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ABSTRACT 

O f  the more than 185 legume species consurnea as leaf vegetables, the 
cowpea is the species most wiaely consumed as a leaf vegetable. Cowpeas Vigna 
unquiculata leaves are common as cooked vegetables i n  the drier and warmer 
regions of West, East and Southern Africa. Bean Phaseolus vulgaris leaves are 
more prevalent i n  the cooler highlands of East and Southern Africa. 

The leaves of b o t h  species are frequently dried for use during seasons 
when vegetables are scarce. The inclusion of dried leaves i n  the local diet 
i s  an important cultural adaptation, since losses i n  leaf vegetable quality is 
a common postharvest problem throughout the world. Bean and cowpea leaves 
retain greater amounts of essential vitamins after  drying than other locally 
popular leaf vegetables. Considering the nutritional value on a cookea and on 
a kg/ha/aay basis, both bean and cowpea leaves are competitive w i t h  their 
seeas. 

Proauction research on both crops as leaf vegetables i s  limited. Resuits 
inaicate that there is sufficient genetic variation and physiological 
potential to permit successful aevelopment of cultivars for leaf and seed or 
leaf production systems. 

l ~ s s i s t a n t  Professor, graduate student, graduate student 



BEAN AND COWPEAS AS LEAF VEGETABLES AND GRAIN LEGUMES 

Legumes a re  consumed f o r  t h e i r  seed and leaves around t h e  world,  e s p e c i a l l y  
i n  Asia ana Af r ica.  The leaves o f  more than 185 legume species,  c u l t i v a t e d  o r  
gathered from the  w i l d ,  a re  consumed raw, as cooked greens, as a d d i t i v e s  t o  
s ta rchy  s tap les ,  ana as potherbs f o r  soups and stews (Taole 1 ) .  

Bean Leaf Product ion and Consumption 

The consumption o f  bean Phaseolus v u l q a r i s  leaves i s  r epo r ted  from t h e  
t r o p i c s  i n  genera l  (22,34,48,49), from Inaonesia (22,581, ana from southern and 
eas te rn  A f r i ca :  South A f r i c a  (771, Zimbabwe (13),  Zambia (601, Malawi (23),  
Tanzania (671, Kenya (31,32,36) and Uganda (42,711. 

I n  Java, Indonesia,  bean leaves a re  eaten raw i n  salads (22).  Ochse 
repor ted  i n  1931 t h a t  b o t h  yaung and o l d  leaves were stzamed and eaten, w h i l e  
on l y  t he  young leaves o f  most o the r  legume vegetables were eaten (58) .  

I n  South A f r i c a ,  bean leaves a re  commonly eaten by t he  b lack  people as a 
cookea green c a l l e d  moroqo o r  m ' f ino .  I n  t he  i n l a n d  h ighve ld ,  some peoples d ry  
t h e  bean leaves i n  t h e  sun t o  s t o r e  f o r  t he  d r y  season. D r i ed  morogo i s  
f r equen t l y  a v a i l a b l e  year-round, i n  urban as w e l l  as r u r a l  markets. In  t he  
c i t y  o f  Soweto, approximately h a l f  o f  a sample o f  one hundred f a m i l i e s  from 
var ious  e t h n i c  groups a t e  moroqo t h ree  o r  more t imes per  week. I n  t he  sma l l  
town o f  Komatipoort ,  480 ~n east ,  t h e  p r o p o r t i o n  was 80 percent .  I n  some p a r t s  
o f  Sotith A f r i c a ,  moroqo i s  eaten even more f r equen t l y ,  as i n  Transkei  (77). 

The Shona, Kaianga and Zezuru people o f  Zimbabwe e a t  Sean leaves as cooked 
greens r e g u l a r l y ,  with a peanut paste o r  stew when ava i l ab le .  As i n  South 
A f r i c a ,  su rp lus  leaves a re  sun-dr ied and s to red  f o r  t h e  d r y  season (13).  I n  
Zambia, f r e s h  bean leaves a r e  c u t  up and b o i l e d  with s a l t  o r  t r ona  (crude 
sodium carbonate) and a re  eaten immediately,  o r  a re  d r i e a  i n  t he  sun f o r  two 
o r  t h ree  days (60). 

I n  Malawi bean leaves a re  harvested d u r i n g  t h e  pod f i l l i n g  stage (Lawrence 
Jan i ck i ,  1954 personal  communication, Chitedze Agr ic .  Res. Stn., Li longwe, 
Yalawi) .  The f r e s h  leaves a re  sundr ied on mats and s to rec  i n  sacks. Although 
young leaves a re  p re fe r red ,  o l a e r  leaves a re  a l so  eaten, u s u a l l y  cooked with 
soaium carbonate, t r o n a  o r  potash t o  s o f t e n  them. The Chewa and o the r  peoples 
ea t  bean leaves with peanut pas te  (82,131 o r  stew (6. M. Inaire-Lavusa, 1984 
pers. comm., M i n i s t r y  o f  Ag r i cu l t u re ,  Kenya). Leaves are a l s o  marketed f r e s h  
(23) ana d r i e d  (83). The p r i c e  o f  bean seeds i n  Malawi was Malawi Kwacha (MK) 
0.11 (US$ 0.13) pe r  kg i n  1975, with f resh leaves s e l l i n g  fo r  MK 0.11 (US$ 
0.02) p e r  kg (25). The d i f f e rence  i n  market value approximates t he  d i f f e r e n c e  
due t o  water i n  t h e  leaves. 

Bean leaves, c a l l e c  ma araka i n  i u l o g o b l i ,  majan i  ya maharagwe i n  K i s w a h i l i  
and nyen i  c i a  maboco i n  + Gikuyu 0. M. Indire-Lavusa, pers. comm. 1, a re  a l so  
wiae ly  eaten i n  Kenya, Uganda ana Tanzania. In  Cjganda, bean leaves a re  
commonly eaten fresh-cooked (42) and a re  d r i e d  f o r  d r y  season consumption (71).  
They a re  usea t o  s u p p l e ~ e n t  the s t a p l e  fooa d i s h  as a sauce, a r e l i s h  added t o  
meat ana f i s h ,  and mixed with t h e  bean seed i t s e l f  (42, 5. M. Indire-Lavusa, 



pers. comm. ) . The Alur  , Jonam, Kakwa, Lugbara o r  Uganda eat  the  leaves 
regu la r l y  (71), as do the  Ganda and Gisu of SW Uganda (B. M. Indire-Lavusa, 
pers. comm. 1. 

