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PREFACE

This study of the genetic resources of the genus Abelmoschus Med. (okra) was
the subject of a contra.t between the "Office de la recherche scientifique et technique
outre-mer” (ORSTOM) snd the International Board for Plant Genetic Resources (IBPGR),
covering a literature review, a visit to the major institutes concerned and to Zuropean
herbaria.

This report was originally published in French (AGPG:IBPGR/83/22). The English
translation was edited by J.S. Siemonsma, Dutch Technical Assistance, Malang Research
Institute for Food Crops, East Java, Indonesia.

In the first part of this report, a bibliographical review of cultivated okra
and related species in tr genus Abelmoschus is presented which covers the taxonomy of
the genus and distributl. of the species, cytogenetics, the evolution of cultivated and
wild forms, and, finally, varistal improvement.

In the second part, information is presented on previous collecting missions,
on existing collections of okra throughout the world and on their evaluation. These
data were obtained through direct contacts in 1India, Nigeria and the Ivory Coast,
supplemented by bibliographical data and correspondence.

This report concludes with a series of concrete suggestions uimed at enriching
and maintaining okra collections, and also is intended te improve the understanding of
the organization of the genus and its exploitation in selection and breeding.
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1. BIBLIOGRAPHICAL REVIEW

The family of Malvaceae ls represented in tropical regions by several cultivated
species of economic importance. They are elther fibre plants like cotiton (Gossypium
spp.) and kenaf (Hibiscus cannabinus), or vegetables like okra (Abelmoschus spp.) and
roselle (Hibiscus sabdariffa).

The cultivated species Abelmoschus esculentus has different names: okra or lady's
finger in English, gombo in French, quimgomb6é in Spanivh, bhindi in Hindi, quiabeiro in
Portuguese and bamiah in Arabic. The young fruits produced by this species are used as
a vegetable, They are picked when still immature (3-6 cm long), before the
differentiation of fibres and before the seeds are fully developed. After cooking,
thege young fruits have a mucous consistency; the water in which they are boiled becomes
thick and ropy. They are consumed alone or in salad, after cooking in salty water, and
are used in the preparation of certain African sauces. For year-round consumption, the
fruits are conserved either in the form of slices dried naturally in the sun (Africa and
India) or frozen or sterilized (USA). The leaves are also eaten as spinach by
Africans. The fibres extracted from the stems are sometimes used, as on the banks of
the Niger in Mali, to make string and nets (Chevalier, 1940b).

The cultivated species A. esculentus is a "cultigen" of the tropical and
subtropical low altitude regions in Asia, Africa and America, with an extencion to the
temporate regions of the Mediterranean basin. Modern varieties of short stature ani
high productivity (up to seven tons of fruit per ha) have been developed in the USA,
such as 'Clemson spineless', ‘Lady finger', Perkins spineless', 'Emerald’, ‘Perkins long
pod* and 'Lee'. On the other hand, many local cultivars, well-adapted to tropical
conditions, are found in regions with traditional agriculture in Africa and India. 1In
india, the very popular cultivar ‘Pusa Sawani' is characterized by very long fruits of a
non-sticky consistency (Singh, 1963). In West Africa, the wide variety of okra
cultivars is connected with the existence of two distinct species: A. esculentus,
adapted to the Sudano-Sahelian zone, and the specles described by Siemonsma (1982a)
under the name of "Guinean" type in relation to its zone of cultivatioen.

In the Far East, the species A. manihot is cultivated mainly for consumption as a
leaf vegetable. It carries the vernacular name "Aibika" in Papua New Guinea. This
species is less frequently cultivated in India, Africa and America.

F’nally, the specles A. mauthatus (= Hibiscug abelmoschus) is found cultivated
and gexzi-wild in Africa, Asia and America. It is better known as musk mallow, after the
musk-scented perfume made from lts seeds. These contain six percent of essential oil
and are also used as a condiment. The mucous leaves of this species are also usnd as a
leaf vegetable.

The nutritive value of young fruits and leaves of oxra is presented in Table 1.
The particularly high calcium content should be noted and attention has recently been
given to the use of okra zeeds as a source of protein (20% of dry matter) and vegetable
oll (14% of dry matter) Martin & Ruberte, 1978; Shadmanov & Nigmatova, 1976) .

1.1 TAXONOMIC CONSIDERATIONS

Cultivated okra and related wild species were originally classed in the
genus Hibiscus, section Abelmoschus, by Linnaeus (173). Medikus (1787) proposed
to raise this section to the rank of a dlstinct genus, but the reference to the
genus Hibiscus remained until the middle of this century. Not until the
rehabilitation of the genus Abelmoschus by Hochreutiner (1924) was its use
accepted in the taxonomic and contemporary literature. This genus is
distinguished from the genus Hibiscus by the characteristics of the calyx:
spathulate, with five short teeth, connate to the corolla and caducous after
flowering (Kundu & Biswas, 1973; Terrell & Winters, 1974).
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Table 1. Nutritive value of okra per 100 g consumed 1/

Fruit Leaf
Dry matter (g) 10.4 10
Energy (kcal) 31 33
Protein (g) .8 2.0
Calciun (mg) 90 70
Iron (mg) 1.0 1.0
Carotene (mg) 0.1 0.99
Thiamine (mg) 0.07 0.10
Riboflavin (mg) 0.08 0.10
Niacin (mg) 0.8 1.0
Vitamin C (mg) 18 25

1/ Grubben (1977)

About 50 species have been described by taxonomists (Table 2). The
taxonomical revision wundertaken by van Borssum-Waalkes (1966), and its
continuation by Bates (1968), constitute the most fully documented studies of the
genus Abelmoschus. Van Borssum-Waalkes distinguishes only six species on the
basis of the fcllowing characteristics of the epicalyx and the fruit (Table 3):

- number, length and shape of the eplcalyx segments;

- caducity of the epicalyx tefore expansion of the corolla
or after dehiscence of the capsule;

- relative lengths of eplicalyx and capsule;

~ shape of the frult (capsule).

Many of the older specles have been united under the same binomlal, in
cortain cases forming subspecies and botsnical varieties. The corresponding
synonyms are indicated in Table Z. Fcllowing is a summary of the classification
of the genus Abelmoschus by van Borssum-Waalkes:

1) A. moschatus
la) subsp. moschatus var. moschatus
1b) subsp. moschatus var. betulifolius
lc) subsp. biskensis
1d) subsp. tuberosus

2) A. manihot
2a) subsp. manihot
2b) subsp. tetraphyllus var. tetraphyllus
2c) subsp. tetraphyllus var. pungens

3) A. esculentus

4) A. ficulneus
5) A. crindtus
6) A. angulosus
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Table 2. List of species belonging to the genus Abelmoschusl/

1a2/ H. abelmoschus L.

1b H. abelmoachug var. betulifolius Mast.
4 Laguna aculeata Cav.

4 A. albo-ruber F.v.M.

6 A. angulosus W. et A,

6 A. angulosus var. glandiflocus Th. w
6 A. angulosus var. purpurens Th. w
le H. biakensis Hochr.

14 H. brevicapsulatus Hochr.

5 H. cancellatus Roxb.

14 A. coccineus Hu

5 H. crinitus Wall.

3 H. esculentus L.

14 H. esquirolii (Leveillé) Hu

2b H. ficulneoides Lindl.

4 H. filculneus L.

1a H. haenkeaus Presl.

5 A. hainanensis Hu

3(1) H. hispidissimus Chev.

2b H. hostilis Wall. ex Mast.

2a H. japonicus Miq.

KIS®) H. longifolius Willd.

14 H. longifolius var. tuberosus Span.
2b H. luzoniensis Merr.

2a H. manihot L.

2b A. mindanaensis Warb ex Perk.

6 H. molochinus Alston

2¢c A. multilobatus Merr.

2b H. notho-manihot F.v.M.

28 H. palmatus Cav.

2 H. papyriferus Salisb.

2 H. pentaphyllus Roxb.

6 H. primulinus Alston

4 H. prostatus Roxb.

la H. pseudo-abelmoschus Blume

2 H. pseudo-manihot DC.

2c H. pungens Roxb.

14 A. rodopetalus F.v.M.

14 A. rugosus Wall. ex W. et A.

14 H. saggittifolius var. septentrionalis Gagn.
6 H. setinervis Dunn.

14 A. sharpel Copel. ex Merr.

4 H. sinuatus Cav.

4 H. strictus Roxb,

14 H. subnudus Craib. ex Kerr.

2b H. tetr.phyllus Roxb. ex Hornem.
2a H. timorensis DC.

14 A. todayensis Elmer

3 A. tuberculatus Pal et Singh

14 A. vanoverberghii Merr.

2¢ H. vrieseanus Hasgsk.

2 H. zenkeri Giirke

N =

H = Hibigecus; A = Abelmoschus
Number of van Borssum-Waalkes' taxonomic classification (e.g. 1la
subsp. mogchatus var. moschatus)

A.

moschatus



Table 3. Taxonomic key to the species of Abelmoschusl’/
EPICALYX CAPSULRE SPECIES
Number of Length of Shape of Caducity Relative Length Shape
segments segments (mm) segments size (ca)
10 - 16 25 - 50 linear, persistent <eplicalyx 3.5 -6 ovoid, globular A. crinitus
filiform
6 — 102/ 5 - 20 lanceolate + >epicalyx |15 - 25 long, fusiform; A. esculentus
short peduncle
7 -10 8 - 20 linear to + >epicalyx 8 ovoid, oblong; A. moschatug3/
(plus) lanceolate long peduncle
with hairs
4 - 8 4 - 12 linear to caducous - 3 - 3.5]ovoid, S5-angled A. ficulneus
lanceolate
4 - 8 20 - 35 oval (adnate persistent >epicalyx 3 - 5 ovoid, oblong A. angulosus
at the base)
4 - 8 10 - 30 oval persistent >epicalyx 3.5- 6 oblong, ovoid, A. manihot
pentagonal
1/ According to van Borssum-Waalkes (1966)
2/ Up to 15 (Sfemonsma, 1981, 1982a, 1982b)
3/ A. moschatus subsp. moschatus var. moschatus - epicalyx segments linear (8-15 x 1-2 mm), hairy stem

1> >

. moschatug subsp. tuberogus - tuberous root, non-enveloping epicalyx, white or pink flowers

. moschatus subsp. moschatus var. betulifolius - epicalyx segments lanceolate (17-25 x 2.5-5 mm), glabrous stem
. moschatus subsp. biakensis - epicalyx segments lanceolate (15-20 x 3.5-4 mm), coriaceous capsule with long peduncle
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Pates (1968) made two changes in this classification: firstly, he considered
it legitimate to maintain the species A. rugosus instead of the species A.
moschatus subsp. tuberosus; secondly, he considered the species A. manihot as a
complex of forms presenting continuous variation, whether cultivated or wild,

Certain species, mainly of West African origin, have not been taken into
account by van Borssum-Waalkes. Uaing the old terminology, Chevalier (1940a)
distinguished tha following five specles in West Africa: H. esculentus, H.
abelmoschus (syn. A. moschatus), H. manihot, H. ficulneus and a remarkable
"hybrid or mutant", H. hispidissimus Chev. According to Chevalier, the first
three specles, exclusively cultivated or semi-wild, derive from the wild specles
H. ficulneus. He also considered H. hispidissimus as an Intermediate form
butween H. abelmoschus and H. vitifolius; the latter specles is a pan-tropical
adventitious plant of South-Indian origin, which is unrelated to the genus
Abelmoschus (Maiti, 1969). On the other hand, Busson (1965) classed H.
higpidigsimus under A. esculentus. Chevalier (1940a) also described two
varieties of A. manihot, one from Cameroon (var. zenkeri) and the other from
Guinea (var. caillel). The latter in fact belongs to the "Guinean” form
(Siemonsma, 1982b) found in West Africa, which is a new form of cultivated okra
difforing from A. esculentus by its large epicalyx segments and 1lts adaptation to
the Guinean climate (Siemonsma, 1981, 1982a, 1982b; Sinnadurai, 1977; Kartin et
al., 1981).

