully and Das

Gupta, (1988) superoxide dismutate enzyme activity increased in



susceptible varieties and was less in resistant varieties
(C152 and 82-1-B). It is reported that this enzyme is nece-
ssary for protection of cell and helps development of the

nematode in susceptible variety (Pusa Barsatl).

Management

Upadhyay and Singh, (1985 reported that aldicarb @ 2 kg
al or phenamiphos 2.5 or 3.0 kd ai/ha were effective in incre-
asing plant g;owth and reduction of root galling. Several
workers reported the availability of resistance in cowpea
against M. incognita. The lines IC 8444, IC 20626, IC 44671
are resistant @Das et al., 1988)whereas IC 9642-B and TVY 2430
P are also resistant, (Singh and Reddy, 1982}, the popular ones
being C152 and 82-1-B. According to Thakar and Patel, (1984)
V~16 varlety is highly tolerant to R. reniformis. Sharma and
Sethi, (1976C reported that Barsathi mutant, P910, 9425 (126R),

Iron, P309 (85-R) and New Selection were free from.galling.
Amaranths

The root knot nematode M. incognita.and other species are
the most important pests attacking the edlble amaranths culti-
vated for vegetables. Sevére infestation by the nematode causes
under sized leaf and poor stand of the plants. The typical
symptoms of nematode attacks exhibited by plants are midday
wilting of foliage eventhough they are green and the wilting
recovers in the evenings and morning periods. Though no exact
information on crop loss and damage)the nematode can cause is
known on amaranths; raising of this leaf vegetéble in rotation

after any other vegetable, definitely get nematode attack and



thereby poor yleld. Reddy et 3l1(2980)screened 46 varieties

and four Amaranthus sppe A. candatus, A. cruentus, A. hypo-

chondriacus and A. tricolor without any success.
Conclusions

Majority of vegetable crops are attacked by the two most

important nematodes viz. the species of root knot (Meloidogyne

spp.) and reniform nematodes (Rotylenchulus sp.). The patho-

genic effect and crop loss caused by them are established in
tomato, brinjal, bhindi, cowpea, chilli, etc. Crop rotation

or mixed cropping by these vegetables or continuous monoculture
of any of these vegetables result in maximum built up of nema-
tode population in soll, (Khan et sl., 1973, Such instances

are reported in certain isolated c¢ases. Chemical control of
these nematode pests are expensive and lead to pesticide residue
problemé especially when farmers have to adopt plant protection
measures by use 6f insecticides, nematicides or fungicides for
saving thelr crops from pests and diseases. Judicial application
of organics/oil cakes along with medified cultural practices and
using resistant/tolerant varieties in a combined form will

alone check £he nematode pest attack.
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Pests of Solanaceous vegetables and okra and their management

Dr. -G. Madhavan Nair*

Brinjal,  tomato, chillies and okra are infested by & number

of insect and mite pests. For early detection and proper manage-

ment of pests, before they cause any economic loss, regular

monitoring of the crop in the field, correct identification of

the pests and timely adoption of control measures are very

essentigl.

Some important points to be born in miné in vegetzble pest

management are summarised below:

More emphasis ‘has to be giGen for mechanical and cultural
methods of contrel, especially in kitchen gardens.

The pests are attacked by many parasites and precdastors. Before
application of insecticides, monitor the levels oI parasites
and predators in the field. When the population of parasites
end predators are high, application of insecticides will be
counterprocuctive.

If applicetion ¢f insecticide is essentizl., choose & chemical
with the lowest mammzlian toxicity sné avoid chemicsls with
long residuel property.

Just before applicetion of insecticides, harvest all the ripe
ané ne&rly ripe fruits.

Next hervest should be done only after the completion of

waiting period of the insecticide on the crop.

When mite pests are also present, cheose an insecticide with

miticidal properties.

Make sure that the insecticide chosen will not csuse any
phytotoxicity.

Apply the recommended guantity of insecficide to get effective

contrel.

*Professor, College of Agriculture, Vellayani.