In  Kenya, bean leaves are important i n  the h igher r a i n f a l l  areas (where 
most beans are grown). Intercropping i s  the  s t ~ n d a r d  prac t ice ,  usua l ly  i n  rows 
between other  crops, bu t  sometimes i n  smal l  patches. When leaves are used as 
a vegetable, the  p l a n t  i s  usua l ly  no t  l e f t  t o  se t  seed but  uprooted before 
f lowering a t  three t o  f i v e  weeks of age. Occasionally, however, leaves are  
picked j u s t  p r i o r  t o  senescence when the  pods are f u l l  bu t  no t  ye t  dry. I n  
t h i s  case both leaves and seeds are used. 

The leaves are steamed, b o i l e d  o r  f r i e d  alone or  i n  combination w i t h  other  
vegetables, aepending on use and a v a i l a b i l i t y .  Various l o c a l  spices and t rona 
may be used t o  a l t e r  the  leaves' consistency. Most are eaten as an accompani- 
ment t o  a high-carbohydrate food s t u f f  such as maize, sorghum, cassava, banana, 
etc.  (B. M. Indire-Lavusa, pers. corn. 1. However i n  Kenya, bean leaves are not  
an important market commodity, even a t  t he  l o c a l  l e v e l ,  although some w i l l  be 
sold, p a r t i c u l a r l y  i n  d r i e r  areas o r  i n  periods of famine o r  shortage (B. M. 
Indire-Lavusa; Nifredah Lavusa, 1984 pers. comm., Min. o f  Cooperative Develop- 
ment, Kenya). 

Cowpea Leaf Proauction and Consumption 

Most publ ished references on the  use of cowpea Viqna unquiculata leaves as 
a green vegetable come from sub-Saharan Af r ica ,  w i t h  a few others from 
~naones ia  158) and from tne general reg ion o f  Asia and the  Pac i f i c  (49). I n  
many pa r t s  o f  A f r i c a  cowpea leaves rank among the  top th ree o r  four l ea f  veg3- 
tab les  i n  the  d i e t  i n  terms of quant i ty  consumed (B. M. Indire-Lavusa, pers. 
COW. ) . An o l d  saying of the  Bapedi o f  the  Transvaal (South Afr ica)  i s ,  "Meat 
i s  a v i s i t o r  bu t  spinach (cooked greens usua l ly  cowpea) i s  d a i l y  fooat' (76). 

Names given i n  various lanquages inc lude - owe i n  Yoruba and maka i n  Hausa 
(Niger ia)  (21); hako niebe i n  Foulbe and - kiwa i n  Nsa !~ameroon)(67); - -  obo, boo 
and amuli  i n  A l u r i  and Jonam, nyete and laputu  i n  R e l l i  and Kakwa, osubi and 
o s u n y i r i  i n  Lugbara, osubi and osu i n  Madi, qoramul i n  A c o l i  and Lango Laro, 
and gobbe i n  Luganda (Uganda) (m; nyeni  c i a  mathoroko i n  Gikuyu (Kenya) (36) ; 
n 'emba i n  Sishona (Zimbabwe) (13); and monawa i n  Sesotho (Lesotho ana South 
A f r i c a  (29). Other names inc lude makunae i n  several  pa r t s  of Witanzania and + 
i n  kinyaruanda (Rwanda), and l i k u v i  i n  Lulogo ' o l i  (Kenya) (B. M. Indire-Lavusa, 
pers. corn.). 

I n  Af r ica  cowpeas are commonly sown by brcadcast ing seed, and then th inn ing  
the  populat ion f o r  consumption before f lowering (40,44,72). According t o  Oomen 
ana Grubben, some Af r ican farmers be l i eve  t h a t  a moderate harvest (about 2T/haj 
o f  cowpea stem t i p s  and leaves a t  f lowering increases seed y i e l a ,  wh i le  
removing over 4T/ha o f  t i p s  and leaves reduces seed y i e l d  (34,40,60). When 
grown s t r i c t l y  as a l e a f  vegetable, a aense sowing of seedl ings i s  harvested 
three t o  s i x  weeks a f t e r  p l a n t i n g  by c u t t i n g  s t  ground l e v e l  o r  by uproot ing 
(44,60). February t o  A p r i l  i s  t he  major cowpea season i n  Malawi (83). 



I n  higher ra infa l l  areas of East Africa cowpeas are grown much more for 
leaves than for seeds (2,51), the seeds becoming equally important only i n  
dr ier  or more marginal farming regions (B. M .  Indire-Lavusa, pers. comm. ) . 
Cowpea leaves are important i n  Uganda i n  the Teso and Lango d i s t r i c t s  (2,51) 
as well as i n  Buganda ana parts of eastern Uganda. 

Cowpeas are either grown alone or as a mixture intercropped w i t h  various 
other leaf vegetables, maize, beans, pigeon peas, bananas and others. They may 
be broadcast or sown i n  rows a t  intervals of about 10-20 cm i n  the row w i t h  20 
cm between rows. A common practice i n  Kenya when sowing cowpeas i n  rows is to 
sow five or more seeds per hole. Harvesting may be done as soon as there are 
enough (five-ten) leaves on the stem--usually a t  three weeks--when only the top 
few leaves are removed, or it may be done much closer to  flowering a t  about six 
or seven weeks. I n  the former case the harvesting continues throughout the 
season u n t i l  flowering, when the whole plant is uprooted. Some harvests 
continue a f t e r  flowering; b u t  once pod-filling begins, the plants are l e f t  to  
go to seed. In t h i s  case both leaves and seeas are harvested. Cowpea leaves 
are available i n  Western Kenya year-round, since planting is done continuously 
throughout the year. The main season however is  March to November when seeds 
are mature and d r y  (B.  M.  Indire-Lavusa, pers. comm. ; Nifredah Lavusa, pers. 
comrn. 1. 

The sale  of cowpea leaves i n  markets is  reported from Ghana (791, Benin 
(23),  Mali (20),  Cameroon (72) ,  Ethiopia (791, Uganda (51) and Kenya (36,39,40, 
60). It i s  most probable that the leaves are sold i n  many more countries i n  
these regions especially Tanzania (B. M. Indire-Lavusa, pers. comm. 1. 

I n  southern Benin, where cowpeas are grown for both seeds and leaves, the 
leaves are sold i n  great quantities because of the low price (84). Cowpea 
leaves are sold i n  a l l  parts of Cameroon except perhaps the north-central 
region around Adamaoua. I n  the extreme north they are sold both fresh and 
driea (80). 