In concluding this taxonomic review, the wild species A. tubercu.atus should
be noted. Pal et al. (1952) described it and reported on its resenblance to A.
esculentus. It is a bushy herbaceous plant, with short internodes, small flowers
with scarlet stigmas and numerous fruits with a rough surface covered with short
hairs.

Throughout this report, van Borssum-Waalkes®' systematic classification is
used, while its limitations are pointed out.

GEOGRAPHICAL DISTRIBUTION AND ECOLOGY OF ABELMOSCHUS SPECIES

The three cultivated species which are sometimes found in a semi-wild state
in clearings, along roads and near villages, occur at low altitudes in all
tropical, subtropical and warm temperate regions of the world.

The speciss A. moschatus (Figure 1) has a wide geographical distribution:
Irdia, southern China, Indochina, Indonesia, southwest Pacific islands, Papua New
Guinea, northern Australia, Central and West Afrlca. Within the specles two
ecologically adapted forms are distinguished: the subspecles bilakensis occurs
only in Papua New Gu.nea near the sea; the subspecies tuberosus, or A. rugosus
according to Bates, 1is particularly resistant to drought and fire due to 'its
tuberous roots.

The species A. manihot subsp. manihot (Figures 2 and 3) is cultivated mainly
in the Far East, but also in the Indian sub-continent and northern Australia. It
is less frequently found in America and tropical Africa. On the latter
continent, Chevaller (1940a) described the variety zenkeri in Cameroon and the
variety caillei in West Africa. The latter has also been observed in Zaire
(Hauman, 1963).

The species A. manihot subsp. tetraphyllus (Figure 4) comprises two wild
forms differentiated by van Borssum-Waalkes on the basis of their ecological
adaptation. The first, var. tetraphyllus, grows at low altitudes between 0 and
400 m, in the reglons with a marked dry season of Indonesia, the Philippines,
Papua New Guinea and New Ireland. The second, var. pungens, Brows at altitudes
between 400 and 1600 m in Indonesia and the Philippine..
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Figure 2. A. manihot

Figure 4. A. manihot subsp.
tetraphyllus

Figure 3. A. manihot (young downy fruit)



Figure S. A. esculentus

"Guinean" (young pendulous fruit)

Figure 8. Abelmoschus sp. "Guinean"
(long, unribbed, horizontal fruits)

Figure 7. Abelmoschus sp. "Guinean"

(clustered fruits)



The specles A. esculentus (Figure 5) is cultivated as a vegetable in most
tropical anda subtropical regions of Africa, India and America. 1In West Africa,
Siemonsma (1982b) has clearly demonstrated that the species has preference for the
Sudeno-Sahelian zone. However, A. esculentus is also found in forest regions in
smaller quantities. It 1s a case of ecological adaptution to photoperiodic
response and to parasitism (different in savannah and forest areas). But in this
Guinean biloclimatic zone, Siemonsma (1982a,b) has given prominence to a new
cultivated species provisionally called "Guinean" okra, which can be found in the
forest regions of Ghana, Guinea, Ivory Coast, Liberia and Nigeria (Figures 6, 7 and
8).

The wild species A. tuberculatus, related to A. esculentus, is endemic to the
medium altitude hilly areas of Uttar Pradesh near Saharanpur in northern India and
in the reglons of Ajmer and Indore in western India.

The wild species A. ficulneus is found in a vast geographic area stretching
from Africa to Asia and Australia. It flourlishes in tropical areas of low altitude
with a long dry season, 1.e. desert regions of Sahelian Africa (Niger), Madagascar,
East Africa, the Indian sub-continent, Indonesia, Malaysia and northern Australia.

The two wild species A. crinitus and A. angulosus are exclusively of Asian
origin. They are differentiated by their ecology. A. crinitus grows at low
altitudes in regions with a marked dry season, being fire-resistant (Burma,
southern China, India, Indochina, Java, Pakistan and Philippines). A. angulosus
grows at altitudes betweon 750 and 2000 m in Pakistan, India, Sri Lanka, Indo-
chira and Indonesia.

The geographical distribution of the cultivated and the wild species of the
genus Abelmoschus (Figures 9, 10 and 11) clearly shows overlapping in Southeast
Asia (Burma, Indochina, Indonesia, Malaysia and Thsiland). Van Borssum-Waalkes
(1966) considers this region the centre of diversity of the genus. The spread of
the cultivated forms woulc be the result of introductions into Africa and America.

<
! e Area of cultivation .  Cantre of diversity”
(A. esculentus) *repe” < &
° oo
IQ‘
Key: 1: A. moschatus 2: A. manihot 4: A. ficulneusg
5: A. crinitus 6: A. angulosus A. sp.: "Guinean" type

Figure 9. Geographical distribution of Abelmoschus species
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2 A. manihot

1* var. hispidissimus
4 A, ficulneug

Kay: 1 A. moschatus
2° var. caillei 3 A. esculentus
5 Abelmoschus sp. “"Guinean" type
Pigure 10. Distribution of the genus Abelmoschug in Africa
(according to Charrier & Hamon, 1982)
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Key: (According to van Borssum-Waalkes)

1) A. moschatus
la) subsp. moschatus var. moschatus
1b) subsp. moschatus var. betulifolius
1lc) subsp. biakensis
14) subsp. tuberosus
2) A. manihot
2a) subsp. manihot
2b) subsp. tetraphyllus var. tetraphyllus
2c) subsp. tetraphyllus var. pungens
3) A. esculentus
4) A. ficulneus
5) A. crinitug
€) A. angulosus 1d2b 4
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Figure 11. Distribution of the genus Abelmoschus in Asia (according to Charrier & Hamon, 1982)
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This concept does not take into consideration the diversity of specles
present in the Indo-Pakistani sub-continent nor in West Africa.

The donasticetion of okra probably took place in Africa (de Candolle, 1883),
and more precisely in the Ethiopian region (Vavilov, 1926), in West Africa
(Murdock, 1959) or in the Sahara in Neolithic times (Chevaller, 1940a). The
cultivated forms probably migrated to the Meditsrranean area and later to India.
okr. has been widely cultivated for several thcusand years in Africa, as attested
by the documents of ancient Egypt. In Africa okra diversified into a multitude
of cultivars adapted to various environments (Sudano-Sahelian, Guinean,
Mediterranean) and for many purposes.

India, however, may also be considered as a centre of diversity, where wlld
species - related to the cultivated species A. esculentus - are found. Joshi &
Hardas (1976¢) suggest that the origin of cultivated okra may be polyphyletic.

These different pointc of view will be clarified when tne relationships
between wild and cultivated forms of the genus Abelmoschus are better understood.

VARIATION OF CHROMOSOME NUMBERS IN THE GENUS ABELMOSCHUS

The observations on chromosome numbers, eported in the literature, have
been made either in mitosis on root tips or in meiosis on pollen mother cells.

The only study on the shape and size of okra chromosome was made by Datta &
Naug (1968) on three strains of A. esculentus. These authors described eight
chromosome types, characterized as follows:

= length 2 to 3u :+ 2 constrictions, 1 satellite, 2 equal segments

length 1.5 to 2.25u : 2 constrictions, 3 segments with the central
segment longest

constrictions close to each other

primary central constriction

prirary submedian constriction

primary subterminal constriction

primary central constriction

primary submedian constriction

o >
[}

length 2 to 2.75u :
length 1.12 to 2.25u :
length 1.25 to 2.27{¢ :
length 1.50 to 2.25u :
length 0.50 to 1.00u :
length 0.75 to 1.004 :

T o moOO
Bounoa oo ow
- N

The chromosomes belonging to the medium size categories D and E and to the
small size category G are most frequent. Kamalova (1977) demonstrated a negative
correlation between number and size of the chromosomes.

The various chromosome counts known for a dozen taxa of the genus
Abelmoschus are summarized in Table 4. These results deserve some comment. The
diversity of chromosome numbers attributed to each species should be noted; this
may be due both to erroneous taxonomic determinations and to the difficulty of
counting a large number of small chromosomes.

Darlington & Wylie (1955) proposed no less than ten basic chromosome numbers
for the genus Hibiscuz. Six of these appear to be in accordance with reported
numbers in the genus Abelmoschus (x = 9, 11, 12, 17, 19 and 39), while two new
ones have to be added (x = 18 and 29).

This chromosome polymorphism in each group of specles is discussed below:

—- A. esculentus: The most frequently found values are between 108 and 144
somatic chromosomes. After thorough cytogenetical studies, Kuwada (1961,
1966) decided on 2n = 124, and Joshi & Hardas (1953) on 2n = 130 chromosomes
for a large number of samples. These findings raise some questions. Are
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Table 4. Varlation of chromosome numbera in the genus Abslmogehusl/

Specles?/ dumbars (2n) Authors
A. egculentus *6 Ford (1938)
72 Teshima (1933); Ugale et al. (1976);
Kamalova (1377)
10b Datta & Naug (1968)
118 Krenke (In: Tischler, 1931)
120 Krenke (In: Tischler, 1931); Purewal §
Randhawa (1947); Datta & Naug (1968)
122 Krenke (In: Tischler, 1531)
124 Kuwada (1961, 1966)
126-134 Chizaki (1934)
130 Skovsted (1935); Joshl & Hardas (1'53);
Gadwal ot al. (1968)
131-143 Siemonsma (1981)
132 Medvedeva (1936); Roy & Jha (195%9)
1132 Breslavetz et al. (1934); Ford (1938)
144 Datta & Naug (1968)
A. tuberculatus 58 Joshi & Hardas (1953); Kuwadas (1966, 1974);
Gadwal et al. (1968); Joshi et al. (1974)
Abelmogchus sp. (Ghana) 194 Singh & Bhatnagar (1975)

Abelmoschus sp. "Guinean'" 185-198

Siemonsma (1981)

A. manihot 60 Teshima (1933); Chizaki (1934)
66 Skovsted (1935); Kamalova (1977)
68 Kuwada (1966, 1974)
A. pungens 138 Gadwal (In: Joshl & Hardas, 1976)
A. tetraphyllus 130 Ugale ot al. (1976)
138 Gadwal (In: Joshi & Hardas, 1976)
A. moschatus 72 Skovstad (1935, 1941);
Gadwal et al. (1968); Joshi et al. (1974)
H. coccineus 38 Skovsted (1935)
A. ficulneus 72 Gadwal et al. (1968); Joshi et al. (1974)
78 Skovsted (1935, 1941)
H. grandiflorus 38 Skovsted (1941)

1/ According to Siemonsma (1982b)
2/ A. = Abelmoschus; H. = Hibiscus
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these variations due to imprecision in counting or to the existence of
chromosome races through loss of chromosomes during mitotic divisions, as
suggested by Datta & Naug (1968)? The values 2n = 66 and 72 are similar to
the chromosome numbers of A. manihot and A. mogchatus. Can forms of A.
esculentus possessing 65 and 72 chromosomes still be considered as belonging
to this species? Similarly, the wild species A. tuberculatus, related to A.
esculentus, 1is perfectly distinguished from it by a set of zn = 58
chromosomes. In fact, A. esculentus seems to be a polyploid compared to A.
tuberculatus and the forms of A. esculentus with 66 and 72 chromosones.

—-  Abelmoschus sp. "Guinean" type: The new West Afrlcan okra specles with /n =
+194 chromoscmes iz a higher polyploid form which might derive fron: A.
esculentus and A. manihot (Slemonsma, 1981).

