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ABSTRACT

Variation in  some growth and y ie ld  characteristics were studied in  

16 lo ca l and exotic cowpea varieties grown in  the country. ELanting 

was done at three d ifferen t times of the year representing three 

seasons. The characters studied were: days to 8C$S germination, days 

to  5<$> flowering, average dxy weight per plant at 5<?S flowering, 

number of nodules per plant at 5C$> flowering, percent e ffe c tiv e  

nodulation, number of branches per plant, number of peduncles per 

branch, number of pods per peduncle, pod length, number of seeds per 

pod, 10O-seed weight, days to  5Q& pod maturity, grain y ie ld  per plant, 

grain y ie ld  per p lo t, resistance towards cowpea mosaic virus (GMV) and 

shattering in  the f ie ld .  Separate experiments were also conducted to 

tes t va r ia b ility  in  harvest index,resistance to bruchids in  storage 

and ease o f cooking the dzy seeds without using tenderizers.

Analysis of variance indicated that the varie ties  d iffered  

s ign ifican tly  from one another in  respect of a l l  the characters studied. 

Variety-season interactions also varied s ign ifican tly  fo r  most characters 

studied.

Among the yield-influencing factors, only 100-seed weight and 

harvest index showed sign ifican t correlations with grain y ie ld .

percent crossability was variable among s ix  varieties used as 

parents in  h er itab ility  studies of some quantitative tr a its . There 

was also selective  genotypic cross compatibilities among the varieties
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used.

Narrow sense h e r ita b ilit ie s  determined fo r  100-seed weight, seeds 

per pod, pod length, branches per plant, peduncles per branch and pods 

per peduncle were 80. C^, 74.C$>, 70.C$3, 68.0^2, 3 0 . and 22. 

respectively.

Heterosis in  the F s fo r  yield-in fluencing characters was 
1

determined at both mid- and better-parent le ve ls . A ll crosses showed 

heterotic response exceeding \0<2,Z fo r  pods per peduncle and grain 

y ie ld  per plant at both le ve ls .

Hundred-seed weight and harvest index were found to  be of higher 

se lective  value than other yield-in fluencing factors in  cowpea 

improvement.

None of the varieties tested f i t t e d  the description of an ideal 

cu ltivar suitable fo r recommendation to farmers in  the country. In  

order to get a proven variety, i t  was suggested that hybridization 

be used to  combine a l l  desirable characters in to  a single compound 

or multiple cross variety.
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CHAPTER I

IHTBODUCTIOW

Cowpea is a leading pulse crop in  Ghana (Guerts, 1959 cited by 

Doku, 1970a). I t  is cultivated throughout the country except in  the 

forest regions where production is lim ited by the high incidence of 

pests and diseases and excessive vegetative growth at the expense of 

grain production, arising from the high ra in fa ll and re la tive  

humidity (Aiyeetey, 1 971 j Doku, 1976; Quashie-Sam, 1984).

The crop serves multiple purposes on peasant holdings where i t  

features in  mixed- and relay-cropping systems, usually planted long 

a fte r  the cereals and root crops have established. Grain production 

is an obvious target in  this case while other equally important 

benefits such as protection of the s o il  by its  vegetative cover and 

enhancement of s o il  f e r t i l i t y  through nodulation are often overlooked.

There is currently a wealth of varieties in  the country, both 

lo ca l and exotic. These exhibit marked variations in  several 

characteristics (Doku, 1970a). Y ields are usually low, attributable 

to various reasons including the following:

( i )  heavy b io t ic  pressures - particu larly from insects and other 

pests which often attack the plant throughout its  l i f e  cycle 

and the seeds in  storage.

( i i )  poor so il physical and chemical properties.

( i i i )  cu ltivation under stress conditions of inadequate s o il 

moisture and excessively high temperatures.



( i v )  low plant populations, dictated by the common practice of 

growing the crop in association with cereals and/or root 

crops in  the trad itional fam ing system.

(v ) planting of lo ca lly  adapted but low yie ld ing cu ltivars.

(v i )  inadequate management practices and plant protection.

( v i i )  sub-optimal planting dates.

Methods which may be adopted to reverse this situation include 

choice of the most suitable environment and planting time, application 

of improved agronomic practices, and the use o f improved seed through 

breeding. For continuous high y ie lds , the crop's environment must be 

maintained at a certain optimal le v e l through improved agronomic 

practices. In  the face cf unstable environmental conditions, the 

breeding of cultivars fo r  improved performance appears to be the only 

stable method of increasing y ie lds . This has also been pointed out 

by Martin and Leonard (l970)..

Currently going on in  the country, is  a programme by the Grains 

Development Board aimed at developing high yie ld ing varie ties  which 

w ill  not nnly be resistant to the major diseases and insect pests, but 

also have wide adaptation to the various agro-ecolo.gical zones of the 

country (Asafo-Adjei, 1984). Seed quality and other "Consumer preferred" 

characteristics are also being considered. As marjy loca l and introduced 

varieties  as can be obtained are being drawn upon fo r  use in  this 

programme to fa c i l it a t e  rapid progress. For example, the introduction 

of e lite  lines from IITA in  Nigeria and elsewhere provides material
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that could be used through conventional breeding programmes, to 

incorporate specific  desirable characteristics into otherwise 

well-adapted loca l va rie ties .

The importance of genetic d iversity in  choosing parents in  

breeding programmes has been emphasized by several workers, especially 

fo r  e lic it in g  improvements in  complex quantitative tra its  such as 

grain y ie ld . The more diverse the parents, the greater are the chances 

of obtaining higher amount cf heterotic expression in  E^s and broad 

spectrum of va r ia b ility  in  segregating generations (Harrington, J\%0; 

Murty, 1 965; Joshi and Dhawan, 1966; Murty and Anand, 1966).

However, the presence of high genetic d ivers ity  in a population 

per se may not be adequate to e ffec t improvement over existing cu ltivars.

Mauzya and Singh (1977) suggested, therefore that in  a breeding 

programme, parents which show both high yield ing potential and a wide 

genetic d ivers ity  are lik e ly  to y ie ld  superior segregates within a 

short period. In addition, such parents must also show high combining 

ab ility  in  order to obtain heterosis.

The study is aimed at the following:

( i )  Ascertaining the nature and magnitude of genetic d iversity 

present in  some cowpea varieties grown in the country.

( i i )  Determining the correlations among some quantitative tra its 

and h e r ita b ilit ie s  of economically important tra its  in  

potential parents.
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( i l i )  Identifying varieties which may be selected as parents

in  a hybridization programme towards e ffec tin g  improvements 

over existing cultivars in  characters such as earliness, 

nodulation, growth habit and grain y ie ld .

-  4 -



CHAPTER n

LITERATURE REVIEW

1 . Cultivation and Economic Importance

Cowpea (Vigna unguioulata (tft) Walp) is widely distributed 

throughout the tropics and subtropics. The bulk of i t  is produced 

in  A frica , with Asia, Europe, North and Central America contributing 

small amounts only (Doughty and Walker, 1982).

In  West A frica  i t  is  grown in  association with cereals -  m ille t, 

sorghum and maize -  in  trad itional agricu ltural systems (Smithson,

1979). Rachis and Roberts (1974) stated that N igeria, Niger, Burkina 

Fasao (Upper Volta ), and Senegal grow cowpea fo r  the market, but they 

are also widely grown aS a subsistence crop fo r  home use in  nearly a ll 

African countries south of the Sahara.

Cowpea is eas ily  the leading pulse crop in  Ghana (Doku, 1976;

Asafo-Adjei, 1984). I t  is grown in  a l l  the agro-eeological zones.

The greatest production, however occurs in  the savanna areas and 

forest fr in ges . The heavy ra in fa ll and high re la tive  humidity 

experienced in  the fo res t regions, especially during the major season, 

tend to lim it grain production by encouraging excessive vegetative growth 

and promoting incidence of pests and diseases (Aiyeetey, 1971; Doku, 1976 

Quashie-Sam, 1984). Production is principally at the peasant le ve l where 

i t  features in  mixed- and relay-cropping system, usually planted long 

a fte r  the cereals and root crops have established. This sh ifts  the 

flowering period to the end of the ra iry season and pods mature on



residual so il moisture under the re la tive ly  favourable conditions of 

the early dry season,

A large number of varieties both lo ca l and exotic (introduced 

from IITA and elsewhere) are emplo3red in cowpea cu ltivation  in  Ghana. 

These varieties exhibit marked variations in  several characteristics 

(Doku, 1970a). Y ields are very low, usually ranging between 100-250 

kg/ha (Asaf o-Ad je i ,  1984), compared with values such as 400-600 kg/ha 

fo r  other parts of the tropics and 1000-3000 kg/ha fo r  the subtropics.

The crop,, however, is used extensively in  the home and features, 

though not prominently in  the trad itiona l fanning system. The mature 

dried cowpea seeds vdth protein content ranging from to provide 

a readily available and less expensive source of protein fo r  most 

people in  Ghana. In  the Northern and Upper Regions, the young tender 

leaves are eaten as vegetable (Irv in e , 1974). Co?spea may also be used 

as a fodder fo r livestock  and as green manure or cover crop fo r  s o il 

conservation. As a nodulating legume, atmospheric nitrogen is fixed  

in  the root nodules of the plant, providing supplementary nitrogen fo r  

growth. In  addition, the residual effects of nitrogen fixed  by cowpeas 

on subsequent crops have been confirmed to be advantageous. Cowpeas are 

thus among a number of grain legumes widely used in  rotation systems 

(Cobbley and Steele, 1976 and Hachie, 1985).

Cowpeas cultivated in Ghana are mainly u tilized  as a food grain. 

Consumption is widespread as the crop is not a taboo to any known 

ethnic groups in the country. A wide cross-section of the population
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eat cowpeas in  one form or the other frequently. The contention in 

the litera tu re  (Munro, 1966; Williams, 1 974; Anon, 1983 and Rachie,

1985) that covspeas or legumes in  general are low prestige food, is 

certain ly not applicable to Ghana. In  a preliminary study of consumer 

preferences fo r  cowpea varieties in  the Volta Region of Ghana, Dovlo 

(1975), mentioned a number of loca l dishes prepared from the crop, 

some of them highly relished.

2, Origin and History

The precise origin  of cowpeas is not known as most authors 

(Irv in e , 1974; Steele, 1978; Purseglove,1981; Doughty and Walker, 1982) 

mentioned either A frica  or Asia. However, Paris (l9^5) and Doku (1976) 

are of the view that the crop is native to A frica ,

Cobbley and Steele (1976) and Simmonds ( 1 976) further argue that 

the ea r lie s t cultivars in  A frica  may have evolved in  cu ltivation  with 

sorghum and pearl m ille t in  the cereal farming of the We31 African 

zone, v,here they are now a principal grain legume. The International 

Board fo r Plant Genetic Resources also considers that cowpeas originated 

from West A frica  (IBPGR, 1976). Ng and Marechal (l9§5) mentioned work 

done on more than 10,000 accessions of world cowpea collections held 

at IITA which revealed that germ-plasm accession from Nigeria, Niger, 

Burkina 3?aSso and Ghana showed greater d ivers ity  than those from -^ast 

A frica . These studies suggest West A frica  as the primary centre of 

domestication. There is a profusions cf wild and wee8y species in
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Nigeria prompting Rachie and Roberts (l9.74) to specify that country 

as the probable orig in  of the crop.

However, archeological reports cited by Ng and Marechal (1985) 

indicate that cowpea remains carbon dated 1450-12*00 BC, discovered 

from Kintampo rockshelter in  Central Ghana is  the oldest archeological 

evidence of cowpea, with the remains carbon dated AD 100 reported 

from Mkope in  Malawi being the second oldest.

3. Taxonomy of Various Species

Vigna is a veiy large and immensely variable genus comprising a 

number of d istinct plant forms. There is  considerable controversy over 

the c lass ifica tion  and nomenclature cf these d istin ct forms.

Seme authorities consider that a l l  cowpeas belong to  the wild 

botanical,species Vigna unguioulata (L . )  Walp. A l l  cultivars are 

lumped under this species as they inter-cross readily producing 

f e r t i le  hybrids. According to this view, V. sescuipedalis and 

V. sinensis are synonymous to V. unguiculata ( Parseglove, 1981) .

Smithson (1979) cited other c lassifica tory work which recognizes 

f iv e  subspecies of V. unguiculata as follows;

Subsp. unguiculata. the cultivated type of the African savannahs. 

Subsp. cjylindrica. the catjang, a fodder and grain type from India. 

SubSpi sesduipedalis. the yardlong or asparagus bean of India, 

Southeast Asia and China.

Subsp. dekindtiana and mensensis. the wild and weedy forms of 

A frica , putative progenators of the cultivated forms.

-  8 -



Other workers recognize three d istinct species (puresglove, 1981) ,  

namely: ¥igna cyclindrica (L ) Skeels: This is the catjang cowpea, 

which is cultivated in  A frica  but is more common and has 

more cultivars in  Asia.

Vigna sesquipedalis ( l )  Fruw: This is  the asparagus pea or 

yardlong bean mostly grown fo r  its  immature pods and is  most 

widely cultivated, in  the Far Bast, but i t  is also recorded 

in  A frica .

Vigna unguiculata (L ) Walp: This is the common cowpea with 

most cultivars in  A frica, where the crop is  more highly 

specialized.

In  this work, the third c lass ifica tion  is  adopted. By Vigna 

unguiculata, therefore, reference is  made so le ly  to the species 

indigenous to A frica , which probably originated from the West African 

Savanna zone inhere i t  is most adapted.

4« Botany

Cowpea (Vxgna unguiculata (L ) Walp. is the most important cultivated 

species of the genus Vigna. family Leguminosae and subfamily Papilionoideae. 

I t  is a wam-season, annual herbaceous plant referred to by various 

names in  d ifferen t lo c a lit ie s . In  West A frica  i t  is generally 

referred to as beans.

There are at leas t four easily recognized plant types -  erect, 

semi-erect, prostrata (t r a il in g ) and climbing. Although these
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differences are mostly genetic, reduced lig h t contributes to viryness. 

G-rowth habit ranges from indeterminate to semi-determinate, but the 

plant typ ica lly  continues to blossom and produce seed fa r  an extended 

period (Litzenberger, 1974). The non-viry -types tend to be more 

determinate in  blooming habit than the v iry  types, which continue to 

bloom when the f i r s t  pods are ripe, and repeated harvests are necessary 

to keep.pace with ripening pods.

