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PREFACE
 

In 1976 the Iniernational Board for Plant Genetic
 
Resources commissioned the Royal Tropical Institute of
 
the Netherlands to produce a consultant's report on veg
etable Sermplasm with special referenice to tropical types.
 
It was envisaged that this report should be of a review
 
nature but should include as far as possible an outline
 
plan for the collection, evaluation, use and conservation
 
of vegetable germplasm.
 

The study was carried out by Dr. G.J.H. Grubben of
 
the Department of Agricultural Research, RTI, following
 
guidelines provided by the Secretariat of the IBPGR. The
 
assistance of the Institute for Horticultural Plant Breed
ing , Wageninen and the constructive criticism of Dr. J.
 
A. Frahm-Leliveld and Ir. F.M.A. Geurts are gratefully
 
appreciated.
 

Special thanks are due to Hrs. N. Zeven-Hissink who
 
collated the information on the addresses of institutes
 
and plant breeders in the Annexes. Hr. H.D. Tindall pre
pared the information presented in Annex IV.
 

The editors are grateful to the photo-library of the
 
Food and Agriculture Organization of the United Nations
 
for all the illustrations except those on page 100 which
 
were provided by Dr. Grubben. Hr. J.A. Birkett kindly pro
vided invaluable advice on layout.
 

This report is to be regarded as a first step towards
 
international cooperetion becoming effective since it in
dicates what germpl&sm already exists in collections, what
 
material the vegetable research and breeding programmes re
quire and in which species sqme genetic erosion is occurring.
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The frLn" cover snows an Indonesian woman at market in Borobodur selling
 
locally grown vegetables. This page shows a Malawi boy proudly showing off a
 
giant cabbage he has grown. The more meagre examples shown on the cover may
 
contain genetic combinations which can be used to help food production.
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I. INTRODUCTION
 

1. OBJECT OF THE REPORT
 

Vegetables are important, in maintaining a satisfactory nutritional level
 
in both temperate and tropical regions. However, it is evident that research
 
on vegetable growing techniques is not adequately developed in most tropical
 
countries, not only in comparison with vegetable crop research in temperate
 
zones but also with research on basic tropical food crops such as the cereals,
 
tubers and pulsers. This is due to the large number of species which are
 
generally classified as "vegetables".
 

There is erosion-of vegetable germplasm in temperate regions .and steps for
 
the conservation of valuable primitive cultivars and wild material have been
 
considered on a national level'as well as by international organisations. The
 
preseut report, conducted by the Royal Tropical Institute, Amsterdam, at the
 
request of the IBPGR had the following terms of reference:
 

(a) To record the .economic and nutritional importance of vegetables
 
used in tropical arease
 

(b) To identify important species where there is the threat of
 
genetic erosion and list species in which the collection of germ
plasmas for breeding purposes is urgently required,
 

(c) To outline proposals for the collection, conservation,evaluation
 
and use of germplasm.
 

(d) To summarise the location and scope of germplasm collections
 
which are already being maintained in developed as well as develop
ing countries.
 

The choice of the tropical and subtropical areas mentioned in this report,
 
was linked with the regional priorities of the IBPGR (1976) and the tropical
 
areas selected are listed below:
 

(a) AFRICA
 

Ethiopia
 

Eastern Africa: Burundi, Kenya, Malagasy Republic, Malawi,
 
Mosambique, Ruanda, Somalia, Sudan, Tanzania, Ugandn, Zambia.
 

West Africa: Angola, Benin, Cameroon, Central African Republic,
 
Chad, Congo, Gabon, Gambia, Ghana, Guinea, Guiner,-Bissau,
 
Ivory Coast, Liberia, Mali, Mauretania, Niger, Nigeria, Senegal,
 

Sierra Leone, Togo, Upper Volta; Zaire.
 

(b) AMERICA
 

Meso-America: the Caribbean, Costa Rica., &I Salvador, Guatemala,
 

the. Guyanas, Honduras, Mexico, Nicaragua, Panama.
 

Brazil and Paraguay.
 

Andean Zone: Bolivia, Colombia," Ecuador, Peru, Venezuela.
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(c) 	ASIA
 

South Asia: Bangladesh, Burma, India, Sri Lanka
 

Southeast Asia: the nations of Indochina, Indonesia, Malaysia,
 
the Pacific Islands, Philippines, Singapore, Thailand, Taiwan
 

Far 	East: China (Southern part)
 

2. 	 DEFINITIOW AND CLASSIFICATION OF VEGETABLES
 

Vegetables can be described as plants which provide a source of food,
 
often low in calories and dry matter content, which are consumed in addition
 
to a starchy basic food in order to make it more palatable. Vegetables add
 
protective nutrients, especially vitamins and minerals, to the diet. Potatoes
 
and other tubers which are rich in calories are sometimes included with vege
tables, as are many pulses. Other vegetable species such as hot peppers and
 
parsley are often listed as spices and flavourings. Melons are sometimes re
corded as fruits.
 

Vegetables may be grouped according to: (a) their economic importance;
 
(b) 	the consumed product, e.g. leaf vegetables such as tubers, roots etc.;
 
(c) their nutritional importance e.g. vegetables which are rich in vitamin C,
 
rich in B-carotene etc. The taxonomic classification is most suitable for
 
studying the genetic resources of vegetables. However, for practical reasons,
 
a number of species with an identical edible product, but belonging to many
 
different taxa have been brought into one group, viz. the leaf vegetables. A
 
number of vegetables belonging to small taxa and of minor importance have been
 
incorporated in two extra groups. Thus the classification used in this study
 
is as follows.
 

(a) Solanaceous fruit vegetables: tomato, Capsicum pepper,
 
eggplant
 

(b) Cucurbits: cucumber, melon, watermelon, pumpkin, gourds,
 
squashes
 

(c) Alliums: onion, shallot, garlic, Japanese bu-ching onion,
 
leek
 

(d) Leguminous vegetables: common bean, Lima bean, hyacinth bean,
 
winged bean, yardlong bean, mung bean, locust bean etc.
 

(e) 	Brassicas: white cabbage, cauliflower and broccoli, Chinese
 
cabbage, kale and mustard.
 

(f) Leaf vegetables: amaranth, beet leaves, kangkong, Corchorus,
 
lettuce, spinach, Solanum spp.j Xanthosoma, drumstick tree etc.
 

(g) Other tropical vegetables: okra, palm cabbage, bamboo shoots,
 
mushrooms
 

(h) 	Other temperate vegetables: carrot, radish.
 

The centres of diversity of these vegetables are shown in Fig. .. and
 
Annex IV. A list of vernacular names is provided in Aniex III.
 



Fig. 1 Centres of diversity of important vegetables mentioned in this report 
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GENERAL REMARKS ON GENETIC RESOURCES
3. 


Many years ago, primitive species used 'as a vegetable were moved from
 

their centre of origin to other areas and continuous mutations, crossing
 
to sewith related species and selection by man and nature has given rise 


coi lary centres of diversity, with many types and cultivars which are distinct
 

from the original ones. The development of modern horticulture has led to an
 

the number of vegetable upecies which were originally
enormous decrease in 

used by our ancestors. It also involves a narrowing of the genetic ba of
 

this small number of species because the originally large number of local, un

selected cultivars is replaced by a fewer highly selected, high-yielding and
 
Plant breeders have to rely on the genetic resources
high-quality cultiv-irs. 


ancestors and primitive cultivars, present in
which can be found In the wild 

the primary and secondary centres of diversity of these crops.
 

The loss of the wild ancestors or primitive or old-modern cultivars, (called
 
"genetic erosion") means an impoverishment of the germplasm (the sum total of
 

This may be prevented by
hereditary material) of that particular species. the
 

establishment of gene or germplasm banks, which collect and keep, in longterm
 

storage, all the germplasm that can be found of certain species. If storage
 

is in the form of seed, this may be kept in samples of some 18,000 seeds.
 

A cold store of -20 C and a R.H. of 30%, which is in equilibrium with a
 

seed moisture content of about 6% on a dry weight basis, will be satis
factory for most species. Vegetatively propagated crops must be kept in
 

living collections, which is much more expensive. The gene bank may be
 

considered as a part of a genetic resources centre, with the germplasm
 

being made available to plant breeders. This requires a great investment
 

in evaluation, documentation and distribution of the material.
 

4. SOURCES OF INFORMATION
 

The 'main sources of information on research in breeding and cultivation of
 

vegetables in tropical areas may be found in the following journals:
 

(a) Abstracts on Tropical Agriculture, published by the Royal Tropical
 

Institute, Amsterdam, The Netherlands. Volume 1 (1975). A continuation
 

of Tropical Abstracts, Vol. 1-29 (1945-1974).
 

(b) Hoiticultural Abstracts. Published by the Commonwealth Bureau of
 
Maid-
Horticulture and Plantation Crops, East Malling Research Station, 


stone, England, U.K.
 

(c) Plant Breeding Abstracts, Published by the Commonwealth Agricultural
 

Bureaux, Farnham Royal, Slough, England, U.K.
 

The classification of centres of genetic diversity as revised by Zeven
 

and Zhukovsky (1975) has been used in this report. Important references are
 

cited at the end of each section but more comprehensive bibliographical re

ferences for most important species will be found in Hawkes, Williams and
 

lHanson (1976).
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A typical market scene in the tropics showing locally grown fruit and vege

tables. This picture was taken in Curacao in the Antilles Islands.
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II. IMPORTANCE OF VEGETABLE PRODUCTION-AND
 
CONSUMPTION IN THE TROPICS
 

1. DOMESTICATION AND TYPES OF CULTIVATION
 

At least 10,000 years ago primitive man started to domesticate wild vege

table species, and the following five phases can be distinguished:
 

(a) Wild plants were collected from the indigenous vegetation and
 
used as a supplement to the collected or cultivated energy-rich basic
 
food. About 1,500 species may have been used for this purpose.
 

(b) A number of these wild vegetables, together with the food crops
 
grown In the compounds, were protected leading to selection of primi
tive cultivars. Estimated to be about 500 species.
 

(c) The more suitable of these protected species were cultivated in
 
home gardens or in mixed cropping in the fields and most were used
 
for home consumption. About 200 species with many primitive cultivarb
 
may have been selected.
 

(d) Some of these cultivated vegetables were used for small scale,
 
labour-intensive market garden production and usually grown in a
 
monoculture system. About 80 species probably used in this way.
 

(e) Some of the market vegetables were selected for highly intensi
fied cultivation. These numbered about 20 species, with a small
 
number of modern cultivars.
 

In developed countries, vegetables are grown in highly intensive cultivation
 

systems. About 75% can be identified with phase (e), 10% with phase (d) and
 

15% with phase (c). Approximately half of the vegetables consumed in develop
ing countries come from small-scale market gardens (d), whereas phase (c)
 
accounts for about 40% with the remainder in phases (a), (b) and (e). The
 
processes of modernisation, urbanisation and diversification have led to an
 
accelerated change from the most primitive type of cultivation to a relatively
 
sophisticated market gardening operation.
 

In the tropics commercial vegetables are often grown with extensive methods
 

(phase (d)) similar to those which are applied in food crop production, requir

ing 150-250 man days/ha from establishment to maturity. Other systems require
 

300-600 man days per ha, including irrigation, fertiliser and pesticide applica
tions. Mechanisation is late in th6 tropics, but is becoming more common in
 

subtropical regions. In the USA, mechanically harvested tomatoes for processing
 

need no more than 40 man days per ha; this is equivalent to a production rate of
 

700 kg per man day, 10-20 times greater than the normal production in the tropics.
 

2. RECORDS AND ESTIMATES OF PRODUCTION AND CONSUMPTION
 

Although statistical data are scarce, an acceptable picture of vegetable
 

production and consumption in developing countries has been attempted in this
 

report. In many countries statistics are not available, and moreover where
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data exist, the amount of data reported differs from country to country.
 
Estimates refer mainly to crops grown in fields and market gardens but ex
clude those which are grown in small family gardens or in mixed cropping and
 
are used for home consumption. Table 1 provides some data, FAO (1974).
 

The best estimate of consumption can be made by nutrition surveys in
 
selected countries in specific regions. The figures in table 2 bve been
 
derived from a multitude of nutrition surveys, the most important being

mentioned in the references, section 2.6. The types of vegetable are arranged
 
in 24 groupings. As sufficient data for centrally planned countries 
were not
 
available, 75% of the consumption in developed countries has been taken, as
 
a rough estimate. The estimate of the for-sale-production has been based on
 
the degree of urbanisation and the number of pecple *ith an agricultural

occupation, (Uhited Nations Demographic Yearbook 1974), and on personal ob
servations from markets, in the fields and in home gardens. It is assumed
 
that urban people in developed countries buy their vegetables exclusively in
 
the market, ihereas urban people from small towns in the tropics may obtain
 
part of their vegetable supply from family gardens.
 

It is estimated that about 53% of the vegetables grown in ,.eveloping
 
countries are produced for home consumption, whereas this percentage drops
 
to 13% for developed countries. Tomatoes, onions and European-type vegetables
 
such as carrots and cauliflowers are highly commercialised vegetables in the
 
tropics, whereas other such as green leaf vegetables are usually grown for
 
home consumption.
 

The quantity of vegetables exported (see table 1) is only a small part
 
of the total production. FAO ta$les only quote tomato, onion and pepper.
 
The export of certain vegetables is very important for the economy of particular
 
developed countries. For example, fresh tomatoes from Mexico and Horocco,
 
onions from Egypt, canned asparagus and mushrooms from Taiwan, hot peppers
 
from India, French beans, cucumber and bell peppers from Senegal -nd Kenya.
 

It should be noted that some important vegetables in tables 1 and 2 are
 
listed individually, whereas some other types are included together in larger
 
groups. For instance, the grean leaf vegetables, ranking second in this list,
 
include several different species, none of which would belong to the ten most
 
important species, if taken individually.
 

The total economic value of the world vegetable production, assuming a
 
farm value of about US $0.10 per kg, is roughly US $25 billion.
 

The total world production of vegetables is presented in table 3. An
 
estimate based on data collected for this report, which is derived from table
 
2, has been compared with the estimate in the FAO Production Yearbook (1974)

which includes estimates for non-reporting countries and non-reported quantities.

It -tay be concluded that the consumption in developing countries is only 46%
 
of that in developed countries. The estimate of consumption for the S.W. and
 
C. Asia (102 kg/head/annum), as mentioned in the FAO Production Yearbook appears
 
to be much higher than the estimate derived from our own data (59 kg/head/annum).
 
The other figures for developed and developing countries arc more or less in
 
agreement.
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J. NUTRITIONAL VALUE
 

Vegetables make several important contributions to tropical diets:
 

(a) 	 They enrich the diet with nutrierts.
 

(b) 	 They render the staple food more palatablc and hence improve the
 

intake.
 

(c) 	 They improve the digestion.
 

(d) 	 They sometimes have a curative action.
 

The addition of vitamins, minerals and other nutrients to the diet is the
 

most important factor. In general, consumers do not realise the contribution
 
that vegetables make to the nutritive value of their diet. This is more
 
generally acknowledged in developed countries.
 

The composition of some vegetables, compared with that of cereals, tubers
 
and pulses, is presented in table 4. This indicates that vegetables may con
tain important additions to the nutrients which are insufficiently available
 
in basic foodstuffs. However, it is not easy to provide a general estimate
 
of their nutritive value in tropical diets. Table 5 illustrates the relative
 
imp_:tance of the different vegetable groups and species. The composition and
 

nutritional value of vegetables may be broadly sumnarised as follows:
 

(i 	 The dry-matter content of vegetables varies corsiderably with the
 
species or cultivar as well as with climatic and soil conditions
 

during growth, cultivation methods, harvesting, storage treatments
 
etc. The anaiyses relate to the cleaned, unprepared edible portion.
 

(ii) 	 The waste includes.the basal stem portion and rootlets of leafy
 
vegetables, trimmings and outer leaves of cabbage and lettuce,
 
scrapings of carrot roots, parings of cucumber ond pumpkin, tops
 

and strings of bean pods, shells of Lima beans, skins and trimmings
 
of onions, etc. The percentage of waste varies i'-om 4% for eggplant
 
to 44% for bamboo shoot2. The overhead loss in pro,'--ce, i.e. unsale
able and deteriorated material and the part reserved for seed produc
tion, amounts to an average of 20% for all vegetables. The approximate
 
consumption of purchased vegetable produce is probably 80% of the
 

total production.
 

(iii) 	 The composition of vegetables in both the fresh condition and based
 

on a dry matter content varies considerably, although the same type
 

of product, such as dark green leaves, fleshy white or green cucurbit
 
fruits, leguminous pods or white fleshed tubers, show great similarity
 

in composition.
 

(iv) 	 The protein content of vegetables is considered to be relatively un
important in developed countries, but it appears to be highly important
 

in countries with an overall deficiency in proteins. The amino-acid
 
composition of many vegetables is well balanced, rich in methionine
 
and lysine and with a fairly high biological value, viz. about 60% of
 

the reference protein.
 

(v) 	 The fibre content is less important in the tropics than it is in
 

developed countries, due to the generally coarser nature of prepared
 
food in the tropics. In this context, it should be noted that a high
 
intake of fibre effectively prevents constipation and digestive
 
problems.
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Table 1. 	 Vegetable production and export as registered
 
in the FAO Production and Trade Yearbooks (1974)
 
for developed, centrally planned and developing
 
countries.
 

developed
 

prgduction exsort
 
10 ton 10 t
 

19.0 	 634
1. 	 tomato 


2. 	 peppers (sweet & hot) 1.8 19
 

1.3 	 3. 	 eggplant 


4. 	 fleshy cucurbits (cucumber,
 

gourds, squashes, pumpkins) 	
4.2
 

5. 	 melon, watermelon 6.7
 

6. 	 heading coles (white cabbage,
 

heading Chinese cabbage, red 7.6 b) -

Savoy, Brussels sprouts) 

-
7. 	 cauliflower, broccoli 2,2 


8. 	 leaf cabbage (mustard, kale,
 
petsai)
 

9. 	 onion, shallot (dry) 5.7 709
 

10. 	 green onions, leek, Welsh onic.. 0.7 

11. 	 garlic 0.4
 

12. 	 leguminous pods (snapbez, yard- 1.0 c
 
long bean, wing bean, soya)
 

13. 	 green beans (common bean, 1.4
 
Lima bean, soya)
 

14. 	 green peas (pea, cowpea,
 
3.5
pigeon pea) 


15. 	 dry beans (for sprouting) 

16. 	 lettuce
 

17. 	 leaf vegetables (excl. 8,10,16) 

4.1
18. 	 carrct 


19. 	 roots, tubers (turnip, beetroot,
 

Lotus, yam bean atc. excl. 18)
 

20. 	 shoots, stalks, sprouts, flowerb d)
 
(artichoke, asperge, bamboo, 1.2
 
rhubarb, Sesbania)
 

21. 	 sweet corn 

22. 	 okra 

23. 	 various seeds (cucurbits etc.,
 
excl. 13, 14, 15) 

24. 	 mushrooms, ferns etc. - 

60.8 	 1,362
T o t a 1: 




centrally planned d e v e 1 u p i n g
 

production 
106 t 

exsort 
1O0 t 103 ha ton/ha 

production 
106 t 

export 
10 3 t 

6.6 285 744 14.4 10.7 583 

0.7 19 286 6.1 1.7 167 a) 

0.05 - 102 11.4 1.2 -

1.5 - 274 11.0 3.0 -

4.4 - B52 12.3 10.5 -

3.5 - 262 10.8 2.8 -

0.3 - 106 8.2 0.9 -

4.1 115 732 7.9 5.8 364 

0.1 - 69 9.6 0.7 -

0.1 - 196 4.5 0.9 -

- - 53 6.3 0.3 _ 

0.2 - 108 3.6 0.4 -

0.5 " 187 2.7 0.5 -

1.0 - 41 11.2 0.5 

17 11.2 0.02 

23.0 
 419 4,029 39.9 1,114
 

a) mainly dried hot pepper b) mainly white cabbage-c) mainly snap beans d) artichokes
 



raw 	eaioLe proaucE,

Table 2. Estimated daily vegetable :JonsUIPL±UIn (g per head, net lfitaKe, 


developing countries.
and annual production in develolvd, centrally planned 	and 


v. 	planned developing countries
 
world
developed countries c.untries 


produc- for consumption g/caput/day produc- for produc

type of cons. tion sale production SW/ Other tion sale tion_
 

Africa America C.Asia areas mean x 106 t % x 10 t
 
vegetab1 g/day x 106 t % x 106 t 


11 41 12 14 12.5 80 38.4
85 14.3 9
1. 	tomato 34 1i.b 

6 7 6 2 
 i 3.4 40 5.7
 

2. 	pepp rs 3 1.0 90 1.3 

2 2 7 15 10 8.9 30 10.4
 

3. 	eggplant 2 0.7 90 0.8 


3 8 9 19 14 12.1 30
4. 	fleshy 16 5.5 85 6.7 24.3
 

cucurbits
 

3 5 19 4 6 4.8 50 18.6

5. 	-nolon, water- 18 6.2 85 7.6 


me lon
 
7 5.7 40 20.2
6. 	heallng 19 5.5 85 8.0 2 6 12 7 


cabbage
 
1 1 1.0 90 11.7
7. 	cauliflower. 1 4.8 85 5.9 0 1 4 


broccoli
 2.5 50 4.8

80 1.3 1 1 2 4 3 


8. 	leaf cabbage 3 1.0 


9. onions and 15 5.1 30 6.3 	 4 2 14 4 5 4.1 80 15.5
 

shallots(dry)
 
10, green ciions,
 

2 2 1.5 40 3.8
 
leek,bunching 3 1.0 85 1.3 0 0 5 


onion
 
1 2 1 1 0.7 70 1.4
 

11. 	garlic 1 0.3 95 0.4 0 

6 4 3.4 50 10.3
12. 	leguminous 9 3.1 75 3.8 0 1 2 


pods
 
2 2 2 1.7 40 4.0
S5 1.3 2 1
13. 	green beans 3 1.0 


1 1 1.2 40 8.1
 
14. 	green peas 9 3.1 85 3.8 1 i 5 


0 0 2 1 1.0 40 1.1 

sprouting) 
15. 	dry beans(for 0 0 - 0.1 0 


1 3 1 1 1.1 80 12.5

If, 	 lettuce 15 5.1 85 6.3 1 


17. 	green leaf
 
15 13 11.7 30 26.9
21 5 11
veg.(excl. 8, 20 6.8 75 8.4 


10, 16)
 
6 1 2 1.3 80 9.7
3.8 85 4.6 1 1
18. 	carrot 11 


2 1.9 40 7.2

19. 	roots,rubers 7 2.4 75 2.9 2 2 4 2 


(excl. I8)
 

20. 	shoots,
 
2 2.1 50 6.7
 

sprouts, 6 2.1 80 2.5 1 2 2 3 


flowers,stalks
 
21. 	sweet corn 11 3.8 80 0.1 0 0 0 0 0 - 3.9
 

4 4 3.4 40 4.1
 
22. 	okra 1 0.1 65 0.4 6 2 3 


3 0 2 1 1 1.2 30 1.3
23. 	various seeds 0 0 - 0.1 
13,14,


(excl. 

15)
 

1 0 1 1 
 1 0.7 30 1.4
 
24. 	mushrooms 1 0.3 95 0.4 


60 162 110 101 87.9 47 252.0
 
T o t a 1 221 75.5 87 88.6 	 69 




Table 3. 
 Annual production and consumption of vegetables
 
in the major regions of the world.
 

1 
 2 
 3 
 5
total world population 	
4 


consumption 
 consumption 
 total world
 
x 106 t 
 x 106 t kg/head kg/head 
 x 10 t
 

World total 
 282.3 
 3906 
 58 
 57
Developed 	 252.0

88.0 
 750 
 94 
 81 
 75.5


North America 
 25.4 
 235

Weaitern Europe 	 86
 

46.3 
 365 
 102
Opeania 
 1.4 
 16 
 70
Other 
 14.9 
 134 
 89

Developing 
 96.7 
 1928 
 40
Africa 	 37 87.9
9.4 
 304
America 	 25 25
11.6 	 9.5
317 
 30 
 22
S.W. and C. Asia 	 8.7
24.4 
 193 
 59
Asia (other areas) 1109 

102 	 14.3
51.0 
 37 
 40 

Centrally planned 	

55.7
 
97.6 
 1228 
 64
Asia 	 88.6
57.4 
 868 
 53
Europe, USSR 
 40.2 
 360 
 90
 

Column: (1) and 
(2) : FAO production year')ook 1974. 
Rome, 1975.
(3) estimated (1)/(2) x 080. About 20% 
is lost as waste or
(4) 	estimated average of nutrional surveys 
used for seed.
 

(net intake, edible portion) see table 2.
(5) estimated (4) x 
(2) x 1.25 see table 2.
 



Table. 4. Composition of some vegetables, compared with pulses
 
and starchy foods. From PLATT (1975).
 
Requirements for an adult man (55 kg) from FAO/WHO
 
standards for East Asia; protein biol. val. 60%
 

p e r 100 g o f e d i b 1 e p o r t i o n
 

dry thia- rbo- niacin Vit.C
 
product matter energy pro- fibre cal- iron caro- mine flavina
 

tein cium tens
 
Kcal g g mg mg mg mg Mg mg mg
 

starchy basic food
 
maize 88 362 9.5 1.5 12 2.5 0 0.35 0.13 2.0 0
 
rice 88 354 8.0 0.5 10 2.0 0 0.25 0.05 2.0 0
 
cassava 40 153 0.7 1.0 25 1.0 0 0.07 0.03 0.7 30
 
sweet potato 30 114 1.5 1.0 25 1.0 0.06 0.10 0.04 0.7 30
 

pulses
 

groundnut 55 332 15.0 1.5 30 1.5 0 0.50 0.10 10.0 10
 
cowpea 90 340 22.0 4.0 90 5.0 0.01 0.90 0.15 2.0 0
 

vegetables
 
dark-green leaves 15 48 5.0 1.5 250 4.0 1.80 0.10 0.30 1.5 100
 

tomato 6 20 1.0 0.6 5 0.4 0.15 0.06 0.04 0.7 25
 
okra 10 33 2.0 1.0 70 1.0 0.09 0.10 0.10 1.0 25
 
green beans in pod 10 34 2.0 1.0 50 1.4 0.12 0.08 0.12 0.5 20
 

daily requirements 2,530 46.0 - 500 9 1.5 1.0 1.5 17 30
 



Table 5. Average nutritive value of vegetables. Data from: 
Food composition table for use in East Asia (FAO. 1972). 

ANV 
per 100 g edible portion per 100 g 

pro- caro- this- ribo- dry 
type of produce waste DM energy tein fibre Ca iron tene mine flavin niacin vit.C ANV matter 

% g Kcal g g mg mg mg mg mg mg mg 

fruit-vegetables 
tomato 6 6.2 20 1.2 0.7 7 0.6 0.5 0.06 0.04 0.6 23 2.39 38.5 
eggplant 4 8.0 26 1.6 1.0 22 0.9 0 0.08 0.07 0.7 6 2.14 26.8 
sweet peppers 13 8.0 26 1.3 1.4 12 0.9 1.8 0.07 0.08 0.8 103 6.61 82.6 
pepper, hot 13 34.6 116 6.3 15.0 86 3.6 6.6 0.37 0.51 2.5 96 27.92 80.7 
okra 10 10.4 31 1.8 0.9 90 1.0 0.1 0.07 0.08 0.8 18 3.21 30.9 
cucumber 20 3.8 12 0.6 0.5 21 0..4 0.1 0.03 0.04 0.2 11 1.69 44.5 
pumpkin 17 8.1 27 0.7 0.8 24 0.7 0.8 0.03 0.04 0.5 14 2.68 33.1 
watermelon 37 6.8 21 0.6 0.2 8 0.2 0.1 0.03 0.03 0.2 6 0.90 13.2 
melon(vhite-green) 22 7.6 26 1.0 0.5 18 0.5 0 0.05 0.02 0.4 25 2.33 30.7 
bitter gourd 20 6.0 19 0.8 1.0 26 2.3 0.1 0.06 0.04 0.3 57 4.10 68.3 

leafy vegetables -a 

amaranth 40 10.7 26 3.6 1.3 154 2.9 6.5 0.04 0.22 0.7 23 11.32 105.8 
kangkong 28 10.0 30 2.7 1.1 60 2.5 2.9 0.09 0.16 1.1 47 7.57 75.7 
Chinese cabbage, 14 5.8 17 1.7 0.7 102 2.6 2.3 0.07 0.13 0.8 53 6.99 120.5 
leaf type 
lettuce 26 6.4 20 1.4 0.6 56 2.1 2.0 0.06 0.12 0.5 17 5.35 83.6 
white cabbage 15 7.0 22 1.6 0.8 55 0.8 0.3 0.06 0.06 0.3 46 3.52 50.3 
cassava leaves 13 19.0 60 6.9 2.1 144 2.8 8.3 0.16 0.32 1.8 82 16.67 87.7 

leguminous vegetables 

hyacinth bean (dry) 0 87.9 334 21.5 6.8 98 3.9 0 0.40 0.12 1.8 0 14.03 16.0 
Lima bean (fresh) 43 31.5 119 8.4 1.0 25 2.2 0.1 0.16 0.16 1.5 30 4.88 17.9 
mung bean (sprouted) 7 9.9 30 4.2 0.9 15 1.2 0 0.11 0.10 0 8 18 2.94 34.2 

sprouts, bulbs, tubers, etc. 

onion (dry) 6 11.4 38 1.6 0., 30 1.0 0 0.06 0.04 0.2 9 2.05 20.0 
carrot 17 10.4 37 1.1 0.9 36 1.2 4.2 0.06 0.05 0.7 8 6.48 64.2 
bamboo shoots 44 9.0 28 2.5 1.2 17 0.9 0 0.11 0.09 0.6 9 2.55 30.9 
mushroom 9 11.3 37 2.7 0.9 8 1.A 0 0.10 0.42 4.8 3 2.10 19.3 
taro (as vegetable) 16 24.6 94 2.2 0.8 34 1.2 0 0.12 0.04 1.0 8 2.38 9.7 
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(vi) The important minerals, calcium and iron 
are often lacking in diets
 
in the tropics. Calcium deficiency may occur more frequently if the

basic food consists mainly of cereals. A high iron intake is impor
tant 
since anaemia caused by malaria, bilharzta and intestinary para
sites occurs very frequently. Pulses such as cowpea are rich in
 
calcium 	and iron.
 

(vii) Of the vitamins, a-carotene and vitamin C are the most important.
 
Carotene is deficient nearly everywhere in the tropics, with the
 
exception of W. Africa where red palm oil 
is used in food preparation.
 
The low intake of fat hampers the absorption of carutene in the body.
 
Vitamin C is less abundant in cereal than in tuber-consuming regions.
 

(viii) 	Pharmacological substances may also be important, but there is still
 
insufficient data available on the nutritional value of 
natural plant
 
products.
 

Several authors have developed formulae for the average nutritive value
 
of vegetables. MacGillivray et al. (1942) suggested a formula, based on a
 
rating of nutrients in 25 vegetable species 
in the USA. In the present study

the formula of Rinno (1965) is used: this is based on the average nutrient
 
requirements in W. Europe, but can 
also be 	applied to the tropics, with some
exceptions, and special situations. Rinno's formula for the 
'Essential Factor
 
of Nutritive Value' here called 'Average Nutritive Value, per 100 g of vegetable
 
is:
 

ANV- g protein + g fibre + mR Ca + mg Fe + mg carotene + MR vit.C 
5 100 2 40 

Notwithstanding its limitations, the 
ANV in table 5 presents an acceptable

picture of the relative importance of different vegetables. The best estimate
 
for the potentional production of valuable nutrients by various vegetables 
can
 
be obtained by calculating the ANV per unit of are~a, 
per man 	day per unit input

of capital and energy, but 
adequate data for such calculations are not available.
 
However, an evaluation of the p tential production per day of 
cultivation is
 
presented in table 6 
(ANV per m per day). The group of dark-green leaf vege
tables has the highest ANV figures, based on both fresh and dry matter; this
 
group is 
obviously the best nutrient supplier. Sweet peppers rate a high score
 
as producers of nutrients, owing to 
their high vitamin C content, while carrots
 
are rich in carotene. Either a quantitatively very high production (cucumber)
 
or a short growing season 
(lettuce) may compensate for a low nutritional value.
 
The group of leguminous vegetables ranks lowest in 
this classification. Other
 
vegetables with a 
low production of nutrients are watermelons, eggplants and,
 
although containing a high #-carotene content, pumpkins.
 

4. ACTUAL CONSUMPTION IN DIFFERENT AREAS
 

General 	trends
 

It has been shown (tables 2, 3) that, in developing countries, the
 
average per caput consumption of vegetables is less than half of 
that in
 
developed countries. Although many more plant species 
are suitable for con
sumption as vegetables in developing countries, very 
few of the hundreds of
 

When the food is consumed raw, vitamin C is calculated as ni vit.C 

20 
If much oxalic acid is present, Calcium is expressed as m2 Ca 

200 
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Table 6. Pbtential yield of valuable nutrients from vegetables.
 
Average Nutritive Value (ANV) from table 5.
 
Yield data recorded as "high production" in USA (see KNOTT, 1966),

For the tropical vegetables (*) records of the Horticultural
 
Centre, Porto-Novo, Benin (W.Africa) have been used.
 

yield tZ a ANV 2
 
edie ANV 2 duration per m
 

vegetable gross portion ANV per m days per day
 

fleshy fruits
 

a )
tomato 45 42.3 2.39 101 160 
 0.63
 
eggplant 25 24.0 2.14 51 200 0.27
 
sweet peppers 30 26.1 6.61 173 130 1.33
 
okra 15 13.5 3.21 43 90 0.48
 
cucumber 50 40.0 1.69 68 150 
 0.45
 
pumpkin 20 16.6 2.68 44 150 0.30
 
watermelon 40 
 25.2 0.90 23 120 0.19
 

leaf vegetables
 

*)amaranth 30 18.0 11.32 204 50 4.08
 
*)kangkong 80 57.6 7.57 436 270 1.61
 

chinese cabbage 30 25.8 6.99 180 90 2.00
 
lettuce 20 14.8 5.35 79 50 
 1.58
 
white cabbage 40 34.0 3.52 120 90 1.33
 

*)cassava leaves 60 52.2 16.67 870 270 3.22
 

leguminous vegetables
 

asparagus bean (pods) 7 6.2 3.74 23.0 150 0.15 
lima bean (fresh) 
mung bean (sprouted) 

*)hyacinth bean (dry) 

9 b) 
2.5 
3 

5.1 
20.9 
3.0 

4.88 
2.94 
14.03 

25.0 
61.5 
42.1 

210 
110 
180 

0.12 
0.56 
0.23 

bulbs, tubers
 

onion 40 38.4 2.05 78.7 150 0.52
 
carrot 20 16.6 6.48 107.6. 90 1.20
 
taro 20 16.8 2,38 40.0 120 0.33
 
turnip 13 10.3 2.03 20.9 80 0.26
 

a) ANV (for 100 g) x edible portion (t/ha) - total ANV per m 2 

b) 1 kg of dry mung bean produces 9 kg of sprouted beans
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wild edible species are used, and only a very small proportion of these may
 

be cultivated. Generally, the intake of vegetables !ncreases with modernisation,
 

being more pronounced in urban than in rural areas. In areas with a slow rate
 

of development, the consumption of vegetables may even show a decline. These
 

trends may be due to the following factors:
 

(a) Urban and non-tribal people change their food habits relatively
 

cagily. Europ')an-type vegetables, such as tomatoes, cucumbers, cabbage
 

and carrots, have a high social value, compared with the local green
 

leaf vegetables and pulses.
 

access
 

roads produce large quantities of fairly cheap vegetables for city
 

markets.
 

(b) Commercial vegetable growers near the cities and along the 


(c) As a consequence of the introduction of cash crops, rural people
 

have less time for gathering wild vegetables or for vegetable cultiva

tion in family gardens and mixed cropping, resulting in a decreased
 

level of home consumption. Moreover, the areas of natural vegetation,
 

formerly a main source of vegetables, are rapidly decreasing.
 

(d) The modernisation of agriculture implies the introduction of mono

culture systems and hampers vegetable production in mixed cropping with
 

staple food plants.
 

However, with the economic development of the rural areas, vegetable
 

consumption may rise. For example, in Mexico, the annual intake is 35 kg 

per head per annum in rural and 45 kg in urban areas, whereas in less developed 

Honduras, a consumption of 18 kg is recorded for rural and 20 kg for urban 

people (May et al. 1962)'. 

LATIN AMERICA
 

In Latin-America, the average annual vegetable consumption is very low
 

i.e. aaout 22 kg per head or 60 g per day. It is lowest in the tropical
 

regions (Brazil 10 kg) and highest in the temoerate southern areas (Argentina
 

50 kg).
 

Tomatoes are the most widely cultivated vegetable. Squashes, pumpkins
 

and chayotes are also very popular. Melons and watermelons are frequently
 

used for fresh consumption; they are often classified in statistical records
 

as juicy fruits. Hot pepper is indispensable as a seasoning and onions and
 

garlic are important for flavouring sauces and salads. The European types
 

of vegetable such as carrots, cabbage, lettuce, green peas, cauliflower,
 

broccoli, eggplant and bell pepper are becoming more popular in the cities.
 

Some of these species, particularly cabbage and to some extent, beet leaves
 

and kale are becoming increasingly grown in rural areas, mostly in the high

lands. Okra is only important in Brazil. Tropical leaf vegetables are less
 

popular but are often used by communities originating from Africa and India.
 

Many commercial vegetable growers in Latin America originate from either China
 

or Japan and cultivate Asian types of vegetable for their own consumption.
 

protetn de-
Nutritional disorders are mainly the result of calorie and 


ficiency, but may also be caused by an insufficient intake of vitamins and
 

minerals. Xerophthalmia has been reported frequently and is associated with
 

a low intake of green leaf vegetables. Anaemia is common in many areas, even
 

in maize-consuming areas where the intake of iron is high. This indicates the
 

presence of parasites (such as intestinal worms or malaria); another possible
 

cause is a lack of absorption of the available iron, due to a deficiency of
 

Vitamin C.
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In many areas in Xhe southern part of Latin America (S. Brazil, Argentina,
 
Paraguay and Uruguay) it appears that a high intake of meat and dairy products

lowers the need for protective nutrients such as carotene from vegetables. How
ever, in the Andean zone, as well as in the tropical part of S. America and in
 
C. America, these products are scarce.
 

AFRICA
 

In the Sudanian zone (Mauritania, Senegz1, Gamha, Mali, Upper Volta,
 
Chad, Sudan) only 13 kg of vegetables are consumed per capita per year. Okra
 
is widely cultivated and is often sun-dried for use durina the dry season.
 
Baobab leaves and the leaves and calices of roselle LHibiscu5 aabda.-iffa) are
 
also dried. The locust bean (Parkia biglobosa) is widely consumetd in quantities

varying from 3 to 10 kg per head per annum. Hot peppers are the oopt common
 
spice and there is a growing interest in tomatoes and onions. Besides calorie
protein malnutrition, vitamins A and C are deficient in 
these cereal-based diets.
 

The savanna zones of the Guinean countries of West Africa 
(Ivory Coast,

Ghana, Togo, enin, Nigeria, Cameroon) show much the same pattern as the Sudanian
 
zone. In the forest zone of West Africa, about 20 kg of vegetables per caput
 
are consumed yearly. The main vegetables used are local'eggplant (Ivory Coast,
 
Ghana, Liberia), okra, tomatoes, hot peppers, onions and shallots, and a wide
 
range of leaf vegetables, 6 - 10 kg being consumed -early. Gathering of wild
 
vegetables has some importance in areas with a low population density.
 
Corchorus, Solanum macrocarpon and taro leaves are important leaf vegetables
 
in the Ivory Coast, Ghana and Togo, whereas amaranth and Celosia are more im
portant in Benin and Nigeria. Cameroon and Zaire have a great diversity of leaf
 
vegetables. The weed Talinum is consumed everywhere and the 
leaves of cowpeas,
 
cassava and sweet potatoes are frequently consumed locally. Bitter leaf
 
(Vernonia) is important in Benin and Nigeria. Leguminous vegetables such as
 
Voandzeia, pigeon pea and Lima beans are frequently consumed, 
as are the seeds
 
of several cucurbits (CitruZlud, Cucumeropsis). European-type vegetables 
are 
less important
power attempt 

; 
to 

only the ri
imitate the 

cher people in 
European diet 

the cities with a high purchasing 
(see table 13 chapter 8 for vege

table consumption in Porto-Novo, Benin).
 

In mountainous regions of Eastern Africa (Ethiopia, Zambia, Malawi, Tanzania,
 
Kenya, Uganda, Madagascar, Zaire, Rwanda, Rhodesia, Mozambique), European vege
tables, especially white cabbage and carrots, play an important role 
next to
 
hot pepper, tomatoes, onions and a local leaf cabbage (Brassica carinata).
 
There is less diversity than in the lowlands of these countries, which are
 
somewhat similar to o:he 
West African forest belt zone. Amaranth and Celosia
 
are important in the lowlanda, whereas consumption in the southern part of
 
Africa is directed moi*. towards the sub-tropical and European vegetable

species. White cabbage, cauliflower, cucumber, carrot, lettuce, bell pepper
 
and eggplant are next in importance to tomato, hot pepper and onion.
 

Nutritional disorders are less common in the lowlands and humid areas than
 
they are in the savanna regions. Vitamin A deficiency is non-existent in areas
 
where red pals oil is used but is common in many other regions. Calcium, iron
 
and vitamin C deficiencies are of freauent occurrence.
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ASIA
 

in Taiwan, a
In the sub-tropical southera part of mainland China and 


wide range of vegetables is traditionally used. The intake is about 50 kg
 

per head per annum. The main species are Chinese and white cabbage, mung
 

bean sprouts, radish, turnip, peas, string beans, tomato, hot pepper, egg

plant, amaranth, kangkong, Japanese bunching onion, melon, gourds, cucumbers
 
are used, such as lotus, algae and
and bamboo sprouts. Many other types 


mushrooms, paddy straw mushrooms being commonly cultivated.
 

In S.E. Asia (Indonesia, Malaysia, Philippines, Thailand, Vietnam, Lao,
 

Democratic Kampuchea) a large assortment of both tropical and temperate
 

vegetable species are consumed, but the total amounts to only 20-25 kg per
 

caput per year.
 

Leaf vegetables such as: kangkong, chinese cabbage and amaranth are very
 

important. The production of white cabbage is increasing, mainly at the
 

higher altitudes. Many cucurbits are used, such as pumpkin, bitter gourd,
 
Hot peppers are important for
cucumber, loofah, wax gourd and bottle gourd. 


seasoning food; onions and tomatoes are less important but their popularity
 
and mung
is Increasing. Garlic, shallots, bunching onion, yardlong beans 


bean sprouts are also popular. Many wild plants and cultivated shrubs are
 

used as vegetables, the most interesting being the Indonesian leaf vegetables
 

Gnetum, Sauropus and the S. Pacific Hibiscus manihot. As in Africa and Asia,
 

a trend may be observed towards the increasing use of European types of vege

tables such as French beans, cauliflower, cucumber, lettuce and carrots. Apart
 

from common calorie-protein malnutrition, deficiencies of riboflavin, calcium,
 

all vitamin A are frequently encountered.
iron, vitamin C and most of 


Sri Lanka), the vegetable
In southern Asia (Bangladesh, Burma, India, 

of the S.E. Asian countries. Many European
consumption pattern resembles that 


type vegetables such as cabbage, cauliflower, tomato, endive and spinach may be
 

grown during the cool season. Eggplant, okra, chillis, gourds, amaranth and
 
Several leguminous vegetables are
 grown during the hot season.
kangkong are 


Psophocarpus is
consumed, such as yardlong bean, hyacinth bean and pigeon pea. 

is grown more for the fleshy roots than for the seeds.
popular in Burma, but 


is used for fencing compound gardens;
The drumstick tree (Moringa) is common and 

are consumed.
both the leaves and the young fruits 


5. CONCLUSIONS AND RECOMMENDATIONS
 

(a) The daily consumption per head of vegetables in tropical countries
 

is approximately 100 g, i.e. only 46% of the quantity which is consumed
 

in many temperate countries.
 

(b) Nutritional needs in tropical countries differ from those in
 

temperate countries. Apart from protein-calorie malnutrition,
 

vitamin A deficiency appears to be the moot common nutritional
 

disorder.
 

(c) Despite reaional differences in the need for protective nutrients
 

from vegetables, an average daily consumption of 150 g per head may be
 

taken as a target for improvement, provided that one third of This
 

quantity is contributed from leaf vegetables.
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An example of a Solanaceous fruit vngetable: Eggplant in a garden in Senegal.
 

This particular garden was included in an effort to hatter the nualitv of the
 

local diet.
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III. SOLANACEOUS FRUITS
 

1. GENERAL
 

In this report, particular attention has been given to tomatoes, sweet
 
and hot peppers and eggplant, which are cultivated for their fleshy fruits.
 
Solanrum species which are cultivated as leaf vegetables are described in
 
Chapter VIII. Other species which are of minor importance and less widespread,
 
e.g. the tree tomato (Cyphomandra betacea) and the cape gooseberry (Physalia
 
peruviana) have not been considered.
 