The leaves are sold i n  some parts of Kenya only during the rainy season. 
In  most other areas they are sold i n  local rural and urban markets throughout 
the year or as they are avai labk.  These are generally fresh leaves (B. M .  
Inaire-Lavusa, pers. comrn. 1. The common price i n  1977 was Kenya S h i l l i n g s  
(KShs. ) 0.20 per kg, when the KShs. was valued a t  US $0.13 (approximately US 
$0.016 per kg), b u t  t h i s  d i f fers  according to the location of markets and 
production. The movement of  the vegetable between rural and urban areas has 
made it a market commoaity of some local significance (a. M .  Indire-Lavusa, 
pers. comm.). 

The arying of cowpes leaves appears to be a widespread practice i n  Africa, 
having been recorded i n  South Africa (30,76), Eotswana (33), Uganda (42,51), 
Cameroon (80), Nigeria (21) and Ghana (78). They are the most commonly dried 
leaves i n  Malawi (83). Insofar as f r ~ s h  green vegetaales are not readily 
available i n  many parts of Africa which have a long dry season, driea leaves 
become seasonally important. T h i s  is a significant cultural adaptation as the 



consumption of l ea f  and other vegetables out o f  season i s  l i m i t e d  i n  most 
t r a d i t i o n a l  cu l tures lacking cold storage such as root  c e l l a r s  or sa l t -b r in ing  
technology. 

Sun-drying i s  customary i n  par ts  o f  Uganda (42). Dried cowpea leaves are 
ground i n t o  a powder and stored for use i n  the ary season when fresh leaves are 
unavailable, pa r t i cu l a r l y  i n  the Teso ana Lango d i s t r i c t s  o f  northern Uganda 
(2,51). Cooking may precede drying, as i n  par ts  o f  Uganda (42), Zimbabwe (13) , 
Botswana (33), South Af r ica  (29,761 and Malawi (831, or the f resh leaves may 
be aried, as i n  par ts  o f  Ghana and Zambia (60). As i n  Uganda, the dry ing i s  
usual ly  done as a preservation o f  the leaves for use i n  the l a t e r  seasons, 
pa r t i cu l a r l y  i n  Botswana (33; Doyle Baker, 1984 pers. comm., ATIP, Min. o f  
Qr i c . ,  Mahalapye, Botswana) and South Afr ica. This sometimes i s  not  enough, 
however, as dr ied cowpea leaves stored i n  great quant i t ies  i n  par ts  o f  Zimbabwe 
are o f ten  used up we l l  before the next ra iny  season (13). 

The Pedi, a Sotho pecple o f  northeastern Transvaal (South Afr ica),  prepare 
d r ied  moroqo from cowpea, pigweed (Amaranthus spp. ) and melon leaves, among 
others, by b o i l i n g  them for  about one and a ha l f  hours. The pot i s  dumped onto 
a rock o r  hara earthen f loo r ,  and the leaves are kneaded t o  a pulp and squeezed 
i n t o  pe l le ts .  The go l f -ba l l -s ize pe l l e t s  are ar ied on the f l a t  rock i n  the sun 
f o r  three days ana then scraped i n t o  a sack for storage (76). A s im i l a r  
pat tern  o f  bo i l i ng ,  pulping, drying, and s to r ing  morogo i s  found among the 
Kwena o f  the Sotho-Tswana ethnic group o f  South A f r i ca  ( 2 9 ) .  

I n  Malawi picked leaves are dr ied by spreading on mats i n  the sun f o r  two 
t o  three hours before being packed t i g h t l y  i n  large ( f i f t e e n  l i t e r )  c lay  pots, 
one t o  two l i t e r s  o f  water i s  adaed and bo i led f o r  up t o  twenty minutes. The 
softened leaves are then spread t o  dry i n  the sun again for  up t o  three days, 
a t  which po in t  they are then r o l l e d  i n t o  two kg ba l l s ,  covered wi th  leaves of 
Vapaea k i rk iana  and hung t o  s tore  fo r  the dry season (83). 

The k i tchen preparation o f  cowpea leaves does not a i f f z r  very much from 
tha t  of bean leaves, although i t  i s  possible tha t  the former are preferred 
younger i n  many cases. I n  Indonesia usual ly  only the tender leaves are steamed 
f o r  fooa. Although some reports from Afr ica consider the t h i r d  and four th  
leaves from the ap ica l  ends o f  the shoots as the best leaves f o r  eat ing (21, 
i t  i s  more usuai t ha t  en t i r e  above-ground seedlings and plucked leaves are used 
as pot-herbs (40,44,72). The Tlokwa-Tswana of cen t ra l  Botswana eat fresh cow- 
pea leaves as a r e l i s h  (33), as do many other people i n  eastern ana cen t ra l  
Afr ica (0. M. indire-Lavusa, pers. comm. 1. 

Dried leaves are cooked i n  many parts of Africa, especial ly  during the dry 
season. I n  Malawi they are aaded t o  soups (M. W .  Adams, 1984 pers. comm., Crop 
Science k p t . ,  Michigan State Univers i ty)  and are also bo i lea for  about an hour 
and served wi th  tomatoes, peanuts and s a l t  as a r e l i s h  (83). Among the Pedi 
o f  South A f r i ca  moroqo i s  the only major add i t ion t o  a monotonous d i e t  of maize 
and sorghum meals, since animal pro te in  i s  ra re iy  avai lable.  During the ary 
season, moroqo pe l l e t s  are crumbled over the meal (76). 



Acland s ta tes  that i n  parts of East Africa, leaves may be crushed f i r s t ,  
f r iea anci then boiled ( 2 ) ,  or s i m p l y  fried (71) .  Fresh cowpea leaves, however, 
are traditionally boiled i n  water with  s a l t  and served as cooked greens i n  
Zimbabwe, Zambia and Uganaa (13,60,71) as well as i n  other countries. In 
northwestern Uganda leaves are picked and l e f t  i n  the sun to wither i n  order 
to  soften them. After the d i r t  is washed o f f ,  they are chopped finely and 
boiled i n  water w i t h  trona. After a few minutes a mucilaginous vegetable is 
added to the pot, wi th  some s a l t ,  and they are cooked u n t i l  tender. 