Cobbley and Steele ( 1976) described the plant as a glabrous annual 

herb with a strong, deep taproot from which arise mary branches, 

ramifying the surface s o i l .  Several smooth and spherical nodules jure 

fonned on the roots, usually more numerous on the taproot than on the 

la te ra ls . I t  has a t r i fo l ia t e  le a f, with the terminal le a f often larger 

than the la tera ls . Leaflets are ovate and usually entire with an 

aeute apex, though sanetimes s ligh tly  lobed and lanceolate. The le a f 

p etio le  is  stout and grooved, ranging between 5-15 om in  length.

The flowers are large and showy, commonly white or purple in  

colour but some varieties produce yellow flowers, with a standard 

petal 2-3 cm across. They occur in  alternate pail's on a long ax illa ry  

peduncle 2-30 cm long with large extra flo ra l nectaries between each 

pair of flowers. Though many.flowers may be produced in  each 

inflorescence, only few (usually 2- 4) produce fru it ,  as the rest are 

shed, Cowpea flowers are cleistogamous, ensuring a high degree cf 

inbreeding, thereby producing homogenous pure lin es . Insect ac tiv ity  

and 7<eaiher conditions, however, may induce crossing between 1-lCpS
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(Purseglove, 1968j Eachis and Roberts, 1974; and Steele, 1976).

The pods axe cylindrica l and show many variations in  s ize , conf ormation, 

length and number of seeds (Irv in e , 1976). Seed characteristics are 

also very variable. Seed s ize  ranges from 0.20 -  1.20 cm long. The 

seeds may be globular to  kidney-shaped: smooth or wrinkled, with a 

wide range of colours -  white, bu ff (cream), red (maroon), brown or 

black to variously spotted, speckled or marbled (Purseglove, 1981) .

Some varieties have a darker coloured spot on the hilum often called 

the ne$e". With this range in  va rie ta l characteristics i t  is  possible 

fo r  the plant breeder to se lect plants to combine desired growth habit 

and y ie ld  with seed characteristics readily acceptable in  spec ific  

lo ca lit ie s .

5. Genetics and Breeding

Cowpea has been the subject of genetic research since the beginning 

of this centuiy (I'ery , 1985). Although most of the e a r lie r  work was 

conducted in  the United States, much of the current research e ffo r t  is 

in  the African and Asian countries l/ihere most of the world's cowpeas 

are produced and where the crop has the greatest potential fo r  

a llev ia ting food shortage. A' to ta l of 158 specific  genes have been 

id en tified  in  the cowpea. Additionally, many quantitatively inherited 

tra its  have been studied in  the past two decades, and more than 225 

h er itab ility  estimates published, (Fery, 19,85) .

Cowpea is basica lly a se lf-po llin a ting  crop. I t  is a diploid



with a re la tive ly  short l i f e  cycle. The large flowers and untwisted 

keels of the cowpea make i t  one of the easiest legumes to emasculate 

and pollinate. These properties render i t  a convenient crop fo r  plant 

■breeding and genetics research. The crop has chromosome number 2n = 22. 

Available evidence indicates that in ter-spec ific  hybridization with 

other Vigna or Phaseolus species has so fa r  not been possible.

However, i t  is  easy to make in te r-va rie ta l crossesj the source cf 

heterosis fo r  a number of tra its  as reported by Agble, (1972);

Premsekar and Raman, ( l 972) ;  Ojomo, (1974) ;  Erskine and Khan, (l978 ); 

and Bhaskaraiah e t a l. (l98o ).

The development of population improvement schemes fo r  s e lf­

pollinated crops and the p oss ib ility  of hybrid seed production have 

stimulated the search fo r  male s t e r i l i t y  and other out-crossing 

mechanisms to fa c i l i t a t e  hybridization procedures in  cowpea.

Feiy (1985) stated that four recessive genes causing genetic male 

s t e r i l i t y  have been id en tified  by researchers.

6. Breeding Objectives and Programmes

The major objective of Cowpea breeding in the Tropics is to 

develop improved varieties to f i t  the various ecological 7.ones. These 

varieties must have wide adaptation, acceptable seed qualities, 

resistance to  diseases and pe3ts, improved plant type and high y ie ld

potential ( W v . ,  19-72). •, i : . '

The number and complexity of cowpea breeding methods continue to
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grow with the advancement of science. Conventional breeding methods 

include the assembly and evaluation of germplasm, inter-mating of 

parental stocks, selection  of e l i t e  recombinants, and testing in  

preliminary, advanced and uniform y ie ld  t r ia ls . In  addition, more 

spec ific  techniques such as multiple crossing, back crossing and 

recurrent selection are sometimes employed to transfer specific  

desirable tra its  from one genome to  a better adapted one. These 

methods are further augmented by more sophisticated techniques such as 

chromosome engineering, mutation breeding and in te r-spec ific  crossing 

whenever appropriate and feasib le ( . i Jtoonv, 1972). In  recent

times, attempts are also being made to  use the population improvement 

method where the mating system of the crop is altered and controlled 

by losing the technique of male s t e r i l i t y .

Sbong (l970a,b) described a strategy fo r breeding cowpeas. He 

stressed the importance of assembling and maintaining collections of 

genetically diverse materials and breeding fo r  ( 1 ) high y ie ld ,

( 2) acceptable seed quality, (3 ) day neutrality, (4 ) erect growth 

habit, (5 ) long peduncles (above fo lia g e ) and ( 6) resistance to 

diseases (anthracnose), seedling b ligh ts, stem rot, viruses, and le a f 

spots.

7. Genetic Diversity

Boughey (1973) mentioned two ways in  which d iversity  or va r ia b ility  

of members of a population of a single species may come about. I t  may
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originate from differences in  the genetic complement, or genome of 

d ifferen t individuals. This is known as genotypic or genetic 

variation , Variation may also be produced by exposure to  d ifferen t 

values for particu lar environmental parameters during the development 

of* individuals possessing sim ilar genomes. This type of variation is  

termed environmental variation and is  not heritable. However, genotypic 

variation  is heritable and when acted upon by selection  pressures brings 

about evolution*

Simmonds ( l 9^2) distinguished three kinds of genetic va r ia b ility  

in  crop plants as follows:

1. Variab ility  of adapted combinations ( i )  in  the form of homozygous 

gene combinations exhibited as phenotypic differences between 

inbred lines or clones, or ( i i )  in  the form of heterozygosity 

which is often stab ilized  in  clones.

2. V ariab ility  developed from foreign  genes -  introductions, chance 

or deliberate, from other populations, and introgressions.

3. Variab ility  developed in  situ  -  the product of mutation, 

recombination, and selection.

Generally, advanced agricultures are characterized by a great 

increase in  adaptation of species through selection, resulting in  a 

narrowing of the genetic base. In  any one area, therefore, the 

available collection  of well-adapted breeding stocks is very small in  

relation  to  the va r ia b ility  of the crop as a whole. For example, 

whilst studying the va r ia b ility  of looal and exotic varieties of cowpea
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in  Ghana, Doku ( 1 970a)worked on 39 va rie ties , but only a few are now

employed in  the breeding programme.

The importance of establishing a broad genetic base before

embarking on a breeding programme fo r  any crop has been emphasized by

many workers. Such a co llection  carries v irtu a lly  the whole load of

the future adaptability (Simmonds, 1962) .  I t  is treasured by the

breeder because i t  provides a stock of genetically diverse material

viiich can be combined variously fo r  spec ific  purposes. In  addition,

the use of veiy diverse parents in  a hybrization programme enhances

the chances of obtaining higher amount of heterotic expression in  P s
1

and broad spectrum of va r ia b ility  in  segregating generations 

(Harrington, 1940; Murty, 1965; Joshi and Dhawan, 1966; Murty and 

Anand, 1966) .

8. H eritab ility

A tr a it  is said to be inherited i f  i t  passes from parent to 

offspring through the action of genes. The h e r ita b ility  of such a 

t r a it  is the proportion of observed va riab ility  (among a single species) 

due to heredity (A llard , 1960). I t  expresses the proportion of the 

to ta l variance that is attributable to the average e ffec ts  of genes, 

and this is  what detemines the degree of resemblance between re la tives. 

But the most important function of h er ita b ility  in  the genetic study 

of metric characters is its  predictive ro le , expressing the r e lia b il ity  

o f the phenotypic value as a guide to breeding value (Falconer, i 960) .

-  15 -



Only the phenotypic values of individuals can be d irectly 

measured, but i t  is the breeding value that determines their influence 

on the next generation. Therefore, i f  the breeder chooses individuals 

to be parents according to th e ir phenotypic values, his success in 

changing the characteristics of the population can be predicted only 

from a knowledge of the degree of correspondence between phenotypic 

values and breeding. This degree of correspondence is measured by the 

h e r itab ility  -  defined in  the narrow sense as the ra tio  of additive 

genetic variance to phenotypic variance;
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Techniques for estimating the degree of h er itab ility  in  crop 

plants reported in  the litera tu re  (Warner, 1952; Biiggs and Knowles, 

1967) f a l l  in to three main categories as follows; Those based on;

a) parent -  offspring regressions,

b) variance components from an analysis of variance, and

c) approximation of non-heritable variance from genetically 

uniform populations to-estimate to ta l genetic variance.

Other methods used by some workers are either combinations of two or 

more cf the above or modifications thereof. The various methods, 

however, give d ifferen t values when us,ad in  computing the h er ita b ility  

of a single tr a it ,

H eritab ility  estimates also vaiy from crop to crop and from 

season to season or year to year. In  addition, broad or narrow



sense heritability  may be estimated, giving d ifferen t values.

Estimates of h er ita b ility  fo r d ifferen t varieties of the same crop 

may also give variable figures due to varie ta l differences.

H eritab ility  values are estimated separately fo r  a l l  heritable tra its  

of the same crop and these also show a wide range of variation.

H eritab ility  studies in  the cowpea were f i r s t  reported by 

Spillman (1911) investigating hilum colour. Smith ( l 956) investigated 

the inheritance of three seedcoat colour genes, whilst Brittingham 

(1950) worked on pod length and seed s ize . This was followed by 

extensive studies by Saunders (1952, 1959, l960a,b,c) covering 

various tra its  of the crop. In  his study of the inheritance of seed 

s ize , Sene ( l 968) obtained estimates of 71$ ahd 8CfZ fo r  the h er ita b ility  

in  the narrow aid- broad sense respectively. High h er ita b ility  estimates 

were also obtained by Singh and lehndiratta (19&9) fo r  grain y ie ld , 

days to flowering, days to maturity and pod length. Results of work 

by Aryeetey and Laing ( l 973) indicated that narrow sense h er ita b ility  

estimates fo r  number of pods per plant and pod length were 1 9 .^  and 

60.3^ respectively. H eritab ility  values estimated by Kheradnam and 

Mknejad ( 1 974) ,  L e le j i  (1975) and Erskine and Khan (i978) ranged 

between and 8i«£ fo r  various tra its .

H erita b ilit ie s  of factors controlling agronomically important 

characters, especially those close3y correlated vath y ie ld  have much 

significance in  plant breeding programmes. Such knowledge, according 

to several workers (Robinson et a l, 1949; Ifeh ler, 1965; Kheradfjam and
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Niktjejad, 1974), is important to the breeder as i t  indicates the 

p oss ib ility  and extent to  which improvement is possible through 

selection .

9. Correlation

As a polygenically controlled complex character, grain y ie ld  

cannot be selected fo r  by merely deducing from phenotypic performance.

I t  can, however, be e ff ic ie n t ly  selected fo r  by relying on data on 

y ie ld  components. Correlation studies are of great value in  determining 

the association of grain y ie ld  with its  components and also among the

components (Waldia et a l.  19^0 and Singh et a l. 1982). According to

Aryeetey and Laing ( l 973), knowledge of the correlations among y ie ld

components and the association between each component and y ie ld ,

together with an understanding cf th e ir mode of inheritance is 

necessary fo r  the in te llig en t choice of breeding procedures fo r  

evolving high-yielding varie ties .

Rej&erts by Kheradnam and Niknejad (1974), Aiyeetey and Laing ( 1 373), 

and Singh et a l. ( 1982) have consistently showed that y ie ld  is pos itive ly  

correlated with number cf branches, pods and clusters per plant, and 

lOC -̂seed weight. However, con flicting reports were given as regards 

the correlation between grain y ie ld  and other agronomic characters. 

Amongst ■themselves, these characters were either highly pos itive ly  or 

negatively correlated. For instance, Doku (l970) observed that 

correlation coeffic ien ts between a ll characters and seed y ie ld  were
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negative except pod. number and. fru itin g  period which showed highly 

s ign ifican t pos itive  correlations with seed y ie ld .

10 . Heterosis

The superiority of a hybrid over the average performance of its  

parents is ternied heterosis or Ijybrid vigour. I t  is manifest by 

increase in  s ize , vigour, y ie ld , earliness and improved general 

fitness characteristics such as resistance to disease, lodging, 

drought, etc. although hybiid vigour appears to be the main component 

used by mai$r workers to  id en tify  i t .

The cause of heterosis is not yet fu lly  understood. However, 

three possible genetic causes have been postulated: partia l to 

complete dominance, ovsrdominance, and epistasis. Prom the point of 

view of a plant breeder, a basic issue is whether the best genotypes 

are homozygotes or heterozygotes. I f  overdominance is important, the 

best genotype is a heterozygote. With p artia l to complete dominance, 

the best genogype would be a homozygote and rather than cap ita lize  

on heterosis d irec tly , Moll and Stuber (1974) have suggested that i t  

might be desirable to  iso la te  tiansgressive segregates.

Many investigators (Shull, 1S52; Walton, 1971; Falconer, 1960) 

indicated that heterosis can be obtained when parent varieties have 

d ifferen t origins (geographical and ancestral), but Harrington (l94Q) 

demonstrated the p oss ib ility  of obtaining heterosis fo r  in travarieta l 

hybrids. He explained that when the genotypes of two parents d if fe r

-  19 -



su ffic ien tly  fo r  the characters investigated, heterosis can be effected,, 

I t  is usual to measure heterosis with reference to the mid-parent 

value (7/alton, 1 971 and Suresh and B.enu, 1975) given as

P
1   __

% Heterosis =     ■ ■ -.....—----  x 100

Uhere F = Performance of offspring 
1

P = Performance of f i r s t  parent 
1

= performance of second parent.