The three major food crops in this group thrive in tropical climates,
 
although tomato and sweet pepper prefer a somewhat cooler climate than hot
 
pepper and eggplant. All are very susceptible to low temperatures. within
 
this group, similarities occur regarding plant and seed characters, breeding
 
behaviour, cultural practices and the range of pests and diseases to which
 
they are susceptible. Their nutritional value is rather low when compared to
 
that of leaf vegetables (see table 5). However, they supply minerals and
 
vitamina in the diet and this contribution is significant, when large quanti
ties are consumed. Tomatoes and hot peppers are indispensible flavouring
 
ingredients for most tropical meals.
 

Data on cultivation and seed production of tomato, peppers and eggplant
 
are presented in table 7.
 

2. TOMATO
 

Crop informatioi
 

Botany
 

Lycopersicon Zycopereicum (L.) Karat is an annual herb, variously called
 
tomato, tomate, jitomate or faan ke'e, and love apple. The hermaphrodite flowers
 
are self compatible and highly self-pollinating in cooler climates, but up to
 
24% cross-pollination by insections has been reported in tropical clin
 

At least 600 cultivars are described in seed catalogues. Cultivars are class
ified on growth habit (determinate or indeterminate); fruit shape; cultivation
 
methods (in the open or under glass); and whether the fruit is to be consumed
 
fresh or processed.
 

Most of the tomatoes grown in the tropics for home use and local markets are
 
primitive cultivars or local selections.
 

Well-known cultivars which are grown in the tropics for both the fresh market
 
and for home use include the American cultivars : Bonny Best Campbell, Homestead,
 
Indian River, Manalucie, Manapal. Marglobe, Floradel, Pritchard, Rutgers and BWN
 
21 hybrid. Cultivers suitable for processing include the Italian cultivars:Pia
cenza, Roma and San Marzono, and the American cultivar Heinz 1370. In the Far
 
East, Best of All, Early Market and Marglobe are well-known cultivars.
 



tomato, peppers and eggplant.

Table 7. Data on cultivation and seed production of 


seed production
cultivation (with transplanting) 

g k/he plicaweight g per
yield t/ha mean
seed density harvest ion
DH 1000 kg of per


required period
type of vegetable yield seeds fruits plant
 
f a c t r
 o
low high men
 

low high mean
p/ha 

lokg/ha kgk
g/ha x 1000 days(a) h 


tomato (European salad 400 20-30 70-160 5 45 20 1,240 3.3 2-5 3-8 30 150 80 200 

type) 

tomato (local type, wet 
tropics) 

600 20-30 60-120 3 10 6 380 2.5 3-6 6-2 10 50 30 50 

bell pepper 400 30-50 50-130 7 30 18 1,440 5.5 3-6 5-10 25 100 60 150 

hot pepper 500 10-30 90-270 5 15 8 2,770 3.3 25-100 30-80 300 1200 750 1500 

eggplant 800 10-30 80-200 4 25 12 960 4.0 8-40 10-30 80 150 120 150 

(Solaum meZongena) 

African eggplant 600 20-40 60-300 4 16 10 00 3.3 20-40 8-12 120 300 200 350 

(S. marocarpon) 

harvest
(a) days from transplanting to the first and to the last 
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Harvest time for tomatoes in Mexico. Notice the strip cultivation and the
 
use of maize as windbreaks.
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Geography and ecology
 

far the most important
tomato is now by

Originating from C. America, the 


world vegetable by production area, 
commercial value and consumed quantity.
 

a common vegetable throughout the 
tropics.


it has become 


The plant requires moderately high 
day temperatures (21-28

0 C) and moderately
 

cool nights (15-200 C) for optimum growth and development. 
Fruit setting is
 

too high and is inhibited
 
reduced by temperatures which are 

either too low or 
respect to
 

tomato is daylength neutral in 

below 13

0 C and above 38°C. The the dry
 
flowering, but in relatively long days growth may be improved and 


plant cannot tolerate
The tomato
the fruits somewhat higher.
matter content of 

a high relative humidity (80%), both of which favour
 

a badly-drained soil or a high water requirement (8-10 mm/day)
 
the development of diseases and there 

is 

development.
during the period of fruit 


suited for lowlands
 
Both tall and dwarf cultivars are 

available, some are 


others for higher altitude cultivation.
and 


Nutritional importance
 

used in salads, but considerable
are
tomatoes
In temperate regions, most 
 sauces and beverages. In
 
the preparation of soups,
amounts are also used in usually cooked
are
fruits are rarely eaten raw but 
the tropics, however, the 


tomato is rather low,

The nutritional value of the 


for flavouring sauces. 


although better than that of the eggplant. 
If level of consumption is high,
 

may contribute significant amounts of 
carotene, thiamin, niacin and
 

tomatoes 

vitamin C (see table 5).
 

Economic importance
 

cultivated in
36 million tons,

The registered annual world production 

is 


(see table 1) although total consumption 
figures estimate
 

1.6 million ha and
the USA, USSR, Italy, Spain
The leading producers are
38.4 million tons. the
 
Egypt. A proportion of world production, 

particularly that relating to 


recorded.
tropics, has probably not. beean 


are much lower (3-10 t/ha) than they are
 
In the wet tropics, crop yields (15-45 t/ha). This
 

in the drier regions which have lower 
night temperatures 


in these more
 
has given rise to an important regional trade in fresh tomatoes 
the fruit and by its
 

to the perishable nature of 

favourable areas. Also, due 
 of tomato paste has become
 dry season production, the use
restriction to 


many countries have now established canning industries 
in order
 

widespread; 

level of imports.
to reduce the 


Main limitations to cultivation in the tropics
 

generally rudimentary and many
are

Production techniques in the tropics 


important production aids (fertilisers, pesticides and irrigation equipment)
 average
 
are lacking; consequently the level of production is very low. An 


about 20 t/ha is obtained in mountainous regions and in the
 
production of the wet
 
cooler parts of the tropics, but this ie reduced to about 6 t/ha in 


tropics.
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Adequate control of pests and diseases is extremely difficult and, in this
 
respect, very few cultivars which are adapted to the climatic conditions of
 
the wet tropics are available. Limited research on production techniques
 
e.g. spacing, staking, pruning, mulching, control of pests and diseases, and
 
the application of growth regulations has been carried out. The most 
important
pests and diseases in the wet tropics are: bacterial wilt (Pseudomonas), leaf
 
fungi (Alternaria, Botrytis, Cladosporium), root knots nematodes and several
 
virus diseases (tomato mosaic and streak, double virus streak, spotted wilt
 
and cucumber mosaic). Many others have been recorded, which are locally or
 
regionally serious.
 

Breeding and Sermplasm
 

Centres of diversity, collections
 

The primary centre of 
origin of Lycopersicon Zycopersicum (L.) Karst (2n - 24)
is situated in Mexico and in the mountainous regions of the west coast of South
 
America. The progenitor is probably L. esculentum var.cerasiforme (Dun.) Alef.
 
In Peru, Ecuador, Colombia and Chile, 
cultivated tomatoes exhibit spontaneous

crossing with L. pimpinellifolium mill., indicating a close genetic relation
ship. This and other wild species e.g. L. cheesmanii Riley, L. chijense Dun,
 
L. hirautum Humb. and Bonpl. and L. peruvianum (L.) Mill. and some Solanum
 
species are now included in breeding programmes since they provide valuable
 
genes for resistance 
to pests and diseases, such as Fusarium, CZadosporium,
 
Verticillium, Pseudomonas and Meloidogyne.
 

Several large germplasm collections, mainly of old and new cultivars
 
selected in the temperate regions, are being maintained for the use of plant

breeders (see Annex 2). Primitive cultivars 
from tropical regions and wild or
 
semi-wild South American tomato species 
and varieties are not well represented
 
in these collections.
 

Genetics and breeding
 

The tomato belongs to one of the genetically best-known genera of plants

and many genetic factors have been investigated. A great deal of breeding work
 
has been carried out in developed countries (Europe, North America, Japan) and
 
plant breeders are constantly developing new varieties. During the last ten
 
years F hybrids, showing heterosis and combining resistance to several diseases
 
in addion to other desirable factors, have become more 
popular. Cultivars are
 
now available which have complete or 
partial resistance to Fusarium and
 
Vertici~lium wilt, bacterial wilt (Pseudomonas), nail-head spot (Alternaria),
 
leaf mould (Cladosporium), corky root (Pyrenochaeta), late blight (Phytophthora),
 
bacterial canker (Corynebacterium), tobacco mosaic virus, spotted wilt virus and
 
root-knot nematodes (Meloidogyne). Breeding work is currently in progress with
 
a view to limiting damage by khizoctonia soil rot, Stemphylium leaf spot and
 
several virus diseases. Breeding for resistance to various pathogens is the
 
main task of the tomato breeders. Improvement in aualitv (flavour. fruit shape,

colour, vitamin C content, P-carotene content), earliness, and potential pro
duction are also under consideration. Tolerance to salt, resistance 
to crack
ing and good fruit setting at either high or low temperatures are locally im
portant criteria.
 



30
 

Many of the modern high-yielding cultivars appear 
to be suitable for grow

in the tropical, lowlands.
the tropics but not 
ing in the mountainous regions of cultivar screening and
 
the tropics has been mainly limited 

to 

Breeding work in suitable cultivars adapted to
 
testing of cultivars from temperate regions; 
 or non

for the wet tropics generally are therefore 
rare 


the hottest seasons or usually cultivated and these
 
these regions, local selections are 
existent. In they
 

fairly well adapted to high night temperatures and high 
humidities; 


some countries (Guadeloupe,
are 
also.often less susceptible to diseases. In 


are 
 these cultivars have been improved by
 
Mexico, Ghana, Nigeria, India, Hawaii) 


selection and by crossing with exotic 
introductions. The IRAT station in Upper
 

a high
Farako-Ba which has 

a high yielding cultivar named 
Volta has developed 
 Floralou.
 

level of resistance to Pseudomonas, by using the Caribbean c.v. 


new tomato cultivars suitable for processing
The quality requirements of 

total soluble solids (<4.5%),
 

are strict concerning colour (bright red pulp), 


a high content of reducing sugars.
low acidity and 


Recommendations
 

Germplasm
 

South America and of
from Central and 
Germplasm of wild and hybrid types 


primitive cultivars present in various tropical and subtropical countries
 
of primitive
 

should be collected and conserved for breeding 
purposes. The loss 


gradually being superceded by commercial
are
cultivars is very real since these 

evaluate and document
 

cultivars. International cooperation should 
be used to 


the material available in collections.
 

Breeding
 

are well adapted to the
 
producing cultivars which
Breeding work aimed at 


of the wet tropics should be stimulated. The objec
various ecological zones 


or hybrid cultivars which
breeding of true-to-seed
tives should include the 

high night temperatures and a high level 

of humidity, produc
are tolerant to 
 the major tomato
 

in hot weather with general resistance 
to 


ing good fruit set 

to bacterial wilt (Pseudomonas), leaf fungi (Alternaria,
 

diseases, particularly 
 nematodes (Meloidogyne

CLadosporium) the major virus diseases and root-knot 


spp.).
 

3. CAPSICUM PEPPERS
 

CroD information
 

Botany
 
an annual
(Bell pepper, Cayenne, Chili), is 


annuum
Capsicum annuum L. var. 


herb with self-compatible hermaphrodite 
flowers and is widely cultivated in
 

sweet peppers belong to
 
Most of the hot peppers and all the 


tropical areas. a great range
 
this polymorphic cultigen and intercross freely, giving rise to 

Capsicum

fruit size, shape, colour and growth habit. 
of types varying in 


Bird Chili, is a perennial species occuring
 
frutescens L. known as TabAsco or It does not,
a hot pepper.
is generally cultivated as 

in a wild state and 
 or cultivatec
 

the other species. Several other wild 

cross easily with
however, C. pubescens, Ruiz.
 

species of minor importance have been described such 
as 


(cultivated)
 
C. chinense Jacq. and G. baccatum HBK 

var. pendulum Willd. 

& Pay., 
 Heiser and Pickersgill, 1969;
 baccatum (wild) (Eshbaugh, 1974;
and var. 


1971).
Pickersgill, 1969 and 
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The leading sweet pepper cultivar is California Wonder, known for its
 

large, smooth, attractive oblong-shaped fruits. Other popular North American
 
cultivars, bred as pure lines, are: World Beater, Burlington, Yolo Wonder,
 

Keystone, Resistant Giant and Ruby King, all of which have a certain degree
 

of resistance to tobacco mosaic virus. Few cultivars of hot pepper are culti

vated outside their regions of origin and nearly all those grown in the tropics
 

are local selections.
 

Self-pollination in peppers is possible, but, for hot and bell peppers,
 

insect pollination is the general rule. Between 2% and 40% of cross-pollina
tion in areas of pepper cultivation have been recorded, with a mean of 8%,
 

and it is therefore difficult to keep the cultivars true to type.
 

Geography and environmental requirements
 

Hot peppers are widely used as a flavouring ingredient In tropical regions.
 

The mild-sweet types of Capsoicum, the so-called sweet or bell peppers, culti

vated since the last century as a summer vegetable in the Mediterranean area
 

and in North America,.are becoming more popular both in the tropics and in
 
temperate regions.
 

Temperature is particularly important and sweet peppers give optimal growth
 

at day temperatures in the range 21 to 25 °C. Heat injury, retarded growth and
 
poor fruit setting occur at temperatures above 30 C.
 

For hot peppers, optimum day temperatures are 24 -.300 C;. the limits for
 

heat injury are also somewhat higher than they are for sweet peppers. Small

fruited cultivars are more tolerant to hot weather conditions than the large

fruited ones.
 

The water requirements of capsicums are similar to those of cotton (450 mm
 
per annum), but the supply must be regular, particularly for bell peppers.
 

Nutritional importance
 

The nutritional content of hot peppers is relatively high (see table 5) but
 
the intake per meal is generally low (1-4 g per caput). The ANV is extremely
 

high (27.92), due to the high dry matter content. Calculated on a basis of
 

100 g dry matter, the ANV (80.7) is similar to that of bell pepper (82.6).
 

Bell peppers can be consumed in much larger quantities, up to 20 g per meal,
 
and constitute a potentially important food source for nutritional improvement,
 
especially with regard to their vitamin C content.
 

Economic importance
 

Hot pepper is one of the most important commercially grown vegetables in
 

the tropics, and is probably the most important, after the tomato. It is also
 

exported to temperate countries in a dried form, mainly from India, for use
 

as a spice in flavouring sauces and canned products. However, the greater part 
is produced for home consumption. 

Sweet peppers are grown in some tropical and subtropical areas such as 
Senegal, Kenya and North Africa during the winter months for export to Western
 

Europe. The greater part of the sweet pepper production is sold in local markets
 

but the general level of production and consumption in the tropics is low.
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WP _ 

Peppers are integral in
Capsicum peppers on sale in a market in Bolivia. 


the diet of these settlers who come from the Altiplano to cultivate and-live
 

in the lowlands.
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main limitations to cultivation in the tropics
 

Hot pepper cultivation is hampered by many pests and diseases, although
 

to a lesser degree than the tomato. Tobacco mosaic virus is probably the most
 

serious disease, but bacterial wilt (Pseudomonas) and fruit flies are also
 
common problems in pepper cultivation in hot climates. Bell peppers are more
 
susceptible to diseases than hot peppers, especially the wilt diseases such
 

as Pseudomonas, Fusarium and Sclerotium.
 

of suitable hot pepper cultivars are either non-existent
Reliable seeds 

or not available. Good bell pepper seed may be found, but the popular
 
cultivars are relatively unsuitable for growing in the wet tropics and
 

during the hottest seasons.
 

Breediln and Germplasm
 

Centres of diversity, collections
 

The areas of Meso-America and the Andean zone are the primary centres of
 

Capsicum annuum. Since the Columbian era, secondary centres have developed in
 
southern and central Europe, Africa and Asia. The wild variety minimum is
 
probably the ancestor of the cultivated variety annuum. The centre of origin
 

of C. frutescens L.(from C. chinense Jacq.) is also located in Meso-America
 

and, as with C. annuum, secondary centres have arisen elsewhere.
 

Interspecific relationships in Capsicum and the relations between weedy and
 

cultivated forms have beer studied e.g. Eshbaugh, 1970; Pickersgill, 1967,
 

1971). The variability existing in local populations of e. annuum is extensive.
 

Many mseful genes have already been identified in hot peppers and are being
 

used in breeding work. Germplasm collections exist (see Annex 2) in many
 

countries, mainly in agricultural stations where breeding work is being carried
 

out. No systematic records of these collections are currently available.
 

Genetics and breeding
 

Much breeding work has been carried out on bell-peppers, mostly in the USA,
 

but also in France, Italy, Japan, Brazil, USSR, India and European countries
 

such as Czechoslovakia, Bulgaria, Hungary. Important criteria for selection are
 

a high yield, resistance to virus diseases (tobacco and cucumber mosaic), good
 

fruit shape with a sweet, non-pungent taste, few seeds, and early production wTth
 

a first harvest approximately 60 days from transplanting. Cultivars such as
 

Allbig give good fruit setting in hot weather. Some cultivars of Hungarian
 

paprika, with an elongated conical shape, have been selected for a high paprika

atoma content, thin skins facilitating drying, and for the production of a bright
 

r d powder on dehydratuin. More advanced techniques, such as the application of
 

haploidy, tetraploidy, cytoplasmic male sterility and heterosis breeding are
 

already being used by plant breeders. For mechanised cultivation, types with a
 

compact habit, determinate growth and simultaneous ripening are required.
 

The breeding of hot peppers is at a much less advanced stage. In the USA
 
annuum) and types of
cultivars such as Anaheim and Chili Cayenne (both C. 


C. annuum have been
Tabasco (C. frutrecens) are widespread. The cultivars of 

such as 120 days from transplanting to fruit harvest
selected for early yield, 


compared with 150 days for normal cultivars, L high capsaicin content (the factor
 

governing pungency), smooth shape for canning and thinwalled furits for drying.
 
tropical countries such as Ethiopia, Ghana,
Several horticultural stations in 
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Ivory Coast, Nigeria, Philippines, Mexico, Puerto Rico, India and Korea 
have
 

programmes directed towards the improvement of the loaal hot pepper cultivars,
 

mostly by simple cultivar testing but also by hybridisation. The improvement
 
of types suitable for
 

of disease resistance in the locally preferred types and 


to be the most important objectives.
export as dried hot peppers would appear 
 (tobacco
(Pseudomonas), virus diseases 
Donors for resistance to bacterial wilt 

cucumber mosaic) and Cerco3pora have been found, the hot
 

mosaic, tomato etch, 

to possess resistance to Fusarium
 

pepper cv.-College No. 9 Chili has bien found 

are not frequently attacked
 Local West African (thick-walled) hot peppers
annum. 


an obvious resistance to Sclerotium (cv. World
 
by fruit flies. There exists 


variation in susceptib'ility to nematodes and Aphis

Beater) and Phytophthora; 

has also been noted in several cultivars.
 

Recommendations
 

Germplasm
 

the primitive and older cultivars of
Genetic material may be lost as 

newer ones. An inventory should therefore be
 sweet pepper are replaced by 


fewer risks of genetic

made of existing germplasm collections. There are 


erosion occuring in the various hot pepper populations grown in the tropics
 

or in the wild and semi-wild Capsicum species existing in Central and South
 
germplasm source is advis-


America. However, collecting and testing of this 


able, in order to make it available to plant breeders in other tropical regions.
 

Breeding
 

produce bell pepper cultivars which are
Plant breeders should aim to 


suitable for tropical climates; these should combine many types of disease
 

a high vitamin C and pro-vitamin A content.
resistance with 


Hot pepper cultivars should be selected for resistance to virus and to
 

for high yielding performance.
fruit flies and 


4. EGGPLANT
 

Crop information
 

Botany
 

eggplant, garden egg, aubergine, terong, aikwa and brinjal apply
The names 

to several Solanum species with fleshy fruits, S. metongena L. being 

the most
 

commonly cultivated species. S. anomalum Thonn., S.macrocarpon L., S. aethiopicum
 
are
 

L., S.incanum L., S. dupZosinuatum Klotsch. and several other minor species 


cultivated in Africa and S.quitoense Lam., S.muricatum Ait., S.topiro Humbo.&
 
cultivated not
Bonpl. in C. and S. America. S.aethiopicum and S.macroarpon are 


). In S.E. Asia
only for the fruits but also for their edible leaves (see 105 


small fruits of S. ferox L., and S.torvum Swartz. are eaten,
 

S. melongena is self-compatible and highly self-pollinating. In hot,
 

humid climates up to 20% cross pollination from surrounding plants may occur,
 

by insects or by the wind.
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Principal cultivars are: Black Beauty, Florida Market (resistant to
 
Phomopsia fruit rot), Black Magic (an early hybrid, the first harvest being
 
produced after 72 days), Improved Long Purple, Peradeniya, Florida High Bush
 
and Improved Muktakesu (resistant to cercospora). In most countries, however,
 
local cultivars are more commcn taz zha high yielding exotic cultivars since
 
they are more adapted to the prevailing ecological conditions and are preferred
 
by the local population. Local cultivars exhibit a wide range of colour forms
 
and shapes. Colour varies from white, yellow, green to purplish-black and shape
 
from short to long and ovoid to sausage-shaped. Many of the other species have
 
much in common with S.meongena and are liable to the same pests and diseases.
 

Geography and ecology
 

Eggplants are cultivated in most tropical and subtropical areas, also in
 
temperate areas which have a warm summer. Optimum day temperatures range from
 
25-35 C and optimum night temperatures from 20-27 C. Eggplants are more aus
ceptible to low temperatures than tomatoes or peppers and cannot tolerate frost.
 

Eggplants grow well in the wet tropics. They are less susceptible to
 
diseases than ither the tomato or s(eet pepper. As far as is known, the
 
primitivc African species have the same ecological requirements as S. mezongena
 
but the South American species prefer a cooler climate. There is no reported
 

daylength reaction.
 

Nutritional importance
 

The fruits of eggplants have a somewhat lower nutritional value than those
 
of tomato (see table 5). The intake of eggplant fruits per meal may be relativel
 
high, up to 200 g/caput.
 

Economic importance
 

The eggplant is an important vegetable in Central, S. and S.E. Asia and also
 
in some African countries. In the Ivory Coast, for example, S. maciocarpon and
 

S. incanum are ranked second in the quantity of vegetables consumed (about 4 kg/
 

caput/year), and are placed after okra and before tomatoes and peppers. It is a
 
common market vegetable in most tropical countries but most of the production
 
from home gardens or in mixed cropping with staple food crops is for home use.
 
It is also an important vegetable in the subtropics (India, North Africa, Centra'
 
America) and in the warm temperate regions (Mediterranean area, Central Asia,
 

America).
 

Main limitations to cultivation in the tropics
 

The eggplant is liable to various wilting diseases (Pseudomonas. Fusarium.
 
VertioiZZium, ScZerotium) and is susceptible to root-knot nematodes (Mezoidogyne,
 

Many other locally important pests and diseases have been reported. Leaf curl
 

is a serious virus disease in many parts of Africa and Asia.
 



36
 

Breeding and Rermplasm
 

Centres of diversity, collections
 

secondary

24) probably originated in India and shows 
-Solanum melongena (2n - 24), S. macrocarpon. (2n 

diversity in China and S.E. Asia. S. aethiopicum (2n 


36?) and S. incanum (2n - 24) originate from tropical Africa. 
S. quitoense
 

On - and S. topiro (2n - ?) all originate from S. 
- 24)
(2n - 24), S. muricatum (2n 

mainly cultivated there although limited plantings 
of S. muricatw 

America and are 
About 100 old and modern cultivarG 

of S. melon
have been observed in Ethiopia. 
 the USA, USSR and in breeding instit
gena have been collected in seed banks in 

advance
more
numerous primitive or 

utes in Europe. Few collections of either the Indonesia.
interest is shown in these in 

local cultivars have been reported but 


Genetics and breeding
 

Much breeding work (pure line selection) has been carried out, 
mostly
 

eggplant withstands
 in India, Sri Lanka and elsewhere. The 
in the USA but also 

a limited response to heterosis. Hybrid 

varieties have
 
inbreeding and shows not yet widely cultivated.
 
been bred, applying male sterility, but these are 


In
 
In Hawaii, the high yielding cv. Waimanalo Long has 

been selected. 

used in breeding


India, interspecific hybrids with wild Solanum species 
are 


insect damage by Leucinodes
 
for resistance to root-knot nematodes and to 


to leaf spot (Alternaria) has also been
 
(fruit and shoot borers). Resistance 


tolerant to VerticilZium
 
obtained. In Brazil, cultivars are selected which are 


wilt and anthracnose (Colletqtrichum). In Japan, S. integrifolit'm (? syn.
 

a parent for the introduction of disease resisas
S. incanum) is being used 

Nihon Nassu possesses resistance to bacterial 

wilt
 
tance. The Japanese cv. 
 a breeding programme for
 
(Pseudomona8) and to anthracnose. In Guadeloupe, 


bacterial wilt resistance is in an advanced stage. A cultivar Madinina whilh
 

already being commercially grown and a tolerant
 is tolerant to bacterial wilt is 

high yielding and contains very few seeds, has 

been
 
cultivar Bulacan, which is 


eggplant species other than
 
reported from the Philippines. Breeding work on 


some testing of local
non-existent, except for 

S. meZongena is either scarce or 


the Ivory Coast and Ghana, screen
cultivars of S. macrocarpon and S. itncanum in 

diseases in Nigeria, and testing of
 ing of S. macrocarpon, S. aethiopicum to 

S. America.
local cultivars of S. quitoense in 


Recommendations
 

Germplasm
 

other eggplant species in all
 
Primitive cultivars of S. meZongena and of 


are being rapidly replaced by more advanced, high 
yielding


tropical countries 

S. melongena cultivars. Much material is still present in Asian countries but
 

noticeable erosion in Indonesia and the Philippines and some 
danger
 

there is 
 for use in
 
in Thailand and Malaysia. The cct'.action of other eggplant 

species 


breeding is recommended and material should be screened for the presence of
 

genes for disease and pest resistance.
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Breeding
 

Resistance breeding to wilt diseases 
and root-knot nematodes should have

first priority. Useful 
types for wider distribution may be found within the
local eggplant populations, for example, 
the West African S. macrocarpon,

which is cultivated for the leaves and 
fruits in 	home gardens and in commercial

plantings 	although S. macrocarpon is susceptible to Cercospora.
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(marrows). There is a wide range of
Examples of fleshy cucurbit fruits 


diversity in these vegetables thoughout the tropics.
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IV. CUCURBITS
 

L. GENERAL
 

In Chapter II it was shown that cucurbits are an extremely important group
 
)f vegetables in both temperate and tropical regions. In this chapter, only
 
:he most important species which are cultivated 	for fruits will be dealt with.
 
lowever, leaves, flowers, seeds and even the roots of some cucurbits are used
 
as food. Only one species, Telfairia occidentaZis Hook. f. is cultivated
 
primarily for leaf production and is therefore 	listed with the leafy vegetables
 
in chapter S. Several species are cultivated for the dry seeds which are rich
 
in protein and oil and are therefore comparable with groundnut and soya, e.g.
 
the climbing Cucumeropsis edulis (Hook. f.) Cogn.,Telfairia occidentalie, the
 
twining Citrullus lanatus, (Thunb.) Mansf., some Cucurbita spp. and Lagenaria
 
siceraria (Molina) Standl. The most important species in Africa for seed pro
duction is CitrulZue Zanatus from which oil is commercially extracted (see 4.2.).
 

The nutritional composition of some important cucurbits has been presented
 

in table 5. Nearly all the fleshy cucurbit frults have a poor nutritional com
position. Exceptions are the yellow-fleshed pumpkins and melons which have 0
 
high B-carotene content and the bitter gourd which has a high iron and vitamin
 
C content. The fleshy cucurbit fruit is appreciated in developed countries as
 
a low calorie flood.
 

In the tropics, the daily intake of these fruits may be high, their con
tribution of vitamins and minerals should therefore not be underestimated.
 
Pumpkins (Cucurbita spp.) may even serve as a source of carbohydrate. Cucumbers
 

are eaten raw in saladq, melons and watermelons are consumed in a ripe state as
 
dessert fruits and either the immature or the ripe fruits of many other vege
table cucurbits are cooked.
 

The cucurbits form a distinct group of opecies with many similarities in
 
botany, agronomy, ecological requirements a-'d susceptibility to pests and
 
diseases. Nearly all are monoecious plants weth unisexual flowers which are
 
pollinated by insects. Cucurbits grow well at day temperatures between 20 and
 
35 C; they cannot tolerate frost or strong winds. Low temperatures and a
 

high relative humidity stimulate the development of female flowers. Cucurbits
 

may show a slight photoperiodic reaction to short days. Some tropical cucurbits,
 
such as Cucurbita moschata Duch. appear to require short days for flowering.
 
The main species of cucurbits are described in the following sections:
 

2. CitruZue Zanatus (Thunb.Y Mansf. - watermelon
 

3. Cucumis meZo L. 	 - melon, muskmelon, canteloupe
 

4. Cucumis sativus L. 	 - cucumber, gherkin
 

5. 	 Cucurbita spp. - pumpkins, squashes, vegetable
 
marrow
 

6. 	 Benincasa hispida (Thunb.) Cogn. - waxgourd, white gourd, Chinese 

preserving melon 
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7. 	 Lagenaria oicerarla (Molina) Standl. - bottle gourd, white
 
flowered gourd
 

8. Luffa aegyptiaca Mill. 	 - loofah, sponge gourd
 

- bitter gourd, calabash
9. Momordica charantia L. 


10. Sechium edule (Jacq.) 	Swartz - dhayote, guisquil
 

Many other cucurbit species 	are cultivated in the tropics for the produc
tion of either young or mature fruits but they are of local importance only.
 

Since they have a low nutritional content and no apparent economic value, they
 

are not fully described here. Examples are:
 

Cucumis anguria L. : 	 West Indian gherkin, (young fruits used
 
raw) New World (See Meeuse, 1958)
 

- Coccinia grandis (L.) ivy gourd (Young and ripe fruitb and 

Voigt leaves) India, S.E. Asia 

- Cyclanthera pedata (L.): korila. Young and ripe fruits and 
Schrad. shoots. Latin America especially 

Mexico and the Himalayas 

- Trichosanthes oucumerina snake gourd (young and ripe fruits) 
L. : W. Africa, Latin America, India,
 

S.E. Asia.
 

cucurbits are shown in table 8.
Notes on cultivation and seed production of 


2. WATERMELON
 

Crop information
 

Botany and cultivars
 

Citrullus Zanatus (Thunb.) Mansf. (2n - 22) is a shortlived trailing 
plant yielding 2-10 kg/annum of heavy, juicy, sweet fruits. It is widely 
cultivated in the drier lowland regions of the tropics. At least 300 local 
and modern cultivars have been described. Charleston Gray, Mississippi,
 
Sugar Baby, Chilian Black, Black Diamond, Congo and Crimson Sweet are
 
cultivars which are particularly suitable for growing in the tropics. Many
 
local cultivars are known, most of them occuring in S.E. Asia and India.
 

In Africa, local cultivars with bitter fruits are widely cultivated for
 
the edible seeds. These seeds, called 'egusi' in W. Africa, are an interest
ing product of the traditional mixed cropping system, giving an additional
 
crop with a high nutritional value. Very little information on this locally
 
important crop is available. The fruits of several wild types are also used
 
as a stewed vegetable.
 

Geography and ecology
 

Watermelons require a relatively dry, warm climate and a dry period is
 

essential for fruit setting. It is a popular dessert fruit in the near East,
 

North Africa, Latin America 	and S.E. Asia. Commercial cultivation during the
 

dry season, under irrigation, is very common. No specific reaction to day

length 0 has been reported. The optimal day temperature range is between 25
 

and 30.C.
 



Table 8. Data on caltivation and seed production of cucurbits. 

matriy 

maturityspcistyewhen 

species, type frit
used 

dc 

seedneeded 

kg/ha 

density 

hills 
/ha 

u 1000 
X 1000 

u 1 t i v 

havsharvest 

period 
a 

days 

a ti o n 

ield t/ha 
l high mean[ 

s e e d 

weight No. 
1000 per 
seeds fruit 

g 

p r 

g 
per 
plant 

o d u c t io n 

kg/ ha 
low high mean 

multi
cation 
factor 
kg/kg 

Citrullus 
Zanatus ripe 2-4 5-10 90-120 8 40 12 70 50-250 35 100 400 250 125 

Cucumis melo ripe 2 15 75-120 5 20 8 25 50-500 20 100 600 300 150 

Cucumis 
sativus 

Cuourbi tamaxima 

young 

ripe 

2-5 

2 

10-25 

5 

60-150 

90-150 

10 

6 

50 

20 

30 

10 

25 50-250 

170 100-600 

25 

50 

150 800 

200 800 

400 

500 

160 

250 

Cucurbita 

p"po 

Benincasa 

hispida 

young 

young 

4 

2 

20 

8 

50-120 

80-160 

10 

10 

30 

80 

15 

20 

70 

70 

50-200 

100-250 

25 

30 

200 800 

ICO 400 

450 

250 

110 

80 

Lagenaria 
siceraria 

Luffa cylin
drica 

young 

young 

3 

3 

6 

3-15 

100-180 

80-180 

10 

8 

30 

15 

15 

11 

150 

90 

50-250 

50-250 

70 

30 

200 600 

100 400 

400 

;50 

130 

80 

Momordica 
charantia few days 

before 
ripe 

5 40 70-110 5 15 8 60 20-150 10 100 400 210 50 

Sechium edule ripe 500 2 120-360 20 150 60 - 1 - - - - 120 

a days frcm transplanting to the first and to the last harvest. 
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Nutritional importance
 

The nutritional value of watermelon is very low, lower even than that of
 

cucumber (see table 5). Seeds are particularly valuable and African cultivars
 

may contain 50% oil and 35Z protein with high amounts of essential minerals
 

(Fe, Ca, Zn, P, K, Mn). Amino acid composition compares with soyabean but melon
 

seeds have limited lysine and methionine (Oyenuga and Fetuga, 1975)
 

Economic importance
 

Watermelons are highly commercialised and constitute an important product
 

of city markets. The fruits are easily damaged and, in a warm and humid atmos-

phere, they can be stored for short periods only. This vegetable is not parti

cularly suitable for intensive production and for home gardens since it requires
 

a large area for full development.
 

Main limitations to cultiva:ton in the tropics
 

Modern cultivars of the watermelon are extremely susceptibl2 to pests
 

and diseases. Plants are often attacked by aphids, cucumber beetle and other
 

insects. The ripe fruits are often seriously damaged by fruit flies and the
 

melon fly. The main diseases are: Cercospora leafspot, anthracnose
 

(CoZZetotrichum), Fusarium wilt, downy mildew (Pseudoperonospora), powdery
 

mildew (Sphaerotheca, Erysiphe), and mosaic virus. The plant is also very
 

susceptible to root-knot nematodes.
 

Breeding and germplasm
 

Centres of diversity, collections
 

The species probably originated in tropical Africa, where numerous wild
 

types are present. It has been cultivated in the Mediterranean area and in
 

Asia for several thousand years where secondary diversity occurs.
 

Large collections of old cultivars are maintained at the breeding stations
 

and gene banks mentioned in Annex 2; the largest is probably in Beltsville,
 

(USA).
 

Genetics and breeding
 

Much breeding work has been carried out on watermelon, mostly in the
 

USA. Japanese breeders developed the first commercial seedless triploid
 

cultivars and, iw the USA hybrid cultivars which have been produced using
 

male sterility are becoming popular. Both yield and quality are high.
 

Cultivars with a firm outer skin, useful in long-distance shipping, have
 

also been developed. Resistance to various diseases has been obtained by in

tensive hybridisation between local and wild types, e.g. resistance to
 

Fusarium wilt and different raced of anthracnose.
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Recommendations
 

Germplasm
 

Both wild forms and primitive cultivars should be collected from tropical

Africa, although genetic erosion in 
this African material is not yet widespread.

Local cultivars grown in Asia, however, could easily be lost 
as they become re
placed by high-yielding commercial cultivars.
 

Breeding
 

High priority should be given 
to breeding work on this economically and
 
socially important vegetable. Selection of watermelon cultivars with horizontal
 
resistance to many pests and diseases, with a view to successful cultivation
 
in the wetter parts of the tropics, should be initiated. More attention must
 
be paid to research and breeding programmes on the West African types which are
 
grown for their seeds (e.g. cvs.. Bara, Serewe and Sofin in Nigeria).
 

3. MELON
 

Crop Information
 

Botany and cultivars
 

Cucumin melo L. (2n - 24) is a short-lived, twining, monoecious plant with
 
predominantly unisexual flowers, individual plants yielding 0.5 - 2 kg of
 
heavy, juicy fruits. Growth is less vigorous than that of watermelon. Many

p-imitive and modern cultivars 
are known. In the USA, muskmelons, canta
l.oups and winter melons are distinguished. Some popular American varieties,
 
cultiFated in many countries, are: Hale's Best, Honey Dew, Honey Rock and
 
Smith's ?erfect. Each production area has preferred cultivars. In India and

S.E. Asia, approximately 100 local and commercial are 
grown. Cucumis meZo
 
convar. conomon (Thunb.) Greb. is a pickling melon which is cultivated in
 
China and S.E. Asia for the ripe fruits which are used as a cooked vegetable.
 

Geography and ecology
 

Melons 
are mainly grown during the dry season in the subtropics and are
 
difficult to grow in the tropics except in low rainfall regions. They prefer

somewhat lower temperatures than watermelons, the optimum growing temperature
 
range being 20 to 35 0C.
 

Nutritional importance
 

The nutritional value of white-green fleshed melons is higher than that
 
of watermelons, owing to a greater vitamin C content. The deep yellow musk
melons or cantaloupes also have a much higher p-carotene content 
(1.7 mg/100 g)
 
than the green-white fleshed melons (0-0.1 mg/100 g).
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Economic importance 

Melons are a more 	popular fruit vegetable in developed countries than
 

are much less important in tropical developing countries.
watermelons, but they 


Main limitations to cultivation in the tropics
 

Melons are affected by the same pests and diseases as watermelons. They
 

are very susceptible to shoot borars and fruit flies and cannot be grown
 

successfully in wet climates. Melons may also suffer serious damage from
 

downy mildew (Pseudoperonospora), powdery mildew (Sphaerotheca) and bacterial
 

soft rot (Erwinia).
 

Breeding and germplasm
 

Centres of diversity, collections
 

The melon originated in tropical and subtropical Africa, where many
 

wild types occur. Secondary centres of diversity are the older cultivation
 

areas in Asia (China, India, Iran, USSR: see Leppik, 1966). Working collec

tions are maintained at several gene banks and at stations where breeding
 

work is carried out (see Annex 2).
 

Genetics and breeding
 

A great deal of breeding work on melons has been initiated, mostly in
 

the USA. Hybrid varieties with resistance to Fuoarium wilt and to powdery
 

and downy mildews have been developed. The advanced cultivars combine high
 

yield and quality 	with resistance to several disea3es.
 

Recommendations
 

Germplasm
 

There appears to be no significant risk that the wild and partly wild
 

forms of Cucumis melo will disappear from tropical Africa; it is possible
 

that some have genes for disease resistance. Primitive ,.merican and
 

Mediterranean cultivars have been collected. There is, 
,owev2r, a danger
 

that local Asian cultivars will be lost.
 

Breeding
 

If breeding work for the tropics is considered, increasing the carotene
 

content should bg an important objective although the production of cultivars
 

with a high degree of pest and disease resistance should have the first
 

priority.
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4. CUCUMBER
 

Crop Information
 

Botany and cultivars
 

Cucumis sativus L. (2n - 24) is a monoecious, annual, climber or creeper. 

The fruits are used in an unripe state - in temperate regions they are usually 
eaten raw in salads or pickled, but they are also stewed in tropical regions. 
Many cultivars of this ancient cultigen exist, often with varying ecological 
requirements. Cultivars which perform well under tropical conditions include:
 
Tex Long, Ashley, Fengshan Green and Poinset, the latter having a high resis

tance to powdery and downy mildews. 'Eprix' pickling cucumber has some resis
tance to nematodes. Southern Cross, Market King and Pixie are recommended for
 
the Pacific Islands.
 

Geography and ecology
 

Cucumber is .an old cultigen from Asia and the Mediterranean area,
 
cultivated for centuries. It is a typical vegetable of warm temperate and
 
cool tropical areas. The optimum range of day temperatures is between 22
 

and 300c. The pickling cucumber cultivars, also called gherkins, prefer a
 

somewhat cooler climate than cucumbers.
 

Nutritional importance
 

The calorific and nutritional value of cucumbers is very low (see table
 
5). It is a popular vegetable in developed countries where there is an ex
cessive calorie intake. Owing to the very high yields obtained (see Table
 
6) the nutrient production per ha is reasonable.
 

Economic importance
 

The cucumber is, after the tomato, the second most important vegetable
 
species in W. Europe, where it is cultivated mainly in glasshouses. In the
 

subtropics and tropics, however, the cucumber is much less important. It is
 

rarely cultivated in tropical Africa and America, but is more popular in Asia,
 

particularly in the cooler areas. The export of cucumbers and pickling cucumbers
 
to temperate areas could become economically important for some regions.
 

Main limitations to cultivation in the tropics
 

Diseases of watermelons may also affect cucumbers, but to a more serious
 
extent. During the wet season, many leaf diseases, including mildews, cause
 
a serious loss of production.
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Oreeding and germplasm
 

Centres of diversity, collections
 

from Asia (Himalayas, Burma, and! North
 
The cucumber probably originates 
 present e.g. V. hadwickii
Cucumis are 


India) where wild and weedy types of of the
in Africa. Secondary centres
occur

Royle. Related wild Cucumis species 
 for plant breeders
 

China and the Near East. Many oollections
in
cucumber are 
 and more advanced
 
(see Annex 2), comprising both primitive races 
are available 


cultivars.
 

Genetics and breeding
 

the breeding and genetics of cucumber has been
 
A great deal of work on 


best known vegetable species. Parthenocarpic
is one of the
done. Genetically, it 

and hy')rids exhibiting heterosis have
 cultivars have been developed,
and female 


lines. Resistance to many diseases has 
been obtained
 

been produced from female 

important being resistance to powdery and downy
most
by hybridisation, the 
 (Erwinia) and
 

mildews, anthracnose, acab (Cladosporium), bacterial soft tot 


mosaic virus. Interspecific hydridisation may 
open new perspectives.
 

Recommendations
 

Germplasm
 

With increases in breeding programmes and commercial seed productionthe
 

and other parts of Asia should be collected
 old cultivars from india, China 


systematically for conservation, especially since 
material from secondary
 

to be useful in breeding resistance to diseases.
 
centres of diversity are known 


Breeding
 

Selection work should aim at producing suitable 
cultivars for the hot
 

to the cucumber in these
 
and wet tropics but no priority should be 

given 

the nutritional value very


the economic importance is limited and 
areas, as 

low. 

5. PUMPKINS AND SQUASHES
 

Crop information
 

Botany and culti'!ars
 

called pumpkins, winter squashes, summer
 The fruits of Cucurbita spp. are 

give no indication of the
 

squashes or vegetable marrows, but these 
names 

are C. pepp
commonly cultivated species

relevant botanical species. The most a hard
Cucurbita'spp. with 

L., C. moschata Duch. and C. maxima Duch. Fruits 

of 
are called 'winter
 

outer skin, suitable for long storage and 
used when ripe, 


term also includes the 'pumpkin'; this type

the USA. This latter
squash' in 
 are yellow-fleshed


is the one most commonly grown in the tropics. Pumpkins 

the species C. maxima. Some important
and are normally described as belonging to 


Cheese and Cushaw and Baby'elica, Butternut,
 pumpkin cultivars are: Sugar, 

..... 1--4 .- gPnepA, in the Pacific Islands. 
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Summer squash or vegetable marrow (mostly C. Pepo)'is the name given to
 
Cuourbita spp. consumed when immature. Well-known cultivars are: Long White,
 
Cocozelle and Zucchini, all bush types of Italian origin. Other cultivars
 
have a vine-like growth habit, such as Crookneck and Straightneck.
 

Winter squash cultivars include: Table Queen and Hubbard. Many local
 
cultivars of pumpkins, marrows and (winter) squash are known in the subtropical
 
and tropical areas, i-zncipally in S.E. Asiu, and Meso America, less so A'rica.
 
The tropical lowland pumpkins are generally referred to as C. Moechcta.
 

Geography and ecology
 

Pumpkins, and to a lesser e:ctent marrows, are popular vegetables in Asia
 
and Latin America, but are less widely grown in Africa. Pumpkins are cultivated
 
Jn home gardens, on refuse heaps, and also as inter-crops in the fields e.g.
 
together with maize. In addition to the ripe fruits, the flowers and young.
 
leaves are also eaten. The bushy type of marrow is cultivated by commercial
 
vegetable growers. Performance is better in wet areas than in dry and they
 
may be grown during the r,'iny. season when melons and watermelons are less
 
successful. Pumpkins ad squashes are grown from sea-level up to altitudes
 
of 2000 m.
 

Nutritional importance
 

The nutritional value of the Cuourbita species with yellow or red flesh
 
is higher than that of cucumber, due to the high carotene content (see table
 
5). In the unripe state, the nutritional value of' the fruits of marrow is much
 
lcwer. However, their consumption is less widespread than that of pumpkins
 
or squashes, which are generally consumed in the ripe state. Pumpkin leaves
 
are a popular leaf vegetable in Asia (Philippines) and W. Africa.
 