Mucilaginous vegetables are used i n  many other parts of Africa. These may 
be other annual or perennial leaf vegetables, okra, or the bark and roots of 
various suitable trees and shrubs  (8. M. Indire-Lavusa, pers. comm. ). This 
usually makes a rich, thick sauce. Cowpea leaves are also cooked i n t o  a thick 
sauce i n  parts of  southern Benin (84). 

Cooking of the leaves may be aone separately from the main d i s h ,  as among 
the k o l i ,  Lango, Maai and Aluri of N. Central Uganda, or i t  may be done mixed 
i n  one pot w i t h  the staple. The l a t t e r  is commonly done by the Ganda and Soga, 
particularly w i t h  bananas. Boiling and steaming are the usual methods, w i t h  
the other vegetables, s a l t  and sesame or peanut pastes. 

The use of leaf vegetables in  the aiet  is h igh ly  prized among the Jonam, 
Lango, Acoli and other peoples, especially for new mothers. The greens are 
believed t o  increase the mother I s  m i l k  production (a. M. Indire-Lavusa, pers. 
comm. 1. 

The cruae hydratea sodium carbonate, trona, sometimes usea i n  Kenya to 
soften the toughest vegetables, reduces the a s c o r ~ i c  acia content when compared 
t 3  simple boiling or steaming (32). The flavor that the trona brings o u t ,  
however, is  perhaps a more important reason for i ts  use than is  i ts softening 
action, since i t  is used w i t h  young leaves as well as old ones (8. M. Inaire- 
Lavusa , pers . corn. 1. 

Imungi and Potter simulated i n  the laboratory a traditional method of 
cooking cowpea leaves i n  Kenya by putting 150 g of washed, chopped leaves i n t o  
600 m l  o f  water and bringing the contents t o  a boil i n  a covered aluminum pot 
for 30 minutes. After t h i s  the leaves were cooled and drained i n  a collander 
(40). This  simulation o n l y  distantly approaches the common method i n  many 
areas of Kenya, since the amount of water used i n  the simulation is propor- 
tionately excessive. In addition, plain boiling without the use of a spice or 
condiment (including potash and trona) is  not a widespread practice i n  Kenya. 
The remnant water i n  which vegetable leaves have been boiled is not usually 
drained b u t  is  instead used i n  the meal i n  many areas (8. M .  Inaire-Lavusa, 
pers. comm. 1. 

Oomen ana Grubben give two cowpea leaf recipes from central Kenya. The 
Agikuyu and other peoples make a d i s h  called i r i o  i n  Gikuyu,  by b o i l i n g  s l o w l y  
one kg each of  maize and beans i n  a clay pot for two to four hours u n t i l  almost 
ready. Then one kg of unripe bananas and five hundred g of chopped cowpea 
leaves are aoaed to the mixture and boiled for twenty minutes. A second recipe 



cal l s  for the frying of cowpea leaves i n  f i f t y  g of f a t  w i t h  sixty g of  onions 
(60). This is then usea as a side-dish t o  accompany a maize, sorghum, cassava, 
yam or millet main course. 

In many parts of Kenya the leaves are steamed, boiled, fried or gri l leo 
alone or i n  combination w i t h  various other green vegetables, tomatoes, onions 
or meats. The other qreens mav be themselves boiled or fried and i n  manv cases 
are mucilaginous or tender-staiked plants such as Amaranthus spp., ~orchbrus 
spp. , Crotalaria spp. or others. Local condiments are often used, particularly 
i n  stews or when the leaves are fried. These include well-known spices such 
as  pepper, ginger, cloves and curry powder as well as locally significant ones 
such as sesame and peanuts as pastes or o i l s .  The cowpea leaves are usually 
cooked whole, along w i t h  petioles and parts of the stem; and, i f  the plant had 
flowered before it  was picked, the flowers are also included (8. M. Indire- 
Lavusa, pers. corn. 1. 

Nutritional Aspects of Lequme Leaves 

Though legume leaves and other leaf vegetables are widely consumed, their  
nutritional value is largely discounted owing to  their high water content and 
the diff icul ty associated w i t h  quantitatively documenting their  consumption and 
subsistence production (8). I n  Table 2 the nutritional values of leaves, pods 
and seeds (fresh, ariea and cooked) are compared for cowpea, bean and winged 
bean. Cooked cowpea leaves have a t  least two-thirds the protein, seven times 
the calcium, three times the iron, half the phosphorus (none of which is bound 
i n  phytic acid) and several hundred times the beta carotene and ascorbic acid 
of the cooked seed. Based on fresh nutrient content, cooked cowpea leaves 
probably have the same thiamine, eight times the riboflavin, and five times the 
niacin of the seed. Beta carotene and ascorbic acid retention of cooked fresh 
leaves and cooked dried leaves using traaitional or improved solar dehydration 
methods indicate that both bean and cowpea leaves are superior sources of these 
vitamins comparea w i t h  other common Kenyan vegetables (31,321. In fac t ,  cowpea 
leaves haw promise as a commercially canned "spinach" which is  a good source 
of available iron, phosphorus, zinc, beta carotene, ascorbic acid and fol ic  
acid (40). 

Though protein quality studies are lacking for bean and cowpea leaves, 
parallel stuaies w i t h  similar leaf vegetables are encouraging. The legume 
C r ~ t a l a r i a  lonqirostrata, chipilin, i s  a common leaf vegetable i n  Guatemala 
traditionally consumed i n  maize flour balls. Tine protein efficiency rat ios  
(PER) of C. lcngirostrata and amaranth compared i n  an animal feeding t r i a l  were 
1.37 ana 1.05, respectively. The PER of C. longirostacata is  comparable to 
1.6, the average PER of a maize/bean diet  i n  Guat~mala. When a 90:lO (dry 
weight basis) ,  maize/bean diet  was supplemented w i t h  5 percent amaranth l ea f ,  
PER values increased 32 percent fzom 1.48 to 1.96 (10). Comparable PER was 
obtained i n  Kenya comparing kale and skim m i l k  powaer as sole protein sources. 
Cooking the kale was necessary to  reduce antinutritional factors. The PER 
values were 0.8, 1.4 and 2.5 for raw and cooked kale and skim m i l k ,  
respectively (57). 



A feeding t r i a l ,  i n  South Af r ica  w i t h  c h i l d r e n  10-14 years o l d  i na i ca ted  
t h a t  75 g of cookea bean leaves (purchased d r i ed )  had a calcium value equiva- 
l e n t  t o  175 m l  o f  m i l k  (77). The low o x a l i c  a c i d  content o f  bean and cowpea 
leaves makes them a super ior  calcium source compared t o  t r u e  spinach (Spinacia 
oleracea), Swiss chard (Beta vu lga r i s )  and o ther  l e a f  vegetables h igh  i n  
calcium-binding o x a l i c  acid. 