However, to be of potential value, a hybrid should be more profitab le 

than the best available variety. This means that the hybrid should not 

only be superior to the mid-parent value, but should also be superior 

to  the better parent. In  consequence, some ea r lie r  workers (Marani, 

19^3; M ille r  and Marani, 1963; Marani, 1967 and 1963; and Meredith 

_et .al, 1970) preferred to  distinguish between "heterosis" based on 

the mid-parent value and "useful heterosis" based on the better parent. 

Other workers (Shull, 1952; Leng, 1954; Hayes _et a l . ,  1955; .Allard, i960 

Rao and Hurty, 1970; Quiriby, 1970; and Laing et a l . . 1972) simply 

evaluated heterosis in  comparison with the b etter parent using the 

formular,
(F -  better parent)

Heterosis = —*-------------------------  x 100
better parent

The le v e l of heterosis obtained is therefore dependent upon 

whether i t  is measured with reference to the mid-parent value or to



the better-parent value. .Also, the rea liza tion  of maximum desired 

heterosis in  3*̂  is  dependent on the presence of suitable environment 

fo r  its  expression (p fahler, 1966) .

Heterotic reponse of y ie ld  and y ie ld  detemining characters in  

the cowpea is  of great significance with the discovery o f male 

s t e r i l i t y  genes in  the crop as this w il l  have a bearing on the 

breeding methodology.

1 1 , Harvest Index

Harvest index is  the most commonly advocated physiological 

parameter used as an estimator o f y ie ld  potential in  small grain 

cereals (McVetty and Evans, 1980). I t  has been employed successfully 

in  the breeding of ttiese cereals, leading to  the creation of new 

dwarf, high-yielding, lodging-resistant varie ties  which can also 

to lerate high population densities.

Donald ( 1 962) coined the term harvest index to describe the ra tio  

of the economic y ie ld  (dry weight) to the b io log ica l y ie ld  ^.e. to ta l 

dry matter) o f a crop. Its  value is expressed in  percentages as 

follows:
Harvest Index = Economic Y ie ld  x 100 

B io logica l Y ield

In  theory, the to ta l y ie ld  of dry matter should include the roots. 

In  practice, this may not be feasib le in  most cases. For this reason, 

i t  is often more convenient to derive the b io log ioa l y ie ld  from the
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harvested diy matter, constituting the above-ground parts only.

'Che harvest index of* a variety varies with the environment, and also 

with the agronomic management of the crop.

In  organizing improvement programmes fo r  higher y ie lds of 

pulses, Jain ( 1 975) stressed the need to  take into consideration 

the selection h istoiy of these crops. The stress conditions under 

which pulses have been cultivated fo r  centuries has led to  selection  

primarily fo r  those characteristics which contribute to  their 

establishment under these adverse conditions. I t  is  therefore not 

accidental that many of these crops s t i l l  retain a number of semi-wild 

characteristics such as a bushy and spreading growth habit, associated 

in  many casies, with excessive vegetative growth, la te  maturity and 

toxic or other undesirable constituents in  the ir seeds.

For a major production advance comparable to that obtained in  the 

cereals in  recent years, Jain 0975), suggested that the grain legumes 

must be bred fo r  high y ie ld  together with a re la tive ly  short maturity 

duration, which can be f i t t e d  in  a series of multiple-cropping patterns. 

These varieties w il l  be expected to  show an improvement in  th e ir plant 

type in  the d irection  of a much higher harvest index.

1 2. Bruchid Resistance

Callasobruchus spp, pests of other pulses, cause extensive 

damage to seeds of cowpea throughout the year. In festation  usually 

occurs in  the f ie ld  and the insects, eggs and. larvae are subsequently
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carrled into the store. Total in festation  of bulk seed can take 

place within few days and losses arising therefrom have been 

estimated to be in  the range of 30-7CJJ by the f i f t h  month (Singh,

1977; Anon, 1980; Williams, 1980) .  maoulatus and_C. chinensis 

appear to  be most important in  W. A frica .

The adult female weevil lays its  eggs on the diy pods or on the 

day seeds of the crop, each laying up to ninety eggs. Tftien the qggs 

hatoh a fte r  about s ix  days, the larvae enter and feed inside the seed. 

At optimum condition o f 1%> R.K. and 26°C, the development period is 

between 20-30 days. The adult emerges through an ex it  hole already 

prepared fo r  i t  by the developing larva , and a new cycle of mating 

and egg laying begins almost immediately. The complete cyele takes 

about 2*0 days. Both adults and larvae feed on the seeds.

Although fumigation with methyl bromide e ffe c tiv e ly  controls 

bruchids, the concern o f breeders is to obtain varieties  naturally 

resistant to "these insects to fo re s ta ll the hazard of chemical 

to x ic ity , especially with i l l i t e r a t e  farmers.

There is evidence that cowpea susceptib ility  to Callosobruohus spp 

d iffers  from 6ne variety to another. Preferentia l selection  by bruchids 

fo r  seed of a particu lar variety £& food or s ite  fo r  oviposition and 

subsequent development is controlled by several factors including 

s ize , colour and coat texture (Nwanze and Horber, 1975; 1976;

Nwanze et a l.  1975; Osuji, 1976; and V ir, 1980). However, complete 

resistance to  in festation  appears to  be a rare t r a it ,  d if f ic u lt  to
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observe among existing cu ltivars.

Singh (1977) screened cowpea gennplasm consisting of 7,000 

cultivars at the world centre, fo r  resistance against _G. maculatus (F) 

in  storage. Only one cu ltivar, TVu 2027 from the entire co llection  

was resistant to  this pest. The tr o it  was subsequently demonstrated 

to be associated with above normal levels  of trypsin inh ib itor in  the 

seeds o f this variety . The t r a it  had ea r lie r  on been indicated to  be 

recessive and digen ically .inherited (Anon., 1974).

13. Selection

Selection is one of the oldest procedures used fo r  crop 

improvement. During the process individual plants or groups of 

plants are sorted out from mixed populations. Selection can be 

natural or a r t i f ic ia l  and is  possible only i f  there is  variation.

I t  acts as a sieve in  favour o f the well-adapted strains and va rie ties , 

present-day plants, according to Siriha and Siriha (l98o) are quite 

d ifferen t from the ea r lie s t ones b e ca u s e  they have evolved as a resu lt 

aP variation and selection.

The individuals comprising a species d if fe r  in  many ways. Those 

that possess certain features which prove useful fo r  their survival 

and reproduction are considered better adapted. They are naturally 

selected over the others i f  there is competition fo r factors of 

survival in  the environment (M ettler and Gregg, 1969) .  A r t i f ic ia l  

selection  on the other hand is the result of conscious decision by man
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to keep the progeny o f one parent in  preference to others. The two 

together have complemented each other in  the evolution of crop plants 

and are responsible fo r  the characters observed on the plants today.

The plant breeder*s objective in  a selection  programme is the 

improvement of the aggregate of a l l  characters that constitute 

"general worth" (Siramonds, 1976), as usually more than one t r a it  is 

o f in terest economically. Selection, therefore, is often applied to 

several tra its  simultaneously.

Y ie ld  components of se lective  value in  the cowpea include number 

of pods per plant, number of seeds per pod and 100-seed weight 

(Doku, 1970§> Ebong, 1 972; Aiyeetey and Laing, 1973). Breeding fo r  

high y ie ld  in  the crop would necessarily involve selecting fo r  high 

h er itab ility  of these characters in  potential parents, alongside y ie ld  

s tab iliz in g  factors such as resistance to disease, insects, non~ 

shattering pods and photopeiiod in sen s itiv ity . For selection  based 

on y ie ld  components to be e ffe c t iv e , iryeetey and Laing (1973) stressed 

the need fo r  such components to be hi|jhly heritable, strongly 

genotypically correlated with y ie ld  and fin a lly  among themselves, the 

components should be pos itive ly  correlated.

Whilst studying h er itab ility  estimates and correlations of y ie ld  

components in  cowpea, Kheradnam and Niknejad ( l 974) observed that a 

highly heritable character may not, in  ary way, be correlated with 

y ie ld  and conversely a yie ld-correlated  character may not be highly
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heritable. They, therefore, preferred the use of the product of the 

two parameters to represent a more re liab le  re la tive  se lective  value 

of d ifferen t characters. I t  was concluded from their studies that, 

fo r  y ie ld  improvement in cowpea, number of pods per plant and number 

of seeds per pod have selective  value equal to seed y ie ld  per plant, 

whereas 100-seed weight and number of clusters per plant have less 

se lective  value and number of branches per plant has no selective  

value.

Purthemore, Jain ( 1 975), emphasized the indispensability of 

high harvest index in  breedirg for the rea lization  of the fu l l  genetic 

potential of a crop fo r  grain y ie ld . Basing his argument on the 

remarkable improvements in  y ie ld  obtained by plant breeders with 

respect to  cereal breeding, he conjectured tiiat reconstructing the 

pla^it type in  favour of higher harvest index would be associated with 

a determinate and compact growth habit, and re la tive  in sen sitiv ity  to 

photoperiodic conditions. Such determinate variety according to him 

would obviously show reduced dry matter production on per jjlant basis, 

but this can often be compensated fo r  by response to increased plant 

populations.
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CHAPTER I I I  

MATERIALS AND MBQHODS

1* Project S ite

Two s ites were used fo r  the experiment. These were Sinna's 

Garden, University of Ghana, Legon and. the Experimental F ie ld  of the 

Department of Biology, Food and Agriculture of the National Nuclear 

Research Institu te  at Kwabenya. The former had served, over several 

years, as a museum and supported various crops grown fo r  demonstration 

to Agricultural Science students of the Faculty. The la t te r  is a newly 

developed experimental s ite  and the plots used fo r  the second and third 

tr ia ls  had not supported cowpea in  the previous three years. Incidence 

of pests and diseases here was lower. The so ils  at the two locations 

belong to Toje series and Papao series respectively (Brammer, 19^0).

2. Cowpea Varieties and Sources

Sixteen cowpea varieties cf diverse genetic backgrounds obtained 

frcm three seed centres in  the country were used fo r  this investigation. 

They included both lo ca l and exotic varieties and were accessioned as 

follows:

Accn. No. Name

1 Accra Market No.1

2 Accra Market No.2

3 Adua A7era

4 Dark Mottled

Origin

Ghana

ti

Source of Seed

Crop Science Dept, 

n 

n 

n
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jcn. No. Name Origin Source of Seed

n5 Ex. Ada Ghana Crop Science Dept.

6 Gbeho n II

7 I f e  Brown Nigeria (IITA.) tt

8 Kaase Market Black Ghana 11

9 Kaase Market Brown 1fye 11 11

10 Leg on Brown 11 «

11 Legon p r o l i f ic 11 t>

12 Logon Red H tt

13 P .I .  1239 USA (U.S.2.A .) II

14 m  1834 Nigeria (iIT A ) Ghana Seed Company

15 TVX 1999-02E n A.R.5* Kpong

16 Westbred USA (U.S.D.A.) Crop Science Dept.

3. Evaluation of Y ie ld  and Genetic Diversity

Three f ie ld  tr ia ls  were conducted to ascertain the nature and 

extent of genetic variation in  the sixteen varieties of cov.pea. Three 

d ifferen t growing seasons of the year were chosen as follows:

1 s t T ria l (season) . . . . .  Jan., 1985 -  April/May, 1985

2nd T ria l (season) . . . . .  May, 1985 -  Aug./Sept., 1985

3rd T ria l (season) . . . . .  Sept., 19^5 -  Dec./Jan., 1985/86

The Randomized Complete Block design was used with three replications

in the f i i s t  t r ia l  and four replications in  the second and th ird tr ia ls .

A p lo t s ize of 4.80m x 2*2tOm was used and a spacing of 0. 8m x 0.40m.

This accommodated 36 plants/plot in  three rows of 12  plants/row.



4. Harvest Index Determination

A pot experiment was conducted in  Sinna's Garden fo r  the 

determination of Harvest Index. Three seeds were sown per pot and 

thinned out to  two,per pot two weeks a fte r  germination. Each variety 

had two pots and there were three replications. The plants were 

watered as and when necessary until maturity period.

A l l  leaves, f lo r a l parts, stems and pods from the two plants in  

each pot were carefu lly picked just before abscission or pod 

dehiscence and dried in  an oven at 70°C fo r  72 hours and carefu lly 

weighed. Harvest Index was calculated from the cummulative weights 

obtained fo r  seed y ie ld  and to ta l b io log ica l y ie ld  as follows:

Harvest Index = Seed Y ie ld  x 10C$S

Total B io logica l Y ie ld

5, Insect Resistance Determination

A cage experiment was set up to determine the resistance of the 

various varieties against the storage insect Gallosobruchus maculatus. 

Sixteen p e tr i dishes containing 100 seeds of each variety were placed 

at equidistances from an infested source in  the centre o f the cage. 

Gages were closed and l e f t  to stand undisturbed fo r  5, 10, 15 , 20,

25, 30, 35, and 40 days respectively before scoring fo r  insect damage 

on the seeds. A ll  seeds which outwardly appeared undamaged at the 

time of scoring were s p lit  open with a knife.



A ll  seeds which v is ib ly  showed holes bored into them or contained 

larvae vhen s p lit  open were considered damaged and the percent damage 

was calculated based on this criterion . There were three replicates 

for each test period.

6. Determination of Cooking Time

The cooking times fo r  the sixteen varieties of cowpea were 

determined as follows. The varieties were put into four groups as 

follows: 4 white, 4 red, 4 brown, 4 mottled. Each colour group was 

tested separately on a d ifferen t day to eliminate stimulus error due 

to colour differences. The actual tes t was preceded by a preliminary 

study to give an idea of the cooking times of the va rie ties .

250 g of dried seed of each variety was f i i s t  soaked in  half a 

l i t r e  of water fo r  12  hours and boiled  in  h a lf l i t r e  of water using 

an e lec tr ic  hot p late. Timing was started at the onset of bo ilin g  and 

ttiere were three replicates fo r  each tes t. Samples were taken out at 

d ifferen t intervals (30, 40, 50, and 60 minutes) fo r  testing. These 

were labelled  and arranged randomly to avoid biasing due to sequential 

arrangement.

The degree of cooking was determined by the resistance the boiled 

seed gave when pressed in-between the thumb and fore-fin ger. Fanelists 

evaluated doneness cf seeds boiled for d ifferen t periods.

A bean was considered "done" or well-cooked when i t  mashed easily 

and smoothly upon pressing and rubbing between the thumb and fore-fin ger.
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A panelist recorded his judgement on a graduated scale as follows;

1 .= Very hard, ie .  does not appear to have been cooked at a l l

2 = Hard, ie .  under-cooked

3 = Quit© hard, ie .  p a rtia lly  cooked

4 = Soft, ie .  just well-cooked

5 = Too so ft, ie .  over-cooked.