Economic importance
 

Pumpkins are sold in tropical markets as a cheap form of produce which is
 
4
of i. nor importance. Cultivation is relatively easy and the level of produc

tion is i.lgh. Pumpkins store well over long periods, especially the hard-rind
 
winter squashes.
 

Main limitations for citltivation in the tropics
 

Pumpkins are subject to the same diseases as watermelon, but to a lesser
 
extent. In hot, wet tropical climates, many fruits may be lost due to
 
Choanephora wet rot, and AZternaria leaf spot may cause moderate infections.
 

Breedin and Rermplasm
 

Centres of diversity, collections
 

Cucurbita spp. are native to the southern part of N. America, Mexico and
 
C. America south to N. Argentina. C. ZundeZZiana Bailey is probably the pro
genitor of the group of cultivated species and they are related to several
 
other w~ld or weedy species. C. Maxima shows secondary diversity in India.
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In parts of S.E. Asia there are very old introductions of Cucurbita app.
 
Breeding stations maintain working collections (see Annex 2).
 

Genetics and breeding
 

Breeding problems in marrows (C. pepo) have received much attention in
 
the USA. and S. Europe. High yielding hybrid cultivars are now becoming

popular. Hany interspecific crosses between related cultivated and wild
 
species have been produced and offer interesting possibilities for breeding
 
high disease-resistant cltivars. Amphidiploidy and embryo cultures are use
ful techniques for creating such species hybrids. In Japan and the USA.,
 
commercial cultivars of the hybrids of the three major cultivated species
 
have been developed. Little, if any, work appears to have been done on
 
tropical pumpkins.
 

Recommendations
 

Germplasm
 

Ancient tropical cultivars are in some dander of disappearing with the
 
introduction of modern commercial cultivars, but, to date, the danger appears
 
to be slight.
 

Breeding
 

Screening of various tropical cultivars of the yellow-fleshed pumpkins
 
and further improvement by hybridisation is highly desirable. The yield
 
potential should also be improved.
 

6. WAX GOURD
 

Crop information
 

Benincasa hispida is a vigorous, annual, climbing or creeping plant. At
 
least ten different local cultivars are known in S.E. Asia, mainly differing
 
from each other in fruit shape. The fruit weight varies from 1 to 40 kg. Some
 
crops are grown for the production of immature fruits, but the ripe fruits,
 
which can be stored in a cool, dry place for at least six months, protected
 
by their wax outer layer, are more widely used.
 

Geography and ecology
 

Benincasa hispida is an important vegetable in southern China, India and
 
all countries of S.E. Asia, being grown from sea-level up to altitudes of
 
1,500 m. It has been introduced into Cuba and is found in a few regions of
 
America, especially the southern USA, where there are Asiatic communities.
 

The plant requires a hot and moderately humid climate. In N. India it has
 
been demonstrated that the highest production (20 t/ha) is obtained from eow
ings from June to August, flowering taking place in October-November; both
 
cool weather and short days during these months stimulate the development of
 
female flowers.
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Nutritional importance
 

Although young leaves, flowers and both immature and mature seeds may be
 

consumed, the main product of the wax gourd is the mature fleshy fruit, the
 
seeds of which are removed before cooking. The food value is very low and is
 
comparable with that of cucumber (see table 5). It contains no pro-vitamin A.
 

Economic importanc
 

The wax gourd is cultivated in home g.rdens, with supports, but is also
 

grown as a cash crop in the field without supports. It is a highly commercial

ised vegetable due to the fact that the fruits can be stored for appreciable
 

periods without deterioration.
 

Main limitations to cultivation
 

The wax gourd is not very susceptible to pests and diseases. Fruit flies
 

may damage the young fruits and caterpillars sometimes feed on the leaves.
 

Serious fungal diseases, however, have not been reportud. The production level
 

is low, compared with that of the cucumber.
 

Breeding and germplasm
 

Centres of diversity, collections
 

Although cultivated throughout tropical Asia, the origin of this cultigen
 

is probzbly Indonesia. No wild relatives or ancestors are known. Small working
 

collections are available at horticultural stations in S.E. Asia and India
 

(see Annex 2).There appears to be no urgency in collecting in Thailand, 

Malaysia or Indonesia. 

Genetics and breeding
 

Some selection work on local cultivars has been reported from India and
 

Japan, where the wax gourd appears in seed catalogues.
 

Recommendations
 

Germplasm
 

for plant breeders is recommended
The collection of primitive cultivars 

but there appears to be no danger of losing such cultivars at present.
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Breeding
 

Selections of highly productive cultivars of good quality, within the
 

available material through variety testing and inbreeding, is advised.
 

7. BOTTLE GOURD
 

Crop information
 

Lagenaria siceraria (Mol). Stand1. (2n - 22), the bottle gourd or calabash
 
gourd is a vigorous creeping or climbing annual plant. It is mainly cultivated
 
for ths hard fruit skin, which is used in the manufacture of domestic utensils.
 

Other cultivars are grown as vegetables, the young fruits and, occasionally,
 
the ripe seeds, being eaten.
 

Many local cultivars with various shapes are grown, but commercial varieties
 

are also available.
 

The bottle gourd is a popular vegetable in China, India, S.E. Asia and
 

Sri Lankc where fruits have been selected which are less bitter. It is grown
 

for the market and for domestic use. The crop is well adapted to a hot, dry
 

climate.
 

The fruits have a low nutritional value (ANV-1.61), comparable with that
 

of cucumber.
 

The bottle gourd rarely suffers from diseases and pests although plants
 

are susceptible to anthracnose during the rainy season in India. The production
 

level is low, compared with that of cucumber. The storage life is very limited,
 

Breeding and germplasm
 

Several wild species*of the genus Lagenaria occur in tropical Africa,
 

which may be a centre of diversity. It spread throughout the tropics at an
 
early date and secondary centres are present in tropical America, Brazil,
 
India and S.E. Asia, where the types eaten as a vegetable are to be found.
 
Some material is available in national institutes, particularly in India.
 

Some research and breeding is carried out in India. Hybrid varieties are
 

still in an experimental stage.
 

Recommendations
 

Although not generally in direct danger of genetic erosion (although this
 

is clearly evident in Indonesia) an evaluation of local cultivars could be
 

useful. Since this vegetable is only of minimal economic importance on a world
 

scale and, since the nutritional value is low, a low priority should be given
 

to breeding programmes. The yield potential requires improvement.
 

http:ANV-1.61
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8. LOOFAH
 

Crop information
 

Luffa aegyptiaca Hill. (2n - 26), the loofah, vegetable sponge, sponge 
gourd or rag gourd, is a very robust climbing annual cucurbit, widely grown
 
for its ripe fruits which yield a fibrous, spongy material. The young fruits,
 
however, are often used as a cooked vegetable. Sjacial vegetable cultivars
 
of loofah are grown specifically for.this purpose and seed is commercially avail
able. Luffa acutangula (L.) Roxb., the ridge gourd, is cultivated in the Fer
 
East to a lesser extent fhan L. aegyptiaca, but for the same purposes.
 

The loofah is widespread in the humid tropics, but is only important
 
as a vegetable in India and S.E. Asia. It thrives *ell in the tropical low
lands and in areas with day temperatures above 2' .
 

The nutritional value is rather low (ANV- 2.04) which is comparable with
 
that of the wax gourd. It has a short storage life. Loofah is grown mainly
 
in home gardens, where plants are supported by trellises or fences; it thrives
 
well on the poorer sands. It is a cheap vegetable, sold in markets in many
 
regions of Asia.
 

Breeding and germplasm
 

Primary gene centres probably occur in tropical India. Some other Luffc
 
species also occur here: L. graveoZena Roxb. the progenitor of both cultivated
 
species and other species probably best regardedas forms of L. aegyptiaca and
 
L. acutanguZa. Some testing of local cultivars has been reported from India.
 

Recommendations
 

There is no imminent danger of genetic erosion. This vegetable is of minor
 
economic importance and has a low nutritional value. In general, no high priority
 

for breeding work is recommended, although collection and use in breeding of
 
old cultivars in Malaysia and the Philippines are recognised in these countries.
 

9. BITTER GOURD
 

Crop information
 

Nomordica charantia L. (2n - 22) is a slender, climbing plant. The bitter 
young fruits are used as a vegetable and the leaves and tender shoots are also 
consumed. In addition to bitter gourd, the names bitter cucumber and 
balsam pear are also used. Commercial cultivars are sold by many seedgrowers 
and many local cultivars are known. Thick fleshed, less bitter cultivars are 
grown in Taiwan are reported to produce 20 t/ha in 100 days. 

The bitter gourd is a very popular vegetable in India, China and S.E. Asia
 
and is well adapted to hot and humid climates. It is grown in home gardens and
 
market gardens.
 

The nutritional value of the green, small-fruited types of bitter gourd
 
is surprisingly high for a cucurbit fruit. It has an ANV of 4.10, due to the
 
high iron and vitamin C content (see table 5).
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The fruits are an important product in local markets in S.E. Asia and
 

limited but no serious diseases have been
IndiL. Storage possibilities are 


reported, with the exception of fruit flies.
 

Breeding and germplasm
 

seen in China
The origin is probably in India but secondary diversity is 


and S.E. Asia. Wild species of Momordica are present in many tropical areas.
 

Local cultivars of M. charantia are numerous in Asia and rare, but not
 
is not known in Africa.
unknown in Latin America. The variability of cultivars 


The groupings of cultivars relate to geographical areas and ethnic groupings
 
Selections have been made by seedgrowers in India,
(Williams and Ng, 1976). 


Japan and China. In Bangalore (India) the dwarf cv. Arka Harit has been
 

bred, combining high quality with a high yielding capacity.
 

Recommendations
 

they become replaced by
Local cultivars of bitter gourd may vanish as 

are recommended
commercial cultivars. Measures for conserving wild cultivars 


especially in Indonesia and China. More information is required on the dis

tribution, variability and use of M. baasamina L. and M. cochinchinenisis
 
Spreng.
 

The bitter gourd offers good possibilities of breeding for higher pro

ductivity. Within the group of cucurbits, its nutritional value is relatively
 

high; home garden cultivation is therefore recommended. Its economic impor
cucurbits, equivalent to that given
tance justifies a high priority among the 


to melons at-d pumpkins.
 

10. CHAYOTE
 

Crop information
 

(Jacq.) Swartz (2n - 24) is a vigorous perennial climber.
Sechium edule 

The fleshy fruits contain only one large seed which does not withstand drying
 

In addition to the fruits,
and consequently the entire fruit must be planted. 


the young leaves and the fleshy roots may also be consumed. Chayote is a
 

popular vegetable in many areas of Central America, India and S.E. Asia.
 

Chayote is commonly grown in Africa, only in Sierra Leone, Ghana and Malawi
 
It is cultivated in the
but it could be grown more widely in other areas. 


are obtained at altitudes from 500 up
tropical lowlands but higher yields 

1,500 m, where the nights are cooler. It does not withstand drought.
to 


Sechium produces best in light shade.
 

The chayote is a very cheap vegetable with a low nutritional value 

(ANV - 1.81). However, since its production capacity is high and the leaves 

are edible, it is considered to be a very suitable vegetable for home garden 

production. The consumption of chayote leaves is very common in S.E. Asia as
 

too is the cooked tuberous starchy root.
 

For example, the
Chayotes are commonly found in Latin America markets. 


city of Sao Paulo in Brazil consumes 25 million kg per annum. The chayote is
 

also important as a market vegetable in India and S.E. Asia.
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The vines and fruits of a chayote being examined by agricultural students in
 

Mexico. This is a cheap vegetable with high production capacity. Both the
 

leaves and fruits are eaten.
 

Chayotes are rarely damaged by pests and diseases. High costs are incurred
 

for supports, if the crop is grown on a commercial scale.
 

Breeding and ermplasm
 

The origin of this cultigen is S. Mexico and Central America. Local cul

tivars have been recorded here as well as in S.E. Asia 
but rarely named since
 

they are recognised as white or green, pointed or blunt, spinous or smooth,
 

round or long. Since the chayote cannot be propagated from dried seeds, no
 

No breeding work has been recorded.
commercial cultivars are available. 


Recommendations
 

Local cultivars should be collected for variety testing. There is erosion
 

of old cultivars in the Philippines and Indonesia. Although the fruits have
 
grow in
 a rather low nutritional value, this vegetable is relatively easy to 


home gardens and has a very high yielding capacity. It is recommended for
 

selection.
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V. ALLIUMS
 

1.. GENERAL
 

AZlium'species (onion, shallot, Japanese bunching onion, garlic, leek,
 

etc.) make up a closely related group both taxonomically and in the cultiva
the most important
tion methods used. Allium cepa L. the dvy or bulb onion, is 


species of the Allium group. It can be regarded as being the most important
 

single vegetable species of the tropics, after the tomato. The nutritional
 

value of onions is very low (see table 5); nevertheless, they are important
 

for flavouring. Their medical properties are often stressed, garlic, onion
 

and other species are considered to aid digestion and purify the blood. From
 

this group, only the five main species will be considered; several Alzium
 

species which are only locally cultivated as minor crops are excluded. Some
 

vf these minor A~lium species are:
 

A. chinense G. Don rakkyo, k'iu ts'oi
 

A. Zedebourianum Roem. & Schult. Asatsuki, siu yuk ts'ung
 

A. macrostemon Bunge; Chinese garlic
 

A. nipponicum Franch & Savat.
 

A. schoenoprasum L. chives, sai ts'ung
 

A. tuberosum Rottler. Chinese chives, Kau tsoli
 

are available
Limited data on the economic importance of these vegetables 


(see table 9). They are sometimes mentioned in food surveys, but they are not
 

used in such large quantities as the onion, shallot, bunching onion, garlic
 

and leek.
 

2. ONION
 

Crop information
 

Botany
 

the dry or bulb onion, is one of
AZZium cepa var. cepa L., (2n - 16), 

of the most ancient vegetables in .the world. Hany commercial cultivars have
 

raw or boiled, or for dehydration. These
been selected either for eating 

cultivars differ in yield potential, quality (shape, colour, pungency,
 
storability), disease resistance and climatic requirements. On the American
 

market, three types are distinguished:
 

(a) The Bermuda-Granex-Grano short-day type, flat to conical

shaped, mild, early maturing.
 

(b) Late maturing type, long-day globe onions, mild, e.g.
 

White Globe, Sweet Spanish.
 

(c) The Creole type, with very strong flavour, e.g.
 

Ebenezer and White "ortugal.
 

The first group is most suitable for cultivation in the tropics.
 

Onions are sometimes cultivated for use as green bunching onions, harvested
 



Table 9. 	 Data on cultivation and seed production of Alliums.
 

c u l t iv a t i on 	 - s e a d p r o d u c t ion
 

seed density days yield t/ha veiht
 
needed pl/ha to 100 g per k2/ha
 

a p e c i e a t y p 0 kg/ha x 1,000 harvest low high mean seeds plant low high mean
 

g
 

ALZium cepa: globe onions
 
- direct sowing 25 300 150 5 80 20 2.9 2 300 1000 600
 

- transplanting 4 	 90
 

A. cepa: shallots (cloves) 1,100 500 90 4 20 10 - - - - -

A. 	fietuloum: Welsh onion
 
transplanting 4 300 120 10 30 20 2.9 1 300 600 450
 

A. 8ativum: garlic (cloves) 600 800 100 3 8 6 - - - -

A. 	porrum: leek
 
(transplanting) 3 300 150 8 35 20 2.5 3 300 600 450
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when young, with or without a small bulb. Well-known cultivars for this
 

purpose are Evergreen White Bunching and Evergreen. They can be grown
 
successfully in most areas of the tropics which have short days. In general,
 
most of the dry onions cultivated in tropical areas of Asia and West Africa are
 

local selections of fairly primitive cultivars. Most of the onions grown in
 
Latin America and East Africa, however, are exotic cultivars such as Red
 
Creole, Granex, Bombay Red. In West Africa, Red Kano, Red Patna, Texas Grano,
 
Yellow Bermuda and Early Yellow Cape Flat are well known cultivars.
 

Geography and ecology
 

Onions are a cool season crop, growing well in day temperatures ranging
 
from 13 to 240 C. They are not particularly susceptible to frost. For bulb
 
initiation, a critical minimum daylength must be reached. The European and
 
American summer ontions are "long day" cultivars, not suitable for the tropics
 
but a few early-maturing American cultivars are available in the international
 
seed trade (See page 126). 0 Many local onion cultivars, however, grow well at
 
high temperatures up to 30 C and form bulbs in short days (11 - 12 hours).
 
However, short day cultivars are not short day plants but cultivars which
 
bulb earlier. Bulbing is also stimulated by high temperatures. Flowering
 
normally occurs only if bulb formation is followed by a cool period; the
 
onion in temperate regions is therefore regarded as a biennial plant. In
 
tropical regions with cool nights, bolting of a percentage of young plants of
 
local cultivars, in which bulb formation has started, is a common occurence,
 
resulting in a considerable yield reduction. If the emerging flower stalk is
 
pinched out, however, bulb formation may continue.
 

Due to its special ecological requirements, the onion is normally culti
vated only during the cool season in the subtropics and tropics, but rarely
 
between 10 N and 100S, except in the tropical highlands above 1,500m. Cultivars
 
which are relatively insensitive to daylength are grown for bulb production
 
only in some lowland areas they rarely produce flowers.
 

Nutritional importance
 

In general, the nutritional value of dry onions is low. The ANV (table 5)
 
is only 2.05. Onions are an indispensible part of many diets as a flavouring,
 
and they are consumed regularly in small quantities, being comparable with hot
 
pepper. If the immature bulbs and top& are consumed, the nutritional value will
 
be much higher and the ANV may reach 3.96, with a high vitamin C and calcium
 
content. When used raw in salads, the nutritioaal value is somewhat higher
 
e.g. for onion 2.30 and green onions and tops 4.69 ANV.
 

Economic impor-tance
 

In the wet tropics and in a large part of India and S.E. Asia (Indonesia)
 
the onion is cultivated and consumed to a lesser extent than it is in other
 
countries. In general, the onion is the second most important world vegetable
 
species (after tomato) and the good storage and bulk transport properties of
 
dry onions have facilitated the development of a world-wide trade (see table 1).
 
They are always in demand even in the smallest local markets.
 

Main limitations to cultivation in the tropics
 

The primitive local cultivars which are grown in many countries (India,
 
Nigeria, Mexico) often show a tendency to bolting and have a poor keeping
 
quality. High losses due to pests and diseases have been reported, the most
 
important being thrips, onion fly (Hylemia antigua) and nematodes(Ditylenchus
 
dipsaci purple blotch (AZternaria porri), downy mildew (Peronospora), pink root
 
(Pyrenochaeta) and Colletotrichum smudge. White rot (ScZerotium cepivorum) is
 
a serious disease in some subtropical areas (Brazil). Technical information
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concerning onion cultivation in the tropics 
(density, fertilising, disease and
 

pest control, storage, processing) 
is very limited.
 

Breeding and germplasm
 

Centres of diversity, collections
 

types, but in its primary centre
AZZium aepa is a cultigen without wild 


of diversity (C. Asia) several related wild species have been found, e.g.
 

A. vaviZovii, Popov & Vved. '. oschaninii, Fedtsch. and A. pekemense, Fedtsch.
 

Hundreds 	of locally grown, primitive cultivars exist, mostly in 
the Near East
 

centre of diversity) and

(which, with the Mediterranean, represents a secondary 


the traditional onion growing regions of the

in Central Asia, but also in all 

tropics.
 

available in
Large collections of onion cultivars and of wild types are 


Europe and the USA, dee Annex 2.
 

Genetics and breeding
 

AZZium cepa var. cepa has been subjected to selection for several thou-

In China selection of
sands of years especially in India and the Near East. 


other species of AZZium has occurred. Breeding programme s have resulted in the
 

production of high-yielding and high quality cultivars such as Early Yellow Globe
 

which are widely distributed in temperate regions. Breeding work on this crop is
 

relatively easy; the onion plant is a self-compatible out-breeder, pollinated
 

It can withstand some degree of inbreeding, giving rise to some
by insects. 

are intercrossed. The appliheterosis when strains of good combining ability 


male sterility has made the commercial seed production of hybrids
cation of 

are cultivated, combining
possible and, at present, numerous hybrid forms (Fl) 


to several diseases. The
uniformity and good quality characters with resistance 


area cultivated with hybrid cultivars is about 25% of the total onion area in
 

the USA but only 1Z in Europe.
 

frequently cultivated in the tropics are:
Some modern short-day cultivars 

502, Early Yellow Cape Flat, Yellow Bermuda, Red Creole,
Texas Early Grano no. 


a cultivar testing and breeding programme
Tropicana, El Toro and Bombay Red. In 


in N. Nigeria (Green, 1973) Texas Grano showed a high yield capacity but a low
 
3 t DM) and Bombay Red a lower yield-capadry matter content (50 t/ha x 6% DM 

city (30 t/ha) but a high DM content (15%) giving 4.5 t DM/ha. Texas Grano,
 

with brown scale leaves, appeared to be of good export quality but had a short
 

storage life, whereas Bombay Red had excellent storage quality but the red
 

colour, papular in local markets, made it less suitable for export. However,
 

the local poor quality cultivars proved to be superior to the internationally
 

grown normal and hybrid cultivarsin yield, resistance to diseases and sometimes
 

also in storage quality. Good results have been reported also from IRAT, Niger.
 
'Blanc de Galmi', produced up to 60 t/ha, with
A selection of a local cultivar, 


15% DM and had excellent storage qualities. Similar results have been reported
 

from several countries with a tradition of onion cultivation (Taiwan, Mexico and
 

India).
 

Local and modern cultivars show important differences in their suscepti

bility to pests and diseases. A certain degree of resistance or tolerance to
 

thrips, onion fly and nematodes has been reported. Italian Red and local
 

are less susceptible to purple-blotch, a serious disease
Brazilian cultivars 

susceptible to downy mildew.
under wet conditions. Some cultivars are also less 


show resistance to pinkroot. No
 
The commercial cultivars Granex and Excel L 35 


available on resistance to CoZietotrichum smudge.
data are 


Apart from selecting for yield, storage potential and disease-resistance,
 
the food industries i.e.
 

several onion cultivars have been selected for use in 

20% dry


for canning or dehydration. Some of these cultivars contain about 


matter.
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onions grown as a field crop during the cool season in the tropics. This
 
field has been sown with a high-yielding cultivar.
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species have not yet been used in onion breeding. Up to the.
Wild AZZium 
fiStuZooum. Gene
 present. interspecific crosses have failed, except with A. 


tr. slocation to A. cepa might be feasibll.i.
 

Recommendations
 

Germplasm, breeding
 

The primitive onion strains existing in Asian countries, Africa and C.
 

and S. America should be collected, s'ince they are gradually being replaced
 

by modern cultivars.
 

Breeding work on this economically important crop should be stimulated,
 
the tropics include the follow-
Requirements for future selection of onions for 


ing: a high yield ability, combined with a high DM content, good quality for
 

both local and export markets, good storage properties, minimal bolting and
 
Sterile male lines
a combination of resistance to many diseases and pests. 


should be selected for the production of hybrid seed. If further improvement
 

by crossing between local strains and modern temperate cultivars becomes limited
 

e.g. for resistance to diseases, pests and drought, crosses with other AZlium
 

species e.g. A. fistolosum should be considered.
 

3. SHALLOT
 

Crop information
 

The shallot Allium ascalonicum L..Usually referred to in this way but more
 

correctly as a form of A. cepa (2n r 16) is an onion-type plant which is 'ro

pagated by cloves. Many clones are i.uown in temperate as well as in tropical
 

regions of Asia and Africa. Clones which flower readily as well as clones which
 
never flower are known; both are related to onions. Shallots for
seldom or 


planting are used locally, but are rarely commercially sold. "he seeds are not
 

used for propagation since they usually result in the production of undesirable
 
types.
 

Shallots are better adapted than onions to cultivation in the tropics. They
 

are widely cultivated in W. Africa (Ivory Coast, Ghana) in th3 Caribbean count
ries, and elsewhere in the tropical lowlands of S.E. Asia and C. and E. Africa
 

the drier climates at medium altitudes.
but thrive best in 


Shallots have a relatively low nutritional value, similar , that of dry
 
onions. Frequently the leaves and young bulbs are consumed, and the value is
 
thereby increased making it comparable to that of green onions. Shallots are
 

often conridered t6.be a luxury, since they have a more pungent flavour than
 
onions.
 

In the market, shallots command a better price than onions. In the forest
 
zone of S. Ivory Coast, S. Ghana and the Caribbean, they are an important commer

often repfhcing onions. Since the crop is labour-intensive and
cial vegetable, 

has a lower yield potential than onions, the shallot is not normally cultivated
 

in cool and dry areas where onions can be grown.
 

The main problem for shallot growers is the conservation of suitable plant

ing material. In humid regions, this degenerates quickly probably due to factors
 

such as fungus diseases, newatodes, spider mites and virus diseases and has to be
 
Shallots suffer
renewed after 3-5 generations with material from drier regions. 


from the same diseases as onions and are particularly susceptible to Sclerotium
 

rolfsii. 
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Breeding and germplasm
 

As the shallot In a botanical form of the dry onion, the centces of di
versity are identical. No breeding work on shallots in the tropics has been
 
reported and no collection of shallot cultivars are known.
 

Recommendations
 

Shallot cultivars could well disappear if they become replaced by onions.
 
Local tropical cultivars should be collected and stored in a germplasm con
servation centre for vegetatively propagated vegetables. Testing of local cul
tivars and improvement by breeding is justified for those regions where shallots
 
are econr Ically important, e.g. W. Africa (Ghana, Ivory Coast).
 

4. JAPANESE BUNCHING ONION
 

Crop information
 

Allium fistulosum L. (2n - 16), the Japanese bunching onion, Welsh onion
 
or spring onion, either develops small elongated bulbs similar to the leek or
 
does not form bulbs. Many local and commercial cultivars are known in the Far
 
East. The bunching onion requires a cool climate and grows well in the tropics
 
throughout the year at altitudes of more than 1,000 m. It appears to be almost
 
as important as dry onions in S. China and Japan although the poor keeping qual
ity is a problem. It is known in East Africa as the 'Kikiyu' onion.
 

Bunching onions are either cooked or used as a salad onion. The nutri
tional value is comparable with that of immature onions, having an ANV of 3.27
 
(table 5). They may also be eaten raw in salads (ANV - 3.77). It is an im
portant vegetable for marketing and for home garden production in S. Japan

S. China and to some axtent, in S.E. Asian highland areas (Philippines, Indonesia,.
 

The cr'p is much less susceptible to pests and diseases than the onion. The
 
man limiting factor to production in the tropics is a temperature in excess of
 
25 C. Flowering and seed production in the tropical lowlands is rare.
 

Breeding and germplasm
 

The origin of this cultigen is S.E. Asia. A wild relative, A. altaicurn
 
Pall. occurs in Mongolia and hybrids occur with A. fistuZosum (A.x microbuibum)
 
Prokh.. There are several other wild Asian AZZium species. The breeding behaviour
 
and seed characters are similar to those of onions. Male sterility has been
 
applied in Japan and may lead to the development of hybrid cultivars. No large
 
collection of local cultivars is known.
 

Recommendations
 

Asiatic seed companies e.g. in Japan, store a number of high yielding cul
tivars which are suitable for the cooler regions in the tropica. They expect a
 
gradual loss of valuable local strains. The development of productive strains,
 
intended mainly for the Asiatic tropical lowlands, is recommended.
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5. GARLIC
 

Crop information
 

- 16) is a very pungent species which is propogated
AZZium eativum L. (2n 

some are well adapted to tropical conby cloves. Many local clones are known6 


ditions e.g. high temperatures up to 30 C. Garlic is extensively grown in East
 

Asia, the Mediterranean and in Latin America, but is relatively unknown in.
 

Africa although it could be grown much more widely in the drier re3ions. It is
 
unsuitable for growing in the wet humid areas. The nutritional value is approx
imately similar to that of dry onions. It is more widely used as spice than a
 
vegetable, and the intake per caput per meal is very low. The plant is very
 
suscepti!.le to Alternaria and other pests and diseases which attack onions.
 
Conservation of cloves as planting material for the following year is difficult
 
since they do not store well.
 

Breeding and germplasm
 

The ancestor of the old cultigen is possibly A. Zongicuopis Regel (2n = 16)
 
which occurs in C. Asia. Reports on breeding work are ver scarce and no
 
international trade in planting material of superior clones is known.
 

No collections have been recorded.
 

Recommendations
 

There appears to be little genetic erosion in the local strains. These
 
should, howev.r: be collected for future breeding. Breeding work on this
 
economically important vegetable spice, through cultivar testing, should be
 

higher yields and improved disease resistance.
carried out, aiming at 


6. LEEK
 

Crop information
 

AlZium porrum L., (2n - 32) is a temperate leaf vegetable, showing re

tarded growth and low yield capacity at day temperatures above 24
0 C. Leek cul

tropical mountain regions is possible. Seed
tivation in the cool season and in 

production in such areas may be successful after a cool season but is not eco

nomically justified. American Flag, Musselburgh and Italian Giant are well
known cultivars. Leek suffers from the same pests and diseases as onions, but
 
to a much lesser degree.
 

The nutritional value of leek is better than that of all other Allium
 
species. It has an ANV value of 6.63 due to relatively high calcium, carotene,
 

iron and vitamin C contents. Although highly regarded by Europeans living in
 
is of minor importance to the local populations.
the tropics, this specit 


Breeding and genetics
 

Neither the breeding of leeks specifically for tropical conditions nor the
 

existance of local strains of leek in tropical or subtropical countries have been
 

reported except in the Far East. Wild and cultivated A. ampeloprasum L. types,
 

related to A. porrumj occur in the Near East.
 

Recomme,.dations
 

At present no actic7 for the collection o germplasm or the breeding of
 
leeks for tropical regioxi appears necessary.
 

http:suscepti!.le
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Hyacinth bean or lablab is grown in the Old World tropics. The wild
 
forms are common in tropical Africa and many local cultivars are known.
 
It is frequently gro-on for fodder in India.
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VI LEGUMINOUS VEGETABLES
 

1. GENERAL
 

The distinction between grain legumes, cultivated as field crops, and vege

table, legumes (referred to in this report as leguminoum vegetables), is not al
ways clear. However the most important leguminous vegetables are listed in table
 
10. The shoots or young leaves of many legumes are occasionally consumed, but
 

this is of minor importance. Only the leaves of the cowpea, which is widely
 
grown as a field crop, are consumed in appreciable quantities (<0.5 g/caput/day),
 
this plant is therefore listed among the leaf vegetables in chapter VIII.
 

As shown in table 5, the composition of leguminous vegetables varies. Dry
 
beans have a very high ANV, due to their dry matter content, but the ANV calcu
lated per 100 g dry matter is low. Fresh seeds and young pods have a fairly high
 
ANV, sprouted beans a much lower one. The production of valuable nutrients per
 

m 2 per day (table 6) is disappointing, leguminous vegetables showing the lowest
 
production rate of the four groups of vegetables listed. Some average data on
 
cultivation and seed production are listed in table 10. Young seeds, at harvest,
 
weigh approximately twice that of the dried seeds.
 

The ability of plants of the Leguminosae to fi.x nitrogen by means of Rhiz
obia is bacteria extremely important for field grown pulses, but is less so for
 
intensive production, since such vegetables are generally well provided with soil
 

organic material. Leguminosae are liable to be affected by many soil-borne dias
eases such as: Pseudomonas, Fusarium, Verticillium, Scierotium and Meloidogyne.
 
The long-lasting or perennial, climbing, deep-rooting tropical leguminous vege
tables such as Lima bean, winged bean, hyacinth bean and yardlong bean, together
 
with the non-climbing pigeon pea, are valuable plants for home garden production
 
since they are less susceptible to diseases and are often more drought resistant.
 
Climbing types, planted against fences and hedges, make full use of the available
 
space and light. Climbing types are often used in mixed cropping using the dried
 

stalks of maize, sorghum or castor as a support, or they may possibly be planted
 
against the stems of shrubs remaining in the field after the bush has been
 
cleared. Only a few climbing legumes e.g. the common French bean, Lima bean and
 

winged bean, yield a sufficiently high quantity of seed to justify their culti
vation as grain legumes in small gardens.
 

2. COMMON OR FRENCH BEAN
 

Crop information
 

Botany
 

Phaseotus vuZgaris L. (2n 6 22) is a species of which many cultivars are
 
grown for pods, green seeds or ripe, dry seeds. Climbing cultivars (pole, snap
 

or French beans) are popular in home gardens and for the commercial production
 
of young pods in the cooler parts of the tropics. At least 200 commercial cul
tivars of this vegetable are known. The distinction between those-grown as vege

tables and those grown for dry seeds is not clear and the same cultivars may be
 

used for the production of pods, young seeds and mature dry seeds. Contender and
 

Canadian Wonder are often used as a bush type of snap beans in the tropics, yield

ing up to 15 t/ha. Canfreezer and Florigreen are suitable cultivars of the pole
 

type. Many local cultivars are grown which are inferior in quality to these
 

cultivars but which have a greater degree of horizontal disease resistance'.
 



Table 10. Data on cultivation and aeed production of tropical leguminous vegetables
 

cultivation seed production multi
seed density main yield t/ha weight plication
 

species common name kg/ha hIlls/ha product duration 1000 No.per t/ha factor x 1000 (a) days low high mean seeds pod low high mean kg/kg
 
g
 

Phasso.ue common bean 50 40 pods b 90 2.0 8.0 4.0 290 4-10 0.5 3.0 1.0 20
 
vZgarie
 
Phaae0Zue Lima bean 50 30 young 120-270 1.5 6.0 3.2 300 2-4 0.6 2.5 1.0 20
 
Zunatue seeds b
 

Doliohos hyacinth
 
Zablab bean 40 12 young 120-720 0.8 4.5 2.2 .330 3-4 0.4 2.0 0.9 23
 

seeds
 
Vigna
radiata mung bean 
 5 80 ripe 70-110 0.3 
 1.2 0.5 30 6-12 0.3 1.2 0.5 100
seeds 

Vigna yardlong 20 25 pods b 150 1.5 9.0 6.0 220 10-30 0.5 2.5 0.7 35 
Uniguicu~ata bean 

Ptsophocarpue winged bean 20 15 pods b 210 2.0 6.0 4.0 500 8-15 0.6 2.5 1.1 55
 
tetragonolobus
 

Parkia locust bean 1  - 1.2 6.0 3.0 1000 5-25 0.4 2.0 1.0 1000
 

4anavatia sword bean 60 8 young b 150-720 0.5 5.0 2.5 4000 6-12 0.3 2.5 1.3 22
 

q&adiata seeds
 

Paohjrrhixuo yam bean 30 30 tubers 180 4.0 12.0 8.0 250 6-12 0.3 1.2 0.6 20
 
p2ogu8
 

GZycine max soybean 50 120 young 120 1.0 5.0 3.0 670 2-3 0.5 3.0 1.3 26
 
seeds b
 

Cajanu8 cajan pigeon pea 15 10 young 270 1.0 7.0 2.4 125 4-5 0.5 3.5 1.2 80
 
seeds
 

Arachie groundnut 80 200 seeds 120 0.5 3.0 1.0 625 1-3 0.5 3.0 1.0 13
 
hypogaea
 
Voandza.la Bambara 40 80 young 120 0.5 2.5 0.8" 670 1 0.3 2.0 0.6 15
 
eubterranea groundnut seeds
 
Pisum eativum garden pea 80 30 young 100 1.5 5.0 3.0 170 4-8 0.8 2.5 1.5 19
 

seedab
 
Vicia jaba broad bean 150 100 voung 150 2.0 5.5 3.2 1250 5-15 1.0 2.8 1.6 11
 

bgeadsb
 

a. the pod production is about 3 x and the production of unripe seeds about 2 x that of the weight of the ripe

b. youmg leaves used as food; 
 seeds;
 

http:Voandza.la
http:Phasso.ue
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Western seed companies produce seeds of the bush type of French bean in
 
the upland areas of East Africa which have a suitable warm-temperate climate,

where the occurence of halo blight (Paeudomonas) is minimal.
 

Geography and ecology
 

"he common bean is a warm-temperate plant, suitable for cultivation in
 
the tropics at elevations above 1,000 m. In order to obtain a good seed set,

the mean day temperature should not exceed 301C. The plant is indifferent 
to
 
daylength. In a humid lowland climate, flowering and fruit set is poor, lead
ing to low yields of dry beans and fresh pods. Nevertheless French beans are
 
widely grown for supplying the markets of 
large cities, due to the extremely

high prices paid by the public. In areas of high humidity the plants are sub
ject to several diseases and pests, the main diseases being: dieback and root
rot 
caused by Pythium, Sclerotium, Fusarium, anthracnose (CoZZetotrichum),

Pseudomonas and Xanthomonas common (bacterial) blight, Cercospora leaf spot and
 
mosaic virus. 
 Important pests are: spider mites, bean flies (MeZanagromyza
 
phuseoli), aphids and pod borers.
 

Nutritional importance
 

The nutritional value of dry beans is very high, due 
to the low water con
tent. As 
a fresh vegetable, the nutritional composition is fairly good; fresh
 
pods are rich in calcium and vitamin C and 
the young seeds also contain reason
able amounts of calcium, iron and vitamin C (see table 5).
 

Economic importance
 

The common bean is the principal grain legume of C. and S. America and of
 
East Africa. As a vegetable, cultivated for the fresh pods (Fresh beans, snap

beans) and, to a lesser extent the young seeds, it 
is extremely important in W.
 
Europe and the USA, but less so in the tropics. Climbing cultivars of French
 
beans are popular in home gardens since they produce pods over a longer period

than the bushy cultivars which are more generally grown on a commercial scale.
 
The importance of out-of-season French beans grown in Africa (Senegal, Kenya) for
 
export to W. Europe is 
increasing, although more recently subject to fluctuition
 
in demand, due to the high air transport costs.
 

Main limitations to cultivation in the tropics
 

Cultivation methods used in the growing of snap beans, 
such as staking,
 
density and the control of diseases and pests are relatively primitive. Fruit
 
setting is often poor and many cultivars are susceptible to drought.
 

Breeding and germplasm
 

Centres of diversity, collections
 

The centre of origin is C. America. Wild P. vuZgarie and the closely re
lated P. coccineus occur in this region as well as hybrids (Rutger and Beckman
 
1970), and P. darwinianus (Hdz. x & Miranda) Smartt (Hernandez et al 1959;

Smartt 1973). Many local primitive cultivars 
are present in the cultivation
 
areas. The IBPGR. Committee on Phaseolus germplasm has reviewed the areas of
 
diversity and the needs for collection.
 

Large collections of bean types have been amarsed as 
an urgent necessity

for the use of plant breeders and as a protection against genetic erosion.
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CIAT in Colombia possess large col-
Germplasm banks in the USA and also at 

lections (see Annex 2). The IBPGR has designated CIAT to hold a world col

lection. Other important material is held at INIA and Chapingo College, Mexico.
 

Genetics and breeding
 

in the USA and
A great deal of advanced breeding work has been carried out 


vuZgaris, both as a pulse and as a vegetable. Some work has
W. Europe on P. 


been reported from C. and S. America. Cultivated types hybridise easily with
 

wild forms and with the related species P. coccineu8. The latter species has
 

already been used by plant breeders as a donor for many types of disease re

sistance. The genetic base of bean cultivars, both in Europe and in the USA is
 

narrow 
and useful combinations may be expected from hybridisation between wild
 

and related species, also with primitive tropical cultivars. Screening and
 

testing of the low-yielding. cultivars grown in the tropics in America, as well
 

rise to selected types with valuable characters
as Africa and Asia, may give 

such as resistance to disease and drought and also tolerance to high tempera

tures. Many local bean cultivars grown in Brazil are more or less tolerant to
 

Xanthomonas.
 

Recommendations
 

Local cultivars in the tropics may disappear as they become replaced by
 

high-yielding modern cultivars.. Collecting of these cultivars is therefore
 

recommended. The selection of high-yielding cultivars of snap beans adapted
 

to tropical conditions and with a high level of pest and disease resistance is
 

advisable, due to their potentially high economic value.
 

3. LIMA BEAN
 

Crop information
 

Botany
 

PhaseoZus Zunatus (2n - 22) is a very variable species. Green-white culti

vars are often grown for fresh consumption and commercial dwarf cultivars with
 

large white-green seeds are popular in the USA as canned vegetables. Some
 

perennial, drought and disease resistant types are cultivated in the tropics
 

of better quality and pr'oduce higher yields are
but the annual types which are 

more popular. Small-seeded, often red-coloured types are sometimes called
 

sieva beans and are used as a pulse. Lima beans are cultivated as pole beans
 

in home gardens; they are supported by bushes or maize and sorghum stalks when
 

grown as a field crop.
 

Geography and ecology
 

P. lunatus grows well in areas with a day temperature range of 22-30 0 C.
 

Above 30 C, flower shedding may occur. The Lima bean is grown at altitudes up
 

to 1,500 m, but is more commonly cultivated in lowland areas where it produces
 

well during the dry season. Most of the local cultivars are short-day plants,
 

whereas many improved cultivars are day-neutral. It is a popular vegetable in
 

most of the tropical lowland areas of Africa, Asia and Latin America.
 

Nutritional importance
 

The dry Lima bean ,as a high nutritional value cf. hyacinth bean, table 5).
 

It has a high protein, fibre, calcium and iron content. Fresh seeds are rich in
 
be adequately recalcium, iron and vitamin C but may contain some HCN which can 


moved by cooking. The ANV for dry matter is low.
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Economic importance
 

Lima be& s, as green beans, are a very important vegetable for canning in
 
the USA but the crop is of less importance as a pulse (dry seeds) or as a vege
table (young seeds) in the tropics where they are mainly grown for home consump
tion. Coloured, ripe seeds may contain some HCN which is removed during cooking.
 

Main limitations to cultivation in the tropics
 

The yield potential of the Lima bean in the tropics is very low. Many de
structive diseases affect the crop in the USA e.g. Pseudomonas bacterial spots,
 
Diaporthe pod-blight, Phytophthora downy mildew and CoZletotrichum stem anth
racnose. These diseases are rarely serious in the tropics, due partly to the
 
higher temperatures which are unsuitable for the development of certain fungi,
 
but also to the higher disease resistance of some primitive, heterogenous local
 
populations. Damage by pod insects and poor fertilisation are some causes of
 
the low yields obtained during the rainy season. Virus and spider mites 
are
 
sometimes locally important.
 

Breeding and germplasm
 

Centres of diversity, collections
 

Many primitive cultivars are grown in tropical countries, mostly in West
 
Africa, Malagasy and S.E. Asia. These can be considered as secondary centres
 
of diversity and escaped types are sometimes found in the natural vegetation.
 
The primary centre is situated in Central America, from where different cul
tivar groups had spread to North and South America, in pre-Columbian times.
 
Wild types are present in these areas. The largest germplasm collections are
 
available in the USA (see Annex 2) but CIAT will also hold material at the 
re
quest of the IBPGR. Other material is held by INIA and at Chapingo College,
 
Mexico.
 

Genetics and breeding
 

The Lima bean is a self-pollinating plant, but up to 20% cross-breeding
 
may occur. Primitive cultivars have proved to be useful in breeding programmes;
 
a nemotode-resistant bush cultivar Nemagreen has been selected in the USA after
 
crossing with a semi-wild pole type. Fordhook 242, Henderson, Ventura and
 
several other cultivars are popular bush beans in the USA. Climbing cultivars
 
such as Carolina, Easy Shell and Florida Speckled Butter are popular in home
 
gardens. The American high-yielding Lima beans are now becoming widely cul
tivated in the tropics.
 

Lima beans are less susceptible to pests and diseases than are common or
 
French beans; they are,- however, often attacked by cucumber virus. Lines with
 
resistance to the Mexican bean beetle have been selected 
in Mexico.
 

Recommendations
 

Germplasm
 

The risk of loss of germplasm is not yet serious but may become so in the
 
next few decades, when more productive cultivars become available. The collection
 
of local cultivars is not urgent, but is needed for the establishment of breed
ing programmes.
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Breeding
 

Evaluation of agronomic characters in the hundreds of local types of Lima
 

beans existing in the tropics, and of their wild relatives, will provide a
 
broad base for future breeding work.
 

4. HYACINTH BEAN
 

Crop information
 

Botany
 

Dolichos Zablab L. (syn. D. purpureus L., Lablab niger Medik.) is either
 

a vigorously growing annual or perrenial pole bean. The plant habit resembles
 

that of the climbing Lima bean (P. Zunatue). The seeds have a white, protruding
 

hilum approximately 10 mm long, and may vary in colour from white to red and
 

black, according to the cultivar. Plants require strong supports, due to their
 

prolific leaf and stem production.
 

Many local cultivars are known in Africa and Asia. In tropical Africa,
 

they are grown in home gardens and are supported by remaining shrubs and trees
 
when grown as a field crop. Commert.ial cultivars are available, especially in
 

India, Sudan and in the Caribbean area the crop is known as the Seim or Waby
 
salad bean. Cultivars Darkness and Daylight are well-known. Dwarf determinate,
 

early-maturing cultivars, for cultivation as a pulse, are known in Egypt, Sudan
 

and Australia. The hyacinth bean is grown as a fodder crop in India.
 