Legume leaves no t  only  are compet i t ive w i t h  the  seed on a cooked weight 
bas is  bu t  a l so  on a p r o a u c t i v i t y  (kg/ha/day) bas is  (Table 3 ) .  Cowpea leaves 
can produce 9 times the  ca lo r i es ,  15 t imes the  p ro te in ,  90 t imes the  calcium, 
290 times the  thiamin, 220 times t h e  r i b o f l a v i n ,  24 t imes the  n iac in ,  and 
thousands o f  t imes the  beta carotene and ascorbic a c i d  o f  cowpea seed, based 
on the  1975 world average seed y i e l d  (22). 

Proauct ion and Phys io loq ica l  Research 

Beans 

Research i n  B r a z i l  has shown t h a t  bo th  determinate and indeterminate bean 
c u l t i v a r s  are most sens i t i ve  t o  66 percent o r  g rea ter  a e f o l i a t i o n  a t  f lower ing.  
Plants were uni formly de fo l i a ted  by removing i n d i v i d u a l  l e a f l e t s  from a l l  
expanaea t r i f o l i a t e  leaves. Y ie ld  was 77-82 percent o f  t he  con t ro l s  (30). 
Water s t ress  increasea y i e l d  reduc t ion  by t e n  percent a t  a l l  l e v e l s  and stages 
of d e f o l i a t i o n  i n  an indetsrminate type (75). Pmong dzterminate bean c u l t i -  
vars, s i g n i f i c a n t  genet ic  v a r i a t i o n  i s  present as evidenced by y i e l d s  81-107 
percent and 63-80 percent o f  con t ro l s  f o l l ow ing  33 and 66 percent uni form 
de fo l i a t i on ,  respec t i ve l y  (14,751. 

I n  Malawi, t he  e f f e c t  of  d e f o l i a t i o n  on bean y i e l d  was s tud ied  by d i v i d i n g  
the  p l a n t  i n t o  three equal zones by height .  The mid zone was most important  
for  the  seea y i e l a .  A determinate c u l t i v a r  '373', which se t  most of i t s  poas 
i n  the mid zone i f  d e f o l i a t e d  completely i n  the bottom o r  t op  and bottom zones 
a t  21 o r  35 days a f t e r  p l a n t i n g  and f e r t i l i z e d  w i t h  40 o r  80 kg N/ha, had a 
mean y i e l d  o f  112 percent o f  the  c o n t r o l  (24). 

In a separate stuay, Edje observed t h a t  the  removal of  th ree  randomly 
chosen, expanded leaves th ree  times a t  weekly i n t e r v a l s  can y i e l d  6.5 T/ha o f  
fresh leaves. Basea on a market-seed-to-leaf-price r s t i o  o f  7, the  combined 
value o f  f resh  leaves and seea harvest was 140 percent o f  t he  c o n t r o l  f o r  
p lan ts  wi thout  N f e r t i l i z e r  and 175 percent o f  c o n t r o l  if f e r t i l i z e d  w i t h  40 
kg N/ha (25). S i m i l a r  r e s u l t s  were observed i n  a subsequent t r i a l  (23). 
Regaraless of  the  number o f  l e a f  harvests o r  N f e r t i l i z e r  ra te ,  the maximum 
n i t rogen  removed by the combined seed and l e a f  harvests was about 78 kg N h a  
compareo t o  46 kg N/ha for  seed harvest  alone (25). 

Cnwpeas 

Proauct ion research on cowpeas as a l e a f  vegetable i s  q u i t e  l i m i t e a  bu t  
promising. I n  Uganda, where cowpea leaves are  repor ted t o  be more popular than 
the  seea, the seea y i e l d  o f  HVS/6/60/14, a l a rge  l e a f  c u l t i v a r  w i t h  h igh  y i e l d  



p o t e n t i a l ,  was h igher  f o l l ow ing  weekly harvests o f  leaves (51). A t h i r t y -one  
percent greater  seed y i e l d  was obtained when f u l l y  expanded leaves, three-four 
nodes beneath the  growing apex, were harvested th ree  t imes a t  weekly i n t e r v a l s  
beginniqg f i v e  weeks a f t e r  p lan t ing .  Largest l e a f  y i e l d s  (68 kg/ha, d ry  weight 
bas is )  were obtained when the  harvest began seven weeks a f t e r  p lan t ing .  To ta l  
de fo l i a t i on ,  a t  50 and 80 days by c u t t i n g  whole p lan ts ,  of a forage type, 'Pusa 
Barsa t i  , y ie ldea 21T/ha i n  I n d i a  (19). 

In Nige r ia  as much as 50 percent d e f o l i a t i o n  of the  cowpea 'Mezea1 p r i o r  
t o  f lowering by removal o f  every o ther  l e a f  o r  p a r t s  of expanded leaves reduced 
seed y i e l a  t o  85 percent o f  the  con t ro l .  Removal o f  a l l  leaves on the  main 
stem a t  f lower ing resu l ted  i n  seed y i e l d  122 percent o f  the  con t ra l .  It was 
hypothesizea t h a t  the  d e f o l i a t i o n  permi t ted  greater  l i g h t  penet ra t ion  i n t o  the  
canopy and a l t e r e d  the  hormonal balance (27). A s i m i l a r  conclusion was reachea 
regarding "rejuvenation1' o f  o l d  leaves by the  removal o f  young leaves (64). 

I n  Tanzania d e f o l i a t i o n  was compared among peanut, cowpea, soybean, and 
green gram (V. r ad ia ta ) .  Cowpea was l e a s t  s e n s i t i v e  t o  50 percent a e f o l i a t i o n ,  
t he  removal o f  a l t e r n a t e  leaves a t  f lowering. Y ie ld  was reducea t o  on ly  97 
percent o f  t h e  c o n t r o l  (26). 

Genetic d i f fe rences do e x i s t  among cowpea c u l t i v a r s .  Seed y i e l d  o f  lea fy  
indeterminate types i s  reduced l e s s  than determinate types fo l lowing 
d e f o l i a t i o n  (81). 