7. H eritab ility  and Crossability Studies

Narrow sense h e r ita b ilit ie s  fo r  some quantitative tra its  were 

studied by making crosses and reciprocal crosses on chosen pairs of 

potential parents with essentia lly contrasting characters. One 

variety, Kaase market black eye was crossed with three d ifferen t 

parents, each cross representing a d ifferen t pair of contrasting 

character. There were 8 combinations represented by the following 

crosses and their .reciprocals. The crosses were made according to the 

method developed by fiachie _et a l, ( l 975)•

Kaase market black eye . x Accra market No. 2

Kaase market black eye x Legon brown

Kaase market black eye x Dark mottled

TVX 1843 x Sx. Ada.

The characteristics of the parental lines used are summarized in  

Table 1 .

The crosses were made on plants grown in  the open ( in  Sinna's 

Garden). Parent populations planted in  single rows were sown at 

d ifferen t times to  synchronize flowering periods. Crosses were made



TABLE 1 : QUANTITATIVB CHARACT25S OF PARENTS USED IK HEBITABILITlf STUDIES
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PARENTAL

VARIETY

DFF
(days)

DIM
(days)

Branch
Length

(m)

Leaf
Area
(cm2)

Pod
Length

(cm)

Seeds
/Pod

Pods/
Peduncle

Pedun*
cles/

Branch

Branch­
es/

Plant

100-seed
Y/eight
( 6)

Grain 
Y ield  
Per 
PL .ANT 
I g )

Kaase Market 
Black Bye

57.00 90.00 2.54 185.86 14.90 12.90 0.79 6.50 7.00 14.93 53.13

Accra Markot 
No. 2

33.00 58.00 1.74 123.59 17.55 15.40 1.63 4.00 6.50 7.91 51.62

Legon Brown 36.00 56.00 2.48 347.45 20.95 15.50 0.86 11.00 7.25 12.31 130.86

Daik Mottled 29.00 49.00 1.01 121.80 12.80 9.90 1.52 4.50 6.50 9.70 42.69

Ex. Ada 33.00 60.00 1 .64 12^.30 16.26 12.00 1.17 6.00 6.00 20.05 83.61

TVX 1834 35.00 58.00 2.20 215.75 18.55 16.80 0.38 9.25 5.75 14.17 48.11

' Mean 37717 61.83 1'.94 186.46 16.84 13.75 1.06 6.88 6.50 13.18 51.67

3.S. Mean _+ 4.09 5.85 0.86 35.90 1.17 1.06 0.19 1 . 1 2 0.23 1.75 7.19

S.3. Mean = Standard error of mean



in the morning and evening. Unsuccessful crosses shrivelled and 

dropped o f f  few days after crossing. A count o f a l l  stalks bearing 

labels was used in computing crossability among the varieties chosen.

Fads from identical crosses were harvested and bulked. seeds 

from these were la te r sown in the fie ld  (Sinna's Garden) together 

with the parents in single row plantings to evaluate relative  

performances. Regression of data on parental data provided the 

basis for computing h eritab ilit ie s .

8. Leaf Area Determination

Leaf area was determined by establishing a relationship between 

le a f area and lea f weight (Ghang, 197*0. For th is, ten fu lly  grown 

leaves of approximately the same age (each picked as the f ifth  lea f  

counting from the growing tip  af a primary branch), were taken for 

each variety and weighed. Punches of known diameters were used t© 

take samples of circular portions of the leaves and then weighed. 

Total area of a whole lea f was thus extrapolated from the area/weight 

ratios obtained for the circular portions.

9. Cultural Practices

For the three fie ld  t r ia ls  and parental populations used for 

the crosses and in the performance test, three seeds were sown 

per h i l l  and thinned out to one per h i l l  two weeks after germination. 

F̂  seeds used in the comparison/performance test, however, were sown 

singly to economize on the small number obtained from the successful
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crosses.

Following planting, each p lo t was weeded thrioe using a hoe, to 

control weeds. Supplemental water was provided as and when necessary 

by using sprinklers and watering cans.

The second f ie ld  t r ia l  (May-Aug./Sept., 1985) coincided with the 

major rainy season. As such in festation  from insects, mainly aphids 

(Anhis craocivora) and ladybird beetles ( Bnilachna varivestis ) was 

severe. A single application of Gymbush at a concentration of 2 ml 

per l i t r e  ms employed to control the pests. A l l  plantings done in  

Sinna's Garden were also sprayed.

Pods were harvested once a week (as they matured) and over a 

period of s ix  weeks to  cater fo r  the late-maturing and indeterminate 

fru itin g "types. A fte r  taking measurements on pod length, pods were

dried in  the sun fo r  2-3 days to ease threshing. The number of seeds

per pod was counted during threshing.

10. Data Collection

Data were collected on the following plant characteristics: 

EHYSIOLOGICAL CHARACTBBISTICS

1. Days to 8C$s germination -  Number of days from sowing to

seedling emergence.

2. Days to 5Cp£ flowering -  Number of days from date of 80̂

seedling emergence to date of 5CJS 

onset of flowering.
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3. Hgjya to 5Q& maturity

4. Number of nodules per -  

plant at 5C$ flowering

5.  percent e ffe c tiv e  nodules -

6. Disease resistance score -

7. Shattering resistance 

score

KEPSPIXJCTrtfjS CHARACTERISTICS 

1 , Number of branches per 

plant

35 -
Number of days from 8C$S seedling 

emergence to date of 5Q$> pod maturity.

A to ta l count of number of nodules on 

main and la te ra l roots. I?our plants 

were carefu lly uprooted fo r  this purpose. 

A ra tio  of active ly  fix in g  nodules to 

to ta l number of nodules. This was 

determined by sp litt in g  open with a 

blade a l l  nodules and counting those 

whose cores showed pink/reddish 

coloration.

A visual appraisal of varie ta l resistance 

to GMV as exhibited by mottling of the 

leaves. A rating of 1 (no symptoms of 

the disease) through 5 (to ta l destruction 

frcm the disease) was used.

Numerical rating was done based upon 

visual appraisal on 4 plants. Hating 

was done when 95& of the pods were 

mature, where 1 = no shattering to

5 = over 5Q& shattering.

The mean number of branches per plant 

from a random sample o f 5 plants chosen 

from the middle row of each p lot.



2, Number of peduncles per 

plant

3. Number of pods per peduncle -

4. Pod length

5. Number of seeds per pod

6. i 00 3eed weight

7. Grain y ie ld  per p lot

The mean number of peduncles on a l l  

branches of the f iv e  plants selected 

at random from the middle row of 

each p lot.

The mean number of pods per peduncle 

was obtained by considering a ll  

peduncles on a ll branches of the f iv e  

plants randomly selected from the 

middle row.

The mean measurement taken on ten 

randomly selected dxy pods harvested 

from the middle row of each p lo t.

The mean number of seeds threshed from 

ten randomly selected dzy pods 

harvested from f iv e  rand only selected 

plants from the middle row of each 

p lo t.

The weight of a sample of 100 clean, 

whole and well-formed seeds.

Total grain y ie ld  from f iv e  randomly 

selected plants from the middle row 

of each p lot multiplied by a factor 

of 36/5 since there were 36 plants 

per p lot.
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8. Grain y ie ld  per plant

9. Harvest Index -  

10, Storage insects resistance -

SCOTS
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MOBHiOLOGICAL CHARACgERlSnCS

1 . Dry weight per plant at 

5<$ flowering

2. HLant growth habit

3. Seed coat colour

Tho mean grain y ie ld  from f iv e  

randomly selected plants from the 

middle row of each p lo t.

Computed as the ra tio  of grain y ie ld  

per plant to to ta l B io logica l Y ie ld . 

Percent damage caused by insects to 

seeds in  storage as manifest by holes 

bored in to the seeds or the presence 

o f larvae in  apparently undamaged 

seeds when they were s p lit  open.

The average i iy  weight of fi&pr randomly 

selected plants carefu lly uprooted 

from the middle rows. Plants were 

dried in  an oven at 80°C fo r  48 hours. 

Visual appraisal of the growth charac­

te r is tic s  of the plants as to whether 

i t  is erect or not.

The colour of the seed as determined 

by matohing against standard horticul­

tural colour charts as found in  Sxotica 

Horticultural Color Guide (S.H.C.G.), 

(Graf, 1963).



CHAPTER IV 

RESULTS AND DISCPSSIONS
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1* growth and Yield Gharaeteriatios

Uniform gemination was recorded for all varieties in all three 

field trials* In experiments one and three plantings ware followed 

by rain two and four days respectively. Eighty percent gemination 

was recorded for all varieties on the fifth and sixth day respectively. 

In experiment two, 8GjS germination was observed on the seventh day 

following sowing.

No statistical analysis was carried out for data collected on 

germination. Data collected on ether characters were, however, subjected 

to analysis o f variance, Por convenience, only three out of four 

replications in each of the second and third trials were considered fo r  

the statistical analysis as t r ia l  one had only three replications.

The varieties differed highly significantly (p<O.Oi) in respect 

of a ll characters investigated except average diy weight per plant at 

5C$ flowering (Appendix 1 ) .  Seasonal variation was also highly signi­

fican t (P C C.o-I) in  respect of days to flowering, average diy 

weight per plant at 5QS flowering, number of nodules per plant at 50p> 

flowering, percent e ffe c t iv e  nodulation, number of branches per plant, 

number of peduncles per bi'aneh, pod length, number of seeds per pod, 

100-seed weight, resistance towards shattering, and days to 5C$ pod 

maturity. Seasonal differences in  grain y ie ld  per plant were 

significant (P<0.©5). >'ariety-season interaction gave highly



significant (P 0.01) differences in respect of days to 50$ flowering, 

number of nodules per plant at 50$ flowering, percent effective  

nodulation, pod length, 100-seed weight, incidence of the Cowpea Mosaic 

Virus (CMV), grain yield per plant and grain yield per plot (Appendix 1 ).

The sixteen varieties used in these studies were of diverse origin. 

The highly significant differences observed for most characters 

investigated is  an indication of their genetic diversity. Doku (1970a) 

observed great genetic diversity in 39 local and exotic varieties of 

cowpea grown in Ghana.

Three main growth habits were observed in the varieties used in 

this study. These were erect, semi-erect and spreading growth habits. 

Most local varieties exhibited spreading growth habit whilst the exotic 

ones were either erect or semi-erect (Table 4 ). Doku 1970a) observed 

that most local varieties exhibited prostrate growth habit typical of 

unimproved landraces.

A ll  varieties gave higher dry matter per plant at flowering during 

the second planting (May-August/September). This coincided with the 

major rainy season and the favourable weather conditions contributed 

to extra vegetative growth.

Seasonal variation in nodulation is  explained by seasonal 

d ifferences in s o il conditions. A l l  va rie ties  produced more nodules in 

the major rainy season ( i . e .  second planting) than in the other seasons. 

Percent e ffec tiv e  nodulation was also higher for the second planting 

season. Earlier workers (Wilson, 1931; Masefield, 1952; 1957; 1961; 

and Doku, 1970b) reported that nodulation is  enhanced by s o il moisture.
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Philpojfts ( 1967)  reported that high s o il temperatures reduced nodule 

formation and development.

Plants which were severely infected by the eowpea Mosaic Virus 

(CMV) typ ica lly  showed le a f  d istortion , b lis ter in g , reduction in 

nodal length (stunting) and a high le v e l of flow er drop. Legon Red, 

Legon P ro li f ic  and Gbeho showed very severe signs of the incidence 

of the disease.

The seasonal variation  in  y ie ld  is explained by differences in  

weather conditions during the three seasons. Yields in  the second 

planting with higher humidity and its  attendant high incidence of 

pests were lower than in  the f i r s t  and third plantings. Laguda ( 1 980) 

observed that exotic cowpea varieties planted in  June gave lower 

y ie lds than when planted in  October due to  pest damage. Grain y ie ld  

also appeared to have been aacrificed  for-the higher vegetative growth 

observed during the second season. Ex-Ada was consistently the 

highest y ie ld ® fo r  a l l  three seasons, whilst Legon p ro li f ic ,  Legon 

Red and Legon Brown were the poorest yie lders in  the f i r s t ,  second and 

third tr ia ls  respectively. Legon P ro lif ic  and Legon Red showed severe 

signs of virus in fection  in  the f ie ld ,  a factor contributing to the ir 

poor y ie ld s . Singh and Singh (l985) reported a reduction in  the number 

of flowers, pods, seed output, seed s ize , pod s ize , pod weight and 

seed weight in  cowpeas due to virus in feotion . Reduction in  y ie ld  of 

due to  virus in fection  was reported by Kaiser and Mossahebi 

(1975), vfcilst other workers (Chant, 196O; Glimer et a l. ,  1974 and
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Shoyinka, 1974) reported that reduction in  y ie ld  due to  conpea ye llow  

mosaic virus ranged between 6CfS and 10CJJ».

Two loca l va rie ties , Kaase Market Black Eye and Kaase Market 

Brown EJye, appeared to  be photoperiod sensitive. Flowering and fru itin g  

in  these varieties were delayed during the second f ie ld  t r ia l  (May- 

August/September) which coincided with longer daylengths (F ig . 1 ) .

2. Genetic Variab ility

Tables 2 and 3 give the overall means and coeffic ien ts o f variation 

respectively in  15 quantitative tra its  of the varieties investigated, 

while va r ia b ility  in  qualitative tra its  is presented in  Table 4.

A wide range of va r ia b ility  was observed fo r  the quantitative 

tra its  studied. High coeffic ien ts of variation  were recorded fo r  grain 

y ie ld  per p lot, grain y ie ld  per plant, number of pods per peduncle, 

100-seed weight, harvest index, number of nodules per plant, percent 

e ffec tiv e  nodules, branch length and diameter of spread. Number of 

peduncles per branch, number of primary branches per plant and days to 

5 f i r s t  flowering showed only moderate Variation, whereas number of 

seeds per pod, pod length and days to pod maturity had low 

coeffic ien ts of variation.

The varieties also showed great va r ia b ility  in  several qualitative 

tra its . For convenience, however, three classes only were recognized 

fo r  each of the variation  in  plant growth habit, maturation period, 

flowering/fru it habit and pod conformation. Spreading growth habit as
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T.V3L3 2 : OVERALL MSiPCS OP SOMB QUANTETATIVS CHA3ACT5K5

VART2TI33

DFF DIM

(days;

Sod’Jle:
/

riant

Sffec
Nodul­
e s /
KLant
CO

Branch
Length

(ca)

Diame­
ter of 
Spread

M

Pod
Lengt!