Geography and ecology
 

The hyacinth bean is commonly grown in Africa and Asia in the tropical low

lands up to altitudes of 2,000 m. Local cultivars are mostly short-day or day

length, neutral plants, but long-day cultivars exist in India. The plant is
 

fairly drought resistant.
 

Nutritional importance
 

The young pods, as well as the young and ripe seeds, are eaten. The pods
 

and young seeds are fairly rich in calcium and vitamin C.
 

Economic importance
 

Hyacinth beans, as dry beans, young pods and unripe seeds, are typically
 

products for hnme consumption; they are sold in local markets but do not have
 

a high commercial value. The leaves and young pods are also eaten.
 

Main limitations to cultivation in the tropics
 

The hyacinth bean is generally resistant to pests and diseases but damage
 

caused by Agromyza stem flies, black bean aphids, pulse beetles and Xanthomonas
 

bacterial blight has been reported. Local cultivars are often too prolific
 
vegetatively and give very low yields.
 

Breeding and germplasm
 

Centres of diversity, collections
 

D. ablab is probably tropical Africa, with the Hindustani
The origin of 

Centre and parts of S.E. Asia as secondary centres'of diversity. Several wild
 

types have been described but no large collections of germplasm are known.
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Genetics and breeding
 

The hyacinth bean is mainly self-pollinated, but up to 5Z cross-.
 
pollination by insects may occur. Selection work has been carried out in
 
Trinidad, where the Waby salad bean has been developed. Dwarf, derminate,
 
early-maturing cultivars have been selected in Sudan, Egypt, and Australia.
 
most of the breeding work on Doliohoe as a vegetable has been carried out in
 
India. Resistance to stem fly, aphids and bacterial blight has been found.
 

Recommendations
 

Germplasm
 

The danger of genetic erosion is limited, at present, i.e. as long as no
 
superior cultivars are introduced. The collection of local and advanced cul
tivars for breeding purposes would be useful.
 

Breeding
 

The yield of hyacinth beans should be improved. The crop shows a high
 
potential, both as a field-grown pulse and as a vegetable for home gardens.
 

5. MUNG BEAN
 

Crop information
 

Botany
 

Vigna radiata (L.) Wilczek, (PhaseoZue aureue Roxb., P. mungo L. var.
 
aureuo 2n - 22) is a short-duration, erect legume. It is very labour-intensive,
 
since it has to be repeatedly harvested; the dry pods are very dehiscent. Mung
 
beans are often grown after the rice crop and may therefore be considered as a
 
pulse. They are also cultivated in small family gardens, but rarely in home
 
gardens. Yields are very low ranging from_300-600 kg/ha.
 

Geography and ecology
 

The mung bean is widely cultiva#ed in India, China and S.E. Asia where the
 
ripe seeds are used as either dry or sprouted beans. At present, they are grown
 
in the USA as a drought-rtsistant fodder crop and grain legume (cultivars Morden,
 
Lincoln), producing yields of 1-2 t/ha of dry seeds. The mung bean is grown in
 
tropical climates from sea level up to 2,000 m. Flowering and ripening take place
 
during the dry season. In the humid lowlands, fruit setting is generally poor.
 
Most cultivars are indifferent to daylength, only a few showing a short-day
 
reaction. Mung beans are very susceptible to pests and diseases. The most
 
important diseases are: rootrot caused by Rhizoctonia soaani, Pythium and Fus
arium, powdery mildew (Erysiphe poZygoni), Cercoospora, aneacen leaf spot and
 
several types of virus; the main pest is the bean fly (MeZanagromyza phaseoli).
 

Nutritional import'ance
 

Dry mung beans, when cooked, are a good food for small children. Sprouted
 
mung beans are also a relitively good source of iron, calcium and Vitamin C
 
(see table 5). One kg of dry beans produces about 8 kg of sprouted beans.
 

Economic importance
 

The mung bean is highly commercialised in India and S.E. Asia.
 

Main limitations to cultivation in the tropics
 

The dehiscence of the dry pods and the high degree of susceptibility to
 
pests and diseases are factors which make the successful cultivation of this
 
legume somewhat difficult.
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Mung bean is a plant of ancient cultivation and not known wild. Apart
 
from being esteemed as a pulse, green pods are eaten as a vegetable and bean
 
sprouts are widely used.
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Breeding and germplasm
 

Centres of diversity, collections
 

Centres of diversity are in India and Burma, where the principal wild form
 
var. sublobata (Roxb.) Verdc. occurs. The largest mung bean collection has been
 
established at the AVRDC in Taiwan. Other germplasm collections exist at
 
national institutes in India, S.E. Asia and the USA.
 

Genetics and breeding
 

Hung bean is autogamous to a large degree, but the many local types which
 
are cultivated in Asia consist of rather heterogenous populations; this makes
 
selection work relatively easy. Breeding work has been carried out in India and
 
the USA. In India, production potential, resistance to Rhizcctonia, reduction
 
of seed shedding, resistance to mosaic, yellow and crinkle viruses and pr.tein
 
content have been considered as important criteria in selection. Interspecific
 
hybridisation with the related rice bean, Vigna umbeZlata (Thunb.) Ohwi & Ohashi,
 
is the main source of resistance used by plant breeders in Taiwan. Resistance
 
to Cercospora, Erysiphe, Xanthomonas and mottle virus has also been detected in
 
the progeny.
 

Recommendations
 

Local selections will disappear with the introduction of new high-yielding
 
cultivars. A collection has been established in Taiwan, but representative

material from S.E. Asia still requires collection, particularly from Thailand,
 
Indonesia and the Philippines.
 

Resistance to pests and diseases should be the major breeding objectives,
 
together with a higher yield potential and a decrease of losses during the har
vest period.
 

6. YARDLONG BEAN (Cowpea)
 

Crop information
 

Botany
 

Vigna unguicutata (L.) Walp. cultivar group sesquipedalis (2n - 22,24),
 
the yardlong bean, string bean or asparagus bean is a type of cowpea, used as
 
a vegetable. It is cultivated for the very long and tender pods, but the un
ripe or ripe seeds are also eaten. Some climbing cultivars of Vigna unguiculata
 
with short, stiff pods, are also cultivated as a vegetable crop.in small gardens
 
and the leaves and pods as well as the young or ripe seeds are used. These cow
pea cultivars are common in tropical Africa and are often supported by shrubs
 
and maize or sorghum stalks when grown with other food crops. Bush cowpeas are
 
grown in the USA as green beans and as fodder. Some commercial cultivars of the
 
yardlong bean are available, although local cultivars are most widely grown in
 
Africa.
 

Geography and ecology
 

The cowpea is mainly cultivated in regions which have a pronounced dry
 
season during which the pods are harvested, whereas the yardlong bean is more
 
frequently grown in the wet tropics in areas which do not have a significant dry
 
season. The yardlong bean is liable to the same pests and diseases as the cow
pea, but to a lesser extent. However, it is more susceptible than the cowpea to
 
extremely high temperatures (< 35 0 C) and drought and requires more water, due to
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the large leaf surface area produced. All the cultivars are short-day plants
 
or day-neutral. Important diseases are: anthracnose (Col*etotrichuim), Sclerotium
 
footrot, Fusarium wilting, Cercospora and other leaf diseases and cow-pea mosaic
 
virus. Some insects may be serious pests, such as the cowpea curculio (Chalco
dermus) and the bean fly (Melanagromyza).
 

The cowpea is the most Important pulse of West Africa and it is also widely
 
cultivated in C. America, where it is second in importance to the common bean;
 
it is also grown, to a lesser extent, in Asia (India). The yardlong bean is
 
mainly grown in India and S.E. Asia, but Asiatic imuilgrants have introduced it
 
into the Caribbean area. It is rarely found in other tropical regions.
 

Nutritional importance
 

The nutritional value of yardlong beans and of young cowpea pods is fairly

high, approximately equal to that of snap beans (see table 5). The food value
 
of the unripe and ripe seeds is comparable with those of the common and Lima
 
beans.
 

Economic importance
 

The yardlong bean is commonly seen in local markets in Asia but is pro
duced mainly for home consumption.
 

Main limitations to cultivation in the tropics
 

Both the cowpea and yardlong bean are very susceptible to pests and diseases.
 

Breeding and germplasm
 

Centres of diversity, collections
 

The primary centre is West Africa, with a secondary centre in India. Many
 
local cultivars have been developed in the S.E. Asian countries, where humid con
ditions promote a certain degree of cross-pcllination by insects. The largest
 
collection of cowpea cultivars can be found at IITA in Ibadan, Nigeria and a
 
germplasm catalogue is available. Other collections have been established in
 
India and the USA and at national institutes in the tropics (See Annex 2). Local
 
cultivars of yardlong beans have been given limited attention.
 

Genetics and breeding
 

Much research and breeding work o-i the cowpea has been carried out in the
 
USA, Nigeria and, to a lesser extent, in some other countries (India). Many
 
valuable genes have been identified e.g. for male aterility, high Trotein and
 
methionine content, resistance to thrips, pod borers, Meloidogyne, anthracnose,
 
"Xanthomonas, Cercospora, Uromyces and cowpea mosaic virus. Less attention has
 
been given to the improvement of the yardlong bean. Hybridisation with local
 
strains has been reported from India and the Philippines. Bush types which do
 
not need trellis supports have been developed from the climbiLlg local cultivars,
 
e.g. Los Bafios Bush Sitao no.l. Well-known cultivars include: Singapore Light
 
Green and Bulacan Dark Purple. The yardlong bean crosses readily with the cow
pea and intermediate types are common. 

Recommendations 

Primitive yardlong bean cultivars should be collected since they are subject
 
to genetic erosion especially in S.E. Asia.
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Yield potential, as well as pest and disaase resistance- are important aims
 
for breeding programmes on yardlong beans. Theme should preterably be in close
 
collaboration with existing cowpea breeding programmes.
 

7. WINGED BEAN
 

Crop information
 

Botany
 

Paophocarpus tetragonoZobus DC., (2n - 26) a so known as the Goa bean is
 
a prolific, climbing, perennial or annual plant. It is a common minor vegetable
 
in S.E. Asia and India and is cultivated mainly in home gardens for the young
 
pods. In Java, it is also cultivated as a pulse on the dykes between rice
 
fields. In Burma, the fleshy roots (yielding 3t/ha) are sold as a delicacy. It
 
is now becoming more widely known in many parts of tropical Africa. The quan&
 
tity of ripe seeds produced is high and this can be partly explained by the long
 
duration of the growth period. Plants require strong supporting stakes. The
 
winged bean is noted for the high level of Rhizobium activity in the root system
 
The seeds are not easily separated from the pod.
 

Geography and ecology
 

The winged bean is a tropical short-day plant, well adapted to lowland
 
conditions. It is not drought-resistant and has a high water requiremenr (8mm/
 
day) for adequate production. It is remarkably free from pests and diseases.
 
The winged bean has been introduced to the Caribbean by Asian immigrants. In
 

Africa, it is nit widely cultivated, although it is reported to have been intro

duced into some W. African countries.
 

Nutritional importance
 

The composition of the pods is similar to that of the common bean and the
 
yardlong bean. The ripe seeds have a high protein content, comparable with that
 
of soyabean, but higher than that of the common Lean, Lima bean, mung bean, hya
cinth bean and pigeon pea. The cooked dry bean is suitable as a protein-rich
 
food for young children, since the testa of the large seeds can be removed very
 
easily. Winged beans are commonly cultivated in home gardens for the immature
 

pods and there is a growing interest in its cultivation as a pulse in tropical
 
lowland areas. The seeds, roots and leaves are also used, in addition to the
 
pods. The roots generally have it high protein content and the leaves are also
 
very rich in nutrients (cf. cowpia leaves, table 14).
 

Economic importance
 

The winged bean is of limited commercial importance at the present time
 

since it is mainly cultivated for home production and not for marketing.
 

Main limitations to cultivation in the tropics
 

If winged beans are grown as a vegetable for the production of pods, there
 

are no serious problems. For cultivation as a pulse, it requires adequate stak

ing.
 

Breeding and germplasm
 

The origin of the winged bean is probably tropical Asia and recent work
 
a centre of diversity. Local
has indicated that Par-,a New Guinea may also be 


cultivars are available in Papua New Guinea and Indonesia (see Annex 2).
 

Some testing of local cultivars has been reported from India and S.E. Asian
 
probably self-pollincountries. The local cultivars are very uniform and are 


ating to a high degree. Large and small-podded cultivars are known.
 



76
 

R-commendgtions
 

There is some risk of genetic erosion and local cultivars should be col

lected for plant breeding purposes especially in S.E. Asia. Cor-4 ierable inter

international interest has recently been shown in the winged b' .-Id it is
 

apparent that it is likely to gain in importance as a vegetabl' o pulse crop
 

in lowland tropical areas. The breeding objectives can be defineo after a study
 
of the available cultivars and cultivation techniques.
 

8. OTHER LEGUMINOUS VEGETABLES
 

Locust bean
 

Parkia bigZobosa Benth., is an indigenous fire-resistant savanna tree of 

West Africa. The fermented pulp and seeds are videly used as a concentrated food. 

The seeds cont i about 32% protein and have a high iron and calcium content. 

The pods are sc d in local markets as a spice, under names such as local cheese, 

mustard, nere, or soumbala. The pods contain about 20% dry seeds and 40% 

starchy pulp. Seeds and pulp may be used apart, or in a mixture. The species 

P. fiZicoidea Welw. and P. clappertonia Keay have similar characteristics.
 

Several wild and cultivated Parkia species are used as locust beans in S.E.
 

Asia but to a lesser extent than the African locust bean. In MalaysiI and Java,
 

P. speciosa Hassk. and P. javanica Mer., are planted in compounds. There
 

appears to be little risk of genetic erosion at the present time. The botany and
 

potential agronomy of this valuable tree/vegetable/legume should be studied
 

further, although the National Biological Institute at Bogor has undertaken a
 

preliminary survey.
 

Sword bean
 

Canavalia gladiata (Jacq.), DC (2n = 22,44) is a widespread legume in trop

ical Asia, cultivated for the young tender pods. It is a deep rooting, drought
 

r"sistant, perennial climber, sown against fences in home gardens and close to
 

tree stumps and shrubs when grown as a field crop. The dry beans are coarse

skinned and are not very appetizing, but they have a high nutritional value,
 

similar to th',t of other dry beans. The unripe seeds are more palatable. The
 

seeds generally contain some HCN which is removed by cooking.
 

The sword bean originates frcm the Indochinese-Indonesian centre with pro

bably a secondary centre in tropical Africa. The wild C. gZadiolata Sauer of
 

Burma is probably its ancestor and C. polystacha Schweinf. of China is closely
 

related.
 

sword bean, which is partly cross-pollinating,
Hybridisation between the 

and the S. American Jack bean C. ensiformie (L.), DC (2n - 22), a forage and 

cover crop of minor importance, may be possible. No important pests or diseases 

have been recorded, other than spider mites. In wot regions, production is low
 

and many young pods'are heavily damagedby pod borers.
 

The degree of variation which may exist in the various local cultivars is
 

not full" known although there are distinct botanical varieties. No breeding
 

work has been reported. There is some danger of genetic erosion and the crop
 

should be studied further. This drought resistant plant could become a valuable
 

vegetable legume or pulse in hot dry areas.
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Yam bean
 

Pachyrrhizue erosus L. Urban (2n=22).is a minor vegetable in China, S.E.
 
Asia (Indonesia), India and E. Africa. The tubers are sometimes consumed raw
 
but are mostly eaten as a cooked vegetable. The young pods are also eaten,
 
but the ripe seeds are poisonous. It is a popular vegetable in Malaysia where
 
several cultivars are known, some of which require staking; some wild types
 
have been recorded in parts of Asia. The nutritional value of the tubers is
 
rather low, they have an ANV of only 2.60.
 

C. America is the main centre of diversity and wild plants and some culti
vated types are to be found in C. and S. America, e.g. Colombia. There are no
 
serious risks of genetic erosion except of old cuY.tivars and weedy forms in
 
S.E. Asia and S. China. The yield potential and nossible wider use in home
 
gardens or markets should be studied.
 

Soyabean
 

Glycine max L., (2n - 40) is the world's most important oil and protein
 
crop. It is extremely important as a pulse in S.E. Asia but is only recently
 
becoming more widely known in Africa and Latin America. Dry soyabeans are used
 
as sprouted beans, but to a lesser extent than mung beans. Soyabean cultivars,
 
grown for the production of young seeds and pods, are very popular in Japan and
 
S. China. A great deal of research on the soyabean is being carried out and
 
large collections of germplasm are held e.g. at the AVRDC in Taiwan and by the
 
INTSOY Consortium. Details are therefore being omitted from this report but it
 
should be recorded that much collection is still very necessary in order to
 
conserve the genetic variability of this crop.
 

Pigeon pea
 

Cajanus cajan (L.), Mill. (2n-22) is probably the most important pulse of
 
India, after the chick pea. This area is a secondary centre of diversity, the
 
main centre being tropical Africa. It is well-known throughout thc tropics.
 
The principal region of pigeon pea production is in the West Indies (Puerto Rico)
 
where the young seeds are canned. Pigeon peas are grown in most tropical re
gions which have a long dry-season, usually as a field crop due to its soil im
proving qualities, but it is also frequently grown in home gardens.
 

The pigeon pea grows well during the dry season but is less suitable for
 
the humid tropics since the pods are often seriously attacked by insects. Several
 
cultivars of this mainly self-pollinating species are known, and breeding work
 
has been carried out in India and the Caribbean countries. Cajanus breeding is
 
a main research topic at ICRISAT, Hyderabad, Ind-,a and at several national
 
research institutes in the tropics, therefore it is not treated here in detail.
 

Groundnut
 

Arachis hypogaea L. (2n=40) is a major field crop in the tropics, cultivated
 
mainly as a pulse for local consumption and as an oil crop for export. Although
 
it is widely grown in small gardens as a vegetable legume, details of the crop
 
are not included in this report, since a great deal of attention is being paid
 
to the groundnut in research programmes at both national and international re
research institutes (e.g. ICRISAT).
 

Bambara groundnut
 

Voandzeia subterranea (L.), Thou. (2n-22) is cultivated in the drier areas
 
of Africa especially on poor soil and is an important pulse in Zambia. It is a
 

http:2n=22).is
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widespread but minor vegetable, cultivated for its young seeds in India, S.E.
 

the crop is low. Several local
 
Asia and S. America; the commercial value of 


out on this
cultivars have been described but little research has been carried 


crop. The risk of losing genetic material is not serious and a fairly low level
 

to breeding work. IITA (Nigeria) is assembling
of priority should be given 


germplasm.
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Cabbage as a field crop in Senegal. This is a temperate plant becoming more
 
and more widely grown in trc~pical uplands.
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VII BRASSICAS
 

1. 	 GENERAL
 

The genus Brassica includes a number of popular vegetables. Most of these
 
species are biennial,.cold-resistant, temperate plants, requiring a cold period
 
for flowering and seed production. Some Brassicas are indigenous in the tropics.
 
The taxonomy, especially of the cultivated types, is very difficult and includes
 
many synonyms; clear descriptions of species, subspecies and botanical varieties
 
are rarely avaiAable. The more important Brassicas grown in tropical areas are
 
below and data on cultivation and seed production in table 11.
 

(a) 	 White calbage B. oleracea L. var. capitata L.
 

(b) 	 Chinese cabbage
 

- paak-ta'oi (leaf type) B. campeotria L. subsp. chinensis(L.) 
Makino 

- pe-tsai (heading type)' B. campestris subsp. pekinensis (Lour.) 

Rupr. 

(c) 	 cauliflower B. oleracea var. botrytis L.
 

broccoli 	 B. oleracea var. itaZica Plenck,
 

(d) 	 mustard B. carinata A. Br. B. integrifolia
 
(tropical leaf) Schultz
 

cabbages B. juncea (L.) Coss. B. tournefortii
 
Gouan
 

(e) 	 Kale, collards (temperate B. oleracua var. acephala (DC.) Alef
 
leaf cabbages)
 

Turnips, Brussels sprouts, kohlrabi and swedes are occasionally grown as
 
minor vegetables in the tropics, but they have not been included in this report;
 
the red and Savoy cabbages, which can be considered as belonging to the same
 
cultivar group of B. oZeracea as whit, crNbage, have also been omitted. Many
 
Brassica vegetable types of minor importncce occur In S.E. Asia and the Far East
 
and it appears possible that, in the futur, they may .be useful in programmes
 
aimed at improving the more commonly cultivated Brassica vegetables.
 

Although the genus Brassica is very polymorphic, all its vetetable species
 
have similar cultivation and ecological requirements and are susceptible to the
 
same types of pests and diseases. All species are out-breeders, pollinated by
 
insects. Inbred lines, if crossed with each other, give rise to heterosis.
 
Hybrid seed is relatively easy to produce with the aid of self-incompatible
 
mother plants. Cauliflower is an exception, in that a high percentage of selfing
 
is normal and inbreeding does not lead to genetic depression. Many interspecific
 
crosses, amphidiploids and allopolyploids have been recorded and are used in
 
plant breeding programmes. The commercial cultivars have usually been selected
 
from old local cultivars by mass selection, but are gLadually being replaced by
 
hybrid cultivars.
 



Tsbl. 11. 	 Data on cultivation and seed production of Brassicas.
 

a )
 c u 1it i v a t i o n	 aeedproduct on
cult vatin a)ee 	 d production
 

1000-,multi-

Brassica type 	 seed harvest 000- plication
 

needed pl/ha period, yeld t/ha seeds g per k g / h a factor
 
kg/ha x 1000 days - low high mean weight plant low high mean kg/kg
 

g
 

white cabbage 	 0.6 30 60-100 8 60 20 4.0 20 200 1200 600 1000
 

Chinese cabbage 2.0 200 50-80 5 30 15 3.0 15 200 800 500 250
 
paak-ts'oi
 

Chinese 	cabbage 0.6 60 40-100 8 50 20 800
 
heading
 

cauliflower 	 0.3 35 55-70 5 25 10 3.0 5 100 300 150 500
 

broccoli 	 0.3 30 60-150 4 10 6 3.0 15 400 800 500 1600
 

mustard, coliard,
 
kale & trop. leaf 1.0 100 50-90 8 35 20 2.0 20 200 900 600 6C
cabbages
 

a) with 	transplanting, except paak-ts'oi
 

b) days 	from sowing or transplanting to the first and to the last harvest.
 



83
 

2. WHITE CABBAGE
 

Crop information
 

Botany
 

B. oteracea var. capitata (2n - 18) is a temperate biennial plant, one of
 
the most ancient and widely cultivated European vegetables. Some 280 cultivars
 
are grown in W. Europe, di~fering in shape and size of the head, the shape and
 
colour of the wrapper leaves, resistance to diseases, earliness and storage qua
lity. Late types (90-120 days from transplanting) such as Glory of Enkhuizen
 
produce large heads of 2-5 kg whereas early types such as Golden Acre and Copen
hagen Market produce small heads of 1-2 kg in 60-90 days. The early types are
 
more popular in the tropics than are the late types. A local, vegetatively pro
pagated, white cabbage is grown in Indonesia, at medium elevations. After the
 
heads have been harvested, the young lateral shoots which arise from the remain
ing stem are used as new planting material. Due to its poor quality, it is gra
dually being superseded by cultivars propagated from seed.
 

Geography and ecology
 

White cabbage is commonly cultivated in all tropical upland regions. Its
 
optimum day temperature requirement s low, between 15 and 20 C. Good heads may
 
be obtaired at temperatures up to 28 C, but a longer growing season is necessary.
 
In recenc years, some Japanese early cultivars have been introduced; these per
form well under tropical lowland conditions. Cabbage is not daylength sensitive
 
and flower initiation is mainly determined by temperature. Bolting occurs after
 
a period of some weeks if the temperature falls below lOUC. Nearly all the cab
bage seed used in the tropics is imported from temperate regions, but cultivars
 
have been developed which will flower at higher temperatures, giving rise to
 
local cabbage seed production industries (Brazil, Venezuela). Bolting cabbage
 
cultivars also occur in Indonesia.
 

Nutritional importance
 

White cabbage has a fairly good nutritional value with L,- ANV of 3.52 (see
 
table 5). It cannot, however, compete with green, leafy vegetables. The calcium
 
and iron content of cooked cabbage can be readily absorbed by the human body.
 

Economic importance
 

The importance of cabbage in the tropics is increasing rapidly, one of the
 
main reasons being that it is a high prestige vegetable which can be fairly
 
easily proe-iced in considerable quantities; it is not liable to damage during
 
transport and can be stored for several weeks. It is in demand for the city
 
markets, where it often replaces the green leafy vegetables used in traditional
 
dishes. In contrast to this development, the importance of white cabbage in
 
developed countries is gradually decreasing since it is being replaced by cau
liflower and other vegetables.
 

In the Philippines, 10% of the-budget spent on vegetables is used in the
 
production of cabbage which is a very popular vegetable. Cabbage is also im
portant in the upland regions of Indonesia and East Africa (Kenya, Tanzania),
 
in Northern India, andlin Meso- and S. America.
 

Main limitations to cultivation in the tropics
 

Apart from high temperatures, the main limiting factor is its great sus'cep
tibility to pests and diseases. Black rot (Xanthomonas oampestris), clubroot
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Cabbages are in great demand at the market due to 
their prestige value.
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(Plasmodiophora brassicae), bacterial softrot (Erwinia) and Fusarium and
 
Scierotium wilts appear to be the most serious diseases. Caterpillars such
 
as PluteZZa and Pieris cause severe damage in many areas and many other pests
 

and diseases have also been reported. Alternaria, anthracnose (Co Zectotrichum)
 

and downy mildew (Peronospora) are occasionally serious.
 

Breeding and germplasm
 

Centres of diversity, collections
 

The origin of the white cabbage is either the Western part of the Medi
terranean area or Asia Minor. The cultivated species B. oleracea is presumed
 

to have several wild ancestors. The heading types may have arisen, by selection,
 

in W. Europe in the early Middle Ages. Many working-collections and germplasm
 
collections of wild and primitive types of white cabbage and other Brassicas use

ful for breeding purposes are already available (see Annex 2).
 

Genetics and breeding
 

White cabbage is one of the most intensively studied vegetables regarding
 

its genetic and breeding behaviour. Most of the older cultivars are the result
 
of mass selection. Modern cultivars have been selected from crosses involving
 
high quality parents. Hybrid cultivars which combine a high degree of uniformity,
 

a high yield capacity and other desirable factors are becoming increasingly
 

popular. The most important development in this field is the selection of tropi

cal types by Japanese breeders, such as K-Y Cross and K-K Cross; these are suit

able for hot climates and mature in 60 days.
 

In wet tropical climates the level of infection by bacterial and fungal
 
to 70%). These diseases are difficult to control
diseases is very high (from 30 


good results have already been obtained in breeding
by cultivation methods but 

programmes aimed at introducing resistance to some pathogens. In Indonesia, hybrids
 

between Glory of Enkhuizen x Pudjon are reported as being resistant to blackrot.
 

In Brazil, a local cultivar Louho has been selected, this shows a high level of
 

also gives good seed production at high temperatures.
resistance to blackrot and 

Many cabbage cultivars are resistant to different physiological races of club

root..
 

Recommendations
 

Germplasm
 

The collection of germplasm in the Mediterranean area and in .W. Asia has
 

attention by plant breeding institutions. ihe danger of
already been given mu::h 

losing wild Bkassica types is not great and there appears to be little need for
 

immediate action. The existing collections of local Asiatic white cabbage culti

vars should be revised.
 

Breeding
 

to breeding cabbage cultivars which give high
High priority should be given 

disease
yields in hot climates, produce fertile seed and combine many kinds of 


to those types which have a high nutresistance. Attention should also be paid 


ritional value.
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3. 	 CHINESE CABBAGE
 

Crop 	information
 

Botany
 

The hundreds of cultivars of Braeoia oampeetri8 widely grown in the Far
 
can be roughly
East 	under the names of Chinese cabbage or Chinese mustard 


classified into two main groups:
 

(a) 	 subsp. ohinenoi: paak-tsoli, spoon cabbage Chinese white cabbage.
 
these are generally non-headini, warm-weather plants with promin
ent white, fleshy petioles and upright glabrous .leaves which form
 
a loose rosette, as in Swiss chard.
 

(b) 	 subsp. pekinenoi8: pe-tsai, Shantung cabbage, Chefoo cabbage, celery
 

cabbage. Generally grown in cooler climates.Many types form loose
 
or solid heads which resemble white cabbage or cos lettuce; many
 

types 	have a very broad, flat midrib and petiole.
 

Common cultivars of type (a) are: Taisai, and of type (b) Wongbok and
 

Michihli. Many cultivars have characteristics which are intermediate between
 

(a) and (b). 

Geography and ecology
 

Chinese cabbage is one of the main vegetables of the Far East and S.E. Aoii
 

The popularity of the leaf types (paak-ts'oi) as a summer vegetable in temperati
 

zones (USA, W. Europe) and as an all the year round leaf vegetable in some humil
 

tropical areas, particularly in Africa and S. America, is increasing. The head

ing type (pe-tsai) appears to be less well adapted to high temperatures. It is
 

less well-known outside China and rarely cultivated in the humid tropics. Paak

tooi flowers and sets seed very easily at high temperatures, but pe-tsai re

quires cool weather for seed production. Long days are favourable for flower
 

initiation in both types.
 

Economic importance
 

In the .Far East and S.E. Asia, Chinese cabbage is produced in family gardel
 

for home use and by commercial vegetable growers for city markets. The heading
 

type is more important for market production than the leaf type.
 

Nutritional importance
 

The green, leafy types have a high nutritional value. The ANV rating in
 

table 5 is 6.99 i.e. twice that of white cabbage. The heading types, however,
 

have very little chlorophyll in the inner leaves and therefore have a much lowe
 

ANV (3.56). The white, thickened petiole has a low food value, compared with
 

that of the green leaf blade, so the lorge petiole types have a somewhat lower
 

nutritional value than the leafy ones.
 

Main 	limitations to cultivation in the tropics
 

same 	range of pests and diseases as the
Chinese cabbage suffers from the 

white cabbage but its susceptibility to diseases appears to be much lower.
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Breeding and germplasm
 

Centres of diversity, collections
 

The main source of diversity of Chinese cabbage is the Chinese-Japanese
 
centre. A large collection of germplasm exists in Taiwan; working collections
 
have also been established at some institutions involved in breeding work (see
 
Annex 2).
 

Genetics and breeding
 

A large number of commercial cultivars of Chinese cabbage are found in the
 
Far East. Japanese companies have developed hybrid cultivars from self-in
compatible lines; these are uniform high yielding with good keeping qualities
 
and have some resistance to wilt diseases, root-knot nematodes, virus and soft
 
rot. These cultivars differ from each in other shape, colour, earliness (60 to
 
90 days), keeping quality and sensitivity to high temperatures. The AVRDC is
 
developing heat-tolerant cultivars with multiple disease resistance (at least
 
for soft rot, downy mildew and mosaic). A mutant with a high vitamin C content
 
has been reported from the USSR.
 

Recommendations
 

Germplasm
 

Local cultivars are in some danger of erosion as they become replaced by
 
modern high yielding types. A second priority is collecting, bearing in mind
 
that the AVRDC in Taiwan has already assembled a large collection.
 

Breeding
 

Breeding work on both heading and leafy types suitable for hot weather
 
should be stimulated. The breeding programme of the AVRDC only includes the
 
heading type.
 

4. CAULIFLOWER, BROCCOLI
 

Crop information
 

Botany
 

Cauliflower (Brassica oleracea var. botrytis) and broccoli (B. ozeracea
 
var. itaZica) are closely related annual plants with very similar character,
 
istics. The main difference between the two varieties is that the white cauli
flower is harvested only once whereas the small green broccoli heads may be
 
cut from the same plant over an extended period. Cauliflower heads should be
 
compact and white, whereas the green broccoli inflorescences or curds have a
 
loose structure. Mechanised harvesting is more practical with cauliflower than

with broccol..
 

In the tropics, the main cauliflower cultivars are the late-maturing Euro
pean ones which are adapted to short daylengths but those are being replaced by
 
Indian and Japanese cultivars such as Early Patna and Snow Queen, which are
 
adapted to warm climates. The tropical cultiver Pua Kea has been selected in
 
Hawaii. Calabrese is perhaps the most common of the many broccoli selections.
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Geography and ecology
 

Cauliflowers and broccoli are both cool weather crops. Cauliflower, in
 

particular, is more difficult to grow in warm climates than white cabbage but
 
broccoli is better adapted to high temperatures. No satisfactory curd form

ation takes place in cauliflower at temperatures higher than 250C and heat in

jury or scald is a frequent phenomenon. Seed production of cauliflower in warm
 
climates is either non-existent or very poor but broccoli gives a good seed
 
yield at higher elevations.
 

Nutritional importance
 

The nutritional value of cauliflower is good (ANV-4.12), due to a high vit

amin C content. Broccoli has a very high value (ANV-6.5) due to a high calcium,
 

carotene and vitamin C content.
 

Economic importance
 

The popularity of these vegetables in city markets is increasing. They are
 

already important in the'cooler parts of Latin America, India and the Far East.
 

Main limitations to cultivation in the tropics
 

Both cauliflower and broccoli are susceptible to the same pests and diseases
 

as white cabbage, but to a lesser degree. The main limiting factor is the poor
 

formation of curds in cauliflowers grown in high temperatures.
 

Breeding and germplasm
 

Centres of diversity, collections
 

The origin and main centre of diversity is in the Mediterranean. Working
 

collections of old and modern cultivars are available at breeding stations (see
 

Annex 2).
 

Genetics, breeding
 

The Indian selection Patna and, within the past few years, the Japanese
 

hybrid cultivar Snow Queen are early, tropical cauliflowers which have been de

veloped by modern plantbreeding techniques. The genetic constitution and breed

ing methods used with both cauliflowers and broccoli are similar to those of
 
developed
white cabbage. Early, uniform, one-head broccoli hybrids have been 


both in the USA and Japan. In Campinas (Brazil) the local cauliflower culti

var Piracicaba, which produces seed, has been selected.
 

Recommendations
 

The collection of germplasm has no high priority for the tropicz. Resis

tance to serious diseases is a much more important requirement. More atren

tion should be paid to broccoli, which is easier to cultivate and has a better
 

nutritional value than cauliflower.
 

5. VARIOUS LEAF CABBAGES
 

Crop information
 

a popular leaf vegetable in
Brassica juncea (2n=36), Indian mustard, is 


the Far East. Unlike Chinese cabbage, the petioles have no wings and are not
 

swollen, but the dentate leaf blades are thin with prominent veins; they have
 

http:ANV-4.12
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a somewhat bitter taste. Local mustard cultijars are used as leaf vegetables
 
in many tropical areas such as Indonesia (cv. Sawi), India, Sierra Leone and
 

Guinea. B. carinata (2n-34) is an important leaf vegetable, cultivated in
 

Ethiopia and elsewhere in E.Africa. A vegetatively propagated leaf cabbage
 
from Kenya probably belongs to this species, or possibly to B. tournefortli
 
or B. integrifolia, which are also cultivated in the humid regions of W. Africa.
 

The latter two types could also be subspecies of B. Juncea; the taxonomy of
 

these tropical Brassicas is very confusing. In the Far East, a number of
 
other mustard greens are grown, such as B. perviridis (2n=20), called spinach
mustard. The local leaf cabbages are usually tall-gruwing plants, the leaves
 

being harvested singly as they mature. Some of the Asian cultivars are cul
tivated for the consumption of young plants cut at ground level. The African
 
types are well adapted to high temperatures, they flower easily and produce
 
large quantities of seed.
 

The temperate leaf cabbage types: kale, collard and thousand-headed kale,
 
B. oleracea (2n-18) are cultivated in the cooler areas of Latin America and
 
East Africa. 'Thousand-headed kale' also refers to a perennial plant, propo
gated by shoots, which is cultivated in East Africa. B. alboglabra Bailey
 
(2n-18), Chinese kale, is probably a subspecies of B. oZeracea and is a pop
ular vegetable in S. China.
 

All the leafy cabbages have a very high nutritional value comparable
 

with that of the leafy types of Chinese cabbage (see table 5). The economic
 

value is low. Leaf cabbages are much less susceptible to diseases than the
 
white cabbage.
 

Breeding and germplasm
 

The main centres of diversity of the tropical leaf cabbages correspond
 

with the main cultivation areas. Collards and kale originated in the Med
iterranean area. Almost no breeding work on these crops has been reported
 
from tropical areas.
 

Recommendations
 

Local cultivars should be collected and studied particularly in E. Africa.
 

Breeding should begin with cultivar testing and it is necessary that leaf
 

Brassicas should be improved in areas where they are important in human nut

rition.
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There are several types of amaranth grown in the tropics ao typical leaf
 
vegetables. The example shown in the picture is taken from Zaire.
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VIII LEAF VEGETABLES
 

l.- GENERAL
 

Classification and characteristics of leaf vegetables
 

In the tropics, numerous wild and cultivated plants are in use as-leaf
 
vegetables. Martin and Ruberte (1975) listed about 1,000 and Terra (1967)
 
mentioned about 700 species with edible lpves, belotging to some 125 diff
erent plant families.
 

All dark-green vegetables are more or less similar in their nutritive
 
values and methods of consumption and preparation. White or light-coloured
 
leaves and sprouts, such as bamboo and white cabbage, are not listed in this
 
group, since their nutritional value is much lower. Approximately 80% of the
 
more popular dark-green leaf vegetables are wild plants and are mainly gath
ered for home consumption. These 600-800 species constitute only a very small
 
part, probably ,far less than 10%, of the total quantity of leaf vegetables
 
consumed. Interest in them is declining, with increases in population den
sity, changes in the wild vegetation and the increase in urbanisation assoc
iated with economic development. Only the most important of these wild plants
 
i.e. Talinum and baobab leaves, are discussed in the section.
 

Some 50 species of food or ornamental plants have edible leaves, such as 
maize, taro, cassava, sweet potato, hot pepper, okra, papaya, groundnut, cowpea, 
radish, carrot, sesame, bitter gourd, pumpkin and chayote. Only the more im
portant food crops in this group, i.e. cassava, taro, sweet potato and cowpea
I re described in this section. Selected cool weather leaf vegetahles such as: 
ew Zealand spinach, lettuce and endive which are grown in some tropical upland
 

areas have also been mentioned.
 

Of the numerous perennial plants (shrubs, trees) used as leaf vegetables,
 
only the following most common species have been mentioned: drumstick, Leucaena,
 
bitter leaf, Gnetum and Sauropus. The great advantage of these perennial plants
 
which are commonly grown in home gardens, is that they produce young leaves
 
during the dry season and do not require a great deal of attention.
 

Geography and ecology
 

The most important leaf vegetables in the main tropical areas are listed
 
in table 12; this indicates that a large number of perennial plant species are
 
used as leaf vegetables. In table 13, Porto-Novo, Benin, is cited as an ex
ample of a city in which the population traditionally consumes a large amount
 
of leaf vegetables; only five species are consideyed really important, since
 
together they constitute 96% of the total quantity of leaves marketed. The re
maining 4% is contributed by not less than 20 species. In the rural areas
 
around Porto-Novo, this group of minor leaf vegetables includes some 50 spec
ies which constitute about 20% of the total quantity consumed. Amaranth is the
 
most important annual leaf vegetable in Benin and Sierra Leone, Celosia is the
 
most important one in S. Nigeria, SoZanum in S. Togo, taro and Solanum in Ghana
 
and Corchorus in S. Ivory Coast and Liberia. This illustrates the great di
versity of locally important leaf vegetables which can be found within a lim
ited area.
 

In the tropical lowlands, the very expensive European type vegetables
 
affluent sector of the
D re consumed only to a limited extent by the more 


opulation and are not consumed in rural areas. In the cooler tropical
 
regions, more European type vegetables may be consumed.
 



Table 12. Important leaf vegetables used in tropical areas.
 

such as those of white cabbage,
 

are not included.
 
Blanched leaves, 


Areas 	 Important leaf vegetables Moderately important leaf vegetables
 

S. Asia, S.E. Asia, 	 Chinese cabbage, kangkong, amaranth, cucurbits, Sauropus, sweet potato,
 

Pacific, 	Far East leaf cabbage (mustard), spinach beet, basella, taro, lettuce, yardlong
 

drumstick tree bean
 

jute lettuce, endive
Ethiopia, E. Africa 	 leif cabbage, amaranth, cassava, 


C. Africa, W. Africa 	 jute, amaranth, roselle, SoZanum spp. cassava, Cucurbita, basella
 

bitter leaf, Talinum, cowpea, baobab,
 

taro
 

celery, endive, Talinum
Meso-America 	 leaf cabbage, Xanthosoma, Cucurbita, cassava, 


spinach beet, chaya
 

cassava, Cucurbita, celery, parsley
Brazil, Andean Zone 	 leaf cabbage, lettuce, spinach beet, 


endive, spinach
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Table 13. 	 Vegetable sales in the markets of Porto-Novo (Benin) in 1973.
 
Adapted from Vermeulen (1974).
 
For 809000 inhabitants. Consumption as purchased. F francs CFA.
 

g/caput F/caput 

ton F/kg per day per day 

tomatoes 724 90 24.8 2.23 

hot pepper 413 140 14.1 1.97 

onions 300 92 10.3 0.95 

okra 387 54 13.3 0.72 

european vegetables (lettuce, + 

carrots, french beans, cabbage 70 -500 2.4 1.20 

etc. ) 
tropical leaf vegetables 1,662 21 56.9 1.19 

33 % amaranth 
27 % Celosia 
19 % Corchorus 
12 % bitter leaf 
5 % Solanum 
4 % rest:BaselLa, Talinum 

cowpea etc. 



Table 14. Nutritional value of 24 tropical leafy vegetables. Values from FAO Food Composition 
Tables for Use in East Asia, 1972 (1) and for Africa, 1968 (2). Vegetables ranked on dry 
matter content. Values per 100 g of edible portion. Waste in % of the product as 
purchased 

type of leaves waste DM protein fibre calcium iron -car. vit.C ANV ANV Source 
% g g ng Ig mg mg fresh DH 

1. Chinese cabbage (paak-ts'oi) 14 5.8 1.7 0.7 102 2.6 2.3 53 6.99 120.5 1 
2. 
3. 

lettuce 
Ceylon spinach (Baaellaa Za) 

26 
43 

6.4 
6.4 

1.4 
1.6 

0.6 
0.6 

56 
106 

2.1 
1.6 

2.0 
3.5 

17 
86 

5.35 
7.90 

83.6 
123.4 

1 
1 

4. spinach (Spinacia) 24 7.0 2.4 0.7 62 3.9 3.6 56 8.44 120.6 1 
5. spinach beet 10 7.4 1.8 0.9 70 2.9 1.7 22 5.31 71.8 1 
6. waterleaf (TaZinum 33 7.6 1.9 0.6 90 4.8 3.0 58 8.28 108.9 1 

triangulare) 3 

7. mustard 10 8.2 2.4 1.0 160 2.7 1.8 73 8.06 98.3 1 
8. New Zealand spinach 39 8.5 2.8 0.8 178 3.8 3.5 27 8.33 98.0 1 
9. chayote 8.8 4.0 0.8 62 1.4 1.5 24 5.02 57.0 1 

10. kangkong (Ipomoea 28 10.0 2.7 1.1 60 2.5 2.9 47 757 75.7 1 
aquatica) 

11. amaranth (Amaranthus 40 10.7 3.6 1.3 154 2.9 6.5 23 11.27 105.3 1 

12. pumpkin riolo) 10.8 4.0 2.4 477 0.8 3:6 80 13.97 129.4 2 

13. yardlong bean 44 11.6 4.2 1.7 108 4.7 2.4 35 9.25 79.7 1 

14 sweet potato 18 13.3 3.2 1.6 86 4.5 2.7 21 8.58 64.5 1 

15. roselle 13.6 1.9 1.3 116 1.5 7.6 34 11.04 81.2 1 

16. cinpea 5 15.0 4.7 2.0 256 5.7 8.0 56 17.75 118.3 2 
17 jute (Corchoru8a

ortioriue) 34 15.9 5.6 1.7 266 7.7 7.9 53 18.56 116.7 1 
18. amaranth (Amaranthus 24 16.0 4.6 1.8 410 8.9 5.7 64 16.52 103.3 2 

cruentus) 
19. African eggplant (Solanum) 17.9 4.8 2.4 523 6.0 6.4 67 19.67 109.9 2 
20. taro 20 18.6 4.1 1.2 162 1.0 5.5 63 11.20 60.3 1 

21. cassava 13 19.0 6.9 2.1 144 2.8 8.3 82 16.67 87.7 1 

22. drumstic 39 22.4 7.4 1.2 297 3.6 8.9 167 20.53 91.7 1 

23. Seabania grandiflora 60 24.0 8.7 2.2 404 5.0 6.2 58 14.13 58.9 1 

24. Gnetum gnemon 11 24.6 3.8 2.6 128 2.7 3.6 113 12.42 50.5 1 

mean .27 12.9 3.8 1.3 187 3.7 4.5 57 11.37 92.3 
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Wutritional importance
 

Dark-green leaf vegetables have already been mentioned for their high
 
G.utritional value, especially their content of calcium, iron, 01-carotene and
 
vitamin C (see section 2.3). These vegetables are also rich in other protect
ive nutrients such as phosphorus, vitamin B complex and folic acid. From the
 
details of the nutritional values of 24 leaf vegetables (table 14) the follow
ing conclusions may be drawn:
 

(a) 	The dry matter content of the fresh product varies consider
ably between different species. However, it has been proved
 
that this content also varies within each vegetable species.
 
