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ABSTRACT

Studies were carried out to determne phenotypic,
genotypi ¢ and environnental correlations between
nunber of pods/plant, nunber of seeds/plant, vyield/
pl ant, days to flowering, nunber of seeds/pod and
seed size using three intervarietal crosses of cowpea.
Anot her objective was to determne heritability and
node of inheritance of each of the six characters.
The experinents were conducted in 1984 and 1985
at Samaru (11° 11'N 7° 38 E, altitude 636m.
Three varieties, three F1 hybrids and their correspondi ng
F2S were space-planted in 4 replications of a random zed

conpl ete bl ock design (RCED) for the eval uati ons.

Heritability estinmates in the broad sense

were very high for pods/plant, seeds/plant and seed
size. There were positive and consistent correlations
bet ween pods/plant with seeds/plant and yield; seeds/
plant and yield/plant and yield/plant with seed size.
The characters, pods/plant, seeds/plant and seed size
were positively correlated with yield and exhibited
transgressi ve segregation. This shows their val ue
inindirect selection to inprove yield, especially when
usi ng pure-line selection.

Pol ygeni ¢ inheritance for these characters was
i ndicated by uninodality in the F, distribution of the
crosses in both years. Conplenentary gene effects, as

evi denced by skewness of all F2 distributions, were

al so i ndi cat ed.
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CHAPTER 1

INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp) is an
important grain legume in Nigeria, The majority of the
world cowpea crop is grown in tropical Africa, and
Nigeria is the largest producer with about two-third
of the world production (Moody, 1973). Cowpea is an
important source of cheap plant protein because it is
about 22-29 per cent in crude protein content (Aryeetey,
19713 Steckle, 1975). It forms part of the diet of
most Nigerians because of the high cost of animal
protein, The dry seeds are prepared and eaten in
many forms such as 'moin-moin', 'akara', or boiled,

The leaves, stems and hulls are also good livestock

feed,

Yayock and Asenime (1977) estimated that over
eighty per cent of the total cowpea produced in Nigeria
are grown in the northern part within latitude 10°N
to 15°N by small scale farmers who intercrep it with
other crops especially millet and sorghum. Its yield
averaged about 180kg/ha (wWatson, 1964). Thus the
farmers' field yields are very low due to a number of
production constraints such as the use of unimproved
photosensitive loeal types, inseet pests, low plant

population and diseases,
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Cowpez is o predominezntly self-pollinated crop
and studies so far have shown that it resronds te
yield improvement through selection. Research results
have shown that yields of 1500-1800kg/ha are possible
if improved varieties cf cowpea are grown as a sole
crop and adequately protected against disesses

and insect pests (/nonymous, 19758) .

Yield is a very important trait in crops. In
breeding to increase the inherent yielding ability
c¢f a ¢rop, the selection critericn m2y be yield
directly or indirectly through its components,
Thus in initiating 2n improvement programme for
cowpea yield, selection of superior genctypes may
be based om phenotypic appearances which may be
subject to fluctuating environmental factors. The
knowledge of genctypic and phenotypic correlations
that exist Wetween cherzcters