(cm)

100-
Seod

.iei$ht

(«)

3ranch­
o s / 

riant

Pedunc­
l e s /
Branch

Pods
/
Pedu­
ncle

Seeds/
Pod

Grain
Yield

/
Plant

(«)

Gsiin
Yisld

/
Plot
(**}

Ear veal 
Index

t o

1 . AM No. 1 43.00 62.13 29.27 26.20 57.54 0.79 15.85 9.55 5.e3 2.71 1.99 13.63 39.63 1360.99 30.33
2. AM Ko. 2 41.00 58.33 23.93 25.55 70.60 1.06 16.96 9.35 5.41 2.17 2.06 14.31 31.95 1116 .95 23.85

3 . Adua Ayera 43.27 63.00 22.82 29.21 70.69 1.01 15.70 9.23 6.22 2.83 1 .5 3 12.93 32.03 -945.48 19.70

4* Sark Kottled 37.11 59.25 15.97 23.24 68.35 1.29 13.27 10.48 6.70 3.55 1.31 11.50 35.05 1095.54 38.59
5* 3x. Ada 39.13 64.00 22.03 24.68 83.57 1.51 15.87 20.03 6.43 3 .79 1 .2 2 10.08 63.03 2060.52 25.99
6 . Gbeho 50.09 57.63 16.14 19.49 55.83 1.00 15.33 12.91 6.00 3.35 1.0 9 12.91 32.22 1034.29 13.78

'• 7 . If® Brora 4 1 .9i 64.38 20.26 17.65 43.79 0.89 13.46 15.19 5.30 4.60 1.07 10.14 39.25 1290.17 35.93

8. K.H. Black 3Ve 48.18 75.65 12.38 12.44 72.61 1.28 16.32 18.04 6.61 3.63 0.77 12.73 38.78 1205.15 29.34

9. K.M. Brown I^e 51.00 75.00 12.70 3.55 49.97 0.97 15.85 18.55 7.50 3.73 0.67 12.20 45.45 1384.18 30.05

10. L^gon B rcr.vn 48.55 69.75 31.09 26.19 54.69 0.85 17.67 13.57 5.43 3.69 C.65 11.24 20.08 718.50 17.62

11. Legon Frolifio 44.00 67.75 22.18 20.73 63.88 1.25 14 .16 10.25 7.20 3.73 0.62 11.85 24.42 7S0.31 26.54

12, legon Red 48.09 67.75 13.86 17.85 25.25 1.92 18 .51 12.77 5.43 3.75 0.37 12.28 30.74 978.78 10.73

13. H  1239 48.55 6S.88 11.77 12.94 99.03 1.8 1 16.95 12.15 6.41 3.38 0.87 13.75 31.45 995.85 13.21

14. 7VX 1843 40.45 65.88 22.18 20.76 40.78 0.73 17.1 S 16.87 5.39 3.28 0.98 13.60 37.49 1171.77 31.09

1 5 . TVX 1995-023 43.35 65.25 11.43 7.35 35.69 0.76 14.33 13.72 5.64 3 .92 1.17 13.24 46,36 1539-.56 31.93

1 o. T7estbred 38.36 51.38 22.36 25.13 55.13 0.90 13.94 10.25 5.51 3.31 1.31 12.76 36.93 1272.33 22.9S



TABUS 3i VARIABILITY1 IN S0M5 QUAItTITAEEVS TRAITS

QUANTITATIVE TRAIT Range Mean ( z )
Standard

Deviation
(S D ,+ )

C oeffic ien t of 
Variation

( c v , £ )

1. Grain y ie ld  per p lo t  (kg/ha.) 718.50 - 2060.52 1185.09 318.98 26.92

2. Grain y ie ld  per plant (g ) 20.08 - 63.03 36.55 9.80 26.81

3. No. o f seeds per pod 10.08 - 14.31 12.45 1.24 9.92

4. No. o f  pods per peduncle 0.65 - 2.06 1.15 0.42 36.92

5. No. o f peduncles per branch 2.17 - 4.60 3.46 0.56 16.07

6. No. o f prlaiaiy branches per plant 5.30 - 7.50 6.13 0.68 11.13

7. 100-seed weight (g ) 9.23 - 20.03 13.31 3.53 26.49

8. Pod length  (cm) 13.27 - 18.51 15.75 1.57 9.97

9. Harvest Index (fi) 10.73 - 38.59 25.42 7.86 30.92

10. Days to  50fo f i r s t  flow ering (DFF) 37.17 - 51.00 43.94 4.43 10.08

1 1 . Days to 50$ pod maturity (DBl) 59.25 - 75.63 66.00 4.91 7.44

12. No. o f nodules per plant 11.45 - 31.09 19.71 5.98 30.34

13. Percent e f fe c t iv e  nodules 7.35 - 29.21 19.88 6.64 33.40

14. Branch length (cm) 35.69 - 125.25 65.78 22.71 34.52

15. Diameter o f spread (m) 0.76 - 1.92 1.12 0.35 31.25



used in  th is c lass ifica tion  includes plants with tra ilin g , creeping, 

or climbing growth characteristics. The loca l varieties appeared to  

he mostly spreading types, with long- or medium-term maturation periods. 

Tfihile a few were c learly  determinate in  flowering/fru iting behaviour, 

most o f them flowered and fru ited  over protracted periods especially 

in  the presence of water, neoessitating repeated harvests. These 

wild/semi-wild characteristics may have contributed to th e ir being 

favoured by lo ca l peasants. In  the mixed cropping systems of these 

farmers, the tra ilin g , late-maturing varieties play the role o f cover 

crops, th e ir decayed vegetative parts and nodules enriching the s o il 

to  the benefit of companion crops, while repeated harvests ensure supply 

over a longer period and the small quantities feathered per harvest are 

easier to  handle without storing fo r  long periods. In  contrast, the 

exotic varieties showed more of improved plant characteristics.

Spreading growth habit, la te  maturity and indeterminate flow erin g/ fru itin g  

habit were not noticeab le in  any o f them. These results agree with 

those obtained by Doku (*| 970a) w h ilst working on 39 lo c a l and exotic  

va r ie t ie s  o f cowpea.

S ligh tly  curved ( i . e .  J-shaped) was the predominant pod conformation 

observed in  the Varieties as compared to  straight or highly curved ( i . e .  

C-shaped) pods. Pod colour was also very variable, ranging over eight 

botanic colours whilst seed coat colour showed the greatest va r ia b ility . 

Apart from the eas ily  discernible uniform single colours such aS ivory, 

rest, flesh , brown, cardinal red, ivory white, l ig h t  brown and garnet
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T g ' - I j  4 :  r o a j T A 'S V B  f fU R A C T C H I o n C S  0 ?  j g  'G ZIVSk  V f .n i 3 E S S

YAIttSTT
riant
Growth
Habit

r  *“ " ‘Matura­
tion
Period

Flowering/
Fruiting
Habit

Pod Conformation Pod Colour Seed Coat Colour

1 . ;j.: Ko. 1 Semi-erect T'edium Determinate Slightly curved (j-n) Salmon Cardinal Red
2. iE-JTb. 2 Saily Yaroon M
3. AAiia -4yera ?.!edium Semi-determinate Salmon t
b. Dark Xcifctled 3arly Determinate 1 Dark maroon Marô r/Sust (3p)
5. Ex, Ada Spreading: Medium n Highly curved (C—3) Chestnut brown Chocolate/Light Brown (Mt)
6. Gbeho Semi-erect Late Indeterminate Slightly curved(J-S) Salmon Chosolate/Brown (Mt)
7. I f 9 Brown E re c t Kediira Determinate Straight Ivory pink Flesh
8, K.M. Black 2ve Spreading Late*5 Somi-d9terminate Highly curved (C-S) Cream Ivor/ white
9 .  X.K. Brown 5Jye Late* n Cream Ivory white

10. Logon Brown Indeterminate Slightly curvsd(J-S) Salmon Brown
11. Legon Prolific « n 1* Flesh Ivory
12. Leg on Red 1 ’ » Karoon Garnet lake
13. n: 12 3 ? t r S omi- de te mi na t e it Flesh Chocolate/Rust (Mt)
1 4 . tvx 18 4 3 Semi-erect 1 Straight Paach pink Rust
15. TVX 1 995-023 Ur9ct II Straight Ivory  pink Light Brown
1 c. TTestbred 3rect r'ediun 3 ernJi-de ts rminate Slightly curved(J-S) Ivory pink Ivcsy

* Photoperiod 99nsS.t5.r 9 8p: Speckled lit: Mottled



lake, there were also various shades of mottling or speckling 

involving maroon or chocolate colour on rust, brown or ligh t brown 

backgrounds in  sane va rie ties . Wo correlation was observed between 

pod colour and seed coat colour.

3. Harvest Index

Harvest index fo r the varieties ranged frcm 10.73jo in  Legon Red, 

a late-maturing, loca l variety with spreading growth habit to 38,55̂  

in  Bark Mottled, another lo ca l variety with semi-erect growth habit,

Dark Mottled gave the least number of days to flowering and maturity 

of the 16 varie ties  tested. S ign ificant differences were found among 

cultivars with respect to  harvest index (Table 5 ). Generally, higher 

harvest indices were recorded fo r  erect and semi-erect varieties than 

fo r  the spreading types.

Jain ( i  975) recorded harvest indices in  the ranges of 8.7Qj£ to 

2\.kC$, and 20.0Cj£ to 30.OĈ  in  some pigeon pea and chick pea Varieties 

respectively as compared to 36.15^ -  40 .9^  in  wheat. He attributed 

the low y ie ld  of grain legumes to poor harvest index rather than to ta l 

b io log ica l y ie ld , Singh, e t a l . . ( l 98o) also observed that harvest 

indices in  varieties  of mungbean, ( ViEna radiata) . urd bean ( Vigna mungo) 

and pigeon pea ( Qajanus oa jan) were in  the ranges 2~5-*hlfo, 17-3C{£ and 

respectively. For e ffec tiv e  improvement in  grain y ie ld  of 

grain legumes, he suggested that emphasis be put on breeding varieties 

fo r  high harvest index, alongside other factors.
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IA H U S  5s ItlSAN S H A IW  Y I M J )  M R  P L O T -  M E M  H A R V E S T  I N D E X ,  

M E A N  D A Y S  OX) M A T U R IT Y  A N D  GBOW ffl H A B I T

VARIEII
Grain Y ie ld  
Per ELot in

V h a . ,

Harvest
Index

Maturity
Duration

(days)

Growth
Habit

1 . A.M. No. 1 l36o.99bci 30.33cd 62,l3cde S. Erect

2. A M . No. 2 11l6.95defgh 23.85efg 59.38e S.. Erect

3. Adua Ayera 946,48hi l9.70gh 63.00ode 3. Erect

4. Dark Mottled 1095.54©fgh 38.59a 59.25© S. Erect

5. Ex Ada 2060. 52a 25.99<lef 64.00cde Spreading

6. Gbeho I034.29fgh I3 .78 ij 67.63bod S. Erect
7. I f e  Brown 1 290.17cde 35.93ab 64,38cde Erect
8. K.M. Black Eye 1205.l5cdefg 29.34ode 75.63a Spreading
9. KJU. Brown Eye 1384.18bc 30.05cd 75.00ab Spreading

10, Legon Brown 718.50j l 7. 62hi 69.75abc Spreading
11. Legon P ro lif ic 790.3 lij 26.54cde 67.75bcd Spreading
12. Legon Bed 978.78ghi 10.78j 67.75bcd Spreading

13. P .I .  1239 995.85ghi 18.21 hi 68. 88abcd Spreading

14. T U  1843 1171,77cdefgh 31.09bcd 65. 88cde S. Erect

15. TVX 1999-02E 1539.66b 31.93bc 65. 25ode Erect
16. Westbred 1 272.33cdef 22. 98fgh 6 1.38de Erect

Means in  the same column followed by the same subscript are not 

s ign ifican tly  d ifferen t by Duncan's Multiple Range test { % ) .



P ig . 2 shows the relationship between grain y ie ld  and harvest 

index in  the varieties investigated. The highest harvest index was 

observed fo r  Dark Mottled, an erect, early-maturing loca l variety 

with determinate flowering/fru iting habit. Ex-Ada, a loca l, ©arly- 

maturing, spreading variety which recorded the highest grain y ie ld  

gave re la tive ly  low harvest index. I f e  Brown, T7X 1843, TVX ^999-©2E 

and Westbred, a l l  exotic varieties  with ©Sect or semi-erect growth 

habits gave high yie lds and high harvest indices. Accra Market No. \

(an erect, loca l va r ie ty ), Kaase Market Black Sye and Kaase Market 

Brown IJvre (both spreading loca l Varieties) also behaved sim ilarly.

For a high-yielding, Spreading variety such as Ex-Ada with low harvest 

index, further improvement in  y ie ld  could be e lic ited  by reconstructing 

the morphological frame of the plant in  such a way that the to ta l dry 

matter produced is  more e ff ic ie n t ly  partitioned between grains and 

vegetative parts. A compact plant form would be most desirable tov;ards 

this end as this would permit higher plant populations per unit area.

4* Cooking Period

Highly s ign ifican t differences were observed among varieties fo r  

time to cook the day beans (soaked overnight) without using tendeiizers. 

Consumer preference fo r  le v e l of softness also d iffered  highly s ig n ifi­

cantly fo r  a l l  four t©3t  periods.