In Amaranth leaves, the DH content ranges from 8 to 21% de
pending on the cultivar, the climatic conditions, soil type,
 
fertilisers applied, irrigation, degree of maturity, method
 
of harvesting, transporting and handling.
 

It is better to consider the nutritional value of the dry
 
matter of the vegetable than that of the fresh product.
 
Moreover, leaves with a low DM content lose water during
 
cooking whereas leaves with a high DM content take up some
 
water. Unfortunately, data on the nutritional value of cooked
 
vegetables are very scarce.
 

(b) 	Proteins (29.5% of the DM) are generally high in sulphur
containing amino-acids and consequently they improve the
 
biological value of the main protein-supplying food types
 
(cereals, tubers, pulses).
 

(c) 	Records of nutritionai values show a great variation in
 
the vitamin and mineral contents. This may be due to the
 
different methods of analysis, bijt the growing conditions
 
of the vegetables may also influence the quality. For
 
example, it has been proved that a high level N-fertili
sation increased the -carotene content of amaranth from
 
17.0 to 40.0 mg per 100 g DM. Available data on nutritional
 
values should therefore be interpreted with some caution.
 

(d) 	There is no evidence to show that tropical dark-green leaf
 
vegetables have a much higher nutritional value than dark
green temperate leaf vegetables. The only advantage of the
 
former is that they are better adapted to cultivation in a
 
tropical climate. All dark-green young leaves have about the
 
same nutritional composition, including leaf lettuce and leaf
 
cabbage.
 

(e) 	There is also no evidence to indicate that some wild tropical
 
vegetables have a higher nutritional value than the commonly
 
cultivated ones. The only difference is the higher DM content,
 
if leaves of long-lived plants (shrubs and trees) are taken
 
into account.
 

Economic importance
 

Leaf 	vegetables generally have a low economic value and social pres
more 	commonly consumed by the less affluent sectors of society.
tige 	and are 


Many 	leaf vegetables are produced for domestic consumption and leaves are
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Many perennial leaf vegetables may be
 easy to grow without much attention. 


found in home gardens, such as Cnidoecoua in C. America, Sauropus in Halaysi
 

Dsia and bitter leaf in W.
 
and S.E. Asia, drumstick tree in India and S.Eo 


Africa. These deep rooting and highly drought--:esinrant vegetatively propa

low economic inportance. The uccessful market products
 
gated shrubs are of 
 easy to grow in gardens, give

amog the leaf vegetables are those which are 


e short growth period, are easy to harvest with a minimum of
 hftgh yields with 

taste. The most important are Chinese
 a widely acceptable
labour and have 


cabbage, amaranth, jute, taro, kangkong,,Solanum And two European type vege

table 15).
tables i.e. spinach beet and lettuce (cf. 


Main limitations to production and consumption
 

Several of these species may suffer seriously from pests and diseases
 

and seeds or planting material of good rultivers are seldom or never avail
the lack of any knowledge of the nut

able. The main limitation, however, is 

The ahort sto
ritional value of leaf vegetableb among the public in general. 


fresh leaves, which demands a well-organised marketing system
age capacity of 

is ailso a serious handicap.
 

COMMON ANNUAL LEAF VEGETABLES
2. 


leaf types of Draosica which are
Species dealt with below exclude the 

V) and vegetables which produce
described in Chapter VII, Allium (see Ch. 


IX and X).
edible flowers and shoots (see Chs. 


AMARANTH
 

Crop Information
 

Amaranthus app. are widely distributed, short-lived weeds, the leaves of
 

are cultivated in hone
which are frequently used as pot-herbs. Some species 


gardens and for marketing, i.e. A. tricoZor L. (2n-34) mostly in East Asia,
 

A. cruentus (L.) Sauer (2n-32) mostly in Africa and A. dubius Mart. ex Thel
 

These are probably the most important leaf ve
(2n- 6 4 ) in the Caribbean area. 

are scarcely known in S


tables of the lowland tropics of Africa and Asia, but 

content
America. The nutritional value is high, although the high oxalic acid 


A considerabl
slightly decreases the ANV rating (see table 14 No.11 and 18.) 


amount of research has been carried out on amaranth in those regions where it
 

occurs as a serious weed, and 
it has been included as a test plant in physio

is a plant with a C-4 cycle photosynthetic relogical research. Amaranthus 

it an efficient producer of cabohydrate. Some Indian cul

action which makes 

them in the beginn


tivars are markedly short-day plants; market growers plant 

several months by repeated cutting until
of the summer and harvest them over 


the end of the season. The cultivation method
the beginning cf flowering at 

raised in a nursery.


is either by sowing directly, or transplanting seedlings 


When the plants are pricked out, either dense spacing (IOXlOcm) with one sing
 
by re

harvest by uprooting, or wide spacing (25X25cm) with several harvests 


peated Lutting is practised.
 

a crop rotation since it is not affected
Amaranth is a suitable plant in 


common soil diseases and pests (nematodes, Fusarium, ScZerotium,

by the more 


Serious pests and diseases are: damping off (Pythiu), wetbacterial wilt). 
 Early

rot (Choanephora), caterpillars N'menia) and stemborers (Lixus). 


flowering may occur as a coniequence of a short daylength or may result from
 

a short period of water stress.
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Breeding and germplasm
 

Amaranth species show centres of diversity in C. and S. America, India,
 

S.E. Asia and secondary diversity in W. Africa and E. Africa. Many local cul
tivars and wild forms occur especially in Africa. Some cytogenetic work has
 

been carried out in India. Crossing with related wild species or with grain
 

amaranths is possible, but not between the three vegetable speiies mentioned.
 

ll are monoeciois plants with wind-pollinated, univexual flowers. However,
 

abundant pollen production leads to a high degree of self-fertilisation.
 
these
Commercial cultivars exist in India, Taiwan, the Caribbean and the USA; 


are remarkably uniform. Considerable differences exist between the three main
 

species. The African cultivars of A. cruentua were originally grain-amaranths;
 

they have long stems, a high DM-content in the leaves and bear large inflores

cences. Cultivars of A. dubius and A. tricolor have a much lower seed pro

duction; their habit is similar to spinach, with short stems and succulent
 

leaves. The wide variation between local cultivars within each species in
 

growth habit, d'.sease resistance, taste and quality implies possibilities for
 

future breedi.ig. Small collections of local cultivars are kept at AVRDC in
 

Coimbatore and other institutes in India, and also at national research
raiwan, 

institutes.
 

Recommendations
 

Local cultivars should be collected since they are apt to disappear rapidly
 

with the introduction of modern cultivars in India and S.E. Asia. Breeding work
 

should be stimulated, with a view to the selection of high-yielding cultivars
 

with resistance to wetrot and stemborers, with a good cooking quality and low
 

oxalate content.
 

CEYLON SPINACH
 

Crop InformatLion
 

BaseZla aZba L. (2n-48) is a climbing perennial plant, mostly cultivated
 
in some areas as a
 as an annual vegetable against supports in home gardens but 


vine-like market vegetable which is not staktd. It is a short-day plant, with
 

a C4-cycle photosynthetic pathway similar to that of amaranth. Flowering is pre

cluded at a day length of more than 13 hours but water stress promotes early
 

flowering. Baselia is known as a minor vegetable in all tropical lowland areas.
 

It is often called Ceylon spinach or Malabar nightshade. Three main types are
 

most oval or nearly round leaves.
in cultivation. The common has dark-green, 

a less popular type, often referred to as B. rubre, has red oval round leaves
 

and red stems and a third, less commonly grown type has cordate- haped, dark
a succulent and slightly mucilaginous vegegreen leaves. Ceylon spinach is 


to root-knot nematodes but is seldom or never
table; it is very susceptible 

attacked by insects, due to its very thick leaf cuticle. Red spots on the
 

leaves and stems, caused by Cercospora and Acrothecium, are rarely serious.
 

Market growers in Asia normally use cuttings as propagating material whereas,
 

in Africa, seeds are usually sown.
 

Brceding and germplasm
 

its origin in S. Asia but is widely cultivated in tropical
Beselea has 

Asia, Africa and the New World. No references to breeding work have been
 

Indian seed catalogues offer BaseZZa seeds. No collections germencountered. 

plasm ,re known.
 

http:breedi.ig


leaf vegetables.
Table 15. Data on cultivation and seed production of 


I s e ed p ro du ct io n
 

_ _ _ __p_ _c u 1 t i v a t i 9n multipli

seed density mean weight g cation
 

per kx/ ha factor
 
needed pl/ha duratiia yield t/ha DM yield 1000 


mean kg/kg
type of vegetable kg/ha x 1000 days e) low high mean kg/ha seeds g plant low high 


3000 1500 1500

1 a) 250 20-80 .0 40 20 3200 0.3 40 800 


Amazanthua 

cruentus
 

Amaranthur 2 b) 500 30-90 10 40 25 3000 0.7 15 300 .800 500 250
 
tricolor
 

BaseZZa 10 b) 50 60-180 10 80 50 4010 40 25 1201000 2000 1200 

aZba C) 

Beta 20 b) 1000 4n-100 10 40 20 1600 16 10 400 800 600 30 

vuZgaris 

Celoeia I a) 250 40-90 10 30 20 2400 1 12 200 700 450 450 

argen ea 

Cotocaaia - 30 60-270 3 9 6 1000 - 10 

eautentum d) 

Corchous 5 a) 250 45-80 3 10 8 1600 2 2 200 400 300 60 

olitorius 

Hibiscus 6 b) 20 120-180 10 25 16 f) 2600 .25 20 200 600 400 70 

sabdariffa 

Ipomoea 5 b) 120 60-360 8 120 80 7000 40 15 100 500 300 60 

aquatica c) 

Ipomoea - 120 90-180 5 20 15 2000 - 20 

batatae d) 

Lactuca 5 200 30-60 5 30 15 1100 1.1 2 100 400 200 400 

sativa 



Manihot 

eaouZenta d) 
- 100 60-270 30 90 50 8000 10 

openaea 

SoZanumSocarw,, 
mac*'ocarr'on 

TaZinum 
triangulare 

Vi gna 
unguicuata200 

Zanthosoma 
eagittifoZium d) 

150 b) 

I a) 

5 a) 

20 ) 
b) 

-

1500 

90 

250 

50 

500 

20 

45-60 

60-120 

60-180 
06 

30-60 

60-270 

8 

15 

10 

5 

10 

25 

35 

60 

15 

30 

12 

25 

45 

10 

20 

1000 

4000 

3600 

1500 

4000 

10 

3.3 

0.3 

250 

-

6 

30 

4 

20 

300 1200 900 

120 300 200 

100 300 200 

600 3000 1200 

30 

350 

400 

10 

a) transplanted 
b) direct sown 

c) may be propagated by cuttings 

d) propagated only vegetatively 

e) days from sowing or transplanting to the first and 

f) about half of this quantity being calices 

last harvest 
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Inflorescence of an amaranth (Amaranthus
 
cruentus). Seeds are collected from such
 
heads in Guatemala and other parts of C.
 
America for grain. In Africa leaves are
 
used as a vegetable.
 

Celosia argentea an important vegetable
 
in limited parts of Africa. Several
 
closely related species are used for med
icinal purposes.
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Recommendations
 

Ceylon spinach is a very productive leaf vegetable which is suitable
 
for both home gardens and market production in the low humid tropics. It
 
shows a remarkable resistance to pests and diseases. There is no danger bf
 
genetic erosion. Collecting of local types and screening for high yield
 
capacity is advisable but is of low priority.
 

BEET
 

Swiss chard, spinach beet or leaf beet, cultivars of Beta vuZgaris L.
 
(2n-18) are temperate annual vegetables widely cultivated in the Mediterranean
 
area, but becoming increasingly popular in cool tropical areas. The stalk type,
 
the real 'Swiss chard' which is popular in the Mediterranean area, has a much
 
lower nutritional value than the leafy types. Dark green Lucullus, Fordhook
 
Giant, Large Rib and Rhubarb Giant are well-known leafy culr'-vars. Since only
 
the large, outer leaves are harvested, the harvest period is prolonged and the
 
level of production high. Swiss chard is a very important vegetable in N. India
 
and, to a lesser extent in the cooler parts of S. America. Diseases'and pests
 
are identical with those of the sugarbeet i.e. nematodes, aphids, yellow
 
mosaic virus and Cersospora leaf spots.
 

Some breeding work on Swiss chard has been undertaken in India, result
ing in the introduction of new commercial cultivars, These, together with
 
local cultivars from India, Hongkong and S. China, show a better yield than
 
cultivars introduced from temperate regions and produce viable seed in the
 
tropics. Collections of both cultivated and wild Beta species and cultivars
 
from the centre of diversity, i.e. the E. Mediterranean area, and secondary
 
centres in Asia and N. Africa are kept by sugarbeet breeders in W. Europe
 
and N. America but are inadequate for the improvement of the tropical spinach
 
beets.
 

The genus Beta has a high priority for IBPGR since the localiS.W. Asian cul
tivars and wild species are rapidly disappearing. Material collected for
 
breeding work with the sugarbeet can also be used for spinach beet programmes.
 
This vegetable merits more attention as a suitable market vegetable for the
 
cooler parts of the tropics.
 

SOKOYOKOTO
 

Celosia argentea L. (2n-72) (Amaranthaceae), occurs in Africa and Asia
 
both as a weed and as a cultivated vegetable resembling Amaranthue. It is the
 
most important leaf vegetable of S. Nigeria, where it is known as Sokoyokoto,
 
and is popular in Benin, Zaire and.Indonesia. It is often considered as a
 
variety or type of Amaranthus, since the growth habit and cultivation methods
 
used are very similar. However, in contrast to amaranth, CeZosia has a C3
cycle photosynthetic pathway. It is susceptible to root-knot nematodes,
 
Cercospora leaf spots and spider mites. It is a short-day plant which grows
 
well on marshy soils and the shoots can be harvested over a period of 3-5
 
months, even when flowering has started. It is less suitable for harvesting
 
by uprooting since juvenile development is slower than that of amaranth. The
 
nutritional value is comparable to or somewhat lower than that of amaranth.
 
The oxalate content is very high.
 

Celosia argentea originatad in the Hindustani centre but C. trigyna L.
 
and other species originated in tropical Africa. From a local, broad-leaved
 
and high-yielding cultivar, with a red anthocyanin spot on the leaf blades,a
 
completely green strain has been selected in Benin. No further breeding work
 
or collections have been recorded.
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CeZoeia cultivars should be collected an4 investigated, together with 
amaranth, since it is an important African vegetable for home garden pro
duction and marketing. It is a potentially suitable vegetable for all tro
pical lowland areas.
 

TARO
 

Taro, dasheen or cocoyam, CoZocasia escuZenta (L.) Schott is a root crol
 
originati g from South East Asia and is important also in the tropical low
lands of Lhe Pacific area and the West Indies. It is of minor importance in
 
West Africa, South America and other parts of Asia. The consumption of the
 
young leaves is popular in the West Indies and West Africa, especially Ghana.
 
Many cultivars exist and propagation is by small side tubers or suckers. Olde
 
leaves may contain crystals of calcium oxalate which do not dissolve during
 
cooking. Virus diseases, Phjytophthora blight and root rot are common probler
 
Special cultivars, suitable for leaf production have not been recorded (See
 
Xanthosoma, a leaf vegetable related to Cotocasia).
 

Taro is included in the-research programme on tropical tuber crops of tb
 
IITA, Ibadan, Nigeria. No special priority for this plant as a vegetable is
 
necessary. A collection is held in Papua New Guinea and a more modest one in
 
Indonesia.
 

JUTE HALLOW
 

Corchorue oZitoriua L. Jew's mallow, jute mallow or jute (2n-14) is wel
 
known as a fibre crop but selected types with shorter and more branched stems
 
are frequently cultivnted as a leaf vegetable. The cultivation methods are
 
very similar to those of amaranth. It is a short-day plant, self-pollinating
 
with up to 10% of outbreedlng. Seed yields are rather low and germination is
 
often very poor, owing to dormancy (which can be overcome by soaking in hot
 
water). Leaf production is also low (see table 15), but the leaves have a
 
high dry-matter content; the stalks are not edible. Jew's mallow is a most
 
important leaf vegetable in Egypt, where it is cultivated from March to Nov
ember. It is one of the leading leaf vegetables in lowland West Africa and
 
is often stored in a dry condition. It is also commonly grown in Malaysia
 
and parts of Latin America. The plant thrives best in the hot, wet, lowland
 
tropics. It is very susceptible to damage by spider mites and root-knot
 
nematodes and is also attacked by caterpillars which feed on the leaves.
 

Corchorus, as a vegetable, has received very little attention .from plant
 
breeders, There are numerous cultivars, varying in stem colour, height, pu
bescence and fruit shape. The primary centre* of origin is S. China and it wa
 
taken at an early date to India. In many places it has become weedy.
 

This important leaf vegetable is not yet in great danger of genetic ero
sion but collecting is recommended and selection of cultivars should rate a
 
high priority.
 

ROSELLE
 

Roselle is a self-pollinating, annual plant with woody branches, grown t
 
a large extent in the drier parts of West and Central Africa and in India. 

is a short-day plant. Harvesting of the fleshy, green or red calices takes
 
place in December-January; they are usually dried and stored for use during tl
 
dry season. The leaves are eaten fresh or dried, they have a higher nutritiol
 
value than the calices. In India and the USA, special cultivars with sweet, :
 
calices are used in the preparation of a jelly. In the Sahel zone, roselle il
 
widely cultivated as a mixed crop under the name of "dah". In monoculture,abi
 

I 
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8 t/ha of fresh calices and 10 tonn's of leaves may be harvested per annum.
 

Lixus beetles damage the stems and plants are generally susceptible to the
 

same pests and diseases which attack cotton. Roselle is very attractive to
 
insects belonging to Hemiptera (plant bugs, aphids =n& mealy bugs).
 

The origin of roselle, Hibiscus eabdariffa var. sabdariffa (2n=36 or 72)
 

is tropical Central Africa. Many local strains and wild types are known. In
 
India, some commercial cultivars are available, as are also those of H. canna
binus L. kenaf, which is also used as a lcaf vegetable in West Africa and else

where. No collections are known.
 

The high degree 	of drought resistance and its suitability for drying makes
 

roselle an interesting vegetable. Some risk of genetic erosion is present in
 

India but not in Africa. Breeding of high-yielding cultivars is recommended
 

and cultivar testing should yield early results.
 

KANGKONG (Ipomoea aquatica Forsk.)
 

Kangkong or water cabbage (2n-30) is a trailing, tropical lowland plant,
 

related to the sweet potato. Two main botanical varieties are distinguished:
 
var. aquatica and var. reptans. The former is an aquatic plant, widely grown
 

in the southern part of India and South East Asia; it is propagated by cuttings
 

and grown in fish ponds and water courses. The latter is an upland vegetable,
 

cultivated on dry or marshy land and is propagated by either cuttings or seeds.
 

Var. aquatica is often used as a fodder for pigs. The upland type is an im

portant market vegetable in Malaysia, Indonesia and other South East Asian
 

countries; the species has not become widely distributed outside this region.
 
cater-
Pests and diseases are similar to those found on sweet potato, i.e. 


pillars and virus diseases.
 

Various clones and cultivars propagated by seed are available in South-


East Asia and India. The danger of genetic erosion is apparently small,never
this very important Asiatic vegetable, including
theless, a detailed study of 


the collecting and testing of all the available genetic material, is strongly
 

recommended as a priority.
 

SWEET POTATO
 

as
The leaves of the sweet potato Tpomoea batatas (L.) Lam. are used pot

herbs in South East Asia, the Pacific and locally in Latin America. It is an
 

important source of food for the highland population of Papua New Guinea where
 

many interesting local bElection are grown. Since the sweet potato is an impurt

ant research subject in both national and international institutes in the USA
 

and in develcping countries, it is not specifically included in this study. No
 

special action is recommended except to support the need for the collection of
 

germplasm In Papua New Guinea.
 

LETTUCE
 

(2n - 18) is one of the most important vege-
Lettuce, Lactuca sativa L. 

tables grown in 	temperate regions. It has a high social significance for
 

in developing countries but its nutritional value-- although
affluent people 

fairly good - is often highly exaggerated. Europeans commonly consume it
 

raw although it may be an important cause of intestinal infections in hot
 

climates. It is more popular in Latin America, Africa and the Near East than
 

is often consumed cooked as a spinach
in India and South East Asia, where it 

substitute.
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In the tropics, lettuce is principally a market vegetable, home consump

tion being generally limited. Many hundreds of cultivars have been pre
duced. In the wet tropics, butter-head cultivars are less successful than the
 

crisp-head cultivars such as Great Lakes. In southern China, local cultivars
 
of leaf lettuce and stem lettuce nre popular and growers produce seed of these
 
cultivars. L. indica L. and L. denticuZata Maxim. deserve more attention.
 
L. sativa var. angustana grown in China for its fleshy stem is eaten raw or
 
cooked. Leafytypes have a higher nutritional value than the heading ones.
 

Seed production of this crop is possible in the tropics in dry regions,
 
since flowering is stimulated by high temperatutes. The bolting of young
 
lettuce plants grown at high temperatures may be somewhat retarded by shading
 

and frequent watering. High temperatures frequently induce a bitter taste.
 

Some cultivars have a light requirement for breaking of dormancy. Apart
 

from the high level of cultivation required, the main problem of growing lettuce
 

in the tropics is its susceptibility to pests and diseases. Root-knot nema

todes and rots caused by Sclerotium or other fungi, are the main problems.
 

Lactuca sativa L. is an old cultigen derived from L. scarioZa L. which
 
grows wild in the Near East. It is a highly self-pollinating species and modern
 

cultivars cross readily with primitive cultivars or related types. It is one of
 

the best studied temperate plants. Several large collections of germplasm are al

ready available but lack the types from China and S.E. Asia. Heat-resistant
 

cultivars such as Slobold have been bred but cool nights (less than 23 0C) are
 

necessary for these types to mature properly.
 

Lettuce cultivation can be recommended as a spinach-type leaf vegetable,
 
due to its increasing economic value. Cultivar testing and local seed produc

tion of suitable cultivars should be stimulated.
 

CASSAVA (Manihot esculenta Brantz.)
 

Cassava leaves are eaten in many tropical lowland areas. Special clones
 

have been selected, e.g. in Nigeria, which form very few tubers but which have
 

a high production of palatable leaves, free from virus. Cassava is an import

ant leaf vegetable in Zaire, Indonesia, Malaysia and parts of South America
 

(Brazil) where it is known as manioc. It is suitable for growing in home gardens;
 

a plot of cassava occupying 10 m of a fertile soil produces about 2 kg of
 

young leaves per week during the wet and 1 kg per week during the dry seasons.
 

Cassava, as a leaf vegetable, is more commonly grown for home production
 

than for marketing. The nutritional value is high, due to the high dry-matter
 

content (table 14). The high level of hydrocyanic acid is no drawback to con

sumption since this poisonous substance disappears during cooking.
 

If the leaves of a cassava crop intended for tuber production are harvested,
 

there will be a subsequent decrease in tuber production. The method of propo

gation by cuttings, rather than by seed, has limited the distribution of numerous
 

cultivars.
 

Since cassava, as a tuber crop, is an object of research at IITA in Nigeria,
 
CIAT in Colombia and also in many national research institutes, no further de

tails are given here. In breeding cassava, the uelection of high protein-content
 

leaf types and virus-resistant cultivars should not be ignored. The collection
 
of germplasm is apparently adequate, at present.
 

AFRICAN EGGPLANTS
 

Apart from the formation of fruits, many kinds of African eggplant have
 

glabrous, dark-green, succulent edible leaves. In some regions of West Africa
 
(Ivory Coast, Ghana) the consumption of the fruits is more important, (see
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some cultivars with small fruits are cultivated in West
Chapter III). However, 


Africa, (Ghana, Togo, Benin, Nigeria) as a leaf vegetable, the fruits bring
 

as vegetables is con
rarely consumed. The taxonomy of local Solanum spp. used 


fused. S. macrocarpon L. (2n-36) is characterised by the long calyx which
 

surrounds the fruits. S. aethiopicum L. (2n-24) is a related species which
 

occurs in tne wild but is not commonly cultivated. Both the dark-green leaves
 

and the emall, bitter fruits are eaten. S. macrocarpon is an important mar
are cold in the Ivory Coast and Ghana,ket vegetable in Uest Africa, the fruits 

areas. The black nightshade,
but the leaves are more widely used in other 

S. nigrun L. is collected from the wild as a pot herb in many parts of the
 

world and is sometimes cultivated in Africa; two main forms, Ogunmo and Odu
 

are grown in Nigeria and Sierra Leone (Epenhuijoen, '1974).
 

The origin of S. macrocarpon and S. aethiopicum is tropical Africa.
 
in the Ivory Coast
Some selection work on local cultivars has been carried out 


and Benin. Pests and diseases which affect S. mclongena (see I.i8 but is less
 

these species. They are very susceptible to virus, bacterial wilt, Fusarium,
 

Sclnrotiurn, root-knot nematodes and stemborers,
 

S. macrocarpon is an excellent leaf vegetable for the regu'.ar harvcst

ing 	of the leaves over a long period. The risk of disappearance of the local
 
but is less sercultivars, used for both fruits and leaves, exists (see III) 


ious for the types which are grown exclusively for their leaves. Collecting
 

local cultivars is strongly recommended.
and screening of 


WATERLEAF
 

Talinum tridzgulare (Jacq.) Wifld., waterleaf, it, a common weed in most
 
gardens and market gardenr as
tropical areas but is frequently grown in home 


a leaf vegetable. It has a C4-cycle photoLynchetic pathway, similar to that
 

results in a high level of dry-matter production
of Amaranthus and Basella; this 

and water availprovided the temperature is high and soil fertility, light 


content of the leaves is as low as that of Basella.
ability are optimal. The DM 

It is a soft, mucilaginous vegetable, with a high oxalate content.
 

It is propagated by seeds or, oc.-asionally, by .7uttings. It possesses
 

a remarkable degree of droughL resistance. No serious pests and diseases are
 
more than a year.
known. Plants may continue to produce edible shoots for 


Waterleaf is a.minor vegetable with some economic importance in West Africa,
 

Java, and Brazil (Amazon). The small seeds are difficult to collect which
 

is a drawback to regular cultivation.
 

The origin of Talinum (2n-48,72) is not precisely known; it probably
 
could also be a possible
comes from Central Africa, but tropical South America 


centre of diversity. No breeding work has been described. There is no risk of
 

genetic erosion but some broad research and breeding of this interesting vege

table is recommended.
 

COWPEA AND YARDLONG BEAN
 

The leaves of both the cowpea and the yardlong bean (see VI) are fre
the young growquently consumed. African farmers believe that the removal of 


flowering period) stimulAtes
ing points of the cowpea (about 2 t/ha during the 


fruit setting and seed production, but this has not been proved. if a con

siderable proportion (more than 4 t/ha) of the leaves is removed, the yield
 

In West and Central Africa, cowpeas
of dry beans will be seriously affected. 

dry and rainy seasons as a leaf vegeare traditionally grown both during tha 


The 3-week old plants are cut at ground level or uprooted, either for
table. 

known whether special ieaf types
home consumption or for marketing. It is not 


http:regu'.ar
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have been selected. The consumption of cowpeas as a leaf vegetable should be
 

given some attention in international cowpea research and breeding programmes.
 

(see VI) is less iwportant as a leaf vegetable.
The.yardlong bean 


C0COYAMS
 

Xanthosoma brasitiense (Desf.). Engler is an important leaf vegetable
 

south Brazil and the Pacific and known as calalou or yautia.
grown widely in 
Ali the loaves are used; they 	contain oxa-
It is propagated by small corms. 


late*, but these are not the same as the shzrp calcium oxalate crystals which
 

are found in the older leaves of the tanier, X. sagittifoZium (L.) Schott.
 

This is often called cocoyam, but only the unfolded young leaves are used, in
 

addition to the starchy corms. This species originates from tropical South
 

America and is popular in most tropicsl lowland arei.s. Many cultivars (clones)
 

are known, some of them being especially cultivated as leaf vegetables.
 

Xanthosoma may suffer from virus diseases or from wilting and rotting, probably
 

caused by nematodes.
 

No breeding work on Xanthosoma as a leaf vegetable is recorded. Local
 

cultivars are available at national institutes and in Nigeria at IITA, where
 

breeding work on the tuber crop is in progress (see CoZocasia). This adaptable
 

vegetable should be given some attention in horticultural research programmes.
 

immediate risk of losing local cultivars.
There is no 


3. SHRUBS AND TREES
 

are used as vegetables, some woody
The leaves of many wild trees and shrubs 

species being specially cultivated for this purpose. Th2 most important of these
 

species are briefly described. Their advantage over annual vegetables is that
 

they produce over a long period, require very little attention, and are more
 

resistant and less susceptible to pests and diseases. The disadvantage
drought 

is that the harvesting is less convenient, and the time from sowing or planting
 

to the first production is much longer.
 

a common, wild, prntected tree from
Adansonia digitata L. the baobab, is 

the Sahel zone in West Africa to Tanzania and Malewi in East Africa. 1:'e leaves
 

are used fresh or dried in soups. It is not cultivated.
 

or 

It is propagated from cutt-


Cnidoscolus chayamansa McVaugh, the chaya tree spinach, Is a shrub grown
 

on compounds in the Caribbean and Central America. 


ings and planted as hedges.
 

Gnetum gnemon L. is a shrub or small dioecious tree, grown in South East
 

Asia (Indonesia) for the seeds and leaves. It is propagated by seed. This and
 

related Gnetum species used as leaf vegetables can be found in the spontaneous
 

vegetation of lowland areas in Asia,
 

Leucaena Zeucocephala De Wit is a common leguminous shrub used for mul
as a weed in
ching and as a forage plant in tropical lowland areas. It occurs 


cash crops. The young shoots are sometimes used as a minor vegetable in Asia,
 

e.g. 	in the Philippines. Seed production is very high but non-seeding clones,
 

known. An annual dry matter production of Leucaena
propagated from cuttings, are 

leaves of 25 t/ha has been recorded in Hawaii.
 

Moringa oleifera Lam., the drumstick tree or horse-radish tree, is very
 

popular in S.E. Asia and West Africa. In addition to the young fruits, the
 
easily stripped
leaves are commonly used as a vegetable. The small leaflets are 


are known in India. Moringa is propagated
from the petioles. Various clones 

1 m which are planted in fences for the


by cuttings with a length of more than 

are useful as stakes
They provide a light shade and
protection of home gardens. 


for climbing vegetables.
 



108 

Sauropus androgynue Merr. is a small shrub which is popular in India,
 
It is propagated
Malaysia 	and Indonesia as a leaf vegetable in home gardens. 


around vegetable beds as a
 
by cuttings and is often planted in hedges or 

soil conservation measure. The first harvest is after 3-4 months, cutting
 

.begins when the plant reaches 60 cm. It has an exceptionally high pro-vitamin
 

A content.
 

Vernonia amygdalina Del., bitter leaf, is a popular vegetable in West
 

Africa. It is propagated by cuttings and planted in hedges in home gardens
 
2 


or in plots for commercial production. About 4 kg fresh leave& per m, per
 

ahrub suffers from Lixus beetlet and Sclezotium
 year may 	be obtained. The 

are known in the tropical
wilting. Other wild or cultivated Vernonia species 


of Asia, Africa and America.
lowland areas 


Recommendations
 

use, cultivation and genetic variability oi the perennial woody leaf
The 

vegetables should be studied, especially Adansonia, Cnidoscolus, Moringa,
 

Sauropus and Vernonia which are promising species. There is no immediate
 

d,.nger of genetic erosion.
 

4. MINOR WILD AND CULTIVATED LEAF VEGETABLES
 

Some of the many hundred species other than the 18 annual vegetables
 
trees and shrubs of -ection VIII are worth mention
listed in VIII and the seven 


ing in brief:
 

increasing
Apium graveolens L., celery, is a temperate vegetable of 


importance in subtropical and cool tropical areas of Latin America and the Far
 

East. Leafy types and cultivars with fleshy petioles are grown.
 

leaf vegetable or a spice plant
Chrysanthemum coronarium L., is an annual 


locally grown in Malaysia and other South East Asian countries and in the Far
 

East as a cool-weather crop.
 

or climbing plants, are wild or cultivated
Crassocephalum spp., erect 


annual vegetables in West Africa, especially in Sonth Nigeria. They grow well
 

almost all other tropical leaf vegetables.
in heavy 	shade, in contrast to 


known as 	both a weed and a cultivated annual
EmiZia sonchifolia D.C. is 


vegetable in tropical Africa.
 

(Cleome gynandra L.) is a wild or cultivated
Gynandropsis gynandra Briq. 


vegetable sometimes grown in compounds in tropical Africa.
 

a popular South Pacific leaf vegetable propagated
Hibiscus 	manihot L., is 

Its habit resembles H. sabdariffa (see VIII). It is very suitby cuttings. 


able for home gardens.
 

Nasturtium officinale L., the watercress, is found wild and is also cul

tivated in some tropical areas. Its popularity is increasing (Indonesia). Pro

pagated from cuttings or by seeds.
 

is a popular vegetable of the temp-
PetroseZinum vulgare Hill., parsley, 

erate regions. It is frequently grown as a leaf vegetable in Brazil. It is
 

all subused as a spice, a green leaf vegetable or salad seasoning in almost 


Parsley grows best in moderately cool, humid and

tropical and tropical areas. 

shady conditions.
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the wkld or planted by
Less. is a shrub occurring in
Pluchea indica L. vegetable. 
cuttings in compounds in Indonesia. The you-g lea-.es are a popular 

the lowland
 
Physalis peruviana L., the Cape gooseberry, is found wild in 

leaves in South America, tropical
It is sometimes cultivated for the


tropics. 

Propagation is by aeed.
Africa and Asia. 


in most
occur as weeds 

PortuZaca oleracea L. and other PotuZaca apecies 

a popular winter vegetable in North
 
areas. Purslane± is

tropical and subtropical 

by sued.
Tndia. Propagation is 


used for shade in compounds
is a small
Sesbania grandifloraPers., 	 tree 
and sometimes also the leavef,.are
India. The flowers
±n South East Asia ani 


eaten. Propagation is by seed.
 

or grown as leaf vegezzbles in
the wild
spp. are collected in
spiZanthes 
 are propagated from seed.
Indonesia; they

crmpounds in Central Africa and In 


tropical
f., is an ;nnual cucurbit, native of 

Telfairea occidentaZis Hook. 
 in Nigeria. It is propagated
 

a leaf vegetable in home gardens

Africa, grown a6 	 grows better i the humid
 

fairly drought resistant but 

by fresh seeds and is 


longer periods than male plants.
 
Female plants produce leaves 	for 
regions. 


GENERAL RECOMMENDATIONS
5. 


very important in human nutrition
 
(a) Leaf vegetables are 


(see 	11.3 & VIII.l) especially regarding 
their content of pro

the utilization, cooking and
 vitamin A. However, data on 

are inadequate.
the consumed product
net nutritional value of 


therefore be encouraged.
should
Research in these areas 


growth and
show many parallels in their 

(b) Leaf vegetables 
 resources
The photosynthetic
the cultivation methods used. 


of plants are significantly reduced 
by repeated harvesting
 

leaves. Leaf vegetables rapidly exhaust 
the soil ferti

of the 

extensive agronomic research
 

lity and there is a need for 	more 

more widely used species.
and growth analysis of the 


more important

(c) The collection of primicive germplasm of the 


chapter should be undertaken, both 
for
 

species mentiuned in this 	
A first priority


for immediate breeding programmes.
conservation and 

amaranth, jute mallow, kangkong, chaya, drumhas been attributed to 


stick tree and Sauropus.
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IX OTHER WARM WEATHER VETABLES 
(okra, sweet corn, p cabbage, 
bamboo, arracachn nuehroons) 

1. INTRODUCTION
 

In the preceding chapters, numerous vegetable species which are grown
 
in the tropics have been discussed. They belong to five families: Solanaceae,
 
Cucurbitaceae, Allieceae, Leguminosae, Cruciferae and one group which includes
 
miscellaneous leaf vegetables. Six species, which are more or less important
 
warm weather vegetables and which have not been mentioned previously are dis
cussed in this chapter, i.e. okra, bamboo, palm cabbage, sweet corn, arracacha
 
and mushrooms. Many other tropical or subtropical vegetables of minor import
ance are liated in section 8 but are not fully described..
 

2. OKRA
 

Crop information
 

Botany
 

Okra is an annual erect, poorly or non-branching herb, cultivated for its
 
young fleshy fruits. Some 6 kg of seed/ha is sown in hills, 2-5 seeds per hill,
 
at 30-60 cm intervals in the row and with 60-120 cm between rows, depending on
 
the growth habit of the cultivar; seedlings are laLer thinned to 2 or 3 plants
 
per hill. Harvesting is from 2-4 months for the modern early dwarf cultivars
 
and 4-12 months for many local tall-growing types. Clemson Spineless, Louisiana
 
Green Velvet, Ladyfinger, Perkins Spineless and Emerald are well-known American
 
cultivaro of the short-duration type. Pusa Sawani is a popular Indian culti
var. In the USA 7 t/ha of young fruits may be harvested i.e. 5-10 fruits per
 
stalk. The okra crop in the humid tropics generally yields less than 2-3 t/ha.
 
The ripe pods contain 30-80 seeds; the weight of 1000 seeds is 50 g. One ha of
 
okra may produce 1500 kg of seed, but 400 kg of viable seed is a good average
 
yield in the tropics. Soaking the hard-skinned, fatty seeds may improve their
 
germination.
 

Many local cultivars occur in Africa and India, differing from each other
 
in growth habit (branching or non-branching, large or dwarf, late or early,
 
hairy or glabrous, light-green, dark-green or red) and fruit characteristics
 
(upright or pendulous, slender or wide, with 5 to 10 ridges). The skin may be
 
goft or hard, varying in specific gravity and dry matter content. Okra is often
 
cultivated on marshy land at the.end of the rainy season, in monoculture or in
 
mixed cropping with maize, sorghum or upland rice.
 

Geography and ecology
 

Okra is a hot weather, tropical lowland crop, susceptible to drought and
 
low night temperatures. It grows well at day temperatures between 25 and 40°C
 
with night temperatures over 22 C. Most tropical cultivars are short-day plants.
 

Nutritional importance
 

Okra ha- a good nutritional value. It is a very popular, tasty, gelatinous
 
vegetable, used in a number of local dishes. The extremely high calcium content
 
is particularly valuable (see.table 5). Okra is widely grown in the Sahel area
 
as a food crop for the dry season. The fruits, cut into slices and dried in the
 
sun, can be stored for long periods. The leaves are also used as a vegetable
 
and may be dried.
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Economic importance
 

Okra is a typical market vegetable. After harvesting, it can be easily
 

transported in bulk and stored for several days without much loss of quality.
 
Con iderable differences in keeping quality exist between cultivars. Okra is
 

not as cheap as the leafy vegetables because the yield potential is low, and
 

the consecutive harvests are time-consuming. Dried okra slices are an import

ant market product in tfie Sahel zone. Fresh okra is important in Brazil, W.
 

Africa, India and in many other regions in the tropics. It is also a popular
 

vegetable in the Near East and the so.:.hern part of the USA.
 

Main limitations to cultivation in the tropics
 

Okra is very susceptible to powdery mildew (Oidium abeZmoschi, Erysiphe
 
cichoracearum), Verticillium and Fusariui wilts virus (yellow vein virus),
 

root-knot nematodes and many insect pests (Heliothis caterpillars, leaf beetles,
 

bugs). Apart from these biological drawbacks the yield potential is also low.
 

Breading and germplasm
 

Centres of diversity, collections
 

Hibiscus esculentus L., (Syn. AbeZmoschus escutentus (L.) Moench, is a
 
cultigen originating from tropical Asia., or it may originally have been present
 

in Africa and India as a polyphyletic species. A semi-wild ancestor, A. tuber
culatus, occurs in India. Collections are present in genebanks*in the USA and
 
India.
 

Genetics and breeding
 

The scarce data on okra breeding have recently been reviewed by Joshi &
 

Hardas (1975). The flowers of okra are self-fertile but usually up to 20% cross

pollination occurs by insects. Varying chromosome numbers between 2n-72 and 144
 

have been reported. Hybrids between Indian and African cultivars appear to be
 

partially sterile. These are being studied in India for resistance to yellow

vein mosaic. A popular Indian early cultivar W 4 'h very long fruits, Pusa Sawani,
 
Sources of tolerance to Fusarium, Verticillium and
has some tolerance to virus. 


root-knot nematodes have been reported. American seed companies have selected
 

attractive cultivars such as Clemson Spineless, Louisiana and Emerald for the
 

fresh market and special short-fruited cultivars like Goldcoast for canning.
 

National research institutes in Ivory Coaot, Ghana and Benin have carried out
 

some testing of local cultivars. Hybrid varieties of okra may be developed in
 

the near future. In India, it was shown that crossing inbred lines gives rise
 

to heterosis and male sterility could be obtained by chemical induction. In
 

Japan, amphidiploids bave been obtained from interspecific crossings with the
 

related wild species.
 

Recommendations
 

Germplasm
 

Collections of local Asiatic and African cultivars should be made both for
 

direct breeding purposes as well as for the conservation of the germplasm. The
 

danger of genetic erosion is great as a consequence of the growing popularity of
 

the early, high yielding Indian and American cultivars.
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Breeding
 

African farmers need long-duration cultivars which are suitable for their
 

traditional cultivation methods. For the 
fresh market, however, growers re

disease resistance,
quire early-maturing cultivars possessing a high level of 


with special emphasis on mildew and virus. The yield potential of okra is
 

far too low but screening of the many local cultivars would be the first step
 

to improving the okra crop.
 

3. SWEET CORN
 

Roasted or sautid maize cobs are a popular dish in areas where maize is
 

grown as a staple food. In most instances no special cultivars are grown, but
 

the young cobs of the local maize types are used for this purpose. Cultivars
 

of the botanical variety Zea mays var. saccharata have been bred as vegetable
 
maize of sweet corn. Although sweet corn is a hot climate plant, most American
 

not sufficiently
cultivars do not perform well in the tropics since they are 


adapted to short-day conditions and are too susceptible to diseases such as
 

Helminthosporium. Golden Bantam (USA), Supersweet (Hawaii), Branco (Brazil),
 

Cubana (Brazil), Puerto-Rico 50 and many other cultivars can be grown under
 

tropical conditions, yielding 10-15 t/ha of marketable ears.
 

Sweet corn as a cooked vegetable has a certain importance in tropical
 

America, Malaysia and India. A great deal of research on maize as a cereal
 

crop has been carried out in several parts of the world and large collections
 

have been established. The caloric value of sweet corn is fairly high, but it
 

has a low rating (ANV-2.4) as a vegetable. No special action or priority for
 

research or for the collection of germplasm of this vegetable is necessary.
 

4. PALM CABBAGE
 

The growing points of many palm species such as pejibaye (Guilielma),
 

coconut and several wild palms are used as a vegetable in the humid tropics.
 

The cultivation of palms for harvesting the growing points has not yet been
 

shown to be economic but could potsibly be initiated with branching palms such
 

and in the rain-forest
as pejibaye. Palm cabbage is very popular in Brazil 


areas of Africa where it leads to a destruction of the forest. The nutrit

ional value of this luxury.vegetable is low. There is little risk losing the
 

many types involved, so no high priority should be given.
 

5. BAMBOO
 

The young shoots of bamboo (Dendrocalamus, Bambusa, Phyllostachys) L_-_
 

popular vegetable in S.E. Asia and the Far East. The nutritional value is
 

rather low (see table 5). Bamboo is often cultivated in dense plantings espec

ially for the harvest of shoots, and is therefcre a suitable plant for large
 

compounds. Very little data exist on the cultivation of this vegetatively pro

or diseases have been recorded. Bamboo
pagated vegetable and no important pests 


thrives best at low elevations in humid tropical areas. There is no danger of
 

genetic erosion.
 

6. ARRACACHA
 

or Peruvian parsnip, is a pop-
Arracia xanthorrhiza Bancr. Arracacha, apio 

ular vegetable grown at high altitudes in the Andean Zone and in Meso-America.
 

Erwinia bacterial rot has been reported as a serious disease 
in Venezuela. Cul

tivars with white or yellow tubers are known. Some attention to research and
 

breeding of this rather widespread, vegetatively propagated vegetable of trop

ical America appears to be justified. A small collection is held in Campinas
 

(INTA), Argentina. There is no danger of genetic erosion.
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7. MUSHROOMS
 

They are gathered among
Mushrooms are popular in most tropical areas. 

In S. and
the wild vegetation, perhaps most frequently in C. and W. Africa. 


S.E. 	Asia and the Far East, the cultivation of mushrooms (VoLvaria voZvacea)
 
common ten


(Bull.) Guel. on paddy-straw is widespread. Agaricus bisporus, the 


perate mushroom, is cultivated at high altitudes in the tropics. The nutri

very low (ANV - 2.44). However, they show a fail
tional vdlue of mushrooms is 

are


ly high content of some vitamins (thiamine, riboflavin and niacin) which 


the ANV formula.
not incorporated in 


Asia is about 1 mar
The labour input of a small-scale production unit in 

2


2 	 may be obtained.
day per 2 m of bed per cycle. A yield of 2-10 kg per m

In temperate countriE
Taiwan is a very important mushroom exporting country. 


much research and breeding work on mushroom growing has been carried out.
 