Cont ro l led  environment research on 'K280g1, a determinate cowpea, revealed 
t h a t  cowpea leaves two weeks and o lde r  ao n o t  e f f e c t i v e l y  con t r i bu te  t o  carbon 
f i x a t i o n .  When grown on 200 ppm n i t r a t e ,  50 percent d e f o l i a t i o n  of whole o l d  
leaves o r  p a r t s  of  o l d  and young leaves reduced the  p l a n t  d ry  weight t o  83-87 
percent of con t ro l .  De fo l i a t i on  by removing o f  whole young leaves reduced 
growth t o  30 percent o f  c o n t r o l  (37). When inocu ia ted  w i t h  Rhizobium and 
defo l ia tea  50 percent (whole o r  p a r t i a l  o l d  leaves removed a t  f lower ing) ,  
'K2809' y i e lded  71 percent o f  con t ro l .  The y i e l d  reduc t ion  was even more 
severe i f  an equal area o f  young leaves were removed (68). 

Whether N2 was f i xed  o r  NO3 assimi la ted,  about 60 percent o f  t o t a l  
p l a n t  n i t rogen  was incorporated i n t o  'K2809' cowpea seed (70). This was 
decreasea by coo l  n i g h t  temperatures (53). Shading the  e n t i r e  leaves a t  
f lower ing  completely i n h i b i t e d  n i t rogen  and carbon f i x a t i o n  and reduced seed 
y i e l d  t o  32 percent o f  c o n t r o l .  However the  percentage of p l a n t  n i t r c g e n  
incorporated i n t o  the  seeds d i d  n o t  vary s i g n i f i c a n t l y  from the  norm (56). 
'Caloona', a forage cowpea, incorporated only  39 percent o f  t o t a l  p l a n t  
n i t rogen i n t o  the  seed (35) and ' C-152' , an indeterminate type, incorporated 
only  13 percent (15). This i nd i ca tes  t h a t  a d d i t i o n a l  n i t rogen  i n  p r o t e i n  and 
o ther  f r a c t i o n s  i s  ava i l ab le  f o r  l e a f  harvest.  

Legume leaves, espec ia l l y  bean and cowpea, a re  important  ana n u t r i t i o u s  
vegetables fo r  people i n  l e s s  developed countr ies,  p a r t i c u l a r l y  i n  A f r i ca .  The 
t r a d i t i o n  o f  l e a f  harvest ing by peasants, whether i n  the  f i e l d  o r  home garden, 
opposes our modern view o f  the  bean and cowpea as s o l e l y  seed crops. However, 



t he  mult ipurpose use o f  s t a p l e  crops as l e a f  vegetables i s  no t  unusual; bo th  
cassava and sweet po ta to  are  commonly harvested fo r  leaves and roo ts  (8) .  I n  
1983, the Asian Vegetable Research and Development Center released a dua l  
purpose sweet po ta to  c u l t i v a r .  

A t  t h i s  t ime there i s  major breeding and product ion research by the  Centro 
International de Agr i cu l t u ra  Trop ica l  on beans, by the  I n t e r n a t i o n a l  I n s t i t u t e  
fo r  Trop ica l  Ag r i cu l t u re  on cowpeas and by the  Bean/Cowpea Co l labora t ive  
Research Support Program on both crops. We be l ieve  t h a t  research t o  increase 
seed y i e l a  should be supported by a st rong c o l l a b o r a t i v e  program t o  increase 
the  u t i l i z a t i o n  o f  t he  fo l iage of these important crops. 
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I. Consumption of legumes as leaf vegetables i n  regions and countries. 

Species Location Remarks Source 

Abrus precatorius 
Acacia albida 
A. arabica 
A. concinna 
A. farnesiana 
A. drepanolobium 
A. insuavis 
A. macrothyrsa 
A. nilotica 
A. socotrana 
A. zygia 
Af zelia a f r  icana 
A. bijugar 
A. quanzensis 
A. xylocarpa 
Albizzia aaianthifolia 
A. chevalieri 
A. gemmifera 
A. procera 
A. zygia 
Arachis hypogaea 

Astragalus abyssinicus 
A. atropilosus 
Bauninia esculenta 
8. malabarica 
8. nonandra 
8. purpurea 
8. reticulata 
8. thonningii 
8. tomentosa 
8. variegata 
Cajanus cajan 

Calopogonium muconoides 
Canavalia ensiformis 
C.  gladiata 
Cassia alata 
C. angustifolia 
C. auriculata 
C. f is tulata 
C. garrettiana 
C. hirsuta 
C. laevigata 
C. mimosoides 
C. obtusifolia 

Pantropical 
Zimbabwe 
Africa 
India, Philippines 
S.E. Asia 
E. Africa 
Thailand 
Malawi 
Africa, Arabia, India 
Somalia 
Africa 
Africa 
Thailand 
Africa 
Thailand 
Congo 
Nigeria 
Africa 
S.E. Asia, Indonesia 
Africa 
Tropics, Brazil, 
Indonesia, Mali, Senegal 
Africa 
Malawi 
Tropical Africa 
Malaysia 
Guiana 
India, China 
Africa 
W . Africa 
Tropical Asia 
Tropical Asia 
Tropics, W .  Africa, 
Uganda 
New World Tropics 
West Indies, Africa, Indonesia 
Tropics, Africa 
Pantropical 
India 
India 
India 
Tropics 
N e w  World Tropics, Indonesia 
Tropics, Indonesia 
S.E. Asia 
India, South America 

acdl 

bc 

abcde fkm 

d l  

ace j 

e 
ad j 
d 
abdehk 

aa 
abcd 



Species Location Remarks Source 

Cassia occidentalis 

C. siamea 
C.  singueana 
C. surattensis 
C. tomentosa 
C. tora 

Ceratonia sil iqua 
Cicer arietinum 
Clitoria ternatea 

Crotalaria anthy l lopsis  
C. breviaans 
C. cephalotes 
C. falcata 
C. glauca 
C. gutemalensis 
C. juncea 
C. longirostrata 
C. na ta l i t ia  
C. microcarpa 
C. ochroleuca 
C. pumila 
C. retusa 
Cyamopsis psoraloides 
C. senegalensis 
C. tetragonoloba 
Cynometra reniflora 
Daniella o l iv ier i  
Delonix alata  
Derris e l l ip t ica  
D.  heptaphylla 
O. oliginosa 
Desmodium cinereum 
D. umbellatum 
Dewevrea bilabiata 
Dolichos s p .  
D. bracteatus 
0. lablab 
( Lablab purpureus ) 

Oysoxylum euphlebium 
Entada phaseoloides 
E. scandens 
Eriosema eaule 
E. glomeratum 
Erythrinia berteroana 