Table 6 shows that most varieties required to  be boiled fo r  

between f i f t y  minutes and an hour to  soften enough fo r  human consumption.
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TABES 6: MEANS 0? VALUES SCORED BY EIGHT JUDGES FOR C00KIN6 PERIOD

T A S I  E T Y
Period o f  cooking (  minutes )

30.00 40.00 50.00 60.00

1 . A.M. No. 1 3.00 bode 3.54 de 4.04 ode 4.04 cd

2. A.M. No. 2 2.92 odef 3.42 f 4.00 cde 4.09 cd

3. Adua Jtyera 3.00 bcde 3.58 de 3.92 def 3.96 d

if. Dark Mottled 2.71 e f 3.50 e f 4.00 cde 4.38 b

5. Ex. Ada 3.49 a 4.25 ab 4.34 ab 4.17 bed

6.  Gbeho ' 3.25 ab 3.75 cd® 3.96 cdef 3.88 d

7. I f e  Brown 3.25 ab 4.29 at 4.50 a 4.71 a

8. K.M. Black Eye 2.63 f 3.38 e f 3*92 def 4.00 cd

9. K.M. Brown BJjre 2.67 e f 3.38 e f 3.75 e f 3.92 d

10. Legon Brown 3.17 abed 3.62 de 3.79 def 4.29 be

11. Legon P r o l i f ic 2.42 g 2.75 g 3.67 f 3.58 e

12. Legon Red 3.17 abed 3.96 bo 4.21 bo 4.17 bod

13. H  1239 2.87 odef 3.33 f 3.25 g 3.46 e

. 14. TU  1843 3*21 abc 3.83 od 4.08 cd 4.13 bod

15. Ttt 1999-023 3.00 bcde 3.79 ode 3.67 f 4.08 od

I 16. Westbred 2.71 e f 3.08 f 3.67 f 3.46 e

Means In  the same column fo llowed by the same subscript are not s ign ifica n tly  
d if fe re n t  by Duncan's M ultiple Range te s t .



Six varie ties  required to be boiled fo r  more than an hour whilst two 

va rie ties , I f e  Brown and Ex Ada required only forty  minutes. J3$k 

-Ada ha-4 re la tive ly  large seeds (-100-seed weight = 20.03 g) with 

smooth seed coat, Five out of s ix  varieties requiring more than an 

hour fo r  ©Baking were small-3eeded with smooth seed coats whilst the 

la s t  one (Kaase market brown eye), had wrinkled large seeds. Degree 

of softness of seeds a fte r  one hour of bo ilin g  was positive ly  correlated 

( r  = 0.276) with 100-seed weight, though not s ign ifican tly . The results, 

however, showed no clear trend relating seed coat colour and period 

required fo r  cooking as beans from each colour group (brown, mottled, 

red, and white) could or could not be cooked within an hour.

I t  is apparent from these results that a number of factors interplay 

to  determine the time required to  cook cowpea seeds, though larger-seeded 

varieties generally took shorter time than smaller-seeded va rie ties . 

Selecting fo r  high 100-seed weight in  any breeding programme w ill 

conform with consumer expectations as i t  may ease cooking of the dried 

bean.

5. Bruchid Resistance

Virtually no v is ib le  damage was done to  seeds of a l l  varieties up 

to the fifteen th  day a fte r  introduction of insects. When s p lit  open, 

however, most such seeds contained larvae in  various stages o f development. 

By the twentieth day, ex it holes were v is ib le  on a few seeds indicating 

that emergence of adults had started.
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Sampling at 5-day intervals showed varie ta l differences in  

susceptib ility  to in festation  by Gallosobruchus spp. These differences 

were, however, obliterated a fte r the th irtie th  day a£ most varieties 

recorded 100£ in festation  (F ig . 3 ). This is explained by increased 

insect a c tiv ity  follow ing the emergence of new adults.

In it ia l ly ,  lower leve ls  of in festation  were recorded fo r  varieties 

with small and/or rough-coated seeds than fo r those with large and/or 

smooth-coated seeds. A count of the number of eggs la id  on seeds of 

the various varieties  f iv e  days a fte r  introduction of insects showed 

highly s ign ifican t differences among va rie ties . More eggs were la id  

on larger seeds than on smaller ones. Rough-coated seeds also had 

fewer eggs than smooth-coated seeds.

Varieties with large seeds were preferred for oviposition by the 

insects probably because they provided a larger surface area compared 

to those with small seeds. Seeds with smooth coat texture provided a 

non-obstructive surface, also preferred by the insects fo r  oviposition. 

Subsequently, higher rates of in festation  were recorded fo r  varieties 

whose seed characteristics f a l l  under these descriptions than fo r those 

■with small and/or wrinkled seeds, I f e  Brown, an e l ite  lin e  from IITA 

with medium seed s ize  ( 1OO-seed weight = 15.19 g) and highly wrinkled 

seed coat consistently showed the lowest rates of in festation  

throughout the experiment (F ig . 3 ).

S a rlie r  workers (Nwanze and Horber, 1975; Nwanze et a l. ,  1975; 

and Nwanze and Horber, 1976) have observed that the cowpea weevil readily 

distinguishes between rough- and smooth-seeded va rie ties , preferring the
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Days offe r  introduction of Insects. Days afte r  Introduction of insects .

D ays  after  introduction of Insects. Days after  Introduction of in s e c ts .

F ig . 3 .  R e la tio n  b e tw e e n  p e rc e n t d a m a g e  c a u s e d  to  s e e d s  a n d  d a y s  a f t e r

in tr o d u c tio n  o f in s e c ts .
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In the m a t e r ia ls  a n d  m e t h o d s .
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la t te r  as s ites for oviposition. They also noted that large-seeded 

varieties  provided larger surface area fo r  oviposition and were 

therefore preferred to  small-seeded va rie ties . Further, V ir (i960) 

observed that _C. maculate preferred brightly coloured, smooth seeds 

with large volume fo r  oviposition. He also noted that egg-laying was 

minimum on seeds with wrinkled coats.

The results of this investigation, however, gave no indication 

of the influence of seed coat colour on ovipositional behaviour or 

selection  of feeding s ites by bruchids as in festation  on colour basis 

showed no clear trend. Differences in  preference fo r  oviposition were 

reflected  in  the leve ls  of in festation  recorded up to the twenty-fifth  

day. A l l  va rie ties , however, became heavily infested by the th irtie th  

day. I t  appeared therefore that of the varieties tested, once 

oviposition had taken place the seeds had no in trin s ic  mechanism fo r  

halting in festation.

6. Correlation  Studies

The results of correlation studies for seed y ie ld  with its  

components and among the components in  the 16 varieties  are presented 

in  Table 7. Seed y ie ld  per plant showed positive correlations with 

pods per peduncle, peduncles per branch, branches per plant (not 

s ign ifican t), 100-seed weight and harvest index (s ign ifican t) but 

negative correlations (not s ign ifican t) with seeds per pod, pod length, 

days from sowing to f i r s t  flowering and days to 5C£i pod maturity.
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TABLS 7 :  CO H RSLATieri C C ^ F F IC IS N T S  AMONG 1 0  CKASACT5RS P I  CCV.'FSA

Yield/ 1
Plant

Seeds/
Fed

Pods/
Peduncle

Peduncles
3xunch

Branches/
Plant

100-Seed
Weight

Pod Length Harve3t
Index

DFF bb ;

Yield/plant - -O .261 0,136 0.204 O.16 5 O.616* -0 .205 0.513*

£KNOI - 0.046

Seeds/pod 0 M S -0.754** -0.131 -0 .420 0.323 - 0 . 20S 0.141 - 0.087

Fods/peduncle -0.725** -0 .230 -0.567* -0 .167 0.133 -0.556* - 0 . 815**

Pe duncl es/Sra nches 0.105 0.541* -0 .307 0.233 0.146 0.418

Branches/ Plant 0.125 -0 .337 0.160 0.123 0.350

1 00-Seed Weigit 0.200 0.208 0.231 0 . 601*

Pod. Length - 0. 601* 0.500* 0.375

Harvest Index -0.524* - 0.181

D?F 0.81

m . .

-

* Indicates significance at 3/t le ve l of test ( r > 0.497) 

*♦ Indicates significance at leve l of test (r> 0 .6 i3 )



Harvest index was p os itive ly  correlated with four other characters 

apart f  ran grain y ie ld  per plant though not s ign ifican tly  and negatively 

correlated with another four, s ign ifican t in  the cases cf pod length 

and days from sowing to  5C$> f i r s t  flowering.

Highly sign ifican t negative correlations were observed fo r  the 

associations between seeds per pod and peduncles per branch, pods per 

peduncle and peduncles per branch, and between pods per peduncle and 

days from sowing to 50^ pod maturity. The association between days to 

5Q& onset o f flowering and days to  50$ pod maturity was pos itive  and 

highly s ign ifican t.

These results, in  some aspects, agree with those cf ea rlie r 

workers. Doku (l970a) found seed y ie ld  to be pos itive ly  correlated 

with pod number per plant and fru itin g  period but negatively correlated 

with other characters. Azyeetey and Laing (1973-) also found y ie ld  to 

be pos itive ly  correlated with number of pods per plant, number of seeds 

per pod, and 100-seed w&Lght but negatively correlated with pod length 

whilst Erskine and Khan ( i 978) also observed positive correlations 

with pods per plant and seeds per pod only. A ll  y ie ld  components, 

except number of branches per plant were pos itive ly  correlated with 

y ie ld  in  another study by Kheradnam and Niknejad ( 1 974). Lagudah (l98o) 

also observed positive correlations between grain y ie ld  and number cf 

pods per plant, number of seeds per pod, and 1 OO-seed weight, the 

association not s ta t is t ica lly  s ign ifican t in  the case of seeds per pod. 

In  a study involving f i f t y  genotypes, Singh et a l . ,  ( 1982) observed
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p os itive  correlations between a l l  eight plant characters investigated 

and grain y ie ld , the association between grain y ie ld  and plant height, 

pods per plant and number of grains per pod being highly s ign ifican t.

I t  is evident from this study and those of other workers that 

grain y ie ld  in  the cowpea may be improved by selecting fo r  100-seed 

weight, harvest index, peduncles per branch, branches per plant and 

pods per peduncle, in  decending order of importance. 3!hat grain 

y ie ld  is negatively correlated with both days to 5C§s onset of flowering 

and 50fi pod maturity indicates that the selected plant should also be 

early-matuiing.

7. Gross d3i l i t y

The results of pod set from crosses and reciprocal crosses made 

between s ix  of the varie ties  provided information on the expected 

ease of hybridization between them. Table 8 shows the percent 

crossab ilities calculated from the number of successes recorded as 

against the tota l number cf crosses made.

Cross a b ility  values of 11,6^  and 6, 6^  obtained fo r  the crosses 

Ex Ada (m.p.) x TVX 1 843 ( f .p . )  and T U  1843 (m.p.) x Ex Ada ( f .p . )  

respectively indicate that in  a cross involving the two va rie ties , 

either of them could be used as the male or female parent. However, 

with T7X 1 843 as female parent cross ab ility  was nearly twice eB high 

as when i t  was used as the pollinator, indicating its  p re ferab ility  

as female parent rather than male parent in  crosses with Ex Ada.

F lora l parts of TVX -|843 were generally la rger than those of' Ex Ada.
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TABLE 8: E3RCENT CROSSABILITTES

H Y B R I D
No. o f Crosses 

Made
Successes
Recorded

fo Pod 
Set

Ex. Ada (m .p .) x 

TVX 1843 ( f . p . ) 43 5 11.63

TVX 1843 (m .p.) x 

Ex. Ada ( f . p . ) 45 3 6.67

KMBE (m .p .) x 

L.B. ( f . p . ) 44 3 6*82

L.B. (m .p .) x  

KMBE ( f . p . ) 54 0 0.00

IMBE (m .p .) x 

AM No. 2 ( f . p . ) 42 1 2.38

M  No. 2 (m .p .) x  

KMBE ( f . p . ) 58 0 0.00

KMBB (m*p.) x 

m  ( f . p . ) 45 6 13.33

m (m .p .) X 

KMBE ( f . p . ) 40 0 0.00

m.p. -  male parent; f . p .  -  female parent.
DM -  Dark Mottled; AM No.2 -  Accra Market No.2 

L.B. -  Leg on Brown; KMBJS -  Kaase Market Black Eye



The low poa set in  the TVX 1843 (m.p.) x Ex Ada ( f . p . )  crosses couia 

be attributed to the in ab ility  of pollen tubes developed from Ex Ada 

pollen to  travel the longer length cf the styles cf TVX 1845 flowers 

to  the ovary fo r  fe r t i l iz a t io n  to take place.

Whilst K.M.B.E. proved unsuitable fo r  vise as the female parent 

in  crosses with three of the varieties (Table 8)  i t  could be employed 

successfully in  the ir reciprocal crosses when used as the pollen parent. 

Indeed, crosses between K.M.B.B. (m.p.) and D.M, ( f . p . )  produced the 

highest number of pods ( 6) with a crossability of 13.3^S, ishilst 6, 82̂  

and 2 .3 ^  were obtained fo r  sim ilar crosses with Legon Brown and A.M.

Ko. 2 respectively in  which i t  served as the po llina tor. The in ab ility  

of K.M.B.E, to set pods follow ing cross* combinations with other 

varieties serving as pollinators could be due to the very delicate 

attachment of the flow er to the pedicel (noticed during emasculation). 

Disturbance during mechanical manipulation could have led to the 

abscission of the flowers and therefore no successful pod setting.

I t  is  clear from the results cf this study that there is parental 

s e le c t iv ity  among cowpea varieties  when used as males and females in  

d ifferen t cross combinations. In  studies on parental s e le c t iv ity  as 

a factor a ffecting success in  cowpea crossing, Mishra et a l . ,  ( l 985) 

observed highly se lective  genotypic cross com patibilities among 

varieties  with crossability ranging between Q-3C^. They ascribed such 

genotypic or parental s e le c t iv ity  in  crosses to inherent genotypic 

differences fo r  cross compatibility, preferen tia l union of male and
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female gametes and extraschromosomal effects of the seed parent in  

pod development.

The results obtained in  the parent study may have been influenced 

by other variables such as

( i )  unequal number o f crosses made -  as a result of poor flower 

production in some varieties -  and

( i i )  number of fru its  already borne on the female parent -  these 

served as b etter physiological sinks able to  outoompete new 

and weaker sinks (mechanically manipulated flowers) fo r  the 

supply of nutrients and water, leading to the abscission of 

the la t te r .

8. H eritab ility  Estimates

Narrow sense h e r ita b ilit ie s  determined by regressing offspring 

data on data of pollen parent were 80. 0, 74. 0, 70.0, 68.0, 30.0 and 

22. 0̂  fo r  100-seed weight, seeds per pod, pod length, branches per 

plant, peduncles per branch and pods per peduncle respectively.

The h er itab ility  values obtained from this study are in  agreement 

with results obtained by Aryeetey and Laing (l973 ), and Kheradnam and 

Niknejad (1974). Sens ( i 968) also obtained estimates of 71 •($ and 

80, 0̂  fo r  h er itab ility  of seed size in  the narrow and broad sense 

respectively. In  this study, however, h er itab ility  of branches per 

plant was estimated at 68.G ,̂ a sharp constaast to the low estimate of 

15.Ĉ o obtained by Kheradnam and Niknejad (l974 ).
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Generally, these results imply that fo r  y ie ld  improvement in the 

oowpea, 100-seed weight, seeds per pod, pod length and branches per 

plant are important tra its  to be eonsidered as they have higher 

se lective  values than the other y ie ld  components.