—- A. manlhot: Sensu lato, this species shows a diffcrence in chromosome
numbers between the cultivated and the wild forms. The subspecies manihot
tias 2n = 60, 66 or 68 chromesomes and the subspecies tetraphyllus 2n = 130
or 138 chromosomes for the varietias tetraphyllus and pungens. The latter
two wild forms appear to be polyploids (4x) compared to the cultivated type
manihot, the 1inverse of the situation described for A. esculentus.
According to Ugale et al. (1976), A. esculentus at 72 chromosomes would be
related to a genome of A. tetraphyllus.

-- A. moschatus: As above, this species of van Borssum-Waalkes 1is
heterogeneous for its chromosome numbers. The subspecles moschatus with 2n
= 72 is almost a polyplold of the subspecies tuberosus (H. coccineus) with
2n = 38 chromosores.

ficulneus: This wild African and Aslian species has chromosome numbers 2n
72 and 78, the filrst alsc occurring in A. moschatus subsp. tuberosus.

t
t
" ij»

~- A. angulosus: This other wili species represented by H. grandiflorus with
2n = 38 possesses the same chromosome number as A. moschatus subsp.

tuberosus.

The genus Abelmoschus 1is therefore a polyspecies complex comprising a
polyploid series of which the organization 1s not easy to understand. One may,
however, distinguish three levels of ploidy: a first group of specles comprising
A. tuberculatus, A. manlhot, A. moschatus, H. coccineus, H. grandiflorus and A.
ficulneus, possesses basic chromosome numbers between 2n = 58 and 78; they belong
to the different taxonomic groups presented. The polyploid species can be split
into two groups: the flrst group, which is made up of A. esculentus, A,
tetraphyllus and A. pungens, may be placed at about 120 to 140 somatic
chromosomes; the second group includes okra of the West African “Guinean" type
with 2n = 192 or 194 chromosomes (Abelmoschus sp.).

It s obvious that the proposed taxon~wic classification 1s not in
accordance with the observed chromosome numbers; the principal systematle groups
are heterogeneous. A revision of the taxonomy and a better knowledge of the
chromosome numbers are therefore necessary for a clearer view of the organization
of the genus Abelmoschus.

CYTOGENETICAL RELATIONS IN THE GENUS ABELMOSCHUS

various interspecific combinations have been sgtudied as well as
amphipolyploids which have been derived from okra genetic improvement
programmes. .t 1s possible to distinguish, on the one hand, the crosses between
specles posgessing the basic chromosome numbers and, on the other, those various
hybrid combinations with the cultivated specles A. esculentus.

Appropriate technology has been used to obtain Fy plants by in vitro
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culture of normally inviable hybrid embryos (Gadwal et al., 1968), and to obtain
artificial amphipolyploids by colchicine treatment of sgterile F; hybrids.
Moreover, it 1is possible to propagate them vegetatively Uy stem cuttings
(Bhattacharya et al., 1978).

a)

b)

Relations botween basic species

Crogses of A. tuberculatus (n = 29) x A. manihot (n = 34) give vigorous
but sterile F; hybrids (Kuwada, 1974; Pal et al., 1952). These two
species have entirely distinct genomes which do not pair at prophase I,
hence the observation of 63 univalents.

The combination A. tuberculatus (n = 29) x A. ficulneus (n = 36) also
leads to sterile F; hybrids (Joshi et al., 1974). The genomes show very
little homology: most of the chromosomes remain at the state of univalence
and on average only 1.63 bivalents per PMC (pollen mother cell) are
obgserved. On the other hand, the amphidiploid obtained by polyploidization
of the F; hybrid shows 65 bivalents, that is to say the chromosome
structure of the cultivated species A. esculentus. Although this artificial
aphipolyploid 1is sterile, the allotetraploid structure of A. esculentus
could thus be reconstructed, Lased on wild species possessing the genomes of
A. tuberculatus and A. ficulneus.

Other hybridizations, between A. tuberculatus and A. moschatus (Joshi et
al., 1974), A. ficuineug and A. manihot (Pal et al., 1952), A. manihot and
H. cocineus (Teshima, 1933), have not produced F; hybrids.

The affinities of basic genomes with A. esculentus and A. manihot subsp.
tetraphyllus

Crosges of A. esculentus with other cultivated and wild species have
received the most attention.

Useful information may be drawn from the comparison of A. esculentus and
A. tuberculatus (Pal et al., 1952; Kuwada, 1966; Joshi et al., 1974). This
cross succeeds easily in both directions and gives vigorcus and almost
sterila F; hybrids (15 to 40 percent of viable pollen; less than one seed
per fruit). At the metaphase, the observed chromosome assoclations differ
according to author. Although there is agreement in attributing 2n = S8
chromnsomes to A. tuberculatus, Joshi et al. used lines of A. esculentus
with 2n = 130 chromosomes, whereas Kuwada's cultivars had only 2n = 124
chromosomes. However, the structure of the observed associations in the
F; hybrids - 29 bivalents + 36 univalents (Joshi) or 29 bivalents + 33
univalents (XKuwada) - consistently points to the presence of the A.
tuberculatus genome in the allvyolyploid A. esculentus. The second genovme
corresponds to 33 or 36 chromoromes without homologues. 7The basic species
likely to prowvide these complements are A. ficulneus, A. moschatus, A.
manihot and A. esculentus with 2n = 72 chromosomes, the latter used by
Teshima (1933) and Ugale et al. (1976).

F1 hybrids in the cross between A. esculentus (n = 65) and A,
ficulneus (n = 36) could not be obtained directly (Pal et al., 1952) but
only by in vitro culture of F; embryos (ioshi et al., 1974). At metaphase
I, these authors observed in poilen mother cells a chromosome conjugation
amounting on average Lo 27 bivalents + 46 univalents. Most of the 36 basic
chromosomes of A. ficulneus paired with those of A. esculentus, thug
demonstrating a good affinity of homologous chromosomes.

F1 hybrids of A. esculentus (n = 65) x A. moschatus (n = 36) have also
been obtained by in vitro culture of embryos (Joshi et al., 1974). 1In this
case the genomes show very little affinity (8 bivalents), most of the
chromosomas remaining in the form of univalents (85).
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No hybrid A. esculentus x H. coccineus (n = 19) has been obtained
(Teshima, 1933).

The cross that has ULeen most studied is that of the two cultivated
species A. esculentus and A. manihot (Ustinova, 1937, 1949; Pal et al.,
1952; Teshima, 1933, Kuwada, 1961). Success, although partial, is most
easily achleved if A. esculentus, the species with the highest chromosome
number is used as the female parent. The F; hybrids are vigorcus but not
very fertile, most of the melotic chromosomes remaining at the stat2 of
univalents. Restoration of their fertility was attempted by back-crussing
to the recurrent parent A. esculentus (Ustinova; Teshima). Plants of the
F, generation show considerable variation in morphology, fertility and
chromosome numbers (48 and 70 chromosomes). There appears to be a positive
relation between fertility, a large number of chromosomes and an increase in
bivalents. The two cultivated species A. esculentus and A. manihot do not
show any chromosome affinity.

The species H. pungens (A. manihot subsp. tetraphyllus var. pungens)
possesies a chromosome number about twice that of the cultivated species A.
manihot subsp. manihot. Direct and reciprocal crosses between these two
subspecies give vigorous and sterile F; hybrids; the melosis has not been
studied (Pal et al., 1952). The hybrids H. esculentus (2n = 72) x H.
tetraphyllus (2n = 130), studied by Ugale et al. (1976) show hybrid vigour
and are resistant to virus and wilt. H. tetraphylius behaved like an
amphiploid; one of its genomes inanifested a good homology with the parent H.
esculentus. The second genome could be sought in H. manihot. Moreover,
crosses of A. flculneus x H. pungens did not produce any hybrids.
Cytogenetical information on the affinities of the chromosomes nf the wild
varieties tetraphyllus and pungens with other basic genomes 1is very
inadequate.

Relations between the polypold species

Crosses of A. esculentus (n = 65) with A. manihot var. tetraphyllus (n =
69) are at present being studied in India by Dutta (personal communication)
in order to transfer the resistance to mosaic virus (YVMV) of this wild
species. The Fj hybrids are sterile and their chromosome duplication has
been achieved. These amphipolyploids (2n = 268) have been backcrossed with
A. esculentus as recurrent parent for three cycles. 1In the progeny, plants
are selected for their tolerance to the virus disease and their resemblance
to cultivated types. No cytological control has yet beon undertaken in this
progranme.

Okra with a high chromosome number (2n = about 194) has been used in
several interspecific crosses. Siemonsma (1981) obtained F; hybrids with
A. esculentus and with A. manihot. The first combination, A. esculentus (n
= 65) x Abelmoschus sp. (n = 97), pave vigorous but not very fertile
hybrids. The second combination, studied by Jambhale & Nerkar (198l1), gave
fertile hybrids resistant to YVMV. According tu Siemonsma (1981), this
“Guinean” okra is an amphipolyploid composed of the genomes of A. esculentus
and A. manihot, species which are cultivated in West Africa. Cytological
study of the Fj; hybrids obtained will enable this hypothesis to bs
confirmed or rejected.

Other amphipolyploids have been studied, but they are of artificial
origin. By chromosome dupilcation of the F; hybrid A. tuberculatus (n =
29) x A. esculentus (n = 62), Kuwada (1966) obtained an amphipolyploid
called A. tubercular esculentus with 2n = 182 chromosomes and with partially
restored fertility (7 to 8 seeds per fruit), although presenting a normal
melosis (91 bivalents). Similarly, by duplication of the F; hybrid A.
egsculentus x A. manihot, Kuwada (1961) obtained a polyploid called
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"Nori-Asa". 1Its fertility was improved in the course of about ten cycles of
selfing. Horeover, backcrossing of "Nori-Asa" with the parent species gave
progenies with various degrees of fertility and irregular meiosis. The
combination "Nori-Asa" x A. esculentus gave individuals with 2n = 158
chromosomes, more fertile than in the combination "Nori-Asa" x A. manihot.

Conclusion

A cchamatic representation of the cytogenetical information is provided
in Figure 12. The genus Abelmoschus is certainly a complex of polyploid
specias; its evolution is only very partially established. To begin with,
the observations on chromosome numbers are not alvways very exact,
particularly for the polyploid types of high rank. We have arbitrarily
retained thrae levels: the basic species (2n = 58 to 72 chromossmes), the
polyploids deriving directly from basic genomes (2n = 120 to 140) and the
higher ranking polyploids. Secondly, the existence of distinct,
non-homologous basic genomes with different chromocome numbers, ic only well
established for A. tuberculatus (n = 29), A. ficulneus (n = 36) and A,
manihot (n = 30-34), designated genomes T, F and A respectively. Finally,
the polyploids could as well derive from amphiploidy as from autoploidy.

only the allopolyploid nature of A. esculentus suggested by Joshi &
Hardas (1956) has been well studied; it may derive from two basic genomes
with different chromosome numbers related to those of A. tuberculatus (n =
29) and A. ficulneus (n = 36). The existence of A. esculentus lines with n
= 62 and 72 chromosomes remains to be clarified. Given the area of
distribution of the wild parental species of A. esculentus, the latter could
have originated in India (Arora & Singh, 1973).

The "Guinean" okra with 2n = 194 chromosomes also appears to be the
result of evolution by amphiploidy in West Africa, with occupation of a
particular ecological niche (Guinean forest zone). Siemonsma (1981)
hypothesizes a synthesis of this new species through contact of the two
cultivated species A. esculentus and A. manihot. This hypothesis has not
yet bean confirmed.

The situation within the species A. manihot sensu lato remains very
confused: the wild varleties of the 3ubspecies tetraphyllus could be
amphiploid, possessing a genome of A. esculentus with 2n = 72 chromosomes,
according to the cytogenetical study by Ugale et al. (1976). It may be
possible that the genome of A. manihot (n = 30-34) is its complement.