Pantropical, Sri  Lanka, 
Indonesia 
S.E. Asia 
S.E. Asia, Malawi 
India 
Mexico 
Tropical Asia, India, 
Indonesia, Mali, Cameroon, 
Nigeria, Tanzania 
N. Africa 
Mediterranean Region 
South America, Fuerto Rico, 
Asia, Indonesia 
Malawi 
Kenya, Uganda 
Malawi 
Nigeria 
Tropical Africa 
Guatemala 
Inaia 
Mexico, Guatemala 
Malawi 
Tanzania 
Central Africa, Uganda, Malawi 
Mexico 
Central Africa, Fuerto Rico 
India 
Africa, Arabia, India 
Africa, India 
Thailana 
Africa 
India 
'Thailand 
Thailand 
Thailand 
Indonesia 
South America 
Congo 
Malawi 
India 
Tropics, Old World Tropics, 
India, Indonesia, Kenya, 
Malawi, New Guinea 
Indonesia 
Indonesia 
Congo 
Argentina 
Congo 
Tr~pics  and Subtropics 

adkl 

abcdehlm 

bdk 
dlm 

abe 

f 
a i l  

deiklo 
bd fkl  

adk 

d 1 

acd k l  

e 

cek 



Species 
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Location Remarks Source 

Erythrinia fusca 
E. herbacea 
E. rubrinerva 
E. subumbrans 
E. variegata 
Flemingia macrophylla 
Gliricidia maculata 
G. sepium 
Glycine japonicum 
G. laurent i i  
G. max 
G. wightii 
Inaigofera s p  . 
I. arrecta 
Lathyrus sativus 
Leucaena cephalalates 
L. c la rk i i  
L. esculenta 
L. lanata 
L. leucocephala 
(L.  glauca) 
L. martinicensis 
L. mollissima 
Lolium rigiaum 
Lotus eaulis 
Lupinus  s p .  
Macrotyloma geocarpum 
( Kerstingiella geocarpum) 
Meaicago aenticulata 
M. polymorpha 
M .  sativa 

Melilotus alba 
M .  off ic inal is  
Millett ia sericea 
Mucuna aterrima 
M.  u t i l i s  

Neptunia oleracea 

N. prostrata 

Ormocarpum sp. 
0. orientale 

Parkia speciosa 
Parochetis comiiunis 

China 
Florida 
Central Pmerica ae 
Indonesia 
India, New Guinea 
India 
Pantropical 
Pant ropical k 
Japan 
Pantropical 
Pantropical, Indonesia, India acak 
Malawi dekl 
Malawi d 1 
Pantropical 
South Europe, Middle East, India ek 
India 
India 
Mexico 
India 
Tropics, Indonesia, Mexico, abcdekl 
Philippines 
India 
India 
Algeria 
India 
Malawi d k l  
India, West Africa ek 

India 
Tropics, Subtropics 
Temperate Regions, Europe, 
North America, USSR, China, 
India, Argentina 
Temperate Regions 
Temperate Regions 
S.E. Asia, Indonesia 
East Asia 
Tropics, Subtropics, 
Indonesia 
Tropical Asia, Thailand, 
Argentina 
S.E. Asia, Malaysia, 
Argentina 
Malawi 
China, Thailand, Philippines, 
Indonesia, N e w  Guinea 
S.E. Asia 
E. Africa 

bdk 
abcdko 

ko 
eko 
bc 

adm 



S p e c i e s  Loca t ion  Remarks Source  

Phaseo lus  a u r e u s  P a n t r o p i c a l  
P. c a l c a r a t u s  I n d i a ,  Burma, China ,  a d i k  

I n d o n e s i a ,  F i j i  
P. c o c c i n e u s  P a n t r o p i c a l  
P. l i m e n s i s  P a n t r o p i c a l  
P. l u n a t u s  T r o p i c s ,  W .  A f r i c a ,  Uganda, a b d e i k  

I n d o n e s i a ,  New Guinea 
P. mungo I n d i a  abk 
P. r a d i a t u s  I n d o n e s i a  adk 
P. v u l g a r i s  T rop ics  edk 

Indones ia  cdk 
South  Africa kmo 
Zimbabwe k s  t 
Zambia d k s  
Malawi adikmqst  
Tanzania  
Kenya dk 
Uganda a d k t  

P i l i o s t i g m a  malabaricum Tha i l and  
Pisum a r v e n s e  Worldwide 
P. s a t ivum Temperate Zone, T rop ics  abdek 

Africa, Burma, I n d o n e s i a ,  Malawi 
P i t h e c o l o ~ i u m  k u r s t l e r i  Sumatra 
P. lobatum S.E. Asia, I n d o n e s i a  
Psophocarpus g r a n d i f l o r i s  E t h i o p i a  adk 
P. p a l u s t r i s  Zaire abk 
P. t e t r a g o n o l o b u s  S.E. Asia, I n d i a ,  Sr i  Lanka, abcdekmp 

I n a o n e s i a ,  New Guinea 

P t e r o c a r p u s  a n g o l e n s i s  
P. e r i n a c e u s  
P. i n d i c u s  
P. l u c e n s  
P. s a n t a l o i d e s  
P u e r a r i a  t h u n b e r g i a n a  
S a r a c a  i n d i c a  
Sarothamnus s c o p a r i u s  
( C y t i s u s  s c o p a r i u s )  
S e s b a n i a  a e g y p t i c a  
S. b i s p i n o s a  
S. g r a n d i f l o r a  

Angola 
Africa 
I n d i a  
Africa 
A f r i c a  
T r o p i c s ,  China ,  Japan bdko 
Tnai land 
Europe, Germany k 1 

IUld World Trop ics  
O l d  World T r o p i c s  k 
A f r i c a ,  I n d i a ,  Tha i l and ,  acdekgm 
Malays ia ,  I n d o n e s i a ,  New Guinea,  
P a c i f i c  

S. r o x b u r g h i i  I n d i a  
S. t e t r a p t e r a  T r o p i c a l  A f r i c a ,  Sudan e 
Sesuvium p o r t u l a c a s t r u m  T r o p i c a l  Africa 
S m i t h i a  e l l i o t t i  Africa, Malawi d 1 
S. s e n s i t i v a  Old World T r o p i c s ,  Malaysia 
S p h e n o s t y l i s  b r i a r t i  Africa 
S. erecta Africa 