9. Heterosis

Table 9 compares data collected fo r  several characters to 

parental Values, while estimates of heterosis fo r the same characters 

are indicated in  Table 10.

Both micU and better-parent heterosis were observed fo r  a ll  

crosses with respect to pods/peduncle. These exceeded 1QCJS in  a l l  

cases. There was no cleaivcut trend in  the heterotic response of the 

crosses to  the follow ing y ie ld  determining factors: pod length, seed 

per pod, peduncles per branch, branches per plant and 100-seed weight, 

as seme showed both mid- and better- parent heterosis, only mid-parent 

heterosis, or no heterosis at a l l  fo r  one or more of these characters. 

However, a l l  crosses showed veiy high response (exceeding 1 OCSfh) to 

grain y ie ld  per plant fo r  both mid- and better- parent heterosis, 

re flecting the complementaiy effects of these factors in  determining 

grain y ie ld .

Samanu.jam et a l . . (19&0, Singh et a l ; .  (l973 ), and G-oisda and Bahl 

( 1976)  reported heterosis fo r  grain y ie ld  and pods per plant in  chickpea. 

Average heterotic response for some seven chickpea crosses investigated 

by Mandal an d  Bahl (1979) were 18.93& fo r  grain y ie ld , 10.72^ for
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T A H S 9 : V3S3T.TOY3 AK3 RapimDaSTrVS CHA3ACT5PJS7rC3 OF F [ COKMKSD M W  PA35KTAI, v . u u s

PABSnS/tarBKTSS

DST

(days)

DB!

(days)

Branch
Length

(m)

Leaf
Area

(cm2)

Pod
Length

(cm)

Seeds/
Pod

Pods/
Pedunc­
le

Peduncles
/Branch

Branches 
/ Hi an I

100-
Seed
'.'.'eight
to

Grain 
Yield  
Per Plant 

(g)

1 .  AM No.2 33.00 58.00 1.74 123.59 17.55 15.40 1.63 4.00 6.50 7.91 51.62 ■

2. Ex. Ada 33.00 60.00 1.64 124.30 16.26 12.00 1.17 6.00 6.00 20.05 83.61

3 . n.K. 29.00 49.00 1.01 121.6 0 12.80 9.90 1.52 4.50 6.50 9.70 42.69

4 . L.B. 36.00 56.00 2.48 347.45 20.95 15.50 0.86 11.00 7.25 12.31 130.86

5 . K.K.B.S. 57.00 90.00 2.54 185.86 14.90 12.90 0.79 6.50 7.00 14.93 53.13

6 . TVX 18^3 35.00 58.00 2.20 215.75 18.55 16.80 0.38 9.25 5.75 14.17 48.11

1 . K.K.B.E. I  AM Ko.2 36.00 53.00 1 .6 2 150.70 13.84 16.70 2.85 5.50 6.50 8.00 136.12

2. K.K.B.3. z L.B. 38.00 69.00 2.69 351.99 18.90 13.93 2.67 10.00 8.00 14.80 440.37

3 . E .K .3.2. x U.K. 31.00 58.00 0.92 331.01 15.81 14.02 3.18 4.00 6.50 9.74 112.90

4 ; 2x. Ada i  TVX 1043 30.00 64.00 3.15 312.72 23.71 15.48 3.25 8.25 7.50 16.74 381.10

5 . TTC 1843 *  B*. Ada
•

33.00 62.00 2.56 *79.06 16.29 12.36 2.20 9.17 5.67 21.50 303.97



T i 3 I 3  I 0 i  S T IM A T E S  OF H E T E M S IS  f e )

HYSSIDS/p/HSWTS
D?P

(days)

Dra

(days)

Branch
Length

(cm)

Leaf
Area

(om )

Pod
Length

(ora)

Seeds/
Pod

Pods/
Pedunc­
le

Peduncles
/Branch

Branches
/Plant

100-
Seed

t
( g)

drain 
Yield Per  
Plant 

(«)

K.M.B.3. X D.M. 31.00 58.00 0 .S 2 331.01 15.81 14.02 3.18 4.00 6.50 9.74 112.90

P (K .K .3 .3 .) 57.00 90.00 2.54 185.96 14.90 12.90 0.79 6.50 7.00 14.93 53.13

P2 3.M. 29.00 49.00 1.01 121.80 12.80 9.90 1.52 4.50 6.50 9.70 42.69

"id -p a  rent h stores is 27.31 16.55 48.17 115.1S 14.15 22.98 169.49 -27 .27 -3 .7 0 -34.76 135.65

Better-parent heterosis -6 .9 0 -1 8 .37 8.91 78.10 6 .11 41.62 102.55 -33.46 -7 .1 4 -37.76 112.50

K.M.B.T5. x.AKNo.2 36.00 58.00 1 .6 2 150.70 18.34 16.70 2.85 5.50 6.50 8.00 136.12

F (K.M .B.5.) 57.00 90.00 2.54 185.36 14.90 12.90 0.79 6.50 7.00 14.93 53.13

P2 (Al! Ho.2) 33.00 58.00 1.74 123.59 17.55 15.40 1 .65 4 .CO 6.50 7.91 51.62

Mid-parent heterosis 20.00 , 22.00 24.30 - 2.60 16.08 18.02 135.54 4.76 -3 .70 -29.95 159.87

Better-parent heterosis -9 .0 9 0.00 -6 .9 0 -18 .92 7.35 8.44 74.85 -15 .39 -7 .1 4 -46.42 156.20

X.H.S.B. x L .3 . 38.00 69.00 2.69 351.99 13.90 13.93 2.67 10.30 3.00 14.50 440.37

F1 (K .1 -.3 .-.) 57.00 90.00 2.54 185.86 14.90 12.90 0.79 6,50 7.00 14.93 53.13

P2 (L .3 .) 36.00 56.00 2.48 347.45 20.95 15.50 0.86 11.00 7.25 12.31 130.86

:ad-Til rent hetoroais 13.28 5 M 7.17 32.00 5.41 -1 .9 0 221.69 14.29 12.20 8.66 378.66

Batter-parent heterosis -5 .5 6 -23.21 5.91 1.31 -9 .7 9 -10 .13 210.47 -9 .0 9 10.34 -0 .8 7 236.50



Table -)0 Cont^: JSstinatos cf Heterosis (£)

<oIsO

kyupjcs/ k k h t s
OFF

(days)

DM

(flays)

Branch
Length

(cm)

le a f
Area

(cm2)

Pod
Length

(cm)

Seeds/
Pod

Pods/
Pedunc­
le

Peduncles
/branch

3 randies 
/P lant

100-
Seed
Y7eight

(s)

Srair. 
Yield Pei 
Plant

(e)

Ex. Ada x TVX 1 843 30.00 64.00 3.15 312.72 20.71 15.48 3 .25 8.25 7.50 16.74 3 8 1.10

P. (Ex. Ada) 33.00 60.00 1.64 124.30 16.26 12.00 1.17 6.00 6.00 20.05 _  83.61

P2 (TVX 1843) 35.00 53.00 2.20 215.75 13.55 16.80 0 .38 9.25 5.75 14.17 4 8 .11

Kid-parent heterosis 11.76 - 8.48 64.06 83.92 18 .93 7.50 316.67 8.20 27.64 -16 .51 478.65

Better-parent heterosis 9.09 -10 .35 43.18 44.95 11.64 -7 .6 6 177.78 - 10.81 25.00 - 2.16 355.81

TVX I&f3 x Ex. Ada 33.00 62.00 2.56 279.06 16.29 12.36 2.20 9.17 5.67 21.51 303.97

P̂  (TVX 1&».3) 35.00 58.00 2.20 215.75 18.55 16.80 0.30 9.25 5.75 14.17 4 8 .11

P2 (Ex, Ada) 33.00 60.00 1.64 124.30 16.26 12.00 1.17 6.00 6.00 20.05 83.61

Mid-parent hetercsis 2.94 -5 .0 9 33.33 64.12 -6 .41 -14 .17 197.97 20.25 -3 .4 9 25.72 36 1 .54

Better-parent heteroeis 0.00 -6 .9 0 16.36 25.34 - 12 .1 8 -26 .43 88.03 -0 .8 7 -5 ,5 0 7.28 263.56



primary branches, 4. 7^  fo r  pods per plant and 3,9Tfc fo r  branches 

per plant.

Mid- and bettei>-parent heterosis fo r  branch length v/as high fo r  

the cross Ex Ada (spreading) x TVX 1 843 (sem i-erect), intermediate fo r  

its  reciprocal cross, TV'Z 1843 (semi-erect) x Bx Ada (spreading), 

and low fo r  K.M.B.S. (spreading) x L.B. (spreading) whilst K.M.B.E. 

(spreading x A.M. No. 2 (semi-erect) and K.M.B.E. (spreading) x D.M. 

(semi-erect) showed no heterotic response to branch length. These 

observations may be due to degree of genetic divergence in  the varieties 

used. Ex Ada (lo c a l variety ) and TVX. V843 (exotic  variety) represent 

two geographically and probably genetically divergent parents. That 

S^s from crosses and reciprocal crosses between the two generally 

showed high heterosis fo r  a l l  tra its  studied should be expected. 

However, Ex Ada, K.M.B.E., D.M.,. L.B., and A.M. No. 2 are a l l  of loca l 

origin. In ab ility  of their in ter-varie ta l crosses to  show appreciable 

heterosis fo r  some of the tra its  investigated indicates that the ir 

genotypes do not d i f fe r  su ffic ien tly  fo r  those tra its .

The three crosses involving K.M.B.3. showed only mid-parent 

heterosis in  the range of 5.48 -  27. 91J® fo r  both days to 5C  ̂ flowering 

and 5C$» pod maturity. Ex Ada x TVX i 843 showed low heterotic response 

of 1 1 . 7^* and 9.0^  fo r  mid- and better-parent heterosis respectively 

with regard to earliness of flower in it ia t io n , but no heterosis in  

respect of earliness of pod maturation. The reciprocal cross exhibited 

a 2. 9̂  mid-parent heterosis only, fo r  earliness to flower in itia tion
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but no heterosis for earliness to pod maturation.

On account of the results obtained, exploitation of heterosis in 

the breeding programme of cowpea appears a ttractive , lim ited only by 

the labour-intensive nature of mass production of F as seed fo r 

commercial distribution.
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CHAPTER V 

SUMMARY AND CONCLUSIONS

Smmnary

Three f i e ld  experiments were conducted at d iffe re n t times o f  the 

year, spanning January, 1985 to  January, 1986, to  determine the extent 

o f  genetic v a r ia b i l i ty  in  growth ch aracteris tics  and y ie ld  among 16 

eowpea v a r ie t ie s .  Separate experiments were conducted to te s t  

v a r ia b il ity  in  harvest index ( i . e .  grain-straw ra t io  calcu lated on 

dry weight b a s is ), resistance to  bruchids in storage and ease o f  

cooking without using tenderizers.

Data co llec ted  were subjected to basic s ta t is t ic a l  analysis 

relevant to  genetic studies.

Based on the resu lts  obtained, s ix  promising v a r ie t ie s  with 

essen tia lly  contrasting characters were se lected  fo r  making crosses 

used in  estimating h e r ita b i l i t ie s  o f  economically important y ie ld  

components. H eterotic  responses in  the F^s to  these characters was 

also estimated as a guide to  th e ir  s e le c tiv e  values in  future breeding 

programmes. The ease o f  crossing between the pa irs o f  parents was 

also assessed.

The 16 v a r ie t ie s  o f  cowpea used in these studies exhibited a wide 

range o f  v a r ia b il ity  in  severa l t r a it s ,  both quantita tive and q u a lita t iv e .

Most y ie ld -in flu en c in g  characters, except 100-seed weight and 

harvest index e ith er n egatively  corre lated  with seed y ie ld  per



plant or pos itive ly  correlated, but not s ign ifican tly . Hundred-seed 

weight and harvest index showed positive  sign ifican t correlations 

with seed y ie ld  per plant.

In  sp ite of the apparent complexity of characters determining 

the time required to cook cowpeas, larger-seeded varieties generally 

took shorter time than smaller-seeded va rie ties .

Seeds of a l l  varie ties  were eventually infested and damaged by 

bruchids in  storage. However, larger-seeded varieties were preferred 

and thus stored poorly in  comparison with smallejvseeded ones.

Percent crossab ility was variable among the pairs of parents used. 

Kaase market black eye could not be used successfully as a female 

parent because the delicate ly  attached pedicel easily f e l l  o ff  a fte r 

mechanical manipulation.

Narrow sense h e r ita b ilit ie s  determined fo r  y ie ld  components showed 

that -lOO-seed weight, seeds per pod, pod length and number of branches 

per plant, in  that order, were of higher se lective  value than other 

y ie ld  components.

P values fo r  yield-in fluencing factors showed varying levels of 
1

heterosis over both mid- and betteivparental values. The complementary 

effects of these factors in  contributing to grain y ie ld  was evidenced 

hy the fact that heterotic response fo r  grain y ie ld  at both levels  fa r 

exceeded lOCfo in  a l l  crosses, giving enough cause to  advocate fo r  the 

exploitation of heterosis in  oowpea breeding programmes.
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Conclusions

With the range in  va r ia b ility  in  varieta l characteristics observed 

i t  is possible fo r  the plant breeder to se lect plants with the specific  

desirable characteristics fo r  use in  future breeding programmes.

Improvement in  seed y ie ld  could be e lic ited  by selecting fo r  high 

10O-seed weight and high harvest index as evidenced from the correlation 

studies. Seductions in flowering and maturity times should be expected 

alongside, as these characters were negatively correlated with seed 

y ie ld . Selecting fo r  high 1OO-seed weight in  a breeding programme w ill 

also be compatible with consumer expectations as i t  w ill ease cooking 

of the dried beans.

Ary attempt to se lect fo r  small-seeded varieties  as a way of 

reducing seed damage by bruchids in  storage may not only contradict 

current breeding objectives but may also prove in e ffec tiv e . The large 

numbers of such seeds required per unit weight may in  the long run 

provide a much larger surface area fox’ oviposition by the insects and 

hence subsequent development and damage to the seeds. In  this regard, 

the ultimate choice of breeders appears to  be fo r  varieties with size 

compatible with breeding objectives and consumer preferences, and 

possessing in trin s ic  characteristics conferring resistance to the 

cowpea weevil, probably a deterrent seed coat and/or reduced nutritional 

value to the insect.