The parallel between the two large groups, A. esculentus and A. manihot,
is interesting to consider. 1In the first group, two basic forms are
recognized, A. tuberculatus (n = 29) and A. esculentus (n = 36), in addition
to the ampniploid which is cultivated. Similarly, in the second group,
thése two compartments are also observed, but here it is the basic specles
k. manihot (n = 30-34) which is cultivated. Finally, there is too little
cytogenetical information fur any useful discussion on the diversity of the
different forms of A. moschatus gensu lato, or the evolutionary place of the
species A. crinjitus and A. angulosus. Lastly, the existence of a parallel
variation for the width of the eplicalyx segmeats may be noted in the two
following sroups:

—- Okra cultivated in West Africa
narrow segments: A. esculentus
largo segments: Abelmoschus sp. "Guinean"” type

-- A. moschatus
narrow segments: var. moschatus
large segmentg: var. betulifolius and subsp. biakensis
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1.

Level 1 Level 2 Level 3
2n = 58-72 2n = 120-140 2n = 185-200
A. moschatus
n = 36
A. flculneus (F)
n = 36
A. esculentus (TF)
A. tuberculatus (T) n = 62-65 "Nori-Asa”
n = 29 A. sp."Gulnean”(TFA)
A. esculentus
n = 36
A. manihot (A) A. pungens
. = 30-34 n = 69
A. tetraphyllus
n = v9
Figure 12. Cytogenetical relations in the genus Abelmoschus

(proposed compartments and relations)

GENETICS AND SELECTION OF CULTIVATED OKRA

Work done so far has been almost exclusively restricted to the specles A.
egsculentus, with the exception of studies on A. manihot in Papua New Guinea and
on the "Guinean" type okra in West Africa.

The okra collections in the various countries are made up of intruduced and
local cultivars, and their variablility is studied for various morphological,
phenclogical and agronomical characteristlics. A 1ist of descriptors in current
use is given in the second section of this report (Appendix II1).

Many descriptors, have a simple genetic basis: green or purple coloration of
the stem, the petiol:, the calyx and the frult; coloratinn of the petal, its base
and veins; presence/absence of soft/hard halrs on the leaves ¢nd the frults; leaf
lobes (Erickson & Couto, 1963; Nath & Dutta, 1970; Kalia & Padda, 1962). The
colorations of the cotyledons, the stem, the petioles and the fruits are linked.
pisjunctions observed are 1in accordance with the proportions expected in
organisms with diploid behaviour, which confirms the allopolyploid nature of A.
esculentus.

The descriptive characters of the plant, of its nhenology, and of production
factors are of a quantitative nature. Some of them are based on a limited number
of major genes, and their heritability has high values, like plant height,
internode length, flowering date and precocity, shape, length and diameter of the
fruit, weight of the fruit and the seeds, number of seede per fruit, vitamin C
content, proportion of fibres in the fruit, and even yield (Ngah & Graham, 1973;
Padda ot &+ , 1970; Rao & Sathyavathi, 1977; Majumder et al., 1974; Singh et al.,
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1974; Kulkarni et al., 1978; Mahajan & Sharma, 1979; Singh & Singh, 1979, Trivedi

& Prakash, 1969).

A study of correlations between characters, in particular yield comporents,
provides a useful gulde for selection. Frult yleld is positively correiated with
welght and number of fruits per plant, length/circumference ratio of the fruilt,
plant height, number of nodes, and late flowering (Singh et al., 1974; Rao &
Ramu, 1975; Padda et ai., 1970; Majumder et al., 1974 Ajimal et al., 1979; Rao &
Kulkarni, 1978; Rao, 1978a,b). Path coefficient analysis indicates that fruit
weight has the most Iimportant direct contribution to yleld (Majumder et al.,
1974). Some of the characters correlated with yleld are associated with the
hybrid vigour shown in several studies of diallel crosses (Singh et al., 1975;
Jalani & Greham, 1973; Martin et al., 1981; Venkataramani, 1952). These are
plant theight, number of ramifications, first flowering node, length and
circumference of the frult, number of fruits and yleld per plant. Seed yield
(fc~ oil) is determined principally by the number of fruits per plant and the
number of seeds per fruit; oil and gossypol contants are independent of these
variables (Martin et al., 1981; Spactsis, 1972).

Okra cultivation is essentially based on traditicnal local cultivars. The
selection of modern cultivars has been intensively undertaken in only a few
countries such as Ghana, Indla, Nigeria and the USA. This sslection work follows
the improvement schemes of autogamous plants, i.e. pedigree selection in
populations obtained by controlled hybridization of progenitors, chosen for their
good combining ability in diallel crosses and for their tolerance to adverse
factors. The hybrid wvigour in F; might also be exploited by manual
hybridization or by genetic or induced male sterility (Verma & Singh, 1978). It
should be mentioned that the species A. esculentus, which is self-compatible, is
also subject to cross-fertilization by pollinating insects at a rate which can
reach 20%. This rate of outcrossing explains the partial heterozygosity of
off-types during multiplication of pure line cultivars (Chandra & Bhatnager,
1975; Parthasarathy & Sambandam, 1976a,b; Singh et al., 1980).

The selection objectives are, to a considerable extent, identical in all
countries: high yield, environmental adaptation, toleraunce to pests and diseases,
good organoleptic qualities. However, there are specific orientations related to:

1) Preference of local consumers: length of the fruit (very long fur the
cultivar 'Pusa Sawani' in India), its colour (dark green), its shape (long,
slender fruits, «cylindrical or pentagonal with prominent sutures),
pubescence of the fruits (glabrous or soft hairs), the consistency of the
fruit (very mucous in West Africa, little mucous in India);

2) Destination of the product: frults consumed fresh or sun-dried show
large diversity; on the other hand, fruits conserved by sterilization or
freezing are small and homogenecus, with thick, only slightly muccus flesh
of stable colour;

3) Cultivation methoads: in traditional farming environments, robust and
ramified cultivars are used, wlth a long growing period, which give a
production spread over time. On the contrary, for intensive cropping, tall
varieties are sgought, either not ramified or with short, upward-growing
branches (high plant density per ha), with short internodes and precocious
flowering (between the second and the fifth node of the main stem). The
length of the growing period is directly influenced by the photoperiod.
Okra flowering is induced uunder short days, which explains the observation
of semi-parennial okra, remaining vegetative for nine months under long
days. The importance of photoperiodical phenomena depends on the latitude
of the country concerned; in any case, photoperiod in sensitive cultivars
should be selected (Oyolu, 1977°
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A) Main pests and diseases: the identification and breeding of cultivars
regigtant or tolerant to the principal ¢lseases, is a major concerr of the
breeders.

- Okra Leaf Curl Disease (Givord & Hirth, 1973; Lana et al., 1974;
Lana 1976);

- Yellow Vein Mosaic virus (YVMV) in India (Singh et al.,

- Nematodes of the Meloidogyne group (Singh et al., 1975);

-  Fusarium wilt (Grover & Singh, 1970);

- Leaf fungl (Cercosvora and Oidium) (Jhooty et sl., 1977);

- Borers (Earjas spp.) (Gupta & Yadav, 1978).

1962);

Screening planting material for resistance or tolerance is conducted
either under natural conditions of infestation or under controlled
conditions. These studies belong to the evaluation of collections, which
will be dealt with in the second section of this report.

Researchers in India are working on the breeding of cultivars tolerant to
Yellow Vein Mosalc Virus. After initial optimism about the use of resistant
progenitors of the species A. esculentus, like the IC 1542 strain from West
Bengal which was used in the breeding of the cultivar 'Pusa Sewani', research
workers have realized that these genotypes were symptomless carriers of the virus
(Singh et al., 1962). The same 1is true for the Ghana okra belonging to the
“Guinean” group, Abelmoschus sp. with 2n = 194 chromosomes, which had been
considered as tolerant and was used in crossing (Singh & Bhatnagar, 1975). Real
resistance to YVMV was found in a wild species of the manihot yroup (Dutta,
personal communication; Arumugam & Muthukrishnan, 1978; Singh & Thakur, 1979).
In order to transfer the resistance, Dutta (personal communication) is at present
carrying out a programme of interspecific hybridization A. esculentus x A.
tetraphyllus and of backcrossing with the cultivated parent, according to the
following diagram:

A. esculentus (Q) n = 65 X A. tetraphyllus (& n = 69
(tolerant strain IHR 20-31) 1 (resistant to YVMV)

Sterile Fq hybrid
chromosome duplication
Amphiploid

(low fertility, improved by flve
generations of selfing)

— > BCl
l selection of lines
Bc2 resistant to YVMV and
l agronomically interesting
BC3

This research worker managed to isolate, in the progeny of the third
backeross, plants suitable for cultivation that had conserved the resisgtance to
YVMV. Similarly, Jambhale & Nerkar (1981) ottained fertile and resistant hybrids
A. manihot x Abelmoschus sp. ("Guinean").
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This is the first cxample of the use of a wild species related to cultivated
okra and of interspecific hybridization in an improvement programue of this
plant. This double opening te the classical selection methods within the specles
A. esculentus only, should be emphasized. It is reasonable to seek in related
wild forms, adaptation and tolerance to the major diseases. Their utilization in
improvement programmes depends essentlially on a better knowledge of the
organization of the genus Abelmoschus. We hrve seen that the complexity of this
multi-species polyploid genus is still barely understood. Even the structure of
the cultivated specles A. esculentus is not perfectly established. It seems,
however, possible to synthesiza artificially this amphidiploid by duplication of
the Fy hybrid of the wild specles A. tuberculatus ana A. ficulneus, and by so
doing to enrich genetically the cultivated form by crossing it with this
synthetic pelyploid. This methodology was successfully applied in the
improvement of cultivated cotton in Africa (Kammacher, 1965; Poisson, 1972;
Schwendiman, 1978). The analegy in structure of the genera Gossypium and
Abelmoschus seems worthy of consideration.

Mention should also be made of the possibility of increasing genetic
variability artificially by induced mutations (Kuwada, 1969) and by in vitro
culture, to which no reference was found.
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2. WORLD TNVENTORY OF CENETIC RESQURCRS OF THR GENUS ABELMOSCHUS AMD THEIR EVALUATION

Information on the genetic resources of okra in the wain areas of cultivation has
been collected from the literature, by direct surveys, by correspondence and by visits
to the principal herbaria of Europe (Charrier & Hamon, 1982). The author particularly
wishes to mention the invaluable and cordial collaboration of the many research workers
encountered during missions to Nigerlia, Kenya and India, and all those who replied by
mall to requests for information. A list of their names is given in Appendix I.

This inventory concentrates on three principal themes:

- okra collecting missions and collections;
- evaluation of genetic resources of cultivated okra; and
- 1list of descriptors.