In tropical areas the cultivation of mushrooms is expected to increase
 

this vegetable via international researct
the near future. Some attention to 

no danger of genetic erosion.
is justified. There is 


VARIOUS SPECIES OF MINOR IMPORTANCE
8. 


Coleus tuberosus Benth. is cultivated for the tubers in S.E. Asia.
 

an aquatic plant cultivated in the F
 
Nelumbium neZumbo Druce, lotus, is 


its flowers, seeds and rhizomes.
East for the consumption of 


at high al.
 
Oxalis tuberosa Mol., oca, is cultivated in the Andean Zone 


titudes for the consumption of the tubers.
 

Trapa natans L., water chestnut, is cultivated in the Far East for its
 

seeds.
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X OTHER TEMPERATE VEGETABLES
 

1. INTRODUCTION
 

A number of temperate vegetables grown in the tropics have already been
 

discussed: sweet pepper (Ch.III); onion, Welsh onion, garlic, leek (Ch.V);
 
common bean (Ch.Vl); white cabbage, Chinese cabbage, cauliflower, kale and
 
other Brassicas (Ch.VII); spinach beet, lettuce, spinach, celery and parsley
 
(Ch.VIII). Some other typical temperate vegetables are of some regional im
portance in tropical areas, i.e. carrot, radish, asparagus and beetroot.
 
Other temperate vegetables, of minor importance, which are grown locally in
 
the tropics, e.g. salsify an artichoke, have not been discussed.
 

2. CARROT
 

Crop information
 

Carrot Daucus carota (L.) (2n-18) is a biennial temperate vegetable and
 
many cultivars exist. Some of them e.g. Danvers Half Long and Intermediate are
 
suitable for cultivation in upland regions of the tropics, and others e.g.
 
Chanteney, Early Nantes and Cape Market are suitable for low to mLdium altitudes.
 
Imperial Long, Scarlet, New Kuroda, Chantenay and Egmond Gold are rciommended for
 
the Pacific Islands. Seed sown at the rate of 3-4 kg/ha will give a iensity of
 
200 plants/m. After 100 to 150 days; the crop may yield between 5 t'ha (low) to
 
30 t/ha (high). Carrots are usually cultivated as a cool season crop. A high
 
day temperature, above 250 C, causes a slow growth rate and blanched yellow
white roots of poor quality are produced. Flowering and seed setting are
 
successful only in cool regions with a mean day temperature below 20 OC (Brazil);
 
yields of about 200 kg seed per ha may be obtained.
 

The ANV rating referred to in table 5 is 6.48; this very high value is due
 
to a s-carotene content of 4.2 mg/l00 g. The carotene content of carrots in
 

temperate regions is assessed as 6.00 mg/100g, normally resulting in an ANV of
 
9.00. 	 It is known that high temperatures and short-day conditions decrease the
 

content.
P-carotene 


Carrots are important market vegetables in many areas in the tropics, es

pecially Brazil, Venezuela, Nigeria and Indonesia.
 

Alternaria leaf blight and root-,knot nematodes are the major cultural pro
blems in the tropics. Carrot seedlings are easily washed out by heavy rains and
 

many fungi or bacteria may cause rootrot, e.g. Erwinia, Stemphylium, Scierotium,
 
Fusarium.
 

Breeding and germplasm
 

Carrots have their origin in S.W. Asia from where they spread to China and
 

the Mediterranean area. Several wild annual forms occur in these regions.' Much
 

breeding work has been undertaken in W. Europe (the Netherlands, France), Japan
 
ana the USA. The present cultivars are selections from the old landraces, select

ed for carotene content, colour, shape, earliness, yield, resistance to crack-ing
 

and decreased bolting. The canning and storage quality, which is related t. the
 

dry matter content, is also important. Inbreeding induces a reduction of
 

vigour. Hybrid cultivars, however, are not yet in general cultivation. Local
 

cultivars from Brazil include: Kuroda and Piracicaba.
carrot 


WKo PgoB~
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Recoamendations
 

The preservation of old local strains from temperate regions should be
 

ensured by the developed counties. The risk of the disappearance of wild

germplasm is not imminent. In order to promote the cultivation of this very
 

nutritious vegetable, cultivars should be bred which are suitable for tropic

al conditions.
 

3. RADISH
 

Radish, Rapharus sativue L. (2n=18) is a shortlived annual which is grown
 

throughout the tropics. Seed pioduction of temperate and Asiatic subtropical
 
types is successful in cool arejs. The Japanese radish (daikon) forms large, 

long or round, white roots instead of the small red, round European type. Seed 
sown at a rate of 40 kg/ha yields 10-40 t of izesh roots after 30 - 70 days 

with a seed yield of 800 kg/ha. Radishes are fairly resistant to pests and
 

diseases. Blackrot (Aphanomyces) and AZternaria have been mentioned. The nut

ritional value of the radish is low (ANV -3.22).
 

Much breeding work on radish has been done in developed countriqs, but
 

only a few reports, mainly from IndLa, are available on the results of breed

ing in tropical countries. Germplasm of wild radish types and species is abun

dant in Europe and the Mediterranean.
 

No high priority to germplasm collection and breeding need be given, but
 

more information is needed on the diversity in the Chinese or Japanese radish.
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XI CONCLUSIONS
 

1. PRODUCTION AND CONSUMPTION
 

scarce 

outline of tropical vegetable production and


Using a large number of nutritional surveys and the statistical
 

data on vegetable production, an 

It is indicated that the registered
consumption has been presented (Ch.I1). 


Trade Yearbook
production included in the FAO Production Yearbook and the 


(1974) represents only a part of the tot~l production. This is due to 
in

commercial production and a high proportion of
complete statistical data for 

use.
non-registered small-scale cultivation for home 


The average daily per caput consumption of vegetables in the developing
 

of the quantity consumed in developed
countries is about 100 g, i.e. only 46% 


countrfes. From the nutritional surveys, it 
can also be concluded that the
 

in the hot zones differ from those in temperate zones.
nutritional needs 

Special emphasis should be given to vitamin A deficiency, hence the need for
 

leaf vegetables in particular. Although large regional differences exist in
 

to the basic food, it
the nutrient requirements from vegetables, in addition 

consumption of 150 g of vegecan'be conclitded that an average daily per caput 

quantity consisted of leaf
tables would be sufficient, if one-third of this 


vegetables.
 

2. GROUPS AND SPECIES OF VEGETABLES
 

The economic and nutritional importance of different vegetable species
 

research and breeding, hnd comment 
on 	the risk of loss
 at 	the present level of 

genetic material as well as recommendations for priorities (Ch.lII-X) 

are

of 


different
principal conclusions concerning the 

summarised in table 16. The 

cropo are as followc:
 

Tomato
 

directed towards the cultivation
Research and breeding programmes should be 


of this crop in the tropical lowlands. The collection of germplasm has already
 

tomato being a main project subject of the AVRDC,
been given much attention, 

Taiwan.
 

peppers
 

in 	both tropical and subtropical
Sweet pepper is an important vegetable 


areas, whereas hot pepper is more important in the tropics. Both have a high
 

for higher yields must
vitamin C and carotene content. Breeding of hot pepper 


have first priority.
 

Eggplant
 

The eggplant is relatively easy to cultivate and produces high yields
 

although it has a rather low nutritional value. A high priority should be
 

are likely to disappear.

given to its collection since many tropical strains 


wate-rmelon
 

are

In tropical Asia, especially India, many valuable local cultivars 


The collection of germplasm therebeing replaced by commercial cultivara. 


fore deserves a high priority.
 



Table 16. Inportance and priorities of vegetables cultivated in tropical areas a
 

general nutritional present
 

Vegetable economic importance level of priority for
 
importance research
 

type & collection research priority areas
actual potential breoding of germplasm breehig
 

Solanaceous
 
tomato 1 3 3 1 2 1 H. America, Andean
 

Zone
 

sweet pepper 3 4 2 2 2 2 Medit.
 

hot pepper 1 4 3 4 2 1 M.America. Andean Zone
 

eggplant 2 4 3 3 1 2 S.Asia, S.E.Asia, C.
 

Asia,S.W. Asia
 

Cucurbits
 

watermelon 1 5 4 3 1 1 S. Asia, C. Asia
 

melon 3 4 3 2 3 2 S. Asia, C. Asia 0
 

cucumber 4 5 5 1 4 3 S. Asia
 

pumpkins and 3 3 2 3 2 1 M. America
 
squashes
 

waxgourd 2 4 3 4 3 2 S. Asia, S.E. Asia
 

bottle gourd 2 5 5 4 4 3 S. Asia, S.E. Asia
 

loofah 4 5 5 4 0 4 S. Asia, S.E. Asia
 

bitter gourd 2 3 2 4 2 1 S. Asia, S.E. Asia
 
chayote 3 4 4 3 2 2 Brazil, M. America,
 

S.E. Asia
 

Alliums
 

onion 1 4 4 1 1 1 S.W. Asia, C. Asia,
 
W. Africa
 

shallots 3 5 5 4 3 2 W. Africa, Ethiopia,
 
S. E. Asia
 

a) for meaning of. the ranking numbers see footnote on page l-1
 



Vegetable 
general 
economic 

nutritional 
importance 

present 
level of priority for 

type importance research 
& collection research priority areas 

actual potential breeding of germplasm breehing 

spring onion 2 4 4 3 2 2 Far East 

garlic 2 5 5 4 3 2 C. Asia, Medit. 

leek 4 4 3 3 0 4 Medit. 

Leguminosae 

sword bean 5 4 3 5 4 4 Africa, S.E. Asia, 
S. Asia 

hyacinth bean 5 4 2 4 2 1 S. Asia 

yam bean 5 5 5 5 4 0 S.E. Asia, Andean Zone 

locust bean 3 4 2 5 3 2 W. Africa, S.E. asi 

Lima bean 4 3 2 4 2* 1 M. America, W. Africa, 

Ethiopia 

mung bean 3 3 3 2 2 2 S.E. sia, S. Aaia 

common bean 4 4 4 1 3* 3 America, E. Africa 

winged bean 5 4 2 4 2 1 S. Asia, S.E. Asia, 
Pacific 

yardlong bean 3 3 3 2 2 1 S.E. Asia 

Bambara ground- 5 4 3 5 4 3 Africa 

nut 

Brassicas 

white cabbage 1 2 2 1 3 1 E. Africa, America 

cauliflower, 

broccoli 

3 3 3 2 4 2 America, Medit., 
Asia, S. Asia 

S.W, 

Chinese cabbage 1 1 1 2 2 1 S.E. Asia, Far East 

kale, mustard 3 3 2 4 3 3 America, Asia 

tropical leaf 3 3 2 5 2 2 E. Africa, Ethiopi3 

cabbage 

* but priority 1 for field crops 



general nutritional present 

Vegetable economic importance level of priority for 

type importance research 
& collection research 

actual potential breeding of germplasm breding priority areas 

Leaf vegetables 

amaranth 3 1 1 4 2 1 Africa, S. Asia, 

Basella 

Swiss chard 
4 

3 
4 

3 
2 

2 
5 

3 
4 

3 
3 

2 

S.E. Asia, Pacific 
S. Asia 

S.W. Asia, C. Asia, 

Celosia 4 3 2 5 3 3 

S. Asia, America 

W. Africa 
jute mallow 3 1 1 3 2 1 W. Africa, M. America, 

roselle 

kangkong 
4 

3 
3 

1 

2 

1 
3 

4 
2 

2 
2 

1 

Medit. (Egypt) 
W. Africa S. Asia 
S. Asia, S.E. Asia 

lettuce 2 4 3 1 2 2 E. Africa, Far Eitst, 

cassava leaves 4 3 2 3 2 2 
Medit., Andean Zone 
Brazil, W. Africa, 

spinach 2 2 2 1 3 3 
S.E. Asia 
Medit., Andean Zone, 

Solanum spp. 3 2 1 5 3 2 
C. Asia, S. Asia 
W. Africa, Ethiopia 

Talinum 4 3 2 5 4 3 Brazil, M. America 
Xanthosoma 4 3 2 4 3 2 M. America, Brazil, 

W. Africa 
chaya 5 3 2 5 2 1 M. America 
drumstick tree 4 3 2 4 2 1 S. Asia, S.E. Asia, 

W. Africa 
Sauropus 4 3 2 5 2 1 S.E. Asia 
bitter leaf 4 3 2 5 3 2 W. Africa 



Vegetable 

type 

general 

economic 
importance 

nutritional 

importance 

actual potential 

present 

level of 
research 

& 

breeding 

priority-for
p

collection research 

of germplasm breeding 

& 

priority areas 

Other 
warmweather 
vegetables 

okra 1 3 2 3 1 1 W. Africa, Brazil, 
S. Asia,S.E. Asia 

sweet corn 

palm cabbage 

bamboo shoots 

arracacha 

mushrooms 

2 

3 

3 

4 

2 

4 

4 

4 

4 

5 

3 

4 

3 

3 

5 

2 

4 

4 

4 

4 

4 

4 

4 

3 

4 

4 

3 

3 

3 

3 

M. America 

Brazil 

S.F. Asia, Far East 

Andean Zone 

S.F. Asia 

Other temperate 
vegetables 

carrot 

radish 

2 

3 

2 

4 

1 

4 

2 

" 

2 

if 

1 

4 

S.W. Asia, Medit. 

S.W. Asia, Far East 

a. Ranking numbers, used in the table: 

- economic or nutritional importance, present level 

1 - very high, 2 - high, 3 = medium, 4 = low, 5 = 

of research: 

very low; 

- priorities for 
1 - first, 2 = 

the collection of germplasm or 

second, 3 = third, 4 = fourth, 
for 
0 = 

research and 
no priority 

breedlng: 
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pumpkins, melon, bitter gourd
 

Pumpkins and yellow or red melons merit attention due to their high
 

carotene content and bitter gourd for its high vitamin C and iron content.
 

Wax gourd, chayote
 

A high priority for research should be given to the wax gourd, since
 
it stores well, and also to the chayote, because it is very suitable for
 
cultivation in home gardenz in humid areas at medium altitudes and its
 
leaves also are eaten.
 

Onion, Japanese bunching onion
 

Primiti'e onion strains in Asian countries (India), W. Africa and S.
 
America are gradually being replaced by commercial, modern cultivars. They
 
should therefore be collected. Japanese bunching onion also seems to be in
 
danger of genetic erosion.
 

Shallots, garlic
 

A high priority for research should be given to shallots and garlic
 
which are both locally very important. Shallots are particularly important
 
for cultivation in the tropical lowlands, as a substitute for onions.
 

Hyacinth bean, Lima bean, winged bean, yardlong bean
 

A first priority for research and breeding should be given to the
 

hyacinth bean, Lima bean, winged bean and yardlong bean. Climbing types of
 
these f6ur species are suitable for cultivation in home gardens in the high
 
rainfall areas of the tropical lowlands.
 

Common bean, mung bean and other leguminous vegetables
 

The common or French bean is a main subject of research in national
 

institutions in temperate countries and at CIAT in Colombia since it is
 
widely grown as a vegetable or as a pulse. The vegetable type of this spec

ies has little importance for the tropics. The mung bean is an important
 
subject for research at the AVRDC in Taiwan. When used as sprouted beans,
 
this pulse can also be regarded as a vegetable. The groundnut (oilcrop),
 
soyabean (pulse, oilcrop) and pigeon pea (pulse) have not been discussed in
 
detail, although they are also used as vegetables.
 

White Cabbage
 

The production of white cabbage is rapidly increasing, especially for
 
supplying to markets, where it is replacing the traditionally grown, local
 
leaf vegetables. The underlying reasons are that this crop is relatively
 
easy to grow; It is also high yielding, transports well and stores for some
 
time. The availability of Japanese heat-resistant cultivars supports this
 
trend.
 

Chinese cabbage, tropical leaf cabbages
 

The heading type of Chinese cabbage is a main subject of investigation
 
at the AVRDC in Taiwan. More attention must be given to the leafy types of
 
Chinese cabbage and to tropical leaf cabbages, the nutritional value of which
 
is much higher than that of heading Brassicas.
 



125
 

Tropical leaf vegetables
 

Species of leaf vegetables should have special attention since they are
 

so important in diets in less affluent areas. They are early, highly pro

ductive and inexpensive vegetables, mainly grown in compounds and in small
 

family gardens for home consumption. There are more than 1,000 tropical
 
of these are currently cultivated.
plants with edible leaves but only about 10% 


Approximately 25 species have been identified as the most important tropical
 

leaf vegetab]es, based upon the fact that they constitute at least 90% of the
 
Several minor species are quite
total consumption of green leaf vegetables. 


important regionally; e.g. Chrysanthemum, Rumex, Portulaca and Hibiscus manihot.
 

The risk of genetic erosion in these plants does not appear to be serious.
 

The same comment is also applicable to the more commonly cultivated leaf vege-


However, for research and breeding programmes, collections of Sermtables. 

plasm should be made.
 

A fi-st priority for research and breeding has been allocated to annual
 

crops such as amaranth, Jute mallow and kangkong and to the shrubs or trees
 

chaya, drumstick tree, Vernonia and Sauropus. The first three are widely
baobab, 

cultivated annual vegetables, suitable for both home gardens and market pro

duction. The trees and shrubs are valuable plants for home gardens in the wet
 

tropics.
 

Lettuce, spinach beet
 

lettuce and spinach beet in the tropics is increasing,
The consumption of 

a salad, has a high social
especially in urban areas. Raw lettuce, consumed as 


meaning for the higher income groups. There is, however, a danger that unwashed
 

leaves may carry infections such as intestinal diseases. Local cultivars in the
 

Far East and in S.E. Asia are mainly used as cooked vegetables. Research and
 

breeding of lettuce and spinach beet (cultivars suitable for hot climates) should
 

be given a high priority due to their economic and nutritional importance.
 

Okra
 

Okra is one of the most important tropical vegetables grown in Africa,
 
in danger of being lost,
America, S.W. and S. Asia. Primitive cultivars are 


as high-yielding commercial cultivars become popular.
 

Carrots
 

becoming popular in many tropical upland regions. Primitive
Carrots are 

and wild types occur in S.W. Asia. Carrots are potentially important for their
 

for this reason they deserve a high priority in research
high carotene content; 

and breeding programmes.
 

Other vegetable species
 

Many other tropical vegetables (mushrooms, bamboo shoots, palm cabbage)
 

and some temperate vegetables such as radish and sweet corn are locally of some
 

research and breeding should be given to these
importance. No high priority for 

crops.
 

3. THE AVAILABILITY OF VEGETABLE SEEDS IN THE TROPICS
 

The lack of highly selected modern cultivars and of an efficient seed
 

production and distribution system in nearly all tropical countries is a serious
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hlndrance to the improvement of vegetable cultivation. The following re

marks on vegetable seed production and distribution in the tropics can be
 

made:
 

(a) A local seed industry (practical breeding, multiplication, pro
ceasing, distribution) is non-existent in most countries and rudi

mentary in others. In this field, Egypt, Kenya, India and Taiwaa
 

are the most advanced.
 

(b) In most countries, there is no official control over the
 

genetic and physical quality of both the locally-produced and
 

the imported vegetable seeds.
 

(c) Seeds of local cultivars are produced by the grower himself
 

or obtained from local dealers.
 

(d) Commercial seeds of European-type vegetables grown for market

ing are mostly imported. Many cultivars offered by international
 
seed companies are not usually adapted to local tropical conditions
 

and are often inadequately protected from the effects of high atmos
pheric humidity.
 

The seeds of species with poor seed setting in the tropics
(e) 

(onion, cabbage, cauliflower, lettuce) have to be imported each
 

season.
 

(f) Vegetable growers tend to produce their own seed from the
 

imported varieties which set'seed easily, viz. cucurbits, solan

aceous !ruits, leguminous vegetables. They renew these seeds
 
only occasionally.
 

(g) Effective seed storage techniques are not widely understood
 

and local seed distributors rarely use desiccators or cool storage.
 

Some government horticultural institutions (e.g. those in Egypt),
 

listed in Annex 2, produce and distribute vegetable seeds. Others (India)
 

provide nucleus seed to private companies for multiplication and wider dis

tribution of certified seed. Most horticultural institutes are only active
 

in cultivar testing, resulting in information which can be passed to growers
 

about the most suitable commercial cultivars. A considerable amount of good
 

breeding work which results in the production of suitable local cultivars is
 

lost through the lack of follow-up propagation and distribution.
 

Most of the vegetable seeds which are commercially available in develop

ing countries are produced in and imported from developed countries. The Euro

pean companies are most active in Africa, C. and S.W. Asia. India is largely
 

self-supporting, and so too is Taiwan. S.E. Asia imports most of the seed
 

required from Japanese or Australian companies but, in the Philippines, Amer

ican vegetable seeds are more common. Latin American supplies of vegetable
 

seeds come mainly from companies in the USA.
 

All these companies use skilled plant breeders. Most of these practical
 
plant breeders, however, remain relatively unknown, since they do not normally
 

publish their work; their names do not therefore appear in the list in Annex 2
 

The commercial seed companies are gradually becoming more aware of the specific
 

plant characters required for the tropics, in particular with respect to the
 
commercial production of vegetables.
 



ANNEX I
 

NOTES ON COLLECTIRG VEGETABLE GERMPLASM 
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NOTES ON COLLECTING VEGETABLE GERMPLASM * 

1. INTRODUCTION
 

From the numerous vegetables approximately 90 in number, discussed in this
 
report, two groups require special consideration as far as the collection and
 
maintenance of germplasm is concerned. The first group includes crops which are
 
commonly propagated by vegetative means 
rather than by seeds, sucb as: shallots,

garlic, thousand-headed kale, some 
kangkong cultivars, Colocasia and Xanthosoma,
 
chaya, drumstick tree, Sauropus, bitter 
leaf, bamboo and leaf cassava. The
 
second group includes those species of which the seeds do 
not tolerate desic
cation and consequently cannct 
be stocked such as chayote and Telfairea; cul
tivars or types of these can only be maintained in a live collection. Transport

of plant material may give rise to serious problems due 
to very stringent plant

quarantine regulations and retention of viability. Modern techniques such as
 
tissue culture could be used to solve some of these problems. Most vegetable

species, however, are propagated by seeds and these offer no special problems of
 
transportation and long-term storage, provided they are 
dried and stored in con
ditions which are compatible with the retention of maximum viability.
 

2. SITES FOR THE COLLECTING
 

A collector usually investigates the region in which the required vegetable
 
or its wild relatives may be expected to occur, collecting the whole range of
 
material which he is able to detect. He 
must be familiar with the region as well
 
as with the botanical characteristics of the vegetable species in question. He
 
would be well advised to seek the assistance of government officers who have
 
appropriate local expertise. 
 The material should preferably be sampled in the
 
field where appropriate notes can be made. 
 Leguminous vegetables, cucurbits and
 
solanaceous vegetables can also be collected 
in the markets, but exact data on
 
the site of cultivation and the characteristics of 
the plant are then more diffi
cult to obtain.
 

3. SAMPLE SIZE
 

The number of individual plants from which seed should be collected to form
 
a genetically representative sample depends on the breeding system and the 
degree

of genetic variation within the population. This also applies to plants which are
 
being collected as live specimens. Information on this is rarely available,how
ever. 
 Most modern cultivars are genetically narrow-based and a few seeds from a
 
few plants may be representative of the entire population, but more numerous
 
seeds and plant specimens will be necessary if primitive cultivars are collected.
 

Highly self-pollinating plant populations may be well represented by 
some
 
ten 
seeds from a few specimens,whereas collections from cross-pollinating pop
ulations should be made from a much greater number of individuals. As a gen
eral rule, seed from about five plants will be representative for a modern self
pollinating cultivar, 20 for a primitive self-pollinating cultivar and not less
 
than 50 for a primitive, outbreeding cultivar (and often many more 
are recom
mended).
 

• Advice can 
be obtained from the Unit of Crop Ecology and Genetic Resources,
 

Plant Production and Protection Division, FAO of 
the UN, 00100 Rome, Italy.
 

revios J
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any given site may be mixed 	in a bulk sample.
Seeds of the various plants 	at 

keep the individual plant samples separately if
The collector may prefer to 


he aims at collecting certain special types. Nevertheless samples for long

term conservation should aim to be representative of the populations.
 

For long-term storage, th.; IBPGR recommendations concerning the collect

tion of cereals may also be applied to vegetable crops. The IBPGR offers an
 

optimum model containing 18,000 seeds per accession, divided into 45 sub-samples
 

of packets of 400 seeds. In practice, the collector may not be able to collect
 

this quantity. The weight of 18,000 aeed, may vary according to the seed
 

weight mentioned in the tables of the previous chapters, from 6 g for amaranth
 

to 72 kg for swordbean. Either the optimum seed quantity to be stocked should
 

be reduced or the sample may be multiplied before it is finally prepared for
 

long-term storage.
 

4. DOCUMENTATION*
 

For each sample, the maximum data available in the form of condensed notes,
 

should be recorded, preferable following accepted procedures. The notes should
 
include descriptors and descriptor states covering (a) geographic end ecological
 

collection data (b) morphological characteristics, (c) cultivation data. Repre

sentative plant specimens should be collected for drying and preservation in an
 

herbarium; these will provide reference speciments.
 

5. SEED EXTRACTION
 

Vegetable types may be divided into two major groups, i.e. (a) those which
 

produce seeds within fruits which mature and dry on the plants in the field and
 

(b) those which produce fleshy fruits with seeds enclosed in a pulpy mass.
 

Group (a) includes leguminous vegetables, Allium, Brassica, okra and the
 

majority of the leafy vegetables. The dry pods can be picked and cleaned by
 

hand. Small sieves may be useful for this operation.
 

Group (b) includes fleshy fruits typical of the 	families Solanaceae and
 
categories: soft, fleshy
Cucurbitaceae. This group may be subdivided into two 


fruits and the more leathery types. Fully ripe 	fruits of the soft-fleshed types
 

(tomato, cucumber, melon, watermelon etc.) are cut into pieces and allowed to
 

ferment in an open container for 2-5 days, until the seeds become separated from
 

the pulp. The seeds are then rinsed and dried. A rapid method which is useful
 

for small samples is to squeeze the fruits or to cut them into halves. The
 

seeds, with the adhering pulp, are then remcved 	and dried on an absorbent sur

face. For larger quantities 1 ml of 40% hydrochloric acid is added to 100 g of
 

the pulped ripe fruit. This is then rinsed after 30 ninutes and the seeds are
 
separated from the fruit tissue. The leathery type of fruit such as those of
 

into halves and the seed
peppers, eggplants, wax gourd and bitter gourd, are cut 


pulp by washing and rubbing by hand. For these vegetables, i
separated from the 

is especially important to use over-ripe fruits in order to obtain good seed qua
 

quality. Cucurbit fruits may be stored for several weeks before the seeds are
 

extracted.
 
6. DRYING
 

In low humidity areas, seeds may be dried in the open on a moisture-absorb

ing type of material such as newspaper, linen or mats. In areas of high atmos

pheric humidity, seeds must be dried aftificially. This may be done in a number
 

or the IS/GR Program, University of
* Advice can be obtained from the FAO Unit 


Colorado at Boulder, USA.
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or
of different ways e.g. by using a small dryer which is heated by gas 


on a sieve which is sufficiently shielded
are 

from the direct source of heat to ensure that the temperature does not ex

ceed 45 °C; a small fan may be used to accelerate the drying. Seeds may also
 
under an electric
 

electricity. The seeds spread 


be dried in an air-conditioned room, in a heated room or 


lamp.
 

a moisture content (on dry weight
If possible, seeds should be dried to 

for small seeds and seeds containing oil, and 
basis) of not more thrn 10% not
 

more than 12% for behns, okra, large cucurbit seeds and other large seeds.
 
content of seeds when
 This is approximately the average equilibrium moisture 


This R.H. is regarded as safe,

exposed to a relative, air humidity of 65%. 


of moulds will be inhibited and seed respiration will be
since the growth 

reduced to a minimum, even at room temperatures.
 

seeds under local circumstances is
Measurement of the moisture content of 

to store the seeds with


often difficult or impossible. It is therefore advisable 


silica gel. This inert chemical can be re-used if it is
 
a desiccant such as 


can be mixed
 
dried by heating between treatments. For small samples, the seed 


airtight container and separated out after several days,
with dry silica gel in an 

(on a dry weight basis)
using a sieve. For seeds with a moisture content of 20% 


1 g of dry silica gel per g of seed will be required to reduce "he 
mois

at least 

ture content to 10% within two days.
 

7. DISINFECTION
 

It is necessary to disinfect all seed samples immediately after drying with
 
dieldrin may be used
 

a fungicide/insecticide treatment. Diazinon, DDT, lindane 
or 


for insect control and thiram or a mercury-containing chemical as a fungicide. It
 

should first be ascertained that these treatments are in accordance with plant
 

export of the samples. On
 
quarantine regulations regarding the transport or 


seed will probably be disinfected,by
arrival at a genetic resources centre, the 

Before sowing, seeds of certain vegetables
fumigation as a routine precaution. 


treated for virus and nematode infection by a warm water treatment.
 may be 


STORAGE FOR TRANSPORT
8. 


are
 
Before reaching the safe storage conditions of a genebank dried seeds 


in unfavourable
 a high level of viability for several months
required to maintain 

Seed samples should therefore be kept in air-tight containers which
 climates.. 


too bulky for this
 
incl'de a desiccant. Glass jars are generally too heavy and 


good quality are ideal. Bags of paper,
 
purpose but heat-sealed plastic bags of 


samples, if they are stored
 
linen or non-sealable plastic may be used for small the
 
together within a large, airtight container with a desiccant 

(silica gel), 


a jar with a perforated cover. Aluminium

desiccant itself being in a linen bag or 


used.
laminated multiwall paper bags may also be 


also a very important factor and,

the humidity, temperature is
In addition to 
 rean air-conditioned rQom or 
if possible, packaged samples should be kept in 


genebank in the
The collected seed must reach the
frigerator, pending transport. 


shortest possible time.
 

TONG TERM STORAGE
9. 


the seed bank, the seed must be kept under conditions which 
are suitable
 

In 
at -200 C and in a R.H. of 20% which is in eqqi

for long-term conservation, e.g. 

For IBPGR, the minimum standards are +5 C
 

librium with a moisture content of 5%. 
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and 7% moisture content. In section 3, it has been stated that the IBPGR advises
 
units of
that each 	sample (accession) should be divided into 45 subsamples or 


some 400 seeds each:
 

- I subsample is intended for a germination test 

- 29 subsamples to be stocked in long-term storage; some of these
 
will be available for exchange
 

- 15 subsamples to be used as duplicates, for storing in another gene

bank for safety.
 

If the collected quantity of seeds is too small or if the viability is
 
too low for long-term storage, the material should be multiplied immediately.
 
This gives the added advantage of evaluating the characteristics of the sample.
 

The long-term storage programme of a seed bank, the evaluation and final
 
documentation of the material as well as methods of distribution to plant
 
breeders and propagation techniques must be carefully planned in advance by the
 
managers of these institutions.
 

REFERENCES
 

ANON 1961: 	Testing agricultural and vegetable seeds.
 
Agriculture Handbook No.30, USDA.
 

BARTON, D.W. 1968: Horticultural germplasm: its exploration and
 
preservation. Hort. Sci. 3: 241-243
 

COUTO, F.A.A. et al.1968: Ensalo sobre metodos de trapgo de sementes
 
de pepino (Cumumia 8ativus L.)
 
Revista Ceres 16: 57-62
 

FAO 1974: 	Proposed standards and procedures for seed storage installations
 
used for long-term conservation of base collections.
 

GADIA, C. 	et al. 1964: Seed storage and.packaging study on onions.
 
Philippine Agriculturist 48: 317-328
 

HARRINGTON, J.F. 1972: Seed storage and longevity:
 
145-246. In, T.T. Kozlowski (ed.) Seed Biology.
 
New York, London
 

HARRINGTON 	J.F. 1973: Seed storage for conservation of plant gene
 
resources. In, Hawkes, J.G. and Lange W. (ed.)
 
European and Regional Gene Banks.
 
EUCARPIA, Wageniugen; 98-100
 

KERNICK, M.D. 1961: Seed production of specific crops.
 
Roots and veget.bles: 403-420; Vegetables: 421-459.
 
In, Agricultural and Horticultural Seeds,
 
FAO Agricultural series no. 55
 



133
 

KREYGER, J. 1972: Drying and storing grains, seeds and pulses in
 
temperate climates. Institute for Storage and Processing
 
of Agricultural Produce, no.205
 

KREYGER, J., P.H. SIJBRING & H. SPARENBERG 1963: Collected reprints
 
on the drying and storage of seeds. Proc. Int. Seed Test.
 

Ass. 28: 753:987
 

LEON, J. 1974: Handbook of Plant Introduction in Tropical Crops.
 

FAO Agricultural Studies 93
 

LEPPIK, E.E. 1965: A pathologist's viewpoint on plant exploration
 
and introduction. Pl. Gen. Resources News. 15: 1-6
 

ROBERTS, 	E.H. (ed.) 1972: Viability of Seeds. London
 

ROBERTS, E.H. 1975: Problems of long-term storage of seed and pollen
 
for genetic resources conservation. In, Frankel, O.H. and
 

Hawkes, J.G. (eds.) Crop Genetic Resources for Today and
 
Tomorrow, Cambridge University Press: 269-295.
 

SKRLA, W.H. 1975: The US plant introduction system.
 

Hort. Sci. 10: 570-575
 

TOWN, P.A. 1971: Vegetable seeds. Report to the Government of India,
 
FAO no. TA 2931
 

VILLAREAL, R.L. Et al.1972: The effect of packeting materials
 

and storage conditions on the vigor and viability of
 
squash (Cucurbita maxima Ducb.), patola (Luffa acutangula Linn.)
 
and upo (Lagenaria scleraria Mol.) seeds. Philippine Agriculturist
 
56: 59-26
 

WEIBULL, 	G. 1953: 1he cold storage of vegetable seed and its significance
 

for plant breeding and the seed trade.
 
Rep. 13th. Int. Hort. Congr., 1952
 

ZINK, E. 	& L. de SOUZA CAMARGO 1967: Estudos s~bre a conservalo de sementes
 

de repolho. Bragantia 26: 50-58.
 



INVOLVED WITH
DIRECTORY OF INSTITUTIONS
ANNEX II 


BLE GERMPLASM RESOURCES
 

Page
 

A. Institutions
 

1. Regional and national 
137
 

organisations
 

139
 
2. Institutions dealing with 


vegetable germplasm
 

157
 
B. Research workers 


183
 
C. Seed growers 


as being

these dita should not be taken 
It is emphasised that
Note: 

complete, amendments and additions 
would be much appreciated.
 

Exact data on the number of 
accessions, storage conditions 

and
 

also urgently required.
 
methods of evaluation of material are 




137
 

A. INSTITUTIONS
 

REGIONAL AND INTERNATIONAL ORGANISATIONS
 

ASHS
 

American Society of Horticultural Science
 

North Carolina State University
 
Raleigh
 
Nortr Carolina 27607, USA
 

EUCARPIA
 

European Association for Research on Plant Breeding
 

PO Box 128
 
Wageningen
 
The Netherlands
 

FAO
 

Crop Ecology and Genetic Resources Unit
 

Plant Production and Protection Division
 

FAO
 
Via delle Terme di Caracalla
 

Rome 00100, Italy
 

ISHS
 

International Society for Horticultural Science
 
Bezuidethoutseweg 73
 
The Hague
 
The Netherlands
 

Commission 	on Tropical and Subtropical Horticulture of the ISHS:
 

Chairman: 	 H.D. Tindall, Nat. College of Agric. Engineering,
 

Silsoe, Bedford, U.K.
 

Vice Chairmen:
 

West Africa J.C. Norman, Dep. of Horticulture,
 

Fac. of Agriculture, Univ. of Science and
 
Techn., Kumasi, Ghana
 

Latin America 0. Iuarte, Dep. of Horticulture,
 

U.N.A., La Molina, Lima, Peru
 

South India Dr. G.S. Randhawa, Hortic. Society
 
of India, 255 Upper Palace Orchards, Bangalore 6,
 
Mysore State, India
 

North India Dr. B. Choudhury, Division of Vegetable
 

Crops and Floriculture, Indian Agric. Research Inst.,
 
New Delhi 12
 

Australia H.M. Groszmann, Dep. of Primary Industries,
 
William-Street, Brisbane, Que. 4000, Australia
 

Previous Page Blank
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S.E. Asia Dr. R.L. Villareal, Dep. of P1. Breeding,
 

Asian Veg. Res. & Development Centre, PO.B. 42, Shandav,
 

Tainan, Taivan (741)
 

Regional Liaison Secretary:
 

East Africa: Prof. C.L.M. van Eijnatten,
 

Crop Poduction, University of Nairobi,
 

P.O. Box 30197,
 
Nairobi, Kenya
 

Addresses of horticultural research institutions (ISHS):
 

HORTICULTURAL RESEARCH INTERNATIONAL 1973
 

Directory of horticultural research institutes and their activities in
 

54 countries: 538p
 
Pudoc, Wageningen
 

ISTA
 
International Seed Testing Association
 
P.O. Box 68
 
N-1432 Aas-NLH
 
Norvay
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INSTITUTIONS DEALING WITH VEGETABLE GERMPLASM
 

ALGERIA
 

Alger 


ARGENTINA
 

Bella Vista, 

Corrientes
 
Campinas 


Castelir 


Rio Negro 


Tucuman 


AUSTRALIA
 

Canberra 

Indooroopilly 

Merbein 

Rydalmere NSW 


St. Lucia 


BANGLADESH
 

Dacca 


Mymensingh 


BELGIUM
 

Antwerp 


Gembloux 


BENIN
 

Porto-Novo 


BRAZIL
 

Belo Horizonte, 

Minas Gerais
 

Campinas, Slo Paulo 


Manaus 


Jaboticabal, 

Slo Paulo 


Inst. Nat. Rech. Agrom. 


Dept. Fitotechnica 


Inst.Nac. Tecnol. Agropec. 

(INTA)
 
Inst. Nac. Tecnol. 

Agropec.(IITA) Bells Vista
 

Exper. Inst. Agr.Alto 

Valle de Rio Negro
 

University of Tucuman 


Agron. y Zootecnia
 

CSIRO, Div. Pl. Industr. 

Qld. Dept. Primary Ind. 


CSIRO, Div. Hortic. Res. 


Dept. Agric., Diol. & Chem. 

Res. Inst.
 
Univ. Queensland. Dept. 

Bot.
 

Bangladesh Agric.Res.Inst. 


Bangladesh Agric.Univ. 


Bedrijfsvoorlichtingsdienst 

Tuinbouw
 
Fac.Sciences Agron. 


Cen're de Form.Hort. et 

Nutr. (CFHN) 


Inst Agron. 


Inst Agron. 


Inst.Nac.de Peaquisas 


da Amazonia 

Dept.Fitotecnia,Fac. 

Medicina Veterinaria e 


Agron.
 

tomato
 

tomato, peppers
 

beano,cassava
 

peppers
 

tomato
 

tomato
 

tomato
 
common bean
 
amaranth
 

common bean
 

tomato
 

tomato,eggplant,
 
onion, cowpea
 
cauliflower,
 
eggplant
 

tomato
 

cowpea
 

amaranth,Corchoru8,
 
SoZanum spp.,(seed
 
production),okra,
 
tomato, peppers
 

common bean
 

tomatopeppers,
 
eggplant,melon,
 
common bean,okra
 
lettuce,garlic
 

vegetable
 
variety trials
 
cucumber.pumpkln,
 
onion, okra
 

http:Inst.Nac.de
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BRAZIL (cont'd) 

Pelotas Empress Bras.de Pesq. common bean 

Agropec.(EMBRAPA) 

PLracicaba, Univ.S~o Paulo,ESALQ. pumpkin,chayote, 
S'o Paulo onion, okra 
Recife Inst.Pesquisas Agropec. common bean 
Pernambuco Nordeste (IPEANE) 

Rio de Janeiro (a) Inst.Pesquisas Agropec. cabbage, common 
Centro Sul (IPEACS) bean, lettuce 

Rio de Janeiro (b) Univ.Ped.Rural,Rio de eggplant, okra, 

Janeiro (UFRRJ) cucumber, garlic, 
Sgo Paulo Inst. Biol. peppers 
Sete Lagoas Inst.Posquisas Agropec. tomato 

Centro-Oeste (IPEACO) 
Vigosa, Univ. Fed.de Vigosa, tomato, common 
Minas Gerais Esc.Superior Agric. bean, okra 

BULGARIA 

Lom Acad.Agr.Sciences Exp. peppers 

Res. Sta. 
Plovdiv Maritsa Inst. Veget. tomato,onion, 

cabbage,cucumber, 
peppers (col.) 

Ruse Inst.Cereal & Legume 

Crops Obraztaov Chiflik 
Sofia (a) Inst.Genet. & Pl. Breed tomato, peppers, 

common beankcoll. 

Sofia (b) G. Dimitrov Higher common bean 

Inst. of Agric. 

CAMEROON 

Yaounde Ecole Nat. Sup.Agric. leaf vegetables, 

(ENSA) leguminous vege

tables 

CANADA 

Charlottetown Agric.Canada,Res.Sta. broccoli 
Prince Edward Iai. 

Deschambault Lake Sta. de'Rech. Agric. tomato,cauliflower 

Saskatchewan common bean 

Guelph Univ.Guelph. Dept.Hort. okra, tomato(coll. 

Ontario Sci. 9000) (gene bank) 
Montreal McGill Univ.,Macdonald cqrrot 

Coil. 
Ottara, 
Ontario 

Ottawa Res. Sta. (nat. gene bank) 

St. Jean Reg. Res. Sta. onion 
Quebec 
Simcoe Hort. Exp. Sta. cucumber,peppers 
Ontario 
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CHILE 

Chillan Inst.Invest.Agropec. common bean 

(INIA) Est.Exp.Quilamapu 
Santiago (a) Inst.Invest.Agropec (INIA), 

Est. Exp. La Platina 
tomato,common 
bean,melon,lettuce 

Santiago (b) Univ.Chile,Fac.Agron. tomato 

COLOMBIA 

Cali Centro Intern.Agric.Trop. legumes e.g. 
(CIAT) Phaseolus (Col. 

10,000; int. gene 
bank) 

Manizales Univ. Caldas Brassica 

Pasto Marino Univ.NarinoFac.Agron. common bean 

COSTA RICA 
Turrialba Trop.Agric.Res.& Training common bean 

Center (CATIE), Inter-
American Inst.Agric.Sci. (gene bank) 
(IICA) 

CUBA 

Habana (a) Inst. Invest.Trop.,Acad. tomato, garlic 

de Ciencias de Cuba 

Habara (b) Inst.Mejoram.de Plantas, 
Acad. de Ciencias de Cuba 

pumpkin 

CZECHOSLAVAKIA 

Bratislava Slovak Acad. Sciences peppers 

Olomouc Palacky Univ., Res. Inst. tomato, peppers, 

Veget. crops cabbage,lettuce, 

garlic (coll.50) 

Prague- Ruzyne Res. Inst. Crops tomato, onion, 
cucumber,lettuce, 
Brassica 

CYPRUS 

Nicosia Min.Agr.Nat.Resources, tomato,common bean, 

Agric.Res.Inst. cucumber,squashes 

EGYPT 

Alexandria Univ.Alexandria,Fac.Agric. cucurbitsspinach 

Assiut Assiut Univ.,Coll.Agric. okra 

Cairo 

Cairo 

(a) 

(b) 

Ain Shams Unlv.,Fac.Agric. 
Dept. Hortic. 
Al-Azhar Univ.,Fac.Agric. 

tomato,common bean, 
melon, cucurbits 
common bean 

Cairo (c) Univ.Cairo,Fac.Agric. common bean,okra,
spinach 

Cairo (d) Field Crops Res.Inst., common bean 

Agric.Res. Centre 
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EGYPTCairo (e) Univ.Cairo,Desert Inst.Bot.Res. Lab. okra 

Dokki Veg. Res. Sta.,Min.Agric. carrot.cabbage, 
melon,squash 

Minis Dept.Hortic.,Fac.Agric. common bean,melon 

EL SALVADOR 

Santa Tecla Centro Nac.Technol. Agropec. tomato 

ETHIOPIA 

Addis Ababa Haile Selassie I Univ. peppers 

FIJI 

Suva Res. Div.,Dept.of Agric. vegetable variety 

selection 

FRANCE 

Avignon Sta.Technol.Produits Veg. 
Centre de Rech.d'Avignon eggplant 

tiontfavet Sta. d'Amel. des Plantes 
maraicheres,Centre de Rech. radinh,tomiato, 
Agron. du Sud Eat eggplant,peppers,melon 

Paris Inst. de Rech. Agron. Trop. peppers 
(IRAT) 

Versailles Sta. Genetique & d'Amel. onions

des Plantes, Inst. Nat. 
Rech. Agron. (INRA) 

GAMBIA 

Cape St. Mary Dep. Agric. tomato,peppers, 

onioncommon bean, 
melon ,carrot 

GERMANY D.R. 

Greifswald Ernst Moritz Arndt.Univ. tomato 
Quedlinburg Inst.fur Zffchtuagsforschung onion,cucumber, 

cabbage,Chinese 
cabbage 

GERMANY F.R. 