1. Brinjal

1.1 Borer pests

i) The shoot and fruit borer Leucinodes orbonalis G.

This insect is widely distributec in Indis and is the most
destructive pest of brinjal. The female adults la§ eggs in
batches of twa to four on the underside of leaves, 'on green stem,
flower buds and celyces of fruits. The larva is a borer of
tender shoots, leaf petiole, leaf midrik, flower buds and fruits
and feeds on the internal tissues. The sffectef shoots drop and
the affected leaves and buds dry an¢ drop. The damagecd fruits

show circular'exit holes plugged with excreta.

The infestec fruits are unfit for consumption. Hami (1@55)
reperted that the vitamin C content is reduceé¢ to the extent of

68% in infesteé fruits.

Manegement :

a) Avoid continuous cropping

b) Collect aznd destroy the infested shoots and fruits

c) Grow less susceptible varieties. Long and narrow fruits
are found to be less susceptible (Sreenivasan and Basheer, 1951}.
In screeninc trials, many varieties were identified a&s resistant
or moderately resistant to the pest (Mote, 1981; Pande et 81

1971; Nair and Abrsham 1987).

d) Sprsvinc Carbaryl C.15% at intervals of 15-20 days
{Anonymous, 198%9) or Dichlorves 0.05% or Endosulfan 0,.05% at
fortnightly intervals (Deshmukh and Rattanlal, 1969).

ii) Brinjsl stem borer Eusophere perticella K.

The caterpillars after emerging from eggs bore into the stems

and tunnel downwarg¢s. The infested plants wither and wilt.
Management : (2s in shoot and fruit borer)

iii) Bud borer Scrobipalpa blapsigona (M).

The larvae bore intc the flower buds and the zffected buds

fall down.



Management : Spray Malathion 0.05%, Endosulfan 0.05% okt
Dichlorvos 0.05%.

1.2 Leaf feeding insects
i) The Hadda beetles

Henosepilachna vigintioctopunctata (F.)

Epilachne ¢odecastiama M.

E. implicata M.
E. ocellata R.
E. septima D.
E. cemurili

The first one is the most common and the most destructive
to brinjsl. <Cigar shaped yellowish eggs are laid on the ventral
surface of the leaves. The grubs ané adults feed by scraping
chlorovhyl from epidermal lavers o0f leaves which get skeletonised

ané graduslly dry away.

Manacement :

2} Hand picking‘anf destroying the eggs, grubs and adults.
b) Spray Carbaryl G.2% or Endosulfan $.05%.

ii) Other leaf feeding beetles

Lema praeusts (F.)

L. semireqularis Je

L. sionatipennis J.

These are mincs pests of brinjal in Orisss. The adulre and
grubs fee¢ on leci tissuves. The main host is turmeric. Usually

no control is necessitatec.
iii) Brinjzl leaf roller

Antoba olivacea (w.)

Pterophorus lienigianus

The first one is more common and the caterpiller of the
. insect folds the leaf from tip dovmwards and feeds from within
+ the leef rolls. As & result of feeding, the leaves wither and

dry up.



Management :
a) Collect and destroy the rolled leaves with larvae

ané pupae inside
b) Spray Carbaryl 0.2% or Endosulfan 0.08%,

iv) Brinjazl leaf wekber.

Pssra bipunctalis (F.)

The ceterpillars on hatchinc from the egus scrape andé feed
on the epidermzl tissues gregariously end later, web the leaves
with silken strands skeletonising the leaves completely.

Pupation is in soil.
Manegement : as given ageinst leaf roller

v) Leaf miners.

Scorbipalpa heliopa (L.)

Scorbipalpa ergasime (M,)

Ptherimaea operculelle (Z2.)

The caterpillars bore intoc the veins and midribs of leaves
.and leaf stelks and finally into the top shoots. As & result

o: feeding, cell like swellings are formed. &. eraasimes and

P. operculille are leaf miners causinc blotches on leaf tips.

Management :

o) Removal and destruction cof infested leaves

b) Application of & contact insecticide
vi: Other leaf feeding caterpillars.