2.1 OKRA COLLECTING MISSIONS AND COLLECTIONS

This inventory, arranged by major geographical regions, is not exhaustive; a
more detalled list may be found in Toll & van Sloten (1982),

a) The Americas
1) UsA

Cultivated since the middle of the 18th century in the southern states, okra
has been the subject of regular introductions from the Mediterranean region
since 1899. Four hundred and seven accessions of A. esculentus are kept at
the USDA regional station in Georgia:

Southern Regional Plant Introduction Station (S-9)
U.S. Department of Agriculture (USDaA;

Experiment, Georgia 30212

Person in charge: G.R. Lovell

Corley (1965) listed the origin of the 219 samples in collection in 1965.
Dr. G.R. Lovell provided a copy of the USDA catalogue of okra introductions
up to 1978 (Anon., 1978). Since that date, 120 introductions from
Afghanistan, Bellize, Brazil, Guatamala, and India have been added. One
hundred ané fifty-eight strains of the Georgia collection are stored in the
base collections at the NSSI:

National Seed Storage Laboratory (NSSL)
U.S. Department of Agriculture (USDA)
Colorado State University

Fort Collinsg, Colorado 80523

Person in charge: L.N., Bass

The USDA Collection in Georgia ig also maintained and studied in Puerto Rico:

Mayaguez Institute of Tropical Agriculture
U.S. Department of Agriculture (USDA)

P.0. Box 70

Mayaguez, Puerto Rico 00708

Person in charge: F.W. Martin

Dr. F.W. Martin provided a partial list of the okra collection in Puerto
Rico, which is summarized in Table 5. There are 260 samples of A, esculentus,
which were evaluated in 1978, and 15 samples.of the "Guinean" type okra from the
Ivory Coast collections of Siemonsma (1982a). These samples come from about 20
different countries, mainly from the Mediterranean region and India,
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Table 5. Partial 1list of okra accessions in Mayaguez (Puerto Rico)

Origin Number of origin Number of

accessions accessions
Afghanistan 8 Liberia 2
Arabia 2 Mexico 1
China 2 Nigeria 3
Cuba 3 Pakistan 7
Egypt 5 Peru 2
Ghana 3 Philippines 5
Guatemala 1 Puerto Rico 1
India 67 Syria 4
Iran 14 Turkey 114
Ivory Coast 15 Yugoslavia 13
Japan 1 Zaire 2

2) Brazi)

b)

In Brazil there is a collection of 200 population samples of Brazilian A.
esculentus:

Departamento de Fitotécnica
Universidade Federal de Vigosa
36.570 Vigcosa - M.G., Brazil
Person in charge: V.W. Dias Casali

These samples are avallable for exchange:

Dulce R.N. Warwick

Centro Nacional de Recursos Genéticos (CENARGEN)
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA)
C.P. 10.2372

70.000 - Brasila - D.F., Brazil

Mediterranean region

A good representation of okra adapted to the Mediterranean climate, mainly
from Turkey and Yugoslavia, is present in the USDA collections in the USA,
There is also a collection of 53 samples of A. esculentus in Turkey:

Aegean Regional Agricultural Research Institute (ARARI)
P.O0. Box 9

Menemen

Izmir, Turkey

Person in charge: K. Temiz

Several universities and research centres in the region are studying okra
(see Popoff, 1939). Information has not yet been received on these
collections. One hundred and twelve samples of okra were collected in the
Nile Delta in Egypt and introduced into Nigeria by Badra (IITA, 1979) in
1978.
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Inter-tropical Africa

Okra is widely used in traditional cooking in West Africa and the Sahel:
all of these countries are to some extent consumers of this vegetable. Only
the principal collections are noted.

1) Ivory Coast

An exhaustive inventory of cultivars from the Ivory Coast has been made by
Siemonsma. In the annual reports of the '"Centre Néerlandais", Siemonsma
(1978, 1979, 1980) gives all relevant information on this material comprised
of 314 samples (see also Siemonsma, 1982b).

-- An herbarium of this collection was made at the time of its first
cultivation in 1977-78, and deposited at:

Herbarium Vadense
Agricultural University
Department of Plant Taxonomy
P.0. Box 8010

Wageningen, Netherlands

-- The sgeeds resulting from the first multiplication are stored in an
alr-conditioned dry room at:

Laboratoire de Génétique
ORSTOM Centre d'Adiopodoumé
B.P, V-51

Abidjan, Ivory Coast

-- The seeds resulting from the second multiplication in 1979 are also
stored temporarily in the Netherlands at:

Agricultural University
Department of Tropical Crcps
P.0. Box 341

Wageningen, Netherlands

Tho major result of the study of Ivory Coast okra by Siemonsma (1981,
1982a,b) is the identification of two types, probably belonging to two
different species and presenting the following distinctive characteristics:

~- Sudanese type (A. egculentus), cultivated mainly in the north of the
Ivory Coast, with un eplcalyx with narrow segments; precocious plants.

-~ "Guinean" type (Abe.moschus sp.), cultivated throughout the country but
principally in the forest areas, with an epicalyx with large segments;
late-maturing plants.

In 1981, the IBPGR financed the evaluation and multiplication of the okra
collection in the 1Ivory Coast by ORSTOM, due to the fact that this

collection had been conserved only in an alr-conditioned room. Expected
results include:

-- Information for the list of descriptors (computer print-out of the data);
~-~ Analysis of the data (multivariate methods);

-- Long-term conservation of the samples (freezer at -18°C at ORSTOM, Ivory
Coast, and at NSSL, USA).
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Laboratoire de Génétique, ORSTOM, Centre d'Adiopodoumé, has also agreed to
regenerate other samples collected on expeditions in Africa flnanced by the
IBPGR and ORSTOM (see page 25).

2) Ghana

The diversity of okra, traditionally cultivated in this country, 1is as
interesting as in the Ivory Coast. The Natlional Programme for Genetic
Resources 1s managed by the Introduction and Exploration Service of the
Bunso Agricultural Station (Adansi & Holloway, 1979). A total of 109
samples of A. esculentus and Abelmoschus sp. from West Africa of which 71
were collected during missions financed in 1981 by the IBPGR are kept at the
Bungo Agricultural Station. The collection has also been sent to ORSTOH,
Ivory Coast.

Plant Introduction and Exploration
Crops Pesearch Institute

Box 7

Bunso, Ghana

Person in charge: H.L.O. Holloway

3) MNigeria

This West African country also has a great diversity of cultivated okra.
Two research centres are concerned with the collection and study of okra
genetic resources: the International 1Institute of Tropical Agriculture
(IITA) and the National Horticultural Research Institute (NIHORT). IITA
collected African okra for NIHORT in 1978, 1979 and 1980 on nulti-crop
expeditions. The number of traditional African cultivars collected lis
impressive:

Country Mo. of samples
Benin 114
Cameroon 26
Egypt 112
Nigeria 254
Sudan 40
Tanzania 27
Togo 44
Burkina Faso 21

Details for each collecting mission are giver in the annual reports of IITA
Genetic Resources Unit (IITA, 1978, 1979). It should be noted that the
missions mention only the cultivated form (A. esculentus). owing to
unfamiliarity the collectors did not take note of the “Guinean" type. No
wild forms were collected.

The material (only seeds were collected) was introduced into Nigeria through
the quarantine services, which sent it to NIHORT. Only samples collected in
Nigeria were sent directly to NIHORT.

NIHORT, in cooperation with UNDP/FAO, started collecting local genetic
resources in 1977 (Nath & Denton, 1979; Badra et al., 1982). Several of the
samples collected by IITA and NIHORT los%: their viability, and by 1982 only
110 samples were still maintained by NIHORT. A collection of Nigerian okra
was made by Badra et al., (1982) in 1981. The material is stored in a
freezer (-18°C) and in an air-conditloned room. A conservation room at 5°C



8 under construction, and a long-term conservation unit at -18°C is dua to
ue financed by the IBPGR.

National Horticultural Research Institute
(NIHORT)
Idi-Ishin

PMB 5432
Ibadan

Persons in charge:

4) Okra collecting missions in Africa

under the auspices of IBPGR and ORSTOM

The IBPGR collected a large range of okra specles in Africa on collecting
missions in 1980,

1981 and 1982.

summarized in Table 6.
Coast, for multipiication and evaluation.

Financed by the IBPGR, ORSTOM's Laboratoire de Génétique in the Ivory Coast
collected okra in Benin and Togo in November/December 1982.
samples were collected and introduced into the Ivory Coast for evaluation

and multiplication (Hamon & Charrier, 1984).

The results

T. Badra, A.A.0. Edema and M.0. Akoroda

of these missions
Several of these samples were sent to ORSTOM, Ivory

Table 6 Okra collecting missions in Africa under the auspices
of IBPGR (1980-1982)1/

Country Year No. of samples Species
Benin 1981 9 A. esculentus
Egypt 1982 1 A. esculentus
Ethiopia 1982 2 A. esculentus
Ghana 1981 18 A. esculentus
Malawai 1980 29 A. esculentus

1 Abelmoschus sp.
Mali 1982 21 A. esculentus
Sudan 1982 44 Abelmosgchus spp.
Togo 1981 44 A. esculentus
Burkina Faso 1981 51 A. esculentus
1982 22 A. esculentus
Zambia 1980 16 A. esculentus
1981 85 A. esculentus
1982 7 A. esculentus
Zimbabwe 1982 69 A. esculentus

1/ IBPGR (1983)

About 700
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Asia

1) 1India

Under the auspices of the Indian Council of Agricultural Research (ICAR),
the National Bureau of Plant Genetic Resources (NBPGR), created in 1976 and
based in New Delhi, coordinates and organizes all activities connected with
this fleld throughout India, i.e. introductions and exchanges, quarantine,
exploration, collection, conservation and evaluation.

National Bureau of Plant Genetlic Resources (NBPGR)
Indjan Agricultural Research Institute (IARI) Campus
New Dalhi 110012 India

Person in charge: Director

The collections of cultivated okra (A. esculentus) conserved in India are
mainly of indigenous origin. There are about B800 samples from all the
provinces, obtained through ragular collecting missions beginning in the
1950s8. There has been a revival of interest in collecting okra recently.

NBPGR 1978
Kerala 30 samples (Thomas)
Rajasthan-Dugarpur 30 samples (Thomas)
NBPGR 1979
Maharashtrat-Gujarat 48 samples
Rajasthan-Gujarat 110 samples

Okra, introduced intc India, is mainly of West African origin. Until very
recently it was little represented with only 28 cultivars. The number
increased appreciably after Thomas' expedition to Nigeria 1ln 1979, where 148
cultivars were collected. It is possible that the two types of West Africa
okra are present in this collection,

During his miscion to the USSR (Central Asian Republic) in 1978, Dr. R.K.
Arora also collected okra cultivars,

The value of the Indian collections also lies in their wealth of various
wild species of Abelmoschus occurring in India:

-~ A. tuberculatus grows in uncultivated fields in the west of India. This
gpecles 1is represented by 18 old landraces collected about 1950 in Uttar
Pradesh, Sharampur (Uttar Pradesh Hills) in the north, Lakhaoti near
Bulandshahr, Ajmer Merwara, Ajmer (Rajasthan) to the west, Madhya
Bharat, Indore (Madhy Pradesh) in the centre-west, and by 25 landraces
collected in Rajasthan. On this occasion, the existence of natural
hybrids between cultivated A. esculentus and one of its presumed
parental species, A. tuberculatus, was noted (Thomas, personal
communication).

-- A. ficulneus is represented by 8 samples from:

Gujarat in the west,

eagt Punjab and the Uttar Pradesh Hills in the north,
Madhya Bharat and ¥adhya Pradesh in the centre, and
Madras in the southeast.

-~ A. crinitus: only one sample from the south of India, Nilgiri Hills,
Coimbatore.
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-- A. moschatus: the two avallable accessions come from Kerala in the
south and the Uttar Pradesh Hills in the north.

~- A. manihot: 4 samples from:

Bengal in the east,

Baroda (Rajasthun) in the west,

Saheranpur (Uttar Pradesh) in the north, and
Jubbulpur (Madhya Pradesh) in tha centre.

-~ A. manihot var. pungens: 2 samples from Uttar Pradesh in the north.
~- A. manihot var. totraphvllus: 6 samples.

-- A. angulosus: 1 sample.

The NBPGR has in New Delhli a computerized registration system for the
genetic resources in India.