Species 

Sphenostylis marginate 
S. schweinfurthii 
S. stenocarpa 
Tamarindus indica 

Tephrosia elegans 
T. l inear is  
T. purpurea 
T. vogelii 
Teramnus l ab ia l i s  
Tetrapleura tetraptera 
Trifolium pratense 
Trigonella corniculata 
T. foenum-graecum 

T. occulata 
T. polycerata 
Tylosoma fassogiensis 
Uraria c r in i ta  
Vicia abyssinica 
V. faba 

Vigna s p .  
V. marina 
V. marginata 
V. mungo 
V. phaseoloides 
V. re t iculata  
V. schimperi 
V. t r i loba 
V. umbellata 

V. unguiculata 
( V  . sinensis 

Location Remarks Source 

Malawi 
Africa 
Tropics, Africa 
Tropics, Subtropics 
Inaia, Indonesia 
Africa 
Pantropical 
Pantropical 
Africa 
S.E. Asia 
Africa 
Argentina, Europe 
Africa 
Middle East, India, Kenya, 
Malawi 

Africa 
Africa 
Africa 
Malaysia, Indonesia 
Malawi 
Temperate Zone, 
High Elevation Tropics 
Ma1 awi 
Tropical Seashores 
Pantropical 
Maaagascar 
Africa, Asia 
Tropics, Malawi 
Kenya 
Tropics 
Asia, Pacific, New Guinea, 
Indonesia, India 
Tropics 
Asia, Pacific 
Indonesia 
Africa 
West and Central Africa 
East Africa 
Transvaal 
Zimbabwe 
Botswana 
Zambia 
Malawi 
Ethiopia 
Tanzania 
Kenya 

Uganda 

del 82 
49 
49,63 

abcdef j k  7,22,48, 
49,58 
49 
4 9 
49 
49 
49 
4 9 

adk 11 
4 9 

bdegk 7,22,31,32, 
49,60,66, 
69,83 
49 
49 
49 
49 
49 

ak 34,49 

d l  83 
49 
49 
49 
49 

d k l  49,83 
1 39 

4 9 
abdek 4,22,63 

dek 22,49 
k 60 
adk 58,53 
abdko 26,44,47,48 
akmo 34,41,60 
dgkP 2,60 
adekmqs t 29,76 
adkst 13 
dks t 3 3 
degkr 60 
abdeikmqst 83 
em 79 
dk 26,67 
d f kmno 16,30,31, 

36,39,40,60 
degklmpst 42,51,71,72 



Species Location Remarks Source 

Cameroon 
Nigeria 
Mali 
Benin 
Ghana 

Virecta procumbens Congo 
Voandzeia subterranea Africa 
Whitfordiodenaron Thailand, Burma 

atropurpureum 

kmo 79 
ade ko 18,21 
dkm 20,54 
kmn 84 
kmrt  7 8 

49 
49 
49 

Young leaves specified 
Young shoots or  stem t i p s  or  seedlings specified 
Consumed raw or i n  salad 
Consumed alone, cooked, steamed, or  boiled, as  cooked greens 
Consumed mixed i n  soup, stew, sauce, as a potherb 
Consumea mixed in to  a starchy food 
Consumed fr ied 
Foul smell noted 
B i t t e r  t a s t e  noted 
Sour t a s t e  noted 
Cultivated plant 
Wila plant 
Leaves sold i n  markets 
Relative low price noted 
Stored i n  d ry  s t a t e ,  no other d e t a i l s  on dried leaves 
Stored as  aried powder 
Stored as  dried pe l l e t s  
Raw leaves aried i n  sun 
Cooked leaves dried i n  sun 
Dried leaves consumed i n  dry  season 



11. hhttrit~jve value of leaves, @s and mature seed of mwpea, he~m 4 winged bean (10n a d i b l e  p r t i o n ) .  

Part Species H20 Calories Rot-ein Fat Ca P Fe BCarotene Thiarnjn Riboflavin Niacin 
B F1 4 9 m l m l w !  m? rrq Fl rrq 

Leaf raw 85-17 44 4.7 .3  R.3 256 63 5.7 2.4 .20 .37 2.1 
Leaf dr ied  10.6 277 27.6 3.2 54.6 1556 34R 12.0 77.0 
Leaf u m k d  09.3 3.3 137 42 4.6 6.53 
T b z l  raw 86.0 44 3.3 .3 9.5 65 65 1.0 .96 -15 .14 1.2 
R7d m k e c l  89.5 34 2.6 .A3 7.0 55 49 .7 . R4 -0'3 .r)9 . R 
See3 raw 10.5 343 72.R 1.5 61.7 74 426 5.8 .02 1.05 .21 2.2 
.Seed umked Sn.0 138 5.1 .3 33.8 17 95 1.3 .01 -16 .rr4 -4 

Leaf raw 
m raw 
m cnokd 
Seer3 raw 
Se-1 umked 

Winged Bean 

Leaf raw 05.0 
Fb3 raw 89.5 
FW a m k d  92.2 
Seed raw 9 .7  

'~eung, W.W. 1968. 
'~rlams, D.F. 1975 
'DU~P, J . A .  1981. 
D l m u r l c r i ,  J . K .  1903. 
L U G ,  W.W. 1972. 
F ~ e z ,  M.E. 1981. 



111. Nutri t ive p r d w t i v i t y  of Ozqxa, bean, and winged bean leaves an3 mature seeds. 

Crop Yield IXlraticn Yield Calories Protein Ca Fe B-Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
a d  pilrt (kdha ) (days) ( ~ g / h / d )  (ha/d) (Kg/h/d) (g/ha/day) (g/ha/day) Ola/day) (nq/ha/day) (rng/ha/day (nq/ha/day) hg/ha/day) 

W i n g e d  Bear. 
Leaf 8 , 0 0 0 ~  60' 135 63,5008 6.75 108.0 2.70 4,130 37R -- --- 39,150 , 
S e d  l,0mR 1 8 8  6 24,300' 1.97 4.8 .12 0 --- --- --- --- IV 

W 

cowDea 
l ea f  l0.ro0" 66) 165 5 6 , l d  6.93 178.2 7.75 4.000 462 3% 1900 57,750 
Seed 212A 90B 2 6 , 8 d  .45 2.1 .12 0 1.6 1.8 80 40 

AEuke, J.A.  1981, World Average, 1975. 
h e ,  J.A.  1981. 
C ~ n e r b ,  H.A.P. ,  Gr-n, G.J.H.  1977. 
 r rub en, G.J .H.  1977. 