An ideal variety for incorporation in  the multiple- and mixed- 

cropping systems common with peasant agriculture in  the country, and
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also suitable fo r  cu ltivation  in  monocultures should be one which 

is  erect, early maturing, with determinate flowering and fru it in g  

habits. Such a variety should also be able to withstand stress 

conditions in  the f ie ld ,  nodulate free ly  and be a very high y ie ld er 

of good quality seeds.

In  the present studies, no single variety combined high y ie ld ing 

ab ility  with a l l  the desirable tra its . However, two loca l and three 

exotic varieties may be recommended fo r  use in  future improvement 

programmes based on th e ir performances. These are Ex Ada, Kaase 

market black eye, TVX 1 843, I f e  brown and TVX 1999-02E. Kaase market 

black eye may be replaced by Kaase market brown eye as their 

characters are sim ilar. The two varie ties  are, however, photoperiod 

sensitive (requiring shorter days to tr igger flowering and fru itin g ) 

and could be treated with mutagens with a view of obtaining mutants 

which w il l  be photoperiod insensitive.

In  order to get a proven variety , hybridization may be used to 

combine a l l  desirable characters in to a single compound or multiple 

cross variety .
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APPMPIX 1: ANALYSIS OF VAHLABGE TABLES 

g M M  1-3: KROWOH AND YIELD GHaBAC'JBBISTICS

1. Pays to 50% Flowering

Source of 
Variation

d .f.
(*m )

s .s . M.S.S. Observed F Required F

%

Total 143 5234.22 36.60
Varieties 15 2759.19 183.95 35.93** 1.80 2.27
Blocks 6 13.72 2.29 0.45 2.21 3.04
Season 2 604.01 302.01 58.99s* 3.11 4.89

Var. x Season 30 1396.69 46.56 9.09" «* 1.60 1.95
Error 90 460,61 5.12

2. Average dry Weight Per ELant At 50k> Flowering

Source of 
Variation

(d . f .
( » - i )

S.S. M.S.S. Observed F Required F

%

Total 143 37058.01 259.15
Varieties 15 6.89 0.46 0.01 1.80 2.27
Blocks 6 273.31 45.55 0.16 2.21 3.04
Season 2 7955.18 3977.59 13.2?*>* 3.11 4.89
Var. x Season 30 2552.52 85.04 0.29 1.60 1.95
Error 90 26270.11 291.89

3. No. of Modules Per Plant at 50fo Flowering

Source of 
Variation

d .f .
'n-1 )

S.S. M.S.S. Observed F Required F
% \%

Total 143 15371.86 37.57
Varieties 15 5151.19 343.41 8.27*# 1.80 2.27
Blocks 6 796.46 132.74 3.20** 2.21 3.04
Season 2 1218.26 609.13 14.66*# 3.11 4.89
Var. x Season 30 4466.37 509.47 12 . 26*# 1.60 1.95
Error 90 3739.58 41.55

Note: # Significant at ^  level “>* Significant at level



4. Percent E ffective  Nodu.1 a-hi on

Source of 
, Variation

d .f .
( » - l )

S.S. M.S.S.. Observed F Reauired F
% 1%

Total 143 30117.16 210.61 4
Varieties 15 3572.81 238.19 4.32** 1.80 2.27

Blocks 6 469.51 78.25 1.42 2.21 3.04

Season 2 3875.37 1937.69 35. 159# 3.11 4.89

Var. x Season 30 17238.68 574.62 10.43** 1.60 1.95

Error 90 4960.79 55.12

5. No. of Brandies Fer Plant

Source of d .f . S.S. M.S.S. Observed F Recjuired F
Variation ( » - l ) & 1%

Total 143 305.17 2.13
Varieties 15 70.65 4.71 2. 82** 1.80 2.27
Blocks 6 8.69 1.45 0.87 2.21 3.04

Season 2 46.01 23.01 13.78** 3.11 4.89

2ar. x Season 30 29.68 0.99 0.59 1.60 1.95
Error 90 150.14 1.67

6. No. of peduncles Per Branch

Source of 
Vaiiation

d .f .
(*M )

S.S. M.S.S. Observed F Required F
%

Total 143 112.50

Varieties 15 25.12 1.67 3.64** 1.80 2.27
Blocks 6 1.15 0.19 0.41 2.21 3.04
Season 2 19.05 9.53 20. 72*# 3.11 4.89
Var. x Season 30 25.93 0.86 1.87* 1.60 1.95
Error 90 41.25 0.46

Note: * Significant at level l"!* Significant at level



7. No. of Pods Fer peduncle
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Source of 
, Variation

d .f .
(*m )

S.S. M.S.,S. Observed £' Bsauired J1
# 1&

Total 143 34.08 0.24
Varieties 15 26.05 1.74 24. 86** 1.80 2.27
Blocks 6 0.10 0.02 0.29 2.21 3.04
Season 2 0.07 0.04 0*57 3.11 4.89

Var. x  Season 30 1.97 0.07 1.00 1.60 1.95
Error 90 5.89 0.07

8. Pod Length

Source of d . f . S.S. M.S.S. Observed ]? iieql;.ired P
Variation ( » - i ) %

Total 143 603.40 4.22

Varieties 15 347.68 23.18 20.70*# 1.80 2.27

Blocks 6 4.96 0.83 0.74 2.21 3.04

Seas on 2 69.30 34.65 30.94** 3.11 4.89,

Va?. x Season 30 80,39 2.68 2.39s* 1.60 1.95
Error 90 101.07 1 .1 2

9. Mo. of Seeds per Pod

Source of d .f . S.s. M.S.3. Observed ]? Required F
Variation ( » - l ) $

Total 143 834.26 5.83
Varieties 15 237.34 15.82 10.84s* 1.80 2.27
Blocks 6 7.04 1.17 0.80 2.21 3.04
Season 2 378.42 189.21 1 29.60#* 3.11 4.89
Var. x Season 30 80.02 2.67 1.83# 1.60 1.95
Error 90 131.44 1.46

Not®: <| Significant at %  level *# Significant at level
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10. 100-Seed Weight

Source of 
Variation

d .f.
(n - i)

S .s . M.S.S* Observed S' Required J
1%

Total 143 2052.78 14.36
Varieties 15 728.13 48.54 42.21** 1.80 2.27
Blocks 6 0.96 0*1,6 0.1.4 2.21 3.04
Season 2 117*87 58.94 51.25** 3.11 4.89
Var. x Season 30 1102.42 36.75 31.96** 1.60 1*95
Error 90 103 .41 1.15

11* QMY Resistance Score

Source of 
Variation

d . f .
(& -0

8.S., M.S.S. Observed F Required i 1
%

Total 143 111.97 0.78

Varieties 15 39.53 2.64 6.14*1' 1.80 2.27
Blocks 6 0.35 0.06 0.14 2.21 3.04
Season 2 0.26 0.13 0.30 3.11 4.89
Var. x Season 30 32.85 1.10 2.56*# 1.60 1.95
Error 90 38.98 0.43

1 2* Shattering Resistance Score

Source of 
Variati on

d .f .
(n - l)

s . s . M.S.S. Observed F Requ:Lred i 1
% f/o

Total
Varieties

Blocks

Season

Var. x Season 

Error

143

15
6

2

30

90

106.97
57.75

0.39
10.68

9*54
28.61

0.75
7.50

0.07

5.34

0.32

0.32

23.44*"* 

0.22 

16 .69®# 

1.00

1*80

2.21

3*11

1.60

2.27

3.04

4.89

1.95

Note: * Significant at level •• Significant at % i, level



Bays to  5Q?£ Pod Maturity
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* Source of 
Variation

d .f .
( i m )

S.S. ' M.S.S.. Observed F Required F
% 1%

Total 143 12151.94 84.98
Varieties 15 3579.83 238.66 2. 66## 1.80 2.27
Blocks 6 13.54 2.26 0.03 2.21 3.04
Season 2 2165.04 1082.52 12 *06#* 3.11 1.95

Var* x Season 30 1892.73 63.09 0.70 1.60 1.95
Brror 90 8077.05 89.75

14, grain Y ield Per Plant

Source of 
Variation

d .f .  
(n -1 )

S.S. M.S.S.
1

Observed i 1 Required 1
% 1%

Total 143 36204.96 253.18

Varieties 15 18325.19 1221.17 13.46#* 1.80 2.27
Blocks 6 5.54 0.92 0.01 2.21 3.04
Season ■2 , 678.73 339.37 3*74# 3.11 4.89
Var* x Season 30 9028.98 300.97 3.32*# 1 .6o 1.95
Brror 90 8166.52 90.74

15* Grain Y ie ld  per p lot

Source of 
Variation

d .f .
(n-1 )

s . s . M.S.S. Observed P Requirea P

Total

Varieties

Blocks

Season

Var. x Season 

Brror

143

15

6

2

30

90

3 .482x10^

1.692X107

0.004x1O7 

0.042x107 

0.935x107 

0. 809x1O7

2.435x105 
5

1 1 . 280x10

0.067x1O5 
5

2 . 100x10

3.117x10^

0.899X105

1 2.55*#

0.07

2.34

3.47*#

1.80

2.21

3.11

1.60

2.27

3.04

4.89

1.95

Note: * Significant at %  level ## Significant at 1f a level



SXIffiKEMENT 4; SEBQ SOPTOBSS igTER Y&TTT0TT5 PERIODS OB B0ILIN& 

1 .  30 Minutes
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Source of 
Variation

d .f.
(n -1 )

S. S., M.S.S. Observed S' Required 1
% 1?C

Total 127 54.87 0.27
Varieties 15 9.81 0.65 3.829 1.77 2.23
Blocks 7 7.57 1.08 6.35* 2 .11 4-83
Error 105 17.49 0.17

2. kQ Minutes

Source of 
Variation

d .f .
( » - l )

S .s. M.S.S. Observed ]? Required 3?
35

Total 127 49.12 0.39
Varieties 15 18.80 1.25 7.35*1# 1.77 2.23
Blocks 7 12.15 1.74 10.24* 2.11 2.83
Error 105 18.18 0.17

3. 50 Minutes

Source of 
Variation

d .f.
(*M )

S .s. M.S.S. Observed S' ■Required F
% 1$

Total 127 40.40 0.32

Varieties 15 10.68 0.71 5.07*»# 1.77 2.23
Bloeks 7 14.70 2.10 15.00*® 2.11 2.83
Error 105 15.02 0.14

4. 60 Minutes

Source of d .f. s .s . M.S.S. Observed S’ Required F
Variation .(n -l) 33 fS

Total 127 49.03 0.39
Varieties 15 12.78 0.85 6.54** 1.77 2.23
Blocks 7 22.36 3.19 24.54** 2.11 2.83
Error 105 13.39 0.13

Note: * Significant at %  level ** Significant at %::j level



BXEBKn/TRWP q: bBJCHID BMASB TO SBEDS IN  STOBASB***

1. Number of Bags Laid Per Seed at 5 Pays
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Source of 
Variation

d . f ,
.(a-1)

S.S. M.S.S. Observed ]? Requii êd i*
% 13?

Total 63 58.85 0.93
Varieties 15 53.25 3.55 29.58*# 1 .S0 2.48
Blocks 3 0.25 0.08 0.67 2.82 4.27
Brror 45 5.35 0 .12

2. Infestation at 10 Days

Source of 
Vitiation

d .f.
. (^ 1 1

s .s . M.S.S. Observed F Required F
St

Total 63 3514.13 55.78

Varieties 15 2337.41 155.83 6.53*® 1.90 2.48
Blocks 3 102.14 34.05 1.43 2.82 4.27
Error 45 1074.58 23.88

3. In festation  at 15 Pays

Source of 
Variation

d .f .
(n - i )

M.S.S. Observed 3? Required F
% 1?b

Total 63 3667.46 58.21

Varieties 15 2265.84 151.06 6.7C** 1.90 2.48
Blocks 3 86.82 28.94 1.28 2.82 4.27
Brror 45 1014.80 22.55

4« Infestation at 20 Days

Source of 
Variation

d .f.
(n-1>.

S.S. M.S.S. Observed F Required j?
%

Total 63 3002.97 47.67
Varieties 15 1373.15 91.54 2. 62** 1.90 2.48
Blocks 3 60.47 20.16 0.58 2.82 4.27
Brror 45 1569.35 34.87

Notes • •  Significant at level

*## Data transformed using the arcsin transformation



Infestation at 25 Days
Source of 
Variati on

d .f.
(n^O

S.S. M.S.S. Observed F Required F
35 1?£

Total 63 1365.69 21.53
Varieties 15 603.78 40.25 2.46# 1.90 2.48
Blocks 1 16.70 5.57 0,34 2.82 4.27
Error 45 736.20 16.36

6. Infestation at 30 Days
Source of 
Variation

d .f .
.(*M )

s .s . M.S.S. Observed F Required 3?
at 1^

Total 63 827.83 12.93
Varieties 15 229.83 15.32 1.25 1.90 2.48
Blocks 3 47.47 15.82 1.29 2.82 4.27
Error 45 550.54 12.23

7. In festation  at 35 Pays

Source of 
Variation

d .f .
(n - l)

s .s . M.S.S. Observed F Requii-ed F
% 1&

Total
Varieties

Blocks

Error

63

15

3

45

1027.26

291.21

76.78
659.28

21.07

19.41

25.59

14.65

1.33

1.75

1.90

2.82

2.48

4.27

8. Infestation at 40 Pays

Source of 
Variation

d .f .
£rw|) _

S.S. M.S.S. Observed 3? Required F
31 155

Total 63 482.32 9.24
Varitttiea 15 125,08 8.34 1.10 1.90 2.48
Blocks 3 15.64 5.21 0.69 2.82 4.27
Error 45 341.60 7.59

Note: * Significant at ^  level Significant at *0^ level
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BXPBRIMBME 6: HARVEST nm-rar

Source of 
V aria tion

d .f. s .s . M .S.S. Observed E* Required 1
‘ % 1$£

Total 47 4595.52 97.78
Varieties 15 2778.07 185.20 3.94** 2.01 2.70

Blocks 2 406.55 203.28 4.32* 3.32 5.39

Brror 30 1410.91 47.03

Note: * S ign ifican t at 5Z le ve l S ign ificant at leve l