2) 1Iraq

This country has a small collection of 24 local accessions of A. esculentus:

Plant Genetic Resources Unlit
Agricultural Research Centre
Abu Ghraib, Iraq

Person in charge: A.T. Sharif

3) Japan

The collect’on of Abelmoschus specles, studied in Japan by

Dr. H. Kuwada

Faculty of Agriculture
Kagawa University, HMikityd
Japan

consists of samples from Nigeria (Ibadan), Egypt (Mansoura), Greece
(Thessaloniki), Brazil (Sdo Paulo), India (New Delhi, Coimbatore, Patna) and
the USA.

4) Pakigtan

Okra was collected in Pakistan in 1981; 9 samples were collected and stored
by:

Plant Genetlic Resources Laboratory
Agricultural Research Council (ARC)
P.0. Box 1031

Islamabad, Pakistan

Person in charge: Dr. Rashid Anwar

5) Papua New Guinea

This country has the most important genetic resources of A. manihot, known
locally as “aibika" and used as a leaf vegetable. The plant is often
propagated by stem cuttings; an innovation compared to the usual method of
multiplication by seed.
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The coliections of A. manihot available are: 90 accessions at the Lowlands
Agricultural Experiment Stution and ¢8 samples at the University.

Lowlands Agricultural Experiment Station
Department of Primary lndustry
raravat, Papua New Guinaa

Department of Agriculture
University of Papua New Cuinea
P.0. Box 4820

Port Moresby, Papua New Guinea
Person in charge: V. Kesavan

6) Philippines

Genetic resources of Philippine vegetable crops have been collected under
the direction of Dr. ¥N.G. Mamicpic. They include 24 samples of A.
esculentug in medium- and long-term conservation.

Ingtitute of Plant Breeding (IPB)
University of the Philippines at Los Bafios
Laguna 3720, Philippines

Person in charge: Director

BVALUATICN OF GENETIC RESOURCES OF CULTIVATED OKBA

Evaluation of agronomical and genetic variability is, or will be, done at
the research centres responsible for okra breeding. While it is not possible to
review all of the studies carried out, outstanding work - which permits the
proposal of a list of descriptors (Appendix II) - is noted below:

a) The description of 224 samples of A. esculentus by Corley (1965) for the 11
following characters has been completed and listed in the USDA catalogue
(Anon., 1978):

-~ phenology: precocity of production (4 classes);
-- plant type:

* maln stem (strong/weak);

* helght (measured);

* branching (present/absent);

+ coloration (anthocyanin/green);
+ pilosity (4 classes);

-- fruits:
+ ghape (angular/cylindrical);
+ axis (straight/bent/compact);
* length (4 classes);

-- pests and diseases:

* Meloidogyne;
* wilt due to Fugarium vaginfectum.
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Martin et al., (1981) give a more complete description of 285 cultivars for
the following 29 characters:

-- coloration (6 characters);

-- shape of cotyledons and leaves (2 characters);
-- plant type (3 characters);

-~ flowers (3 characters);

-~ fruits (7 characters);

-- fruit and seed yleld (4 characters);

-- presence of virus;

-- earliness of flowering;

-- o0il and gossypol contents.

Kuwada (1964) described succinctly 29 samples of A. esculentus for 12
characters:

~- description of the vegetative parts:

+ plant height (4 classes): <70, 70-125, 125-180, >180 cm;

+ number of nodes (4 classes): <18, 18-23, 23-28, >28;

« diameter of main stem (3 classes): <1.6, 1.6-2.3, >2.3 cm;
+ colour of stem and petioles: green, green-purple, purple;
+ ghape of leaves: deeply, average or only slightly lobed;

-~ earliness of flowering (3 classes): early, average, late;
—- descriptlion of the fruit:

+ colour: green-yellow, green, green-purple;

+ shape: slightly or strongly ribbed;

+ length (5 classes): <9, 9-13, 13-17, 17-21, >21 cm;
+ dlameter;

« number of seeds per fruit.

In the Ivory Coast Siemonsma made a complete evaluation of his collection of
314 samples collected in the country. The detalled description of the
morphological variability and the agronomical characteristics of this
material were published in the thesis of this author (Siemonsma, 1982b).
Ugeful information for the selection of okra is also available on:

-- earliness of flowering;

-~ plant height;

-- dimensions and weight of the fruit;
-~ yleld of fresh fruits and seeds;

-- susceptibility to pests and diseases.

A complete list of okra pests and diseases in the Ivory Coast may be found
in the Annual Report 1979-80 of the "Centre MNéerlandals" (Siemonsma, 1979,
1980, 1981). The pests and diseases which cause the most damage in this
country are:

—-- okra leaf curl disease, transmitted by white fly (Bemisia tabaci);

-- damping-off due to Macrophomina phasesli;

-~ vascular wilt caused bty Fusarium oxysporum, which attacks the late Ivory
Coast okra in particular;

-- cercosporiosis (Cercospora abelmoschi);

-~ stem borer (Earias biplaga);

-- nematodes (Meloidogymne);

-- insects attacking various piant parts (erickets, Podagrica decolorata,
Anomala denuda).
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The evaluation made by Siemcnsma in the Ivory Coast has great
demonstrative valua with regard to the combined activities of collection in
traditional zones and detailed evaluation. This methodology enabled the
author to prove the exlstence of two okra forms cultivated in West Africa,
one corresponding to the "true" okra (A. esculentus), and the other, an
undescribed species (Abelmoachus sp., provisionally called "Guinean" okra).
This form, which is common in the soulh of the Ivory Coast in the Guinean
climgtic zones, is hardier and later-maturing, less susceptible to disease,
and better adapted tn production in home gardc.s (long pruductive period).

In Nigeria, okra cultivars have been evaluated since 1977 at NIHORT in
Ibadan, with collaboration of a UNDP/FAO assistance project (Nath & Denton,
1979; Badra et al., 1982). 1In connection with the selection programme, the
characters observed includa:

-~ plant type: only one main stem, * abundant branching;
~- height: 0.50 - 3 m;
- coloration: green; purple;
-- appearance of flowers and fruits on the main stem:
+ early: 7-15th node (exceptionally 3-4th),
+ late: 35-40th node;
(in relation to sowing-date and day length)

--  fruits:

colour: light green - dark green;

- dimensions: circumference;

pilosity: present, absent; soft, hard; sometimes the hairs are
soft between the ribs and hard on the ribs;

number of ribs: 5-10;

mucosity: slight - strong;

-- main diseases:

* virus diseases: leaf curl and mosale virus;
+ Cercospora;

-~ yleld components:

* fruit weight: NHAe 88 1.536 kg/plant maximum;
NHAe 40 0.110 kg/plant minimum;
* number of fruits/plant: 2-36.6;
» duration of productive period: 25-53 days;
+ earliness of flowering -~
early: 40-44 days;
average: 45-49 days;
late: 50 days.

All information on pests and diseases in Nigeria has been summarized by Lana
et al., in an internal document of the University of Ibadan. Publications
by Esuruoso et al., (1975), Lana (1976), Lana et al., (1974) and Lana &
Taylor (1976) may also be consulted.

In India, the agronomicel and morphological characters used to study
variability are largely the same as above. No list of descriptors has been
established, each research worker giving importance to certain observations
in the light of his own particular interests. Pal et al., (1952) even had
recourse to describe characters of pollen (diameter, length and number of
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prickly protuberances, shape of their oxtremities) and of seeds (shape and
diameter, pllosity of the surface and of the hilum). Arumugam &
Muthukrishnan (1977) made an index of leaf shapes.

The following diseases have also received attention in India:

-~ virus diseases (YVMV in particuler): Singh et al., (1962); Singh &
Thakur (1979); Arumugam & Muthukrishnan (1978);

~-- wilt (Pugarium): Grover & Singh (1970);

-- mildew;

-- nematodes of the Meloidogyno group;

-- borers (Earias): Gupta & Yadav (1978).

Tegts for resistance to YVMV have been carried out under controlled
conditions in TIARI (Singh et al., 1962), for different species of
Abolmoschus: general susceptibllity of A. ficulpeus, A. moschatus and A.
esculentug. A variety of A. esculentus from western Bengal, IC 1542,
tolerates the presence of the virus without showing symptoms.

This sitvation also occurs in A. tuberculatus, Abelmos-hus sp. from Ghana,
A. angulosus and A. manihot. Only the species A. pungens (subsp.
tetraphyllus) and A. crinitus show real resistance and have been used in a
gelection programme by Dutta (personal communication). The tolerance
procured by symptomless cultivarc of A. esculentus, which is conditioned by
two genes ln the recessive state, has been proved inadequate.

In Papus New Guinea, where the species A. manihot is cultivated mainly for
consumption of the leaves, a descriptor list for this specles has been
prepared, with special attention to follar characters:

-- plant type;

-~ leaves (10 characters);

-- stem (3 characters);

-- flowers and sseds (3 characters);

-- quantitative characters related to fruit and leaf yield;
-- pests and diseases (virus diseases, rot, insects).

OF DESCRIPTORS

In conclusion to the information on okra collections and their evaluation, a

of descriptors in current use (see Appendix II) is proposed. The comments
geveral experts (Appendix I) have been taken into consideration in the
aration of this list.
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CONCLUSIONS QN GESRTIC RESOURCES OF THE GENUS ABELMOSCHUS:
SUGGESTIONS FOR ACTION

COLLECTIONS
The most important collections of cultivated okra, due to the number of

accessions and because they are representative for a given region, are listed in
Table 7.

Table 7. Summary of major collections of cultivated okra

Continent Country Specles Origin

Americas USA A. esculentus Worldwide, but
particularly the
Mediterranean

reglon, Near and
Middle East

Brazil A. esculentus Local
Africa Ivory Coast A. esculentus Africa/local

Abelmoschus sp.
("Guinean")

Ghana Local
Nigeria Africa/local
Asia India A. esculentus Local
Papua New Guinea A. manihot Local
Turkey A. esculentus Local

The main reglons of cultivation and diversity of okra - India, West Africa,
Far East, Mediterranean - are represented by various local cultivars of A.
esculentug, Abelmoschus sp. and A. manihot. In particular the intensification of
collecting migsions during the last five years in India by NBPGR and in West
Africa by IITA, NIHORT, “Centre Néerlandais", IBPGR and ORSTOM has made an
important contribution to the enrichment of collections of traditional cultivars
of A. esculentus, but also of the "Guinean" type okra (Abelmoschus sp.). On the
other hand, the wild species related to okra are rarely present in the
collections and when present are in small quantities. Only in India is there a
proper representation of some related species collected in the country such as A.
tuberculatus, A. ficulneus, A. crinitus, A. moschatus, A. manihot and A.

angulosus.

The main world/regional collections of okra which have been designated as
base collections by the IBPGR are: USDA (USA), NIHORT (Migeria), ORSTOM (Ivory
Coast), NBPGR (India) and IPB (Philippines); see also Table 8.
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Table 8. Base collections of okra designated by IBPGR

Ingtitute Collection

National Seed Storage Laboratory (NSSL) World collection
Fort Collins, Colorado, USA

National Horticultural Research Institute (NIHORT) African collection
Ibadan, Nigeria

Office de la Recherche Scientifique et Technique African collection
Outre-Mer (ORSTOM), Centre of Adiopodoumé
Abidjan, Ivory Coast

Naticnal Bureau of Flant Genetic Resources (NBPGR) Asian collection
New Delhi, India

Ingstitute of Plant Breeding (IPB) Southeast Asian collection
Los Banos, Philippines

3.2 COLLECTING MISSIONS

According to our survey, collections of cultivated okra could be further
enriched if researchers in horticultural research centras in the countries
concerned continue to collect traditional cultivars on a local or regional scale
(see Table 9).