Berlin Fed. Biol.Inst.Agric. Brassicaaoradish, 

& Forestry cucumber,spinach 

Braunschveig Inst. fur Pflanzenbau SoZanum,(European 
& Saatforschung gene bank field 

crops) 
Freiburg Asgrow GmbH Breed & Genet. 

Sta. Ebnat. common bean 
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GHANA
 
& Technol.
Univ. Sci.
Kumasi 


Univ. Ghana, Dept.
Legon 

Crop Science 


(Lesser Antilles, West Indies)
GUADELOUPE 


Petit Bourg (a) 


Petit Bourg (b) 


Petit Bourg (c) 


HUNGARY
 

Budapest (a) 


Budapest (b) 


Debrecen 

Kecskemet 


Tapi6szele 


INDIA
 

Akola, 

MaharashtrA
 
Annamalainagar, 

Tamil Nada 

Aurangabad, 

Haharashtra 


Bangalore, 


Hessaraghatta 


Bhubaneswar, 

Orissa
 
Bhuntar 


Calcutta 


Chaubattia, 

Uttar Pradesh 


Nat. Rech. Agron.
Inst. 

(INRA) 


Sta. de Bioclimatologie, 

Centre de Rech.Agron.des
 

la Guyane
Antilles & de 

Sta. d'Amel. des Plantes, 

Centre de Rech. Agron. des
 
Antilles & de la Guyane
 

Kertdszeti Kutat6 Intfzet 


(Hort. Res. Sta). 


Nat. Inst. for Agric. 

Var. Testing 


Univ.Agrar.Sci.,Dept.Bot. 

Veg. Crops Res. Inst.
 

Nat. Inst.Agrobotany 


Dept.Hort. P.K.V. 


Annamalai Univ.,Fac. Agric. 


Marathawada Univ. 


Ind. Inst. Hort.Res. 


Utkal Univ. 


Dept. P1.2reed. en Genet. 

Himachal Pradesh Univ.
 
Univ. Calcutta 


Govt.Hill. Fruit Res. Sta. 


tomato, leaf
 

vegetables
 

wing bean, cowpea,
 

okra
 

cauliflower, trop

ical leaf vege

tablea
 

cowpea
 

cucumber, melon
 

peppers,tomato,
 

cucumber,onion,
 
common bean
 
peppers, common
 
bean, onion
 

tomato, peppers
 

common bean,
 

peppers,tomato
 

radish
 

eggplant,okra,
 
melon
 
cauliflower,
 
cabbage, radish
 

tomato,eggplant,
 
okra,pumpkin,melon,
 
watermelon,cauli
flower,amaranth,
 
onion,radish,peppers
 
bitter gourd,(coll.
 
nat.gere bank,
 
nucleus seed)
 

amaranth
 

common bean
 

cabbage
 

Cuourbita pepo,
 
tomato
 



INDIA
 
Coimbatore (a) 

Tamil Nadu 


Coimbatore (b) 

Tamil Nadu 


Coimbatore (c) 

Tamil Nadu
 
Delhi 


Dharwar 


Gwalgor, 

Madhya Pradesh 


Hebbal (a) 


Bangalore 

Hebbal (b) 


Bangalore
 

Hissarg 

Haryana 


Hyderabad (a) 

Andhra Pradesh 


Hyderabad (b) 

Andhra Pradesh
 
Jabalpur, 

Madhya Pradesh 

Jaipur, 


Rajasthan
 
Jaipur 


Junagadh, 


Cujarat
 
Kanpur, 

Uttar Pradesh 


Lucknow , 

Uttar Pradesh
 
Ludhiana, 

Punjab 


Madurai (a) 


Tamil Nadu
 

Madurai (b) 

Tamil Nadu
 

Tamil Nadu Agric. Univ. 


Ind. Agric. Res. Inst.
 
(IARI),Reg. Res. Sta. 


Agric. Coll. Res. Inst. 


Univ. Delhi 


Univ. Agric. Sci.,Coll.
Agric. 


Coll. Agric. 


Agric. Coll. 


Univ. Agric. Sci. 


Haryana Agric. Univ. 


Inter. Crops Res. Inst. for 

Semiarid Tropics ICRISAT 


Agric. Univ. 


Jawaharlal Nehru Krishi 

Vishwa Vidyalaya 

Univ. Rajasthan 


Durgapura Govt. Res. Sta. 


Col. Agric. 


U.P. Inst. Agric. Sci. 


Oat. Bot. Gardens 


Dept.Hort. & Dept.Pi.Path, 

Punjab Agric. Univ. 


Tamil Nadu Agric. Univ. 


Agric. Coll. Rest. Inst. 


eggplant,okra,
 
peppers,pumpkin,wax
 
gourd,amaranth,cow
pea,hyacinth bean,
 
green gram
 

pepper
 

melon,hyacinth bean
 

okra
 

okra
 

bottle gourd, loofah,
 
snake gourd
 

tomato,eggplant,
 

cowpea
 

eggplant
 

tomato,peppers,okra,
 
mung bean,cowpea,
 

cabbage
 

pigeon pea (int.
 
gene bank)
 

tomato
 

tomato,mung bean,
 
peppers
 
lettuce
 

water melon
 

mung bean, cowpea
 

eggplant,common
 
bean,hyacinth bean,
 

mung bean
 
carrot,amaranth
 

tomato,peppersegg
plant,water melon,
 

mung bean cowpea,
 
spinach beet, onion,
 
okra
 
watermelon
 

eggplant
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INDIA 

Meerut, Meerut Univ. okra 

Uttar Pradesh 

Muzaffarnagar, DAV Col melon, bitter 

Uttar Pradesh gourd 

Nadia, Kalyani, Univ. Kalyani mung bean 

West Bengal 

Nagpur, Univ. Nagpur, Coll.Agric. bitter gourd 

Maharashtra 

New Delhi (a) Div. Vegetable Crops, tomato,peppers, 

Indian Agric. Res. Inst. eggplantwater

melon,bitter gourd, 
pumpkin (C. moshata) 
radish,turnip, 
carrot,peas,cowpea, 
spinach beet (coll). 

New Delhi (b) Vegetable Res. 
(Katrain) 

Sta. cabbage,cauliflower, 
French beanspumpkin, 
(C. pepo),tomato,pea, 
radish,cucumber, 
carrot (col.) 

New Delhi (c) IARI Pulses Breed.Sta. common bean 
(Katrain) 

Patna, 
Bihar 

Patna Univ. cucumber,radish, 
bitter gourd 

Pantnagar, G.B. Plant Univ. eggplant 

Uttar Pradesh 
Rewa , 

Agric. & Techn. 
Govt. Coll. of Sci. melon 

Madhya Pradesh 
Simla$ Cent.Potato Res. Inst peppers 
HimachaC Pradesh 

Shrinigar , Kashmir Univ. onion 

Kashmir 
Trivasndrum 
Udaipur, 

Univ. Kerala 
Univ. Udaipur, Agric. 

bitter gourd 
Lomato, eggplant 

Rajasthan Exp. Sta. 

Vallabhnagar, Univ. Udaipur,Res. Farm watermelon, 

Rajasthan 

Varanasi,
Uttar PradeshVellayanid 

Banaras Hindu Univ. 

Agric.Coll.Vellayani 

eggplant 
loofah 

pepperseggplant 

Kerala 
Warangal, Osmania Univ. peppers 

Andhra Pradesh 
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INDONESIA 
Bogor 

Jakarta 

Nat. Biol. Inst., 

Ministry of Agric. 

grain legumes, 

local leaf vege
tables,e.g. 
Sauropus Gnemon. 
Regional gene bank 
prepared for Jack 
bean,lablab,yam; 
nat.gene bank pre
pared for soyabean, 
winged bean 

tomato, garlic 

IRAN 
Karaj Univ. Teheran, Coll.Agric. common bean, mung 

bean 
Teheran P1. Pest & Diseases onion 

Res. Inst. Evin 

ISRAEL 
Bet Dagan Agric. Res. Organiz. 

Volcani Center 
eggplant 
cucurbits,onion, 

Neve Ya'ar 

Rehovot 

Exp. Sta.,Agric.Res. 
Organiz. 
Hebrew Univ. Jerusalem, 
Fac. Agric. 

peppers 
melon 

tomato,melon,cucumber 

ITALY 
Bari 

Bologna (a) 

Bologna (b) 

Bologna (c) 

Catania 

Milan 

Minoprio 

Univ. Bari, Inst. Agron. 

& Inst. Vegetables, Assoc. 
with CNR Laboratorjo del 
Germoplasma 
Inst. Sperimentale per le 
Colture Industriali 
Univ. Bologna, Inst. di 
Genetica 
Univ. Bologna, Inst. di 
Agronomia 

Inst. di Agronomia,Con
siglio Naz. delle Richerche 
Inst. Sperimentale per 
l'Orticoltura di Salerno, 
Sezione di Montanaso Lombardo 

Inst. di Richerzhe Orticole 

artichoke,beet, 

lettuce,turnip, 
peppers, cucurbits, 
(European gene bank) 

tomato 

eggplant, peppers 
spinach,peppers, 

melon 

common bean 

tomato,watermelon, 
pumpkin 

tomato 
Perugia 

Pisa 

Univ. di Perugia, Inst. di 
Allevamento Vegetale 
Univ. Pisa, Inst. di Genetica 

peppers 
cauliflower 
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ITALY 
Rome 

Salerno 

Plant Prod. Protection 

Div. FAO 
Ihst. Sperimentale per 
l'Orticultura 
(ISPORT) 

leguminous vege

tables 
tomato, pepper, 

eggplant,.squash 

Torino (a) Univ. Torino, Inst. di 
Orticoltura e Floricol-

eggplant, carrot, 
peppers 

Torino (b) 
tura 
Univ. Torino, Inst. ed Orto 
Botanica 

peppers 

Torino (c) Univ. Torino, Inst. di 
Produzioni dei Sementl 
per Orticoltura e Floricoltura 

IVORY COAST 
Abidjan ORSTOM, Adiopodoumd okra 

JAPAN 

Fukuoka Veg. & Ornam. Crops Res. 

Funajuka-cho, Sta. Kurume
Miyazaki. Univ. tomato 

Miyasaki-shi 
Hyogo 
Kagoshima 

Univ. Agric. 
Kagoshima Univ.,Fac. 

cucurbts 

Agric. radish 
Kamihama-cho, Mie Univ. melon 
Tsu-shi 
Kanagawa-ku, 
Kyoto 

Kanagawa Res. Inst. 
Kyoto Univ.,Fac. Agric. 
P1. Germplasm Inst. 

broccoli 
Solanaceae incl. 
DepPers,CitruZius, 

Cucumis a.o.cucur
bits ,BrassicaRap-
hanu.,. Phaseolus, 

Mishima (a)
Mishima (b) 
Niigata 

Kihara Inst. Biol. Res.
Nat. Inst. of Genetics 
Hokuriku Nat. Agric. Exp. 

(nat. gene-bank)
peppers 
peppers 

Sapporo Hokkaido 
Sendai 
Takamatsu-sht 

Kagawa-ken
Tokachi, 

Sta., Joetsu 
Nat. Agric. Exp. Sta. 
Tohoku Univ., Fac. Agric.
Univ. Kagawa 

Tokachi Agric. Exp. Sta. 

(nat. gene bank) 
cucumber 
Brassicas 
peppers 

common bean 
Hokkaido 
Tokai-kinki Nat. Agric. Exp. Sta., 

Tokyo 
Tokyo 

Tsu, Mie
Tokyo Univ., Fac. Agric. 
Tokyo Univ. Dept. Int. 

cucumber 
Brassica 
cabbage 

Tsu 
Agric. Devel. 
Veg. & Ornam, Crops Res. melon, tomato, 

Yamagata City 
Sta., Ishinden-Ogoso 
Yamagata Univ.,Fac. Agric. 

eggplant, cucumber 

tomato, melon 
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KENYA 

Th ika Nat. Hort. Res. Sta. vegetable vat. 
testing 

S. KOREA 

Seoul Dong-Kook Univ. radish 
Suweon Hortlc. Exp. Sta. peppers, carrot 
Iri Jeanbuk Prov. Office 

Rural Development garlic 

LIBYA 

Tripoli (a) Min. Agric., Dept. Pl. cucurbits 
Prod. 

Tripoli (b) Univ. Libya, Coll. Agric. watermelon 

MALAWI 

Lilongwe Univ. Malawi, Bunda Coil. common bean 
Agric. 

MALAYSIA 

Kuching Dept. Agric.,Res. Branch tomato, peppers, 

leek,cabbage,
cauliflower 

Serdang, 
Selangor 

Malaysian Agric. Res. 
Devel. Inst. (MARDI) 

& veg.National coll. 
winged beans pro

posed 

MARTINIQUE 

Fort de France Inst. de Recho Agron. eggplant 
Trop. & de Cultures tomato 
Vivridres (IRAT) 

MEXICO 

Chapingo (a) Coll. Postgraduidoe, Es- tomato, PhaseoZu8 
cuela Nac. de Agricultura (nat. gene bank to 

Chapingo (b) Inst. Nac. de Invest. 
be developed)
tomato, 

Agric. Phaseou8 

NETHERLANDS 

Amsterdam Roy. Trop. Inst., Dept. leaf vegetables 
Agrc. Res. (amaranth),documen

tation tropical
vegetables 

HaaldwiJk 

Wageningen (a) 

Glasshouse Crops Res. 
Exp. Sta. 
Inst. Hort. Pl. Breeding, 

tomato,eggplant, 
peppers,cucumber 
tomato,onion, 

IVT cucumber,csbbage, 
spinach,lettuce 
(coll.),common bean 
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NETHERLANDS 

Wageningen (b) Dept. Trop.Crops, amaranth, Xantho-
Agric. Univ. Soma.. kangkong 

NEW CALEDONIA 

Noumea Cedex South Pacific Commission vegetable variety 

testing 

NEW ZEALAND 

Christchurch Dept. Sci. & Industr. tomato 

Res. (DSIR) 

NIGER 
Niamey Inst. de Rech. Agron. 

Trop. (IRAT) onion 

NIGERIA 

Ibadan (a) Univ. Ibadan, Dept. Agric. cowpen,rosell 
Biol. 

Ibadan (b) Intern. Inst. Trop. tomato,(coll.2000), 
Agric. (IITA) peppers,okra,melon, 

Chinese cabbage, 

amaranth E.o. leaf 
veg. ,cucu~rbits,cow
pea winged bean, 
Lima bsan 

Ibadan (c) Moor plantation, Agric. (intcinat. gene bank)legumes e.g. cowpea 
Res. Council of Nigeria (gene bank)cucurbits 

Vegetable pathology 
of perennial indig-

Ibadan (d) 
Ife 

Nat. Hort. Res. Inst. 
Univ. Ife, Inst. Agric. 

nous vegetables
leaf veg., tomato 

Samaru (a) 
Res. & Training
Ahmadu Bello Univ.,Dept. 

cowpea, tomato 
tomato,onion,carrot 

Zaria Biol. Sci. 
Samaru (b) Inst. Agric. Res. onion, tomato 
Zaria 

NORWAY 

Vollebekk Agric. Coll. Norway cabbaga-

PAKISTAN 

Lyallpur Pakistan Agric. Univ. tomato,okra,mung 

Mirpur Khas Govt. Rea. Sta. 
bean 
tomato 

Sarial, Agric. Res. Inst. okra 
Quetta 

PAPUA NEW GUINEA 

Port Moresby (a) 
(b) 

Univ. Papua New Guinea 
Dept. of Primary Industry 

winged bean (coll). 
taro 



PERU
 

Lima 


PHILIPPINES
 
Los Barlos-Laguna 


0LAND
 

Rrguly 


Stjerniewice 


PORTUGAL
 

Lisbon 


PUERTO RICO
 
Mayaguez 


ROMANIA
 

Bucharest 


Olomouc 


SENEGAL
 
Bambey 


Cambarene 


SEYCHELLES 


SOUTH AFRICA
 

Pretoria 


Stellenbosch 


Estac. Exp. Agrarta de 

La Molina 


Univ. Philippines, Coll. 

Agric. Inst. Plant Breeding 

and Gene Bcnk for Economic 

Crops, SEARCA 


Inst. Warzywniczy 


Res. Inst. Vegetable 


cropu 


Inst. Superior Agronom. 

Lisboa
 

USDA, Agric.-Res. Service 


Inst. Agron. N.Balcescu 


Res. Inst. of Vegetables 


Centre Nat. Rech. Agron. 

(CNRA)

Centre for Horticultural 


Devel.testng
 

Grand'Anse Exper. & Food 


Prod. Centre 


Hort. Pres. I-at. 


Univ. Stellenbosch, 


Dep. P1. Path.
 

onion,common bean,
 
peppers
 

seed prod; agronomy
 
coll.indigenous vegc
tables
 
cabbage(Coll.200),
 

Lima bean (coll.200),
 
cowpea(col.200),
 
(regional gene bank)
 
regional coil. mung
 
beans and Winged bean
 
proposed,nat.coll.
 
soyabeAn,yam
 

tomato
 

especially onion
 

and carrot
 

melon
 

common bean, leaf
 

vegetables
 

eggplant
 

Many species espec.
 

tomato, capsicum. 

cowpea
 

vegetable var.
 

vegetables var.
 

testing
 

squash
 

onion
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SPAIN 

Madrid Inst. Nac. de Investi- Braseica (coll.) 
gaciones Agraricas 

SRI LANKA 

Maha-Illuppallama Agric. Res. Sta. mung bean 
Peradeniya Central Agric. Res. vegetable var. 

Inst. testing 

SUDAN 

Gezira Gezira Res. Sta. Cuacurbita, pea, 
tomato,peppers, 

onion,okraegg-

Hudeiba Hudeiba Res. Sta. 
plant,cabbage 
common bean 

Khartoum Shambat Hort. Res. Sta. garlic 

SURINAM 

Paramaribo Agric. Exp. Sta. peppers,cucurbits, 

cabbage 

SWEDEN 

Hammenhdg Sveriges UtsUdesflrening tomato,onion,cucum

ber,cauliflower, 
lettuce 

TAIWAN 

Tainan Asian Veg. Res. & Devel. tomato (coll.4000), 
Centre, AVRDC Chinese cabbage (coll. 

600),mung bean, 
(coll.2500),(int. 
gene bank) 

Taiper Nat. Taiwan Univ., asparagus, mushrooms, 
Dept. Hort'. Chinese chives 

THAILAND 

Kasetsart Kasetsart Univ. radish,onion,(vege

table seed produc

.Bangkok Horticultural Experiment 
tion)
Nat. gene bank pro-

Station (10 sub-stations), posed for mung bean, 
soyabean, wing bean, 

yam 

TRINIDAD & TOBACO 

St. Augustine Univ. W. Indies, Fac. tomato,eggplant, 
Agric. cucumber,cabbage, 
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TURKEY
 

Menemen,Izmir ARIC. beet,spinact,
 
beans etc.
 
(Regional gene
 
bank)
 

UGANDA
 

Kampala 	 Dept. Crop Science,Makerere common bean
 
Univ.
 

UNITED KINGDOM
 

Camborne Rosewarne Exp. Hort. Sta. 	 tomato,cauliflower,
 
cabbage,melon,onion
 

Cambridge (a) 	 Dept. Applied Biol. common bean,cauli-

Univ. Cambridge flower
 

Cambridge (b) Nat. Inst. Agric. Bot.
 
Efford Exp. Hort. Sta. tomato
 
Fairfield Exp. Hort. Sta. peppers
 
Jersey Dept. Agric. broccoli, Brassiaa,
 

tomato
 
Leeds Univ. Leeds, Dept. Agric. Brasoica
 

Sci.
 
Norwich John Innes Inst. peppers, pea,tomato
 
Reading Univ. Reading, Dept. peppers
 

Agric. Bot.
 

Southampton Dept. Biol., Univ. South- common bean
 

ampton
 

Wellesbourne Nat. Veg. Res. Sta. 	 lettuce(coll.1200),
 
onions (col1.306 )
 
Brasaica (coll.2000),
 
carrots (coll.250),
 
common beantomato
 

UNITED STATES OF AMERICA (USA)
 

Ames (a) Iowa State Univ. peppers 
Iowa 
Ames (b) USDA Pl. Introd. Sta. tomato (coll.),onion 

(coll.),cucumber 
(coll),(gene bank) 

Auburn Auburn Univ. Agric. tomato,cucumber 
Alabama Exp. Sta. melon,watermelon 

okra 
Eaton Rouge, Louisiana State Univ. tomato 
Louisiana 
Belle Glade, Univ. Florida, Inst. lettuce,peppers 
Florida 
Beltsville (a) 

Food & Agric. Sci. 
Agric. Res. Centre eggplant,tomato, 

Maryland (plant introd.gene 
bank) 

Beltsville (b) PL. Genet. & Germplasm onions 
Maryland Inst. 
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UNITED STATES OF AMERICA 

Bloomington, Indiana Univ., Dept. tomato,peppers 
Indiana P1. Sci. 
Bradenton, Univ. Flori-a, Inst. tomato 
Florida 
Brawley, 

Food & Agric. Sci. 
USDA, Agric. Res. 

(IFAS) 
lettuce 

California Service Calif. 
Charleston USDA Veg. Breeding Lab. tomato,common bean, 

Cinnaminson Inst. Agric. Res. 
.owpea 
tomato 

Columbia, Univ. Missouri, Agric. mung bean,tomato 
Missouri 
Davis, 
California 

Exp. Sta. 
Uriv. Calif. tomato,peppers, 

onion,melon, 

Dover, Univ. Florida, Agric. lettuce
!,ra 

Florida Res. Centre 
Durham, Univ. New Hampshire watermelon 
New Hampshire 
East Lansing (a)
Michigan 

Mich. State Univ. cucumber, common 
bean, tomato, melon 
watermelon, 

East Lansing (b) Mich. Agric. Exp. Sta. peppers 

NIchigan 
Experiment (a) Georgia Agric. Exp. Sta. melon,uatermelon 
Georgia
Experiment (b) USDA, Pl. Introd. Sta. watermelon(coll.), 

melon (coll.) 
peppers (coll.), 

Fort Collins, Nat. Seed Storage Lab. (gene bank)
(nat. gene bank) 

Colorado 
Fayetteville, Univ. Arkan., Agric. cucumber,spinach 
Arkansas Exp. Sta. 
Franklin 
Gainesville 
Florida 

Sweet Potato Res. Centre 
Univ. Florida, Inst. 
Food & Agric, Sci 

peppers 
peppers,melon,water
melon,tomato,okra, 

Veg. Crops Dept. lettuce,carrot,soya

bean,cowpea,common 

Geneva (a) 

Geneva (b) 
New York 

New York State Agric.
Exp. Sta. 
U.S.A. Pl. Introd. Sta. 

bean, (coll.) 
cucumber,cucurbits, 
common bean,cabbage 
cucumber (coll.), 
onion (coll.); 

Honolulu (a)
Hawaii 

Coll. Trop. Agric. Univ. 
Hawaii 

(gene bank) 
Brasoica, onion, 
Phaseolue 

Honolulu (b) 
Hawaii 

Univ. Hawaii, Agric. 
Exp. Sta. 

tomato,eggplant, 
cucumber,wax-gourd, 

bean,pea, cauliflower, 
lettuce,sweet corn, 

Ithaca., 
New York 

Cornell, Univ., Agric. 
Exp. Sta. 

mustard 
cucurbits, cabbage, 
tomato,cucumber 
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UNITED STATES OF AMERICA
 

Lafayette p Purdue Univ. 
 Lima bean,tomato,
Indiana 

grain legumes


La Jolla t 
 USDA, Agric. Res.Services;
 
California S.Regional Plant Intro- Cucumis (coli.50
 

duction Station Africa);(gene bank)
Las Cruces, 
 New Mexico State Univ., onion
 
New Mexico Agric. Exp. Sta.
 
Lexington, 
 Univ. Kentucky 
 watermelon
 
Kentucky

Lincoln, 
 Univ. Nebraska 
 common bean
 
Nebraska
 
Lubbock, 
 Texas Agric. Exp. Sta. 
 onions
 
Texas
 
Madison, 
 Univ. Wisconsin, USDA, 
 onion, cucumber,

Wisconsin 
 Agric. Res. Service cabbage,common bean,
 

c6wpea
Miami 
 Miami Univ. 
 peppers (coll.700),
roselle,Xanthosoma
 

Newark, Univ. 
Delaware 
 Lima bean

Delaware
 
New Haven (a) Yale Univ. 
 carrot
 
Connecticut
 
New Haven (b) Agric. Exp. Sta. 
 tomato
 
Connecticut
 
Pullman (a) Washington State Univ. 
 spinach
 
Washington

Pullman (b) USDA, Fl. 
Introd. Sta. 
 onion,cabbage,

Washington 
 beans,lettuce
 

Raleigh, (gene bank)
N. Carolina State Univ. 
 cucumber egg.-

North Carolina
 
Riverside, Univ. Calif. plant
Calforiapeppers 
 ,Cucur'bita
 
Calif ornia
 
Salinas 
 USDA, Agric. Res. Service lettuce
 

Western Region
Stillwater, 
 Oklahoma State Univ. 
 mung bean
 
Oklahoma
 
St. Louis, Missouri Bot. Garden 
 peppers
 
Missouri
 
Storrs, 
 Univ. Connecticut 
 pumpkin
 
Connecticut
 
University Park, Penns. State Univ. 
 peppers
 
Pennsylvania

Urbana, 
 Univ. Illinois, Dept. 
 mung bean,winged

Illinois Agron. 
 bean
 
Washington USDA, Pl. Genet. & Germplasm legumes


Inst. 
 (gene bank)
 

UPPER VOLTA
 

Farakoba 
 Inst. de Rech. Agron. tomato
 
Trop. (IRAT)
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USSR 

Bykovo Cucurbit breed, Sta. cucurbits 
Gribovka Hort. Breed. Sta. peppers,onion 
Khar'kov Inst.Ovoshchevodstva i tomato 

bakhchevodstva 
Kiev Inst. Hicrobiol. & Virol. selected vege

tables 
Leningrad VIR veg. (coll.),cucur

bits (coll.20000.), 
cucumber ,Cucurbita 
(coll.400.) ,Melon 
(coll.400),tomato 
(coll.300 0 ) onion, 
cabbage(nat gene 
bank) 

Lesnoy Gorodok N.-i selektsii Ovo
shchnykh Kul'tur onion 

Maikop VIR, Exp. Sta. of the peppers,eggplant 
All-Union Inst. for 

Plant.Prod. 

Moscow (a) Univ. USSR onion 
Moscow (b) Inst. Obshchei Genetic tomato 
Tambov Training Coil. cucumber 
Tiraspol, N.-i Inst. Oroshaemogo tomato 
Moldavia Zemledeliya 

VENEZUELA 

Cagua, Fundation Servicio para cucumber melon, 
Aragua el Agricultor watermelon,cauli

flower 
Caracas (a) Univ. Central de Venezuela, 

Escuola de Biologia common bean 
Caracas (b) C.A. Venezolana de Al- tomato 

mentos 

Maracay Centro Nac. de Investig. common benn 
Agropec. 

VIETNAM 

Cantho Fac. Agric., Univ. Cantho peppers 

YUGOSLAVIA 

Novi Sad (a) Poljoprivredni Fakultet peppers 
Novi Sad (b) Fac. Agric. common bean 
Sarajevo Poljoprivredni Fakultet common bean,melon 
Skopje Zemjodelsko-sumarski Fak. watermelon 
Smederevska Inst. za povrtarstvo cabbage 
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B. RESEARCH WORKERS, PLANT BREEDERS
 

3. SOLANACEOUS FRUITS 

Tomato 

ALGERIA 
Alger 

ARGENTINA 

Castelar 
Rio Negro 

Tucuman 

Goldenbergh J.B. 1976 
Calvar, D.J. 

Martin G.O., 
Salvioli R.A.L. 1971 

var. testing 

breeding 
breeding 

selection 

AUSTRALIA 

Canberra 

St. Lucia 
Singh C.B. et al. 
McLeod K.A. 1975 

1974 breeding 

pnllen growth 

BANGLADESH 

Dacca Kamaluddin A. 1973 var. testing 

BELGIUM 
Antwerp Liekens F. 1973 res. Fusarium 

BRAZIL 

Campinas 
Sete Lagoas 
Vicosa 

Nagai H., Costa A.S. 1972 
Gomez J.G. 1970 
Puschmann R. et al. 1972 

res. 
var. 
var. 

diseases 
testing 
testing(vit.C) 

BULGARIA 

Plovdiv 

Sofia (a) 

Sofia (b) 

Jordanov. M. 1975 
Manuelyan K. et al. 1975 

Hikhailov L., 
Ognyanova A. 1975 
Sotirova V.,Beleva,L.1976 

corky root res. 
carotene,hybridi

sation 
hybridisation 

res. Xanthosomaa 

CANADA 
Deschambault Lake 
Guelph 
Ottawa 

Rushdy R. 1973 
Campbell C.G. 1974 
Loiselle R. 1976 

var. testing 
genetics 
(gene bank) 

CHILE 

Santiago (a) Sanz de Badilla 1974 res. VerticiZlium 

Santiago (b) Avarado V.P., 
Cortazar S.R. 1972 
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CUBA
 

Habana (a) 	 Mitov N. 1973 res. diseases
 

CZECHOSLOVAKIA
 

Olomouc 	 Moravec. J. breeding
 

EGYPT
 

Cairo (a) 	 Selim A.K.A.,
 
Nazeem H.R. 1975 breeding
 

EL SALVADOR
 

Santa Tecla Anaya M., Waite B.H. 1974 res.bacterial
 
wilt
 

Canas Prietro G. 1971 var. testing
 

FRANCE
 

Montfavet 	 Laterot, H. 1973 res. TMV
 
Pilhouze J. 1974 male sterility
 

GERMAN DEMOCRATIC REPUBLIC
 

Greifewald 	 Eggert D. 1974 res. Phytophthora
 
Herrmann H., Gunther E.1972 mutation breeding
 

GHANA
 

Kumasi 	 Norman J.C. Affran D.K. 1974 var. testing
 

HUNGARY
 

Kecskemet 	 Andrasfalv> A. 1973 breeding
 
Baldy B. 1972 breeding
 
Farkas J. 1972 genetics,res. TMV
 

INDIA
 

Bangalore Rao M.V.B. 1975 res. Pseudomons
 

Chaubattia Solanki S.S. et al. 1975 breeding
 
Hebbal Hanumanthappa H.S. 1973 triploids
 
Hissar Bhutani. R.D. e1 al. 1973 heterosis
 
Hyderabad (b) Asif M.I. 1975 vivipary
 
Ludhiana Kaul D.L. et al. 1972 hybridisation
 
Ludhiana Nandpuri K.S. et al. 1973 genetic variability
 
Ludhiana Singh G. L al. 1974 combining ability
 
New Delhi (a) Singh B., Chaudhuiy B. 1973 res. root-knot
 
Udaipur Naik S.M. 1973 res. root-knot
 

INDONESIA
 

Jakarta Sahat. S. 1974 var. testing
 
Sunarjono H., 1974 res. diseases
 

ISRAEL
 

Rehovot 	 Alon H., Katan J., Kedar N. res. Fusarium
 
1974
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ISRAEL 

Rehovot Frenkel R., Pilovski 1974 breeding 

Rabinowitch H.D. 1974 breeding 

ITALY 

Bologna (a) Casarini B. et al. 1970 var. testing 

Milan Soressi G.P. 19745 breeding 

Minoprio Svanosio A., Vandoi-vi G. combining. 
1974 ability 

Rome Tomarchio L. 1974 res. Phytophthora 

JAPAN? 

Funajuka-cho Adachi T. 1974 breeding 

Tsu 

Yamagata City 

Kuriyama T., 
Kuniyasu K. 1974 
Imanishi S., Hiura I. 1975 

res. Cladosporium 
Fusarium 
fruit characters 

KENYA 

Thika Warui, J.N. 1973 var. testing 

MEXICO 

Chapingo Belalcazar C.S., 

Galindo A. 1974 virus 

Chapingo (b) 
Chapingo (c) 

Bravo G.H. 1968 
Pinto Cortes B. 1970 

mutations 
var. testing 

NETHERLANDS 

Wageningen Hogeboom N.G. 1975 breeding 

NIGERIA 

Ibadan (b) Adeniran M.O., breeding lowland 

Wilson G.F. 1975 .tropics,res.virus 
(used cropping) 

Samaru (a) 
Samaru (b) 

Choudhuri H.C. 1972 
Quinn J.G. 1971 

genetics 
breeding for 
processing 

PAKISTAN 

Lyallpur Hussain C.A. et al. 1973 
Yousaf M. et'al. 1971 

var. 
var. 

testing 
testing 

Mirpur Khas Baluch A.A -
Inayat A.R. 1974 var. testing 

POLAND 

Reguly Czyzewaska S., 
Bialkowska H. 1973 var. testing 

TAIWAN 

Tainan Villareal R.L. 1974 breeding 
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UNITED KINGDOM 

Efford Shelby R.A. 1975 heat tolerance 

U.S.A. 

Baton Rouge Hernandez T.P. 
Phills B.R., 

1972 breeding 

Hernandez T.P. 1975 combining ability 
Beltsville (a) Barks.dale T.H. 1975 res. diseases 

Rhizoctonia 
Bloomington 
Bradenton 

Heiser C.B. 
Jones J.P.,Crill P. 1975 

taxonomy 
res. VerticitZium 

Charleston Fery R.L, Cuthberg F.P. res. Heliothis 
1974 

Cinnaminson Hikida H.R.,Raymer W.B.1973 res. virus wild 
types 

Columbia Lambeth V.N. 1973 combining ability 
Davis Rick Ch.M., Zobel R.W.1972 coll.wild types 

evolution 
East Lansing (b) Herner R.C., Sink K.C., 

Vriesenga J.H. 1974 
Fusarium 

Cainesville Matthews R.F. et al. 1973 vit. C 

jthaca Munger H.M. 1974 blotchy ripening 

Lafayette Tigchelaar E.C. et al. 1974 breeding, 

New Haven Claybergh C.D. 1974 res. pests 

U.S.S.R. 

Khar'kov Krylova M.I. 1975 res. CZadosporium 

Leningrad Breznev D.D., male sterile 
Simonov A.A. 1974 mutants 

Leningrad Luk'yanenko A.N. 1974 breeding 

Leningrad Machulin L.L. res.heat drought 

Moscow 

Tiraspol 

Makhalova M.R. 1975 

Zhuchenko A.A. et al. 1975 

interspecific
hybridisation
genetics 

VENEZUELA 

Caracas (b) Colmenares C.S. 1971 var. testing 

Caracas (b) Lasso R. 1974 res. Pseudomonas 

Peppers ( 3.3) 

ARGENTINA 

Castelar ahlen A.v.d. 1974 breeding 
Castelar ubrzycki H.M. 1974 mutations 

BRAZIL 
Campinas 
Sao Paulo 

osta A.A., Nagai H., 1973 
renhani A.A. et g1. 1972 

res. Fusarium, 
Xanthomonas 
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BULGARIA 

Lom Ignatov B. 1973 var. tests 
Plovdlv Genchev S. 1973 cytochrome oxydase 
Sofia (a) Daskaloff F. 1974 male sterile mutants 
Sofia (a) Markova M. 1973 induced mutants 
Sofia (a) Mikhailov L. 1974 heterosis 

Popova, D. 1975 

CANADA 

Simcoe Cantliffe D.J. 1974 growth regulation 

CZECHOSLOVAKIA 

Bratislava Zaujcova L. 1974 var. testing 
Olomouc Betlach, J. 1972 genetics,haploids, 

Novak F. 1974 male sterility 

ETHIOPIA 

Addis Ababa Bezuneh T. 1973 collection,eval

uation 

FRANCE 

Avignon Dumas de Vaulx R. 1974 haploid 

parthenogenesis 
Montfavet Pochard E. 1974 res. CMV, 

Phytophthora 

IIUNGARY 

Budapest (b) Daskalov S.,Milkova L. breeding 
Budapest (b) Tuza S. 1971 var. testing 
Budapest (a) Zatyko L. 1973 res. TMV virus 
Kecskemet Andrasfalvy A. 1973 res. TMV virus 

INDIA 

Bangalore Singh S.J. 1973 res. virus 
Coimbatore (a) Mohanasundaram M. 1971 res. aphids 
Coimbatore (b) Premsekar S. 1973 var. testing 
Hissar Singh B., 1974 res. root-knot 
Jabalpur Mishra I.P., Singh K. 1974 var. testing 
Ludhiana Singh M. 1974 natural cross 

pollination 
New Delhi (a) Bansal H.C. 1973 induced mutation 
Simla Nagaich B.B. et al. 1972 heterosis 
Vellayani Navi P.M. 197- breeding 
Warangal Subash K. 1975 aneuploidy, 

irradiation 
ISRAEL 

Bet Dagan Shiffriss C. 1973 male sterility 
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ITALY 

Bologna (c) 
Bologna (b) 
Perugia 
Torilno (c) 
Torino (a) 

Piazzi R. 1974 
Scossiroli R.E. 
Lorenzetti F. 1974 
Bigotti P.G. 1974 
Quagliotti L. 1973 

var. testing 
genetics 
breeding 
res, TMV 
genetic 
variability 

JAPAN 

Mishima (a) 
Takumatsu-shi 

Ohta Y. 1970 
Hirose T. 1975 

male sterility 
male sterility 

KENYA 

Thika Warui, J.N. 1973 var. testing 

KOREA, SOUTH 

Suweon Jo Y.K. var testing 

NIGERIA 

Ibadan (b) Adeniran M.O., local cvs. 

Wilson G.F. 1975 res. virus 
(mixed cropping) 

UNITED KINGDOM 

Reading Pickersgill B. 1975 evolution,taxonomy 

U.S.A. 

Ames (a) 
Belle Glade 

Horner H.T. 1974 
Zitter T.A. 1975 

breeding 
breeding 

Bloomington 
East Lansing (b) 

Heiser C.B. 1975 
Honma S. 1974 

taxonomy,evolution 
res. TMV virus 

Franklin Etzell W.W., 
Hernandez T.P. 1973 var. testing 

Gainesville Bartz J.A., Stall W.M. 1974 breeding 

Laborde J.A. 1973 genetics 

Miami 
Riverside 

Esbaugh W.H. 1974 
Lippert L.F., 

coll. C. pubescen8 
combining ability 

Matin V.0., 1975 
St. Louis 
University Park 

d'Arcy W.G. 1974 
Ferretti P.A. 1974 

taxonomy 
res. TMV virus 

U.S.S.R. 

Gribovka Alpatev A.V. 1974 heterosis 

Maikop Dikii S.P. et al. 1973 
Studentsova L.I. 1973 

male sterility 
heterosis 

VIETNAM 

Cantho Yasuo Ohta; virus,grafting 

Phan Van Chuong 1976 

YUGOSLAVIA 

Novi Sad Lazic B. et al. 1975 var. testing 
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Eggplant (3.4) 

BANGLADESH 
Dacca 
Mymensingh 

Kamaluddin A. 1973 
Siddique M.A., 

var. testing 

Husain A. 1971 morphology 

BRAZIL 
Campinas 
Rio de Janeiro(b) 

Medina D.M. et al. 
Ribeiro R. de L.D. 

1972 
et alr 

breeding,selection 

1971 res. anthracnose 
FRANCE 

Avignon 
Montfavet 

Auber S. 1972 
Dumas S. 

composition,quality 
res. diseases 

INDIA 
Annamalainagar 
Coimbatore (a) 
Coimbatore (a) 
Hebbal (b) 
Kanpur 
Ludhiana 
Madurai (b) 
Pantnagar 

Rajesekaran S. 1970 
Rangacamy p. 1973 
Snynbandam C.N. et cl. 1973 
Siddarawe G. et -al-.1974 
Singh H.N. et al. 1974 
Warait:sh KS. 1974 
Ramas,;amy N. 1973 
Singh B. 1974 

cytogenetics 
hybridisation 
res. Epilachna 
res. Pseudomona 
combining abilit, 
res. Alternaria 
var. testing 
heterosis, 

Udaipur 

Vellayani 
Srivastava L.S. 
Swaminathan M., 

1973 
cytogenetics
yield characte.s 

Srinivasan K. 1971 hybridisaticn 

ISRAEL 
Bet Dagan Nothmann J. 1975 pollen fertility, 

cold stress 

ITALY 
Bologna (b) 
Torino (a) 

Scossiroli R.E. 1972 
Quagliotti L. 

genetics 
breeding 

JAPAN 
Tsu Kuriyama T. 1975 res. diseases 

MARTINIQUE 

Fort de France Daly P.M.J. 1972 breeding 

ROMANIA 

Bucharest Stancu E. et &1. 1970 var. testing 

U.S.A. 
Beltsville (a) 
Honolulu (b) 
Raleigh 

Schalk J.M. .l. 1975 
Tanaka Y.S. 1972 
Jenkins S.F. 

res. Tetranychue 
breeding 
res.. Pseudomonas
root-knot 



U.S.S.R.
 

Maikop 

Hebbal (b) 


4. CUCURBITS 

Cucurbits general (4.1) 

EGYPT
 

Alexandria 


INDIA 

New Delhi (a) 


U.S.A.
 

La Jolla 


U.SS.R.
 

Bykovo 

Leningrad 


Watermelon (4.2)
 

INDIA
 

Bangalore 

Jaipur 

Ludhiana 


Madurai (a) 


Vallabhnagar 


ITALY
 

Milan 


LIBYA
 

Tripoli (b) 


U.S.A.
 

Durham 

Lexington 


U.S.S.R.
 

Leningrad 


YUGOSLAVIA
 

Skopje 


Dikii S.P. et: al, 1975 

Siddarame Go'da T,K. 1974 

Herakly F.A.,Zeid M. 1974 


Choudhury 


Dane F., Tsuchiya T., 1976 


Shuman N.I. 1974 

Brezhnev D.D. 1972 


Sohi H.S. 1976 

Chandola R.P. et al. 1975 

Brar J.S., Nandpuri K.S., 

Thakur J.C. 1974 

Soundrapandian G. et al.197 

3 


Sachan C.P.,
 
Tikka S.B.B. 1973 


Soressi G.P. et al. 1974 


Warid W.A. et al. 1971 

Loy J.B., Liu P.B.W. 1975 


Mohr H.C.,Sandhu M.S. 1.975 


Fursa T.B., Shcheglov S.W. 


Tekhanovich G.A. 1974 


Simonov D. 1974 


fruit composition 
res. Pseudornonas 

res. Tetranychus
 

breediLg
 

wild Cucumis
 

breeding
 
collections
 

res.anthracnose
 
pollen studies
 
var. testing,
 
fruit weight
 
storage irradi
ated seeds
 

variability
 

var. testing
 

polyploidy
 

genetics
 
genetics mutants
 

evaluation,
 
wild types
 

grafting
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melan (4.3) 

BRAZIL 

Campinas Bernardi J.B. 1974 var. testing 

CHILE 

Santiago (a) Rojas E. et al. 1974 growth regulators, 
sex expression 

EGYPT 

Minia Imam M.K. et al. 1973 crossings, res. 
Erysiphe 

FRANCE 

Montfavet Dumas de Vaulx R. 1974 polyploidy 

Montfavet Risser G. 1974 floral biology 

GUADELOUPE 

Petit Bourg (c) Kaan F. 1973 res. diseases 

HUNGARY 

Budapest (b) Mandy G. 1974 breeding 

I'MDIA 

Annamalainagar Kannsiyan S., 
Puru Shothaman D. 1973 res. Fusarium 

Coimbatore (c) Chelliah S., res. fruit fly 
Sambandam C.N. 1973 

Ludhiana Nandpuri K.S. et al. 1974 combining ability 

Muzaffarnagar 
New Delhi (a) 

Bisaria A.K. 19 4-
Choudhury B., 

var. 
var. 

testing 
testing 

Sivakami N. 1974 
New Delhi (b) 
Rewa 

Sharma R.R. 1971 
Shrivastwa G.P. 1974 

sex expression 
hypogyny 

ISRAEL 

Neve Ya'ar Karchi Z. et al. 1975 res.CMV virus 

Rehovot Elasser G., Kedar N. gzowth regulatcrs, 

Rudich J. 1974 parthenocarpic 
fruit 

ITALY 

Bologna (c) Piazzi R. et _ 1974 var. testing 

JArAN 

Fukuoka 
Kamihama 

Sugahara Y. 1974 
Yabumoto Y. 1975 

breeding 
pectin content 

Tsu 
Tsu 

Kuriyama T. 1975 
Takada K. et al. 1974 

res. 
res. 

diseases 
powdery mildew 

Yamagata City %itamura T. 1974 storage 



166 

PORTUGAL 

Lisbon Sousa L. a C.E,. 1972 sex expression 

U.S.A. 

Auburn Norton J.D. 1975 var. testing 

Davis Mann L.K. 1960 breeding 

Experiment (a) Sowell G. 1974 res. Sphaerotheca, 
MycosphaeretZa 

Gainesville Halsey,.L.H., var. testing 

La Jolla 
Elmstrom G.W., 
Bohn G.W. 1960 

1973 
breeding 

U.S.S.R. 