Seleva docilis B.

. Celtis M.
. rabéote H.

S

=

These pests are of minor importance and usvally need no
control measure.

vii' Gress hoppers.

Attractomorphe crenulata F

Oxvajaponica japonica (T.)

Poekilocerus pictus (F.)

Jrthacris spp.




These are polyphagous pests attackinc young brinjel plants.

The young and adult feed on leaves consuming the lesf laring

completely.
Management :
1.3 &nts

{Fa)

Solanopsis ceminats

Dusting the voung brinjsl plents with 5 to 10%

1 & !

BHC.

The ant species live in nests and burrows in soil around the

around roots.

Management 1

with the s0il, BEL 5% or Chiordane 5%.

~.& Term’tes

Trinervitermes biformis W.

SPP .

Microtermes

Thne pests gnaw the roots and stems below ground

tunnel upwards. The infested plents wither and éry.

ieragement t . Application ©f & s0il insecticide like

or neptachlor at 20 k¢/he.

of plants It feeds by nibbling the roots and tunnelling the

Stir the soil arcuné the plents snd mix thoroughly

level anc

BHC, Chlordéans

the excu-

i.5 BSap feecing insects
i} Thraips
Cnion thraps Thrips tabacl L.
Grouncnu=x tnravs Celiothrairns indicus E.
Chilli thrips scirtothrips dorsalis &
Brinjel thrips Sericothrips solanifclii =.
Blossom thrips ¥Lanklihiells BChUltzews
The nymphs anc acults lacerate the tissue and suck
éir- sar. The infested flowers shed prematurely.

Managemert : Spray (¢.05% Dichloroves, (0.05%

C.1% Malathion.
Leaf hoppers

Amrasce bicuttule biguttule (I.

Encdosulfer

or



Empoasca binotata P.

E. parathes P.

E. punjabensis P,

Cestius phvecitis (D)

The first mentioned leaf hopper is more common andé causes

the most damage to the crop. The nymphs andé adults suck sap from

the ventral surfece of leaves ané inject toxic salive into the
plant tissuves, and csuse 'hopper burn'. The insect is the vector

of little leef disezse.

Mansgement :
Spraying Dimethoate 0.043%, Phosphamidon 0.04%, Fenvalerate
0.Ci% or Permethrin C.0005%. Alternate application of organo-

phosphate &nd synthetic pyrethroid is recommended.

iii) aphiés
Aphis gossvpii G.

Myzus persicae (S.)}

Both nymphs and adults are found in large numbers sucking
sap from leaves and tender apical shoots, devitelisinag the plant.
The infesteé:leaves turn yvellow, become deformed ané dry away.
Honey devw secreted by the insect results in the development of

sooty mould sffectince photosynthetic efficiency.

Management :
Spreving Dimethoate 0.05%, Endosulfarn 0.05% ¢r 40% nicotine

sulphate in the proportion of 1:600.
iv) Mealv bugs

Coccidolystrix insclita (G.)

This pest is mainly seen in oléer plants. The nymphs ans

adults =suck sep from leaves causing vellowinc, wilting and crivinc.
: g3 ; ¥aing

Mans&gemenrt : ' &5 in aphids.

v) Sczle insecte :

’

Aonidielle orientalis (M.)




A. aurantii (M.)
Aspidiotus destructor S.

Chionaspis manni G.

Cerococcus hihisci G.

Cemége and menagement as in mealy bugs.

vi) Lace wing bugs :

Urentius hystricellus (R.)

L. sentis D.

Both nywphs ané adults suck the sap from the leaves anc such
leaves are seern covered with excreta and exuviae. This pest is
rarely serious.,

2. Tomato
2.1 Fruit and stem borers

i) Grem pod borer Heliothis armigera H.

The female adult lays eggs on the leaves, flowers and some-
times on the fruits. Young larvae feed on the leaves. The larvae
from the fourth instar onwards make circular holes on the fruits
énd thrust only a part of the body inside the fruit and feed on

the inner contents. & single 