Table 9. Priorities for okra collecting missions

Priority Region/Country Species
1 Bangladesh, Burma, A. esculentus, A. manihot,
India, Pakistan A. moschatus and related species
west Africa (Burkina Faso, A. esculentus, Abelmoschus sp.
Benin, Mali, Niger, Togo etc.) "Guinean", A. manihot

A. moschatus and related specles

2 Southeast Asia (Indonesia, A. esculentus, A. manihot
Malaysia, Papua New Guinea, etc.) A. moschatus and related
species
Egypt, Ethiopia, Sudan A. esculentus, A. ficulneus
3 Middle East (Syria, Turkey, etc.) A. esculentus

South America, Central America A. esculentus
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It is clearly apparent that the representation of the divcrsity of the genus
Abelmoschus, in particular of the wild specles, 1is very inadequate. With the
exception of Indian surveys, the collection of specles related to cultivated okra
has been neglected during recent collecting missions in West Africa. It is
hardly necessary to mention here their importance for the conservation of plant
genetic resources.

This gap could be filled by information gathering and exploratory survey
activities. A 1list of the different taxa of the genus Abelmoschus and their
geographical distribution has been made (Charrier & Hamon, 1982) after a visit to
the main Ruropean herbaria containing tropical species (see also Figures 10 and
11). Collecting missions, coordinated and financed by international bodies and
conducted by specialists, should pay maximum attention to the wild forms related
to the cultivated specles, without neglecting natural hybrids, in the following
regions:

—- in Africa, the Sudano-Sahelian zone from Mali to the Sudan, for A. ficulneus
and East Africa, a region with a long history of contacts with India;

- in India, for the extreme diversity of the existing taxa;

-~ in the Far East (Malaysia, Indonesia, Pacific islands), where ai(l species of
the genus Abelmoschus may be found.

CONSERVATION OF COLLECTIONS

Okra collections in tropical countries are usually conserved by storing dry
seeds in air-conditioned rooms. This method allows conservation for 3-5 years.
Regeneration 1s then necessary, preserving thelr genealoglcal characteristics.
It is relatively easy to maintain lines of this autogamous plant by controlled
selfing. However, the risks of cross pollination by insects should not be
underestimated if seeds are collected after open pollination.

It would be desirable to give some thought to a methodolgy of genetic
conservation adapted to okra. In particular, the amount of residual
heterozygosity in traditional cultivars should be evaluated in order to choose a
strategy to maintain this genetic variability (size of sample, controlled
intra-family crossing).

The conservation in c¢old rooms for medium- and long-term storage of
Abelmoschus seeds has been undertaken in the USA, and is being contemplated at
the other centres designated by the IBPGR (Table 8). It is also necessary to
promote laboratory resecrch on optimal conditions of temperature, relative
humidity and moisture content to maintain the viabllity of okra seeds. In fact,
the viability of okra seeds deteriorates rapidly during storage under tropical
conditions; few seeds will germinate after conservation for one year at a
temperature of 27°C and a relative humidity of 90% (Rao, 1974). Okra seeds
stored at 1,000 m altitude in Lebanoa retain their viability twice as long as at
low altitudes due to lower temperatures (Abu-Shakra et al., 1969). The only
study dealing with the conservation of okra seeds (Martin et al., 1960) provides
the following information.:

- seeds at m.c. >20%, temperature 20-37°C: longevity <1 year
- seeds at m.c. >20%, temperature 1- 5°C: longevity 1 to 2 years
- geeds at m.c. <10%, temperature 20-37°C: longevity >5 years
-~ sgeeds at m.c. <10%, temperature 1- 5°C: longevity >11 years

The hygroscopic equilibrium of okra seeds as a function of the relative
humidity of the alr (x) can be seen in the following equation: y = 0.164(x) +
2.79 (Bacchi, 1959). After drying, seeds with a molsture content below 10% can
be maintained only in air-tight containers,
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Very little information is available on the suitability of other techniques
for conserving okra genetlc resources. It is known that vegetative propagation
is generally used for A. manihot and that propagation of okra by cuttings is
possible (Bhattagharya et al., 1978). On the other hand no reference in the
literature was found with regard to propagation in vitro. Data on pollen
conservation are also limited; Rao & Ramu (1979) developed a medium for pollen
germination and kept pollen viable for three days at 5°C. If research is to be
carried out to use these techniquos for okra, it should be done as a second
priority after the study of conservation of viable seed.

Finally, some attention should be given to the possibilities of in situ
congervation of wild gspecies of Abelmoschus, and the risks of genetic erosion i
this field.

=

EVALUATION OF COLLECTIONS

The systematics of the genus Abelmoschus were the subject of a revision by
van Borssum-Waalkes in 1966, which was taken up again by Bates in 1968. Although
well-documented with respect to Asian taxa, these works have barely taken into
account the Africau taxa formerly described by Chevalier (1940a). But most
surprising is the lack of coherence between the taxonomic classification and
biological data, such as chromosome numbers and cytogenetical relations between
the specles. A modern taxonomic revision of the genus Abelmoschus should be
undertaken on the basis of blogeographical information and a better knowledge of
its evolutionary organization.

Several complementary evaluation activities of the base collections,
completed and enriched by the proposed collecting missions, should be considered:
evaluvation for morphological/agronomical, enzymatic and cytogenetical characters.

The study of morphological and agronomical characters of collections is the
most common. It is meinly practised by breeders whose objective is limited to
the selection and breeding of cultivars meeting local requirements. The
dascription of the collections of cultivated okra, held 1in the principal
countries concerned with this plant, should be a priority objective. A large
part of the material collected in recent years in Africa and India has not yet
been studied as completely as the USDA collection in Puerto Rico (Martin et al.,

.1981) and the ccllection from the Ivory Coast (Siemonsma, 1982b). Analysis of

the morphological and agronomical variability of okra collections should be
organized at an international level on the basis of trials in several
geographical areay with different ecological conditions, following a common list
of descriptors. To this end, a list of generally used descriptors is proposed in
Appendix II. The documentation on collections could be computerized and
disseminated. Multivariate analysis of the data would complete these
descriptions, while allowing visualization of the wvariability and the
differential characteristics of the geographical origins under study.

It 1is current practice to refine and complete this evaluation of
morphological variability by a study of enzymatic varlability. In okra, no study
of the electrophoresis of enzymes has, to our knowledge, been attempted. The
first trails by ORSTOM in the Ivory Coast give interpretable zymograms for six
enzymes (Hamon, 1981). This technique deserves to be developed, both for the
study of the variability of cultivars and for the establishment of the
relationships between the species of the genus Abelmoschus.

The latter have been studied mainly by cytological analysis of interspecific
crosses. Indlan researchers Joshl, Gadwal, Hardas, Singh and Swarup, and the
Japanese research worker Kuwada, are responsible for the major cytogenetical
works which have been discussed in the bibliographical review. While recognizing
that the cytological study of this material with small (0.5 - 3u) and numerous
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(up to 2n = 200) chromosomes is not at all easy, it is necessary to pursue
research in this field:

- to establish the chromosome number(s) of each species:

- to recognize the different basic genomes of the multispecies complex of the
genus Abelmoschus;

-~ to find the parental species of the polyploid forms, in particular of the
cultivated species.

Only the allopolyploid nature of A. esculentus (n = 65) proposed by Joshi &
Hardas (1956) has been studied; its synthesis based on a genome similar to A.
tuberculatus (n = 29) is well established, but the contribution of A. ficulneus
(n = 36) is not as clear. As to the new okra taxon with a high chromosome number
(2n ~ 194), recognized by several authors in West Africa, no experimental study
has yet been done to explain its origin. Siemonsma (1981, 1982a) proposes the
hypothesis that this new specles in West Africa arose as a synthesis through the
contact of the two cultivated species: A. esculentus and A. manihot.

One can well imagine the possibilities presented by a better knowledge of
the evolutionary organization of this multispecies complex. 1In particular, the
artificial synthesis of the cultivated amphipolyploid forms would permit the
incorporation of genes for tolerance to pests and diseases from the wild specles;
methods for selection by interspecific hybridization could be devised, as in
cotton.

ORGANIZATION OF EKCHANGE

Throughout the world, several research groups have made important efforts to
preserve and study okra collections in their region. Exchanges of material
between these groups are limited and evaluation of the accessions is incomplete.

However, research workers contacted have all shown a desire to organize
exchange of material and information and to harmonize their collecting missions
under the auspices of the IBPGR. This inventory of the world genetic resources
of the genus Abelmoschus, despite raps, bears witness to the interest and desire
of research workers to participatu in this endeavour.
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APPENDIX TI

DESCRIPTOR LIST FOR OKRA

PREFACE

This descriptor list has been prepared in an IBPGR standard format following
gdvice on descriptors and descriptor states from the crop experts throughout the world
(Appendix I). The IBPGR encourages the collaction of data on the first four categories
of this 1list: 1. Accession; 2. Collection; 3. and 4. Characterization and preliminary
evaluation. The IBPGR endorses the information in categories 1 - 4 as the minimum that
ideally should be avuilable for any one accession. Other descriptors are given in
categories 5 onwards that will enable the simple encoding of further characterizatioen
and evaluation data and which can serve as examples for the creation of additional
degscriptors in the IBPGR form by any user.

Although tle nuggested coding should not be regarded as the definitive scheme,
this format has the full backing of the IBPGR and is promoted worldwide. The descriptor
1ist glven here provides an international format and thereby produces a universally
understood 'language' for all plant genetic resources data. The adoption of this scheme
for all data encoding, or at least the production of a transformation method to convert
other schemes to the IBPGR format, will produce a rapid, rellable and efficlient means
for information storage, retrieval and communication. This will greatly assist the
utilization of germplasm throughout the international plant genetic resources network.
It is recommended, therefore, that information should be produced by closely following
this descriptor list with regard to: ordering and numbering descriptors; using the
descriptors specified; and using the descriptor states recommended.

Any suggestions for modifications will be welcomed by the IBPGR Secretariat, Rome.
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The IBPGR nov uses the following definitions in genetic resources documentation:

L

i

pasgport (accession identifiers and information recorded by collectors);

choracterization (consists of recording those characters which are highly
heritable, can be easily seen by the eye and are expressed in all
environments);

1ii) preliminary evaluation (consists of recording a limited number of additional

traits thought desirable by a consensus of usars of the particular crop).

Characterization and preliminary evaluation will be the responsibility of the

curators,

while further characterization and evaluation should be carried out by the

plant breeder. The data from further evaluation should be fed back to the curator who
will maintain a data file.

The following internationally accepted norms for the scoring or coding of
descriptor states should be followed as indicated below:

a)

b)

c)

d)

e)

£)

8)

measurements are made in metric units;

many descriptors which are continuously variable are recorded on a 1-9
scale. The authors of this list have sometimes described only a selection
of the states, e.g. 3, 5 and 7 for such descriptors. Where this has
occurred the full range of codes is availlable for use by extension of the
codes given or by interpolation between them - e.g. in 8. (Pest and disease
susceptibility) 1 = extremely low susceptibility and 8 = high to extremely
high susceptibility.

presunce/absence of characters are scored as + (present) and 0 (absent);

for descriptors which are not generally uniform throughout the accessicn
(e.g. mixed collection, genetic segregation) mean and standard deviation
could be reported where the descriptor is continuous or mean and ‘'x' where
the descriptor is discontinuous;

when the descriptor is inapplicable '0' is used as the descriptor value.
For example if an accession does not flower, use '0' for the following
descriptor:

Flower colour

White
Yellow
Red
Violet

& W N

blanks are used, for information not yet available;

standard colour charts e.g. Royal Horticultural Society Colour Chart,
Methuen Handbook of Colour, Munsell Color Charts for Plant Tissues are
strongly recommended for all ungraded colour characters (the precise chart
used should be specified under NOTES descriptor, 11)
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PASSPORT

ACCESSION DATA

1.1

1.2

1.3

1.4

1.5

1.6

1.7

ACCESSION NUMBER

This number serves as a unique identifier for accessions and is assigned by
a curator when an accession 1s entered into his collection. Once assigned
this number should never be reassigned to another accession in the
collection. Even if an accession is lost, its assigned number is gtill not
available for re-use. Letters should occur before the number to identify
the genebank or national system (e.g. HG Indicates an accession comes from
the genebank at Bari, 1Italy; PI indicates an accession within the USA
system; ORS for ORSTOM in the Ivory Coast)

DONOR MAME

Name of institutlion or individual responsible for donating the germplasm
DONOR IDENTIFICATION NUMBER

Number assigned to accession by the donor

OTHER NUMBERS ASSOCIATED WITH THE ACCESSION (other numbers can be added as
1.4.3 etc.)