Leningrad 
Leningrad 

Leningrad 
Leningrad 

Fursa T.T. 1974 
Meshcherov E.T., 

Tekhanovich G.A., 1975 
Shchukina A.S. 1972 
Tuvardzhieva L.V. 1975 

collection 
hybrid seed 
production 
coll. res. Fusarium 
res. Fuearium 

Cucumber (4.4) 

BRAZIL 

Jaboticabal Churata-Masca M.G.C., ethephon, 

Awad M. 1974 sex expression 

Rio de Janeiro (b) Castro L.A.B. de 
3.972 

et al. Fl hybrids: 
res. diseases 

BULGARIA 

Plovdiv Genchev S., Mikhov A. 1974 breeding 

CANADA 

Simcoe Cantliffe D.L., breeding 
Phatak S.C., 1975 

CZECHOSLOVAKIA 

Prague-Ruzyne Jakubkova Z. 1974 breeding 

GERMANY D.R. 

Quedlinburg Kampe V. 1Q71 breeding 

GUADELOUPE 

Petit Bourg (c) Anais var. testing 

INDIA 

New Delhi 
Patna 

(c) Gill I 
Singh 

breeding 
cytological 
studies 

ISRAEL 

Rehovot Rudic] sex expression 
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JAPAN 

Tokai-Kinki Ezuka 4., Komada H. 1974 res. downy mildew 
Tsu Kurlyama T. 1975 res. diseas.-

NETHERLANDS 

Wageningen (a) Ponti O.M.B. de 1976 parthenocarpy 

U.S.A. 

Auburn Chambliss O.L. 1975 res. Mycosphaerella 
insects 

East Lansing (a) Baker L.R., Rudich J., plant regulators, 
Scott J.W., Wittwer S.H. sex expression 
1974 

Fort Collins Bowers J.L. 1974 res. Co~letotrichum 
Erysiphe 

Geneva (a) Robinion R.W. 1976 res. diseases 
Honolulu Takeda K.Y.,Gilbert J.C. res.watermelon MV 

1975 

Ithaca Munger H. 1975 res. TMV virus 
La Jolla . Whitaker T.W. 1976 wild relatives 
Madison Peterson C.E. 1975 breeding 
Madison Walker J.C. 1975 res. CMV virus, scab 
Raleigh Lower R.L., Goode M.J. 1975 sex expression, 

var. testing 
Raleigh Cuthbert F.P., res. insects 

Quisumbing A.R., 1975 

U.S.S.R. 

Leningrad Medvedev A.V. 1974 res. Erioyphe 

Sphaerotheca 
Tambo Ivanov O.V. 1972 heterosis 

Pumpkins &.Squashes (4.5) 

BRAZIL 

Jaboticabal DemattA et al. M.E.S.P. 1975 breeding 
Piracicaba Rochelle L.A. 1975 taxonomy 

CUBA 

Habana (b) Alonso R.R.C., selection 
Cueto Robayana, I. 1974 

EGYPT 

Alexandria Abdel-Al Z.E. et al. 1973 breeding 

Minia Abo akr M.A. 1073 res. Eryoiphe 
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INDIA
 
plant regulator,


Chaubattia 	 Singh B.B. 1975 

sex modification,
 
fruit yield
 

Coimbatore (a) 	 Thamburaj S.,
 
sex expression
Kamalanthan S. 1973 


ISRAEL
 
res. CMV virus
 

.Bet Dagan 	 Shifriss C., Cohen S. 1974 


ITALY
 
heterosis


Milan 	 Borghi B. et al. 1973 


JAPAN
 
vegetative hybrids
Nakamura N. 1972
Hyogo 


LIDYA
 
ethrel,sex expres-


Tripoli (a) 	 Goma H. et al. 1973 
sion
 

NIGERIA
 
oil content of seeds


Oridiji M.O.
Ibadan (c) 


SOUTH AFRICA
 
breeding
Joubert T.G. La G. 1974
Pretoria 


U.S.A.
 

storage
Ithaca 	 Armbruster G. 

Woodside C.J.,1974
 

breeding
Whitaker T.W., 


Bohn G.W. 1974
 
La Jolla 


genetics
Scarchuk J. 1974
Storrs 


U.S.S.R.
 
breeding
Schuman N.L. 1974
Byokovo 

taxonomy
Fursa T.T. 1974
Leningrad 
 genetics
Shelepina G.A. 197?
Leningrad 


itter gourd (4.6)
 

INDIA
 

et al. 1974 breeding
Dutta O.P.
Bangalore 
 sex expression
Bisaria A.K.19-74
Muzaffarnagar 
 colchicine
Wanjari K.B. 1973
Nagpur 

Roy R.P. 1973 cytogenetics
Trivedi R.N.,
Patna 
 ethrel,sex
Ravindram P.N. 1971
Trivandrum 


expression
 

lottle gourd, wax gourd, loofah, snake gourd (4.7 to 4.10)
 

INDIA
 
sex expression,


Coimbatore (a) 	 Thamburaj S., 

wax gourd
1973
Kamalanthan S., 




INDIA (cont)
 

Gwalior 


Gwalior 


Varanasi 


U.S.A..
 

Honolulu 


5. ALLIUM
 

Onion (5.2)
 

BANGLADESH
 

Dacca 


BRAZIL
 

Campinas 

Jaboticabal 

Piracicaba 

Piracicaba 

Piracicaba 


Vijosa 


CANADA
 

St. Jean 


FRANCE
 

Versailles 


INDIA
 

Srinagar 


IRAN
 

Teheran 


NETHERLANDS
 

Wageningen 


NIGERIA
 

Samaru (b) 


Samaru (b) 
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al. 191,
Joshi D.P. at 


1974
Joshi D.P. 


Katijar R.B. 1974 


1970
Tanaka J.S. 


Kamaluddin A. 1973 


et al. 1971
Silveira A.P. 


Churata-Nasca M.G-C. 1975 


da 1974
Costa C.P. 


Vale E.C. do 1972 

de 0.
Zimmermann M.J. 


et al. 1974 

al. 1971
Koguishi et 


Crete R., Hogue E.J. 1974 


Schweisguth B. 1974 


Koul A.K. 1971 


Assadi P., Izadyar M. 1973 


Meer Q.P. v.d. 1976 


Green J.H. 1973 


1976
Amstel H. van 


bottle gourd,
 

temperature
 
loofah & snake
 

gourd temperature
 
loofah
 
irradiation
 

wax gourd,local
 
cvs 

var. testing
 

res. AZternaria
 
var. testing
 

breeding,virus
 
var. testing
 

endogamy
 
res. Pyrenochaeta
 

res. smut
 

dry matter content
 

breeding
 

res. Peronospora
 

breeding, self

fertilisation
 

var. testing, seed
 

production
 
breeding
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PERU 

Lima Holle H., Valdiva H.G. var. testing 

SOUTH AFRICA 

Stellenbosch Holtz G., Knox-Davies P.S. res. Fusarium 
1974 

THAILAND 

Kasetsart Drabyasara S. et al. 1973 var. testing 

UNITED KINGDOM 

Wellesbourne Stow J.R. 1975 res. rotting 

U.S.A. 

Beltsville (b) McCollum G.D. 1974 breeding 
Davis Ahmed Abu, Harrlngton J. var. testing, 

1974 seed yield 
Davis Carlson E.C. 1974 seed yield 
La Cruses Corgan J.N., Cotter D.J. 

1972 var. testing 
Lubbock Lipe,W.N. 1975 growth regulators 
Madison Hosfield G.L. et al. 1975 combining ability 
Madison Gabelman W.H., hybrids 

Peterson C.E., 1975 

U.S.S.R. 

Gribovka Efimochkina O.N. 1970 primitive cvs 
Leningrad Anuchina T.V., flower genetics 

Ludovnikova G.A. 1975 
Lesnoy Knonkov P.F. et al. 1975 selection 

;arlic (5.5) 

BRAZIL 

Sio Paulo Cruz B.P. et al. 1973 res. Scierotium 

CUBA 

Habana Munoz de Con L. 1973 var. testing; 
res. Alternaria 

CZECHOSLOVAKIA 

Olomouc Moravec J. et al. 1974 var. testing 

INDONESIA 

Jakarta SunarJono 1973 var. testing,
res. Erwinia 

KOREA, SOUTH 

Iri Ku Y.S. et al. 1974 local cvs 
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SUDAN
 

testing
Khartoum Abdel-Al Z.E. 1971 vat. 


Shallot, Japanese bunching onion, leek a.o. (5.1, 5.3, 5.4, 5.6)
 

GHANA 

Legon Sinnadurai S. 1973 cultivation 
shallot 

TAIWAN 

Taiper Tai K.S. 1973 var. testing 
Chinese chives 

U.S.S.R. 

Moscow (a) Orlova N.N. et al. 1975 seed Jap. bunch
ing onion 

6. LEGUMINOUS VEGETABLES 

General (6.1) 

BRAZIL 

Campinas Leitao Filho H. de F. 1974 taxonomy Phaseotus 

CAMEROON 

Yaounde Westphal E. 1975 var. testing 
local cvs 

MEXICO 

Chapingo (a) Hernandez X.E. 1973 introduction, 

genetic erosion 

Common bean (6.2) 

ARGENTINA 

Campinas Bernardi J.B. breeding 

AUSTRALIA 

Canberra Ogle. H.J. vat. testing 

Johnson J.C. 1974 
Rydalmere Ballantyne B. 1974 res. rust 

BRAZIL 

Belo Horizonte Almeida L. d., var. testing 
Bulisani E.A. 1974 
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BRAZIL 

Belo Horizonte Zimmermann M.J. de C. 1975 var. testing 
Campinas Pompeu A.S., 

Paradela Filho 0. 1975 res. anthracnose 
Linhares Pacova B.E.V., natural crossing 

Rocha A.C. de 1975 
Pelotas Costa J.G.C., natural crossing, 

Antunee I.F. 1975 res. diseases 
Recife Albuquerque M.M. de, 

Vierra C. 1974 heterosts 
Rio de Janeiro (a) Coelho R.G. et al. 1974 var. testing 
Vigosa Cardoso A. 1972 var. mixtures 
Vigosa Vieiia C. 1974 breeding 

BULGARIA 

Ruse Patenova G. 1975 var. testing 
Sofia (b) Dekov D. et al. 1975 breeding 
Sofia (b) Ganeva D. 1975 breeding 

CANADA 

Deschambault Lake Routhier B. 1974 var. testing 

CHILE 

Chillan Guglielmetti M.H. 1974 -res. virus, 
Fusarium 

Santiago (a) Cafati K.C.R., Kimati H., res. 
Ubilla R.C. 1974 Xanthomona 

COLOMBIA 

Pasto Narino Bastidas R.C. et al. 1973 res. bean weevil 
Call Grahams P.H. germplasm coll

ections 
COSTA RICA 

Turrialba Pinchinat A. 1974 breeding, 

collection 
EGYPT 

Cairo (c) Abdel Aziz Abdel Fattah var. testing 
Nassar S.H. et al. 1974 

Cairo (d) Assem M.A. 1974- res. Melanagromyza 
Cairo (b) Sirry A.R. 1974 res. root-rot 

GERMANY, F.R. 

Freiburg Schnock M.G. et al. 1975 res. Colletotrichum 

GUADELOUPE 

Petit Bourg (a) Messiaen C.M. etal. res. root-knot 
Pythium 

INDIA 

Bhuntar Singh B.M. .tt al. 1974 res. RamuZaria 
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INDIA 

New Delhi (c) Aggarwal V.D., genetics 

Singh T.P. 1973 

IRAN 

Karaj Saraffi A. 1974 breeding 

JAPAN 

Tokachi Narikawa T. 1972 var. testing 

MALAWI 

Lilongwe 
Lilongwe 

Allen D.J. 1973 
Edje C.T. et al. 1974 

res. 
var. 

rust 
testing 

NETHERLANDS 

Wageningen (a) Drijfhout E. 1975 breeding, 
res. virus 

PUERTO RICO 

Mayaguez Vakili N.G. et al. 1975 res.bacterial 
blight 

SUDAN 

Hudeiba Ayoub A.T. 1974 breeding 

UNITED KINGDOM 

Cambridge (a) 

Southampton 
Wellesbourne 

Evans A.M. 1974 

Smartt J. 1973 
Innes N.L. 1974 

genetics 
PhaseoZue 
breeding 

coccineus 

U.S.A. 

Charleston 
East Lansilng(a) 
Geneva (a) 

Deakin J.R. 1975 
Lolas G.M. 1975 
Providenti R. 1974 

res. Rhizoctonia 
phytic acid 
res. watermelon 
virus 

Honolulu 
Lincoln 

(b) Gilbert 1974 
Coyne D.P. 1974 

res. 
res. 

root-knot 
Xanthomonas, 

rust 

Madison Hagedorn J.C. 1974 breeding 

VENEZUELA 

Maracay Orteg; V.S. 1974 natural cross 
pollination 

YUGOSLAVIA 

Sarajevo Vidovic 0. 1975 var. testing 
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Lima bean (6.3) 

GUADELOUPE 

Petit Bourg (a) MHssiaen C.M. 1972 var. testing 

U.S.A. 

Lafayette Warren H.L. 1975 res. Rhizoctonia 
Newark Fisher V.J., var. testing 

Weaver C.K. 1974 

Hyacinth bean (6.4) 

INDIA 

Coimbatore (c) Mohamed Hanifa A. et ai.1973 res. black bean 

Coimbatore (a) Veeraswamy R. et al. 1973 
aphid
breedng,cross 

Kanpur 
New Delhi (a) 

rpollinationSrivastava J.P. 1973 
Patel P.N., 

breeding 
res. Xanthomonas 

Jindal J.K. 1973 

Mung bean (6.5) 

INDIA 

Coimbatore (a) Veeraswamy R. et al. 1973 breeding 
Hissar Chandra S. et al. 1974 var. testing 
Jabalpur Deshkar M.V. et al. 1974 res. Rhizoctonia 
Jabalpur Maheswari S.K. et al. 1974 row spacing 
Junagadh Joshi S.N., res. 

Kabaria M.M. 1973 Rhizoctonia 
Kanpur SinE~h P. et al. 1975 interspec hybrid

isation 
Ludhiana Halhotra R.S. et al. 1974 selection 
Ludhiana Singh T.P., crossing techni-

Nadia 
Malhotra R.S. 1975 
Dana S., Das N.O. 1974 

que 
hybridisation 

New Delhi (a) Ranamujam S. et al. 1974 genetics 
New Delhi (a) Tikoo J.L., Jan H.K. 1974 mutation breeding 

IRAN 

Karadj Kaiser W.J., res. bean 
Mossahebi G.H. 1974 mosaic virus 

PAKISTAN 

Lyallpur Asghar Ali, soil moisture 

Khurshid Alam 1972 

SRI LANKA 

Maha-Illuppalama Fernando G.W.E. 1972 var. testing 

TAIWAN 

Tainan Mackenzie D.R., breeding 
Hyo-Guen 'Park 1974 
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U.S.A. 

Columbia Poehluan J.H. . al. 1974. var. testing 
Stillwater Kirby.J.S., Galeotti C. 1974 var. testing 

zowpea, yardlong bean (6.6) 

BANGLADESH 

Dacca Ahmad K., Ali M.B. 1974 var. testing 

BELGIUM 
Gembloux Otoul E. 1973 amino-acids 

GHANA 

Legon Arycetey A.N., breeding 
Laing E. 1973 

GUADELOUPE 

Petit Bourg Schoch P.-G. et al. 1975 shade,stomatal 
reactions 

INDIA 

Coimbatore (a) Henry Louis I., mutation breeding 

Kadambavanasumdaram M. 1973 
Coimbatore (a) Mahudeswaran K. et al. 1973 breeding 
Coimbatore (a) Veerasvamy R. et al. 1973 breeding 
Hebbal Chandrappa H.M. et al. 1974 introductions 
Hissar Jayaprakash R.K. et al. 1974 genetics 
Junagadh Bapna C.S., Joshi S.N. 1973 hybridisation 
Ludhiana Khatri H.L., res. mosaic 

Lalinder Singh 1974 virus 

New Delhi (b) Paliwal K.V., salt tolerance 
Maliwal G.L. 1973 

New Delhi (b) Singh H.B. et al. 1974 breeding 

NIGERIA 

Ibadan (a) Adedipe N.O., Ormrod D.P. breeding 
1975 

Ibadan (d) Ojomo O.A. 1974 breeding 
Ibadan (b) crossing techni

que 
Ibadan (b) Williams R.J. 1975 res. diseases 

SENEGAL 

Bambey Sene D., N'Diaye S.M. 1974 breeding 

U.S.A. 

Charleston Ferry R.L., Cuthbert F.R. 1975 rea. CurOulio 
Gainesville Dougherty R.H. 1975 pod-opening 

force 

Madison Bliss F.A. et al. 1973 var. testing 
Madison Franckowiak J.D. 1973 var. testing 
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Winged bean (6.7) 

GHhNA 

Legon Karakari S.K. agronomy 

INDONESIA 

Bogor Sastrapradja S. et #J_. variability 

PAPUA NEW GUINEA 

Port Moresby. Khan T.N.• 
agronomy, variability 

7. BRASSICAS 

General (7.1) 

GERMANY D.R. 

Quedlinburg Kunmer M. 1973 interspecific 
crosses 

INDIA 

Hissar 
Hissar 

Dhinsda K.S. et al. 

Khanna V.K. 1974 
1975 composition 

interspecific 
crosses 

JAPAN 

Sendai Mizushima U. 1966 genetics, evolu

tion 

SPAIN 

Madrid Gomez-Campo C. 1972 germplasm pre

servation, taxonomy 

UNITED KINGDOM 

Wellesbourne Ockendon D.J. 1975 breeding, collec

tions 

White cabbage (7.2) 

BRAZIL 

Rio de Janeiro (a) Leal N.R. et al. 1974 var. testing 

COLUMBIA 

Manizales Torres Torres E. 1972 res. PZaomodiopho ,I 

GERMANY D.R. 

Quedlinburg Fabig. F. 1973 hybrid breeding 

JAPAN 

Sendai Nakanishi self-incompatibility 



NETHERLANDS
 

Uag.,an.ngen (a) 
Wageningen (a) 
wegeningen (a) 

U° S .A. 

Geneva (a) 


U.S.S.R. 
Leningrad 


Chinese cabbage (7.3)
 

GERMANY D.R.
 

Quedlinburg 


TAIWAN
 

Tainan 


Cauliflower, broccoli (7.4)
 

BANGLADESH
 

Mymensingh 


CANADA
 

Charlottetown 


Deschambault Lake 


GUADELOUPE
 

Petit Bourg (a) 


INDIA
 

Aurangabad 

New Delhi (a) 


ITALY
 

Pisa 


JAPAN
 

Kansgawa-ku 


NETHERLANDS
 

Wageningen (b) 


Eenink A.H. 1974 

Harrewijk N.P.A. 1972 

Nieuwhof M. 1975 


Dickson H.H., 


Stamer J.R. 1975
 

Lukovnikova C.A. 1974 


Clauss E. 1973 


Opena R.T. 1974 


BhattacharJee A.K. et al. 

1971
 

Cutcliffe J.A. 1975 


Rushdy R. 1974 


Daly P. 1972 


Tekale N.S. 1976 

Sharma B.R. et al. 1972 


Baroncelli S. 1974 


Hiaoka T. 1974 


Nieuwhof H. 1974 


matromorphy
 
incompatibility
 
hybrids
 

hybrids
 

photosynthesis
 

amino-acid
 

breeding
 

var. testing
 

var. testing
 
(broccoli)
 
var. testing
 

var. testing
 

protein extraction
 
res. blackrot
 

selection
 

var. testing
 
broccoli
 

self-incompati
bility
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UNITED KINGDOM
 
Cambridge Beckett J.L. 1973 
 breedihg
Wellesbourne 
 Crisp P. 175 
 purple co~our
 

defect
 

VENEZUELA
 
Cagua 
 Colmenares C.S. 1969 
 var. testing
 

8. LEAF VEGETABLES
 

General (8.1)
 

PHILIPPINES
 
Los BaRoo Lugod G.E. 19YO 
 wild vegetables
 

PUERTO RICO
 
Mayagiez 
 Martin F.W,p 
 tropical leaf
 

Rubeit R.M. 
1975 vegetables (coil.)
 
Common annual leaf vegetables (8.2)
 

AUSTRALIA
 
Merbein 
 Sauer M.R. 1975 
 amaranth cult.
 

BENIN
 

Porto-Novo Grubben G.J.H. 1975 var. 
testIng t:op.
 

leaf vegetablen
 
(amaranth,Cctosia,
 
Corchorue, Solanum)
 

CAMEROON
 

Yaounde 
 Westphal E. 1976 
 coll. local leaf
 

vegetables
 

INDIA
 
Coimbatore 
 Kamalanathan S. et 
al. 1973 breeding
Lucknow 
 Khoshoo T.N., 
Pal M. 1971 amaranth,genetic.

Lucknow 
 Madhusoodanan K.J. 1976 
 amaranth genetics
 

NETHERLANDS
 
Amsterdam 
 Grubben G.J.H. 1976 
 amaranth agronomy

14ageningen 
 Samson J.A. 1972 
 coll. amaranth,
 

kangkong, Xanthosoma
 

NIGERIA
 

Ibadan 
(b) Wilson G.F. 1974 
 amararth, Celosia,
 

Corchorus var.
 
testing
Ibadan (c) Omideji, M.O. 
 indigenous species'
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TAIWAN 

Tainan Deutsch J.A. 1975 anaranth'var. 
testing 

U.S.A. 

Miami 

Lettuce (8.2) 

Morton J.F. 1976 coll. Xanthoeoma 
roselle 

BRAZIL 

Campinas 
Rio de Janeiro (a) 

Costa A.S. Nagai H. 1971. 
Leal N.R. 1974 

res.mosaic virus 
var. testing 

CHILE 

Santiago (a) Rojas E.E. 1975 var. testing 

CZECHOSLOVAKIA 

Olomouc Horavec J., 
Krasnicka S. 1973 var. testing 

INDIA 

Jaipur Kaul V.,Singh D. 1974 cytology 
wild Lactuca 

NETHERLANDS 

Wageningen (a) Eenink A.H. 1976 res. disease, 
Bremia 

UNITED KINGDOM 

Wellesbourne Gray D. 1975 temperature, 
germination 

U.S.A. 

Belle Glade 

Brawley 

Liter T.A. 1974 

Whitaker T.W. 1974 

res. mosaic virus, 
mott'le virus 
breeding 

Davis 

Gainesville 

Salinas 

Zink F.W., 
Duffus J.E. 1975 
Basset M.J. 1975 

Ryder E.J. 1975 

res.aoeaic virus, 
downy mildew 
inheritance 
heading 
res. big vein 

Spinach (8.2) 

EGYPT 

Alexandria 
Cairo (c) 

Nassar N.M. et al. 1973 
Stino K.H. Lt al. 1973 

polyploidy 
var. testing 

ITALY 

Bologna (c) Piazzi R. 11 gl. 1975 var. testing 
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NETHERLANDS
 

Wageningen Eenink A.H. 1974 
 res. Peronospora,
 
cuc. virus
 

U.S.A.
 

Fayetteville Bradley G.A. 1975 
 var. testing

Pullman 
 Sams D.W.,Bienz D.R. 1974 var.testing
 

(co11.185)
 

YUGOSLAVIA
 

Zagreb Pavlek P. 1974 
 climatic factors
 

9. OTHER WARM WEATHER VEGETABLES
 

Okra (9.2)
 

BRAZIL
 
Campinas Inforzato R., 
 var. testing,
 

Bernardi J.B. 1974 
 root system
Joboticabel Churata-Masca M.G.C. 1975 
 photoperiod

Piracicaba Mitidieri J. 
1974 cross pollination

Rio de Janeiro (b) Ribeiro R. de L.D., 
 res. Fusarium
 

Robbs C.F. 1971

viiosa Pereira A.A. et al. 1971 photoperiod,
 

flowering
 

CANADA
 

Guelph Arulrajah T., photoperiod,
 
Ormrod D.P. 1973 temperature
 

EGYPT
 
Assiut Shalaby G.I. 1972 
 cross pollination
 
Cairo (c) 
 Abdel Aziz Abdel Fattah M. seed germinatio,.
 

1972

Cairo (e) Abdel-Salam A.S. 1972 
 chemical constit

uents
 

GHANA
 
Legon Suppiah Sinnadurai 
 local varieties
 

INDIA
 

Bangalore Randhava G.S. 
1972 breeding
 
Bangalore Sohi H.S., Sokhi S.S. 
1974 res. Erysiphe,


Cercospora
 
Coimbatore (a) Thamburaj S. 1973 
 var. testing
Coimbatore (a) Uthamasamy S. at al. 1973 
 res. leaf hopper

Delhi Chandra S. 197Z-
 - seed set 
Dharwar Giriraj K., 
 irradiation,
 

Swamy Rao T. 1973 
 pod characters
 
Dharwar Sulikeri G.S. 1972 
 var. testing,floral
 

ecology, fruit form
ation
 



(Contd)
 

genetic variability
 

YUITA 

Hissar Singh K. et al. 1974 

et al. res. Ceroopora
Ludhiana Jhooty J.S. 


and Eryeiphe
 

Meerut Yashvir 1975 
 induced mutation
 

New Delhi (a) Arora R.K., Singh H.B. taxonomy
 
genetics
New Delhi (a) Joshi A.B. 1974 


VORY COAST
 

Abidjan Siemonsma J.S. 1975 germination,growth
 

'AKISTAN
 

Akram M. 1971 heterosis
Lyallpur 

Abdul Majid Zafar C. 1972 var. testing
Sarial 


J.S.A.
 

Dover Albregts E.E. 1974 var. testing
 



183
 

C. SEED GROWERS
 

In addition to the limited number of companies or institutions producing
 

vegetable seeds in tropical areas, some commercial firms based in temperate
 
are suitable for the trocountries can often obtain selected cultivars which 


pics.
 

AUSTRALIA 


YATES & CO. 

90-100 Sussex Street 

P.O. Box 2707 GPO 

Sydney 


BRAZIL
 

AGROCERES S.A. 

Avenida Dr. Vieira de 


Carvalho 40-3. Andar 


Caixa Postal 30.723
 
S'o Paulo 


SEIDEL 


Caixa Postal 3 


Santa Catarina 


EGYPT 


HORTICULTURAL RESEARCH TNSTITUTE
 
Giza 


FRANCE 


CLAUSE 

Bretigny-sur-Orge
 
Seine-et-Oise 


TEZIER 

B.P. 223
 
Valence-sur-Rhtne 


VILMORIN ANDRIEUX 

4 Quai de la Megisserie 

75001 Paris 


INDIA
 

POCHA'S SEEDS 

P.O. Box 55 


1A Middle Road 

Poona 411001
 

SUTTONS SEEDS
 
13-D Russell Street 

P.O. Box 9010 

Calcutta-16 


ISRAEL
 

HAZERA SEED CO
 
P.O. Box 1565
 
Haifa
 

JAPAN
 

TAKII SEED
 
P.O. Box 7
 
Kyoto Central
 
Kyoto
 

KENYA
 

KENYA SEED CO
 
P.O. Box 553
 
Kitale
 

KIRCHHOFFS EAST AFRICA
 

P.O. Box 30472
 
Nairobi
 

NETHERLANDS
 

ROYAL SLUIS
 
P.O. Box 22
 
Enkhuizen
 

SLUIS & GROOT
 
Westeinde 62
 
Enkhuizen
 

PHILIPPINES
 

BUREAU OF PLANT INDUSTRY
 
Economic Garden
 
Los Banos
 
Laguna
 

FARMERS SEED CO.
 

415 Aldedoa St.
 
P.O. Box 4158
 

Manila
 

TAIWAN
 

TAIWAN SEED SERVICE
 
Shinshieh
 
Taichung
 

Pre7-,ioU 3Pag* Bank
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UNITED KINGDOM
 

SUTTON & SONS LTD.
 

Read iug
 

U.. S.A. 

ASGROW SEED COMPANY
 
P.O. Box 72
 
Milford
 
Connecticut
 

BURPEE CO.
 
Seed and Bulb Growei
 
Philadelphia 47
 
Pennsylvania
 

DESSERT SEED CO.
 
P.O. Box 187
 

El Centro
 

California
 

FERRY-MORSE SEED CO.
 
P.O. Box 100
 
Mountain View
 

California
 

PETOSEED CO.
 
P.O. Box 4206
 
Satocoy
 
California 93003
 



A N N E X III
 

TROPICAL VEGETABLES - COMMON NAMES
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TROFICAL VEGETABLES - COMMON NAMES
 

(Fr) 

(Mal) 

(Nie) 

(Phil) 

(Sp) 

(WA) 

(WI) 


Botanical Name 


French
 
Malaysia
 
Nigeria
 
Philippines
 
Spain
 
West Africa
 
West Indies
 

Synonyms 


SOLANACEOUS FRUITS
 

Lycopereicon Zycopersicum (L.) Lycopersicon 

Karst. esculentum 


Capsicum frutescene L. 


SoZanum meZongena L. 


CitrulZus lanatus 

(Thunb.) Mansf. 


Cucumia meZo L. 


Mill., 


Solanum Zyco
persicum L.
 

C. 	annuum var. 

cerasiforme 

(Miller) Irish. 


C. annuum var. 

grossurn
 

(L.) Sendt.
 

C. minimum Roxb., 


C. baccatum L. 


S. eaculentum 

Dinal. 


CUCURBITS
 

Common Names
 

Tomato;Gitomate(WI);
 
Tomate(Fr);Tomate
 
(Sp).
 

Sweet pepper, Bell
 
pepper, Capsicum,
 
Cayenne pepper,
 
Pimente (Fr);
 
Pimiento (Sp).
 

Tabasco,Bird Chilli
 

Hot pepper,Birdseye
 
pepper,Red pepper.
 

Eggplant, Garden
 
egg, Brinjal,Auber
gine,Melongene;
 
Bringelle (Fr);
 
Beretijera (Sp).
 

C. vuLgaris Schrad.,Watermelon;Sandia,
 
CoZocynthio
D. Ktze. 

C. (L.)Patilla (WI);
.Pakwan (Phil); 
Pasteque (Fr); 
Scandia,Melon de 
agua (Sp). 

Melon, Sweet melon, 
Cantaloupe, Musk 
meloniMelon (Fr); 
Melon (Sp,) 

Previous P
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Botanical Name Synonyms Common Names 

Cucumis eativua L. Cucumber,Gherkin;
Concombre, Corni
chon (Fr); Cohombro, 

Pepino (Sp). 

Cucurbita maxima Duch. Pumpkin,Winter 

ix Lam. squash,Crookneck 
squash,Chinese pump
kinSquash Gourd; 
Potiron (Fr);Cala
bass (Sp). 

Cuvurbita mosochta %'Duch. Pumpkin, Winter 
ex Lam.) Duch.ex Poir squash, Cushaw 

Cucurbita mixta Fang. Pumpkin,Wiuter 
squash 

Benincasa hispida (Thunb.) 
Cogn. 

B. cerifera Savi. White or wax gourd, 
Hairy wax gourd, 

Tallow gourd, Ash 
pumpkin; Kandol (Phil); 

Kundur (Mal);Cale
bassier,Courge cire
use (Fr);Calabaza 
China (Sp). 

Lagenaria oiceraria L. vulgaris Ser., Bottle gourdWhite
(Molina) Standl. L. Zeucantha flowered gourd,Cala

(Duch.) Rusby. bash gourd;Spaghetti 
squssh,,Cucuzzi,Zucca 
melon (Phil);Cale-
basser,Courge bou
teille (Fr); Co
jombro, Guiro amargo 
(Sp). 

Luffa acutangula (L.) Angled loofah,Si.' :.y 

Aoxb. gourd,Angled gourd, 

Ridged gourd,Vege
table gourd;Chinese 
okra,Patolang Tag
alog (Phil);Sponge 
gourd,Courge tor
chan (Fr). 

Luffa aegyptiaca Mill. L. cyZindrica (L.) 
Roem. 

Smooth loofahSponge 
gourd,Dishcloth 
gourd,Vegetable 

uponge;Patola(Phil). 

Homordica charantia L. M. muricata Bitter gourd,Bitter 
Willd. cucumber,Bitter melon 

Balsam pear,Hargone 
(Fr); Cundiamor (Sp). 
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Synonyms

Botanical Name 


(Jacq.)
Sechium edue
Swartz (aChristophine, 


ALLIUMS
 

A. 	 bakeri
AZlium chinense G. Don 
 Regel
 

Allium schoenoprasum L. 


A. 	 odoratum
AZlium tuberosum Rott. 


Allium Zedebourianum Schult. 


Allium macrostemon Bunge. 


AZlium cepa var. cepa L. 


Allium ascalonicum L. 


Allium fistuZosum L 


AlZium sativum L. 


AZZium porrum L. 


LEGUMINOUS VEGETABLES
 

PhaseoZue vuZgaris L. 


Common Names
 

Choyote,Chayote (Sp);
 
Cho-

Cho,Sou-Sou,Chucko,
 
Choyote(Fr);Apupu,
 
Guisquil,Tayote,
 
Murliton (WI),
 

Rakkyo, Ch'iao T'ou
 

Chives;Ciboulette,
 
Civette (Fr);Cebol
lino (Sp).
 

L. 	 Chinese chive,Chinese
 
leek; Nira(Phil).
 

Atasuki
 

Chinese garlic
 

Dry 	or bulb onion,
 
Common onion;Oignon
 
(Fr); Cebolla (Sp);
 
Sibuyas (Phil).
 

Shallot; Yabbas (WA);
 
Echalotte (Fr);
 

ChaloLe (sp).
 

Welsh Onion,Japanese
 

bunching onionGreen
 
bunching onion,Two

bladed onion;Cibol,

Ciboule (Fr);Cebo

letta (Sp).
 

Garlic;Bawang(Phil);
 

Ail (Fr); Ajo (Sp).
 

Leek; Poireau (Fr);
 
Kutsai (Phil);Puerro
 
(Sp).
 

Common bean,French
 

bean,Kidney bean,
 

Bush bean,Haricot
 
bean, Navy bean,
 

Pole bean; Haricot
 

commun (Fr); Judia,
 
Frijol comun (Sp);
 
Habichuela (WI).
 



Botanical Name 


PhaeeoZus Zunatus L. 


DoZichos lablab L. 


Vigna radiata L. 

Wilczek.
 

Vigna unguicuZata (L.) 


Walp. 


Psophocarpus 

tetragonolobus DC. 


Parkia bigZobosa Benth. 


CanavaZia gZadiata 

(Jacq.) DC
 

Pachyrrhizus erogus (L.) 

Urban. 


GZycine max(L.)Merr. 


Synonyms 


P. Zimenois MacF., 


Lablab niger Hedik. 

L. vuZgarie Savi. 

Doliohos purpureus L. 


V. sinenois L. 

Savi 

V. cylindrica (L.) 

Skeels 

Dolichos unguicuZata 

L. 


TetragonoZobu8 

purpureus Moench. 


P. africana R.Br. 


Common Name
 

Lima bean,Sieva
 
bean, Butter bean,
 
Madagascar bean,
 
Haricot de Lima,
 
Pois du Cap(Fr);
 

Judia de Lima,
 
Judia de Sieva(Sp);
 
Haba Lima (WI);
 
Patani (Phil).
 

Hyacinth bean,
 
Bonavist bean,
 
Lablab bean,Seim
 
bean, Waby bean,
 
Lubia bean, Egypt
ian bean; Batao
 
(Phil); Dolique
 
d'Egypte (Fr);
 
Lablab (Sp);Chi
caro (WI).
 

Hung bean.
 

Yardlong bean,
 
Long bean,Snake
 
bean,China pea;
 
Pois de Brisil
 
(Fr); Frijol de
 
Ojo Negro (Sp).
 

Winged bean, Goa
 
bean,Winlged pea,
 
Asparagus pea,
 
Manila bean; Pois
 
Carr (Fr); Ses
quidillas (Sp).
 

African locust,
 
Locust bean.
 

C. ensiformis (L.) DC. Sword bean.
 

P. anguZatue Rich. Yam bean; Sinks
ex DC. mas (Phil);Jicama
 

P. bulbosue (L.) Kurz. de Agua (Sp); Dol-


L.
DoZichoB erosuo 


G. aoja (L.) Sieb,& 

Zucc. 


G. hiepida (Hoench.) 

Maxim.
 

Soja max (L.) Piper
 

bulbeux (Fr).
 

Soya bean, Soy
bean; Habichuela
 
soya (Sp).
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Botanical Name Synonyms 	 Common Name
 

Cajanus cajan (L.) Hill. C. indicus Spreng. 	Pigeon pea,Congo bean,
 
Congo pea, Angola pea,
 
Red gram; Ambrevade,
 
Pois d'Angole, Pois
 
pigeon (Fr); Guandu,
 
Gandul, Guisante de
 
Paloma (Sp)z
 

Arachia hypogaea L. 	 Groundnut, Peanut,
 
Monkey nut; Arachide
 
(Fr); Alaahuetedlani 
(Sp). 

Voandzeia oubterranea (L.) Bambara groundnut, 
Thou, Earth nut, Mada

gascar groundnut; 
Vouandzou (Fr). 

BRASSICAS
 

Brassica campestris (L.) B. napuB L. var. Chinese cabbage,
 
subsp. chinesis (L.) chinensis White cabbage,
 
Makino O.K. Schult, B. Shantung cabbage,
 

pekinensis (Lour.) Paak ts'oi; Pe-tsai
 
Rupr., B. petsai (Mal); Pechay (Phil);
 
Bailey, B. camp- Chou de Chine (Fr);
 
estris L. Col China (Sp).
 

6rassica juncea (L.) B. juncea var. Indian mustard,
 
Czern. & Coss. rugosa (Roxb.) leaf mustard,
 

Tsen & Lee Leaf mustard cab-

Synapis juncea L. bage, Chinese mus

tard; Kai Choy
 
(Mal); Moutarde de
 
Chine (Fr);Mostazza
 
de la tierra (Sp).
 

Brasoica oZeracea var B. oteracea Borecole, Collard,
 
acephaZa (DC.) Alef. f. 8abe~lica L. Kale, Green Cabbage,
 

B. albogZabrata, Curly greens; Chou
 
B. oZeracea frisA (Fr); Col
 
f. viridis DC., rizada (WIS; Berza 
B. oleracea var. (Sp).
 
viridis L.
 

Brassiua oleracea L. Cauliflower; Chou
var. botrytis L. fleur (Fr); Coli

flor (Sp).
 

Brassica oteracea L. Cabbage; Chou pomm;,
 
var. capitata L. Cabus (Fr); Repollo
 

de Col. (Sp).
 

Brassica oZeracea L. B. oZeracea L. var. Sprouting broccoli
 
var. itaZica Plenck. botrytia L. subvar.
 

oymosa
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Common Names
Synonyms
Botanical Name 


(L.) A. hybridus 	subap. African spinach,
AmaranthuO cruentus 
 Spinach, Amaranth,
oruentus
Sauer 

Bush greens, Chindubius Mart. ex Thell.
A. 	 ese Spinach, Green
 
leaf, Spinach Greens,
 
Amarante (Fr); Bledo
 
(Sp). 

Ceylon spinach,
B. rubra L.,
BaseZia aZba L. 

Malabar nightshade,
B. rubra var. 


alba, B. cordi-	 Indian spinach,
 
Gambian spinach(WA);
foLia Lam. 

Alugbati, Grana
 
(Phil); Remayong
 
(Mal); Bretina,
 
Libato, Acelca tre

padora (WI); Brede
 
de Malabar (Fr);
 
Espinaca de Malabar
 

(Sp). 

Swiss Chard, Leaf
Beta vulgaris L. 

Beet.
 

Soko-
CeZoaia argentea L. C. criotata L. 	 Cock's comb, 

yokoto, green 
or
 
white soko (Nig);
 

Crete de coq (Fr);
 
Hirabel (Sp).
 

Cocoyam, Taro,
CoZocasia escutenta(L.) C. antiquorum 

var. esculenta 	 Eddoen, Dasheen;
Schott. 


Dalc, Keladi (Mal);
Schott. 

C. antiquorum Gabi (Phil).
 

Schott.
 

Jew's mallow, Jute
 Corchorus olitorius L. 

mallow, Long-fruited
 
Jute; Bush Okra,
 
West African sorrel,
 
.rin-krin (WA);
 
Corette potagere
 
(Fr); Yute (Sp).


S)
(r;Yt 

Hibiscusi sabdaz'iffa. L. var. Red Sorrel,
isabdariffa aoselle, 


Sour-sour (WA);
 
Indian sorrel;
 
Jamaican sorrel;
 
Oseille de Guinee
 
(Fr); Sereni (Sp).
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Botanical Name 	 Synonyms Common Names
 

Ipomoea acquatica Forsk. var. r. reptans Poir. Kangkong, Water 

acquatica 
Ipomoea aquatica var. repens I. repens Roth. 

cabbage, Swamp 
cabbage, Water 
convolvulus, 
Water spinach; 
Patate acquati
que, Liseron 
d'eau (Fr). 

Ipomoea batatas(L.)Lam. 	 Sweet potato;
 
Camote (Phil);
 
Kumara (Pac.Is.);
 
Batatas (Sp);
 
Patate douce (Fr).
 

Lettuce, Let sugas
 
(Phil); Lechuga
 
(Sp); Laitue (Fr).
 

Lactuca sativa L. 


Manihot esculenta Crantz. M. utilissima Pohl. 	 Cassava, Tapioca,
 
M. dulcis Pax. Mandioc, Manioc;
 
M. palmata Yuca, Guacomote
 
Muell. Arg. (Sp).
 

Solanum macrocarpon L. Water leaf, Surin-

TaZinum trianguZare (Jacq.) T. racemosum Rohrb. a ele
 

Willd. am purselane.
 

Xanthosoma brasiliense Calalou, Yautia,
 
(Desf). Engler Belembe.
 

Xanthosoma sagittifolium (L.) x. vidaceum 	 Tanier, Elephant's
 

Schott. Schott. 	 ear; Chou caraibe
 

(Fr); Malanga (WI).
 

CnidoscoZus chayamansa McVaugh. Jatropha Chaya, Tree
 
aconififolium Mill.spinach
 

Gnetum gnemon L. 	 Bulso
 

Moringa oleifera Lam. 	 M. pterygosperma Drumstick tree,
 
Gaertn. Horseradish tree
 

Sauropus androgynus Merr. 	 S. albicans Blume
 

Vernonia* amygdalina Delile 	 Bitter leaf.
 

Telfairia occidentalis Hook.f. Oyster nut.
 

Fluted pumpkin
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Botanical Name 
 Synonyms Common Names
 

OTHER WARM WEATHER AND TEMPERATE VEGETABLES
 

Hibisocus eecuZentue L. AbeZmoaohus 
 Okra, Okro, Lady's

eocuZentus (L.) finger; Gombo,
 
Moench. 
 Bele; Bhindi(In

dia); Gombo (Fr); 
Quingombo (Sp).
 

Zea mays L. 
 Sweet corn, Mrize,
 
Melies, Corn; Mais
 
(Fr); Maiz (Sp).
 

Daucus carota L. 
 D. carota L. subsp. Carrot; Carotte
 
oativus (Hoffm.) (Fr); Zanahoria
 
Thell. 
 (Sp).
 

Raphanus sativus L. 
 R. eativus L. var. Radish, Rabano (Sp).

hortensis Backer.
 



ANNEX IV
 

CENTRES OF DIVERSITY OF THE
 

MAJOR VEGETABLE SPECIES
 



Centres of diversity of the major vegetable species
 

a. Primary centres of origin and domestication
 
b. Secondary centres
 

1. Chinese-Japanese 


2. Indochinese-Indonesian 


3. Hindustani 


6nes 4. Central Asian 


0 

5. Near Eastern 


6. Mediterranean 


7. 	 African 


8. 	 European-Siberian 


9. 	 South American 


10. Meso American/Mexican 


11. 	North American 


a. 	 eggplant, wax gourd, Welsh onion. soya, Chinese cabbage,kangkong
 

b. 	 watermelon, amaranth
 

a. 	 wax gourd, loofah, bitter gourd, sword bean, wing bean, mung
 
bean,ohrchorus,, taro, cucumber, bottle gourd, chayote, yam
 

b 	 cucumber, bottle gourd, chayote, shallot, yam bean, yardlong
 
bean, Chinese cabbage, amaranth, kangkong
 

a. 	 eggplant, wax gourd, cucumber, loofah, bitter gourd, pigeon pea,
 
hyacinth bean, mung bean, kangkong, okra, drumstick tree
 

b. 	 watermelon, urelon, bottle gourd, amaranth, roselle
 

a. 	 onion, garlic, mustard, spiuach, carrot
 
b. 	 eggplant, watermelon, melon, cauliflower
 

a. 'onion, garlic, leek, mustard, beet
 

b. 	 okra
 

a. 	 white cabbage, cauliflower, broccoli, beet, radish
 
b. 	 sweet pepper, garlic, okra
 

a. 	 eggplant, watermelon, melon, bottle gourd, locust bean,cowpea
 

Bambara groundnut, okra, rosellf
 
b. 	 onion, shallot, Lima bean, mustard, amaranth, Corchorus
 

a. 	 lettuce,
 
b. 	 onion, common bean, white cabbage, cauliflower, spinach, carrot
 

a. 	 tomato, hot pepper, inumpkins & squashes, chayote, Lima bean,
groundnut, 
cassava, Xanthosoma
 

b. 	 common bean
 

a. tomato, hot pepper, pumpkins & squashes, yam bean, common bean, 
amaranth, sweet potato, sweet corn 

b. -

a.
 
b. 	 tomato, eggplant, peppers, melon, watermelon, pumpkins &
 

squashes, onion, lettuce, common bean, Lima bean, okra, sweet
 
corn
 