Any other identification numbers known to exist in other collections for
this accession (e.g. USDA Plant Inventory number, not collection number,
sre 2.1)

1.4.1 oOther number 1

1.4.2 Other number 2

SCIENTIFIC NAME

1.5.1 Genus

1.5.2 Species

1.5.3 Subspecies

1.5.4 Botanical variety

PEDIGREE/CULTIVAR NAME

1.6.1 Original sample

1.6.2 Multiplication by selfing

1.6.3 Multiplication by open pollination

1.6.4 Hybridization (give detailed pedigree)
ACQUISITION DATE

The month and year in which the accession entered the collection, expressed
numerically, e.g. July = 07, 1981 = 81

1.7.1 Month

1.7.2 Year



1.8

1.9

1.10
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DATE OF LAST REGENERATION OR MULTIPLICATION

The month and yesr expressed numerically, e.g. October = 10, 1978 = 78
1.8.1 HMonth

1.8.2 Year

ACCESSION SIZE

Approximate number of seeds or plants of the accession in the collection
NUMBER OF TIMES ACCESSION REGENERATED

Number of regenerations since original collection

COLLECTION DATA

2.1

2.3

2.4

2.5

2.7

2.8

COLLECTOR'S NUMBER

original number asgigned by the collector of the sample, normally composed
of the name or initlals of the collector(s), followed by a number. Thia
information is ecsasential for identifying duplicates held in different
collections. It should always accompany sub-samples wherever they are sent
COLLECTING INSTITUTE

Institute or person collecting/sponsoring the original sample

DATE OF COLLECTION OF ORIGINAL SAMPLE

The month and year expressed numerically, e.g. March = 03, 1980 = 80

2,3,1 Month

2.3,2 Year

COUNTRY OF COLLECTION OR COUNTRY WHERE CULTIVAR/VARIETY BRED

Use the three letter abbreviations supported by the Statistical Office of
the United Nations. Copies of these abbreviations are available from the
IBPGR Secretariat and have been published in the FAO/IBPGR Plant Genetic

Resources Newsletter number 49

PROVINCE/STATE

Name of the administrative subdivision of the country in which the sample
was collected

LOCATION OF COLLECTION SITE

Number of kilometres from the nearest town, village or map grid reference,
e.g. TIMBURKTU 7S = 7 km south of Timbuktu

LATITUDE OF COLLECTION SITE
Degrees and minutes followed by N (north) or § (south), e.g. 1030S
LONGITUDE OF COLLECTION SITE

Degrees and minutes followed by E (east) or W (wert), e.g. 7625W
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2.10

2.12

2.13

2.14

2.15

2,16

2.17
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ALTITUDE OF COLLECTION SITE
Elevation above sea level in metres
COLLECTION SOURCE

Wild

Fara land

Farm store

Backyard

Village market

Commercial market

Institute

Other (specify under NOTES descriptor, 11)

O~NTVDd>WN -

STATUS OF SAMPLE

Wild

Weedy

Breeder's line

Primitive cultivar (landraces)

Improved cultivar (bred)

Other (specify under NOTES descriptor, 1l)

AU Dd>WN -

LOCAL/VERNACULAR NAME

2.,12.1 Name given by the farmer

2.12,2 Rthnic group
NUMBER OF PLANTS SAMPLED

Approximate number of plants collected in the field to produce this
accession

PHOTOGRAPH

Was a good photograph taken of the accession or environment at collection?
If so, specify under NOTES descriptor, 11

0 = No
+ = Yes

TYPE OF SAMPLE
1 Bulked seed
2 Whole fruits
3 Vegetative

CROP USAGE

Consumption of young fruits
Consumption of leaves

Use of seeds

Use of stem fibres

> WN =

OTHER NOTES FROM COLLECTOR

Collectors will record ecological/climatic information. For cultivated
crops, cultivation practices such as irrigation, season of sowing, etc.
should be recorded
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CHARACTERIZATION AND PRELIMINARY EVALUATION

SITE DATA
3.1 COUNTRY OF CHARACTERIZATION AND PRELIMINARY EVALUATION
3.2 SITE (RKSEARCH INSTITUTE)
3.3 NAME OF PERSON IN CHARGE OF CHARACTERIZATION
3.4 SOWING OR PLANTING DATE
3.4.1 Day
3.4.2 Month
3.4.3 Year
3.5 FIRST HARVEST
3.5.1 Day
3.5.2 Month
3.5.3 Year
3.6 FINAL HARVEST
3.6.1 Day
3.6.2 Month
3.6.3 Year
PLANT DATA
4.1 VEGETATIVE

4,1.1 General agpect

3 Erect
S Medium
7 Procumbent

4.1.2  Branching

3 oOrthotropic stem only
S Medium
7 Strong

4,1.3 Stem pubescence

3 Glabrous
5 Slight
7 Conspicuous

4,1.4 Stem colour

1 Green
2 Green with red pa‘ches
3  Purple
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4.1.5 Leaf shape (above the sixth node)
See Figure 13

4.1.6 Leaf colour

1 Green
2 Green with red veins
3 Red

INFLORESCENCE AND FRUIT

4,2.1 Number of epicalyx segments

1 From 5 to 7
2 Fron 8 to 10
3 More than 10

4.2.2 shape of epicalyx segments

1 Linear
2 Lanceolate
3 Triangular

4.2.3 Persistence of epicalyx segments

1 Non-persistent seven days after flowering
2  Partially persistent (up to seven days)
3 Persistent

4,2.4 Petal colour

1 Cream
2 Yellow
3 Golden

4.2.5 Red coloration of petal base (petal-blotch)

1 Inside only
2 Both sides

4,2,6 Position of fruit on main stem

3 Erect
5 Horizontal
7 Pendulous

4.2.7 Fruit colour

1 Yellowish green

2 Green

3 Green with red patches
4 Red

4,2.8 Fruit length at maturity

1 Less than 7 cm
2 From 8 to 15 cm
3 More than 15 cm
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4,2.9 Length of peduncle

1 From 1 to 3 cm
2 More than 3 cm

4.2.10 Fruit shape

See Figure 14

4.2.11 MNumber of ridges per fruit

None (smooth fruit)
From S to 7

From 8 to 10

More than 10

& W=

4.2.12 Fruit pubsscence

3 Downy
5 Slightly rough
7  “rickly
4.3 SEED
4.3.1 Sphape
1 Round
2 Reniform
4.3.2 Aspect of the surface
1 Glabrous (macroscopic observation)
2 Downy
FURTHRR CHARACTERIZATION AND EVALUATION
‘SITE DATA
5.1 COUNTRY OF FURTHER CHARACTERIZATION AND EVALUATION
5.2 SITE (RRSEARCH INSTITUTRE)
5.3 NAME OF PERSON IN CHARGE OF EVALUATIUN
5.4 SOWING OR PLANTING DATE
5.4.1 Day
5.4.2 Month
5.4.3 Year
5.5 FIRST HARVEST

5.5.1 Day
§.5.2 Manth

5.5.3 Year






5.6

5.7

PLANT

6.1

6.2
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FINAL HARVEST
5.6.1 Day
5.6.2 HMonth
5.6.3 Year
STANDARD CULTIVARS
The characters to be scored require standardization by comparison with
recognized cultivars. The standard cultivars should be constant at a given
eveluation site or named group of sites. It is preferable to use different
cultivars for a better appreciation of the spectrum of variability (other
cultivars can be added as 5.7.3, etc.)
5.7.1 Cultivar 1
5.7.2 Cultivar 2
DATA
VEGETATIVE
6.1.1 Germination 50
Number of days needed for 50% germination of seeds sown
6.1.2 Maximum plant height (cm)

6.1.3 Stem diamoter at base (mm)

6.1.4 Maximum number of internodes

6.1.5 First harvest of leaves

Expressed in grams per plant for the first two pickings

6.1.6 Total harvest of leaves for plant (g)

INFLORESCENCE AND FRUIT
6.2.1 First flowering
Number of days from sowing to first open flower

6.2.2 First flowering node

6.2.3 First fruit-producing node

6.2.4 Total production of fresh fruit (g)
6.2.5 Total production of frult (g)

At complete maturity

6.2.6 Mucosity of frult after cooking

3  slight
7 Strong
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6.3 SEED

6.3.1 Weight of 1000 seeds (g)

6.3.2 Average number of seeds per fruit

6.3.3 0il content (%)

6.3.4 Gossypol (or its derivatives) content (%)
6.3.5 Protein content (%)

STRESS SUSCEPTIBILITY

Scored on a 1-9 scale, where
3 Low susceptibility
5 Medium susceptibility
7 High susceptibility
7.1 LOW TEMPERATURE
7.2 HIGH TEMPERATURE
7.3 DROUGHT
7.4 HIGH SOIL MOISTURE
7.5 SALINITY

PEST AND DISEASE SUSCEPTIBILITY

A separate degcription 1is necessary for each pest and disease. The
susceptibility should be scored on a 1-9 scale as in 7. Give information on
conditions (natural or artificial inoculation) under NOTES descriptor, 11
8.1 PESTS

8.1.1 Aphis gossypii

8.1.2 Bemisia tabaci

8.1.3 Dysdarcus_spp.

8.1.4 Empoasca devastans

8.1.5 Earias insulana
8.1.6 Earias vittella
8.1.7 Heliothis zea
8.1.8 Syagrus calcaratus
R.1.9 Sylepta derogata
8.1.10 Meloidogyme
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8.3

8.4
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FUNGI

8.2.1 Cercospora abeimoschi
8.2.2 Cercospora malayensis
8.2.3 Choanephora cucurbitarum
8.2.4 Erysiphe cichoracearum
8.2.5 Erysiphe polygoni
8.2.6 Fusarium oxysporum
8.2,7 Fusarium solani

8.2.8 Pleospora infectoria
8.2.9 Phytophthora spp.
8.2.10 Rhizoctonia solani
8.2.11 Verticillium spp.
BACTERIA

VIRUS

8.4.1 Yellow Vein Mosaic Virus (YVMV)
8.4.2 Okra Mosalc Virus (OMV)

See Pigure 15
8.4.3 Okra Leaf Curl Disease (OLCD)

See Pigure 16

ENZYMATIC PROFILE

9.1

SEEDS

9.1.1 Alcohol dehydrogenase (Adh)
9.1.2 Malate dehydrogenase (Mdh)
9.1.3 Isocitrate dehydrogenase (Icd)
9.1.4 Phospho-glucose-isomesase (Pgl)
9.1.5 Phosphoglucomutase (Pgnm)

9.1.6 Other
YOUNG PLANTLETS
9.2.1 Esterase (Est)

9.2,2 Phosphatase acid (Pac)

9.2.3 Other
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Okra Mosaic Virus (OMV)

Figure 15.

Okra Leaf Curl Disease (OLCD)
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11.
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CYTOLOGICAL CHARACTERS

10.1 BASIC CHROMOSOME NUMBER

woTES

Give additional information where the descriptor state is noted as ‘'Other' as,

for example, in descriptors 2.10, 9.1.6, etc. Also include here any further
relevant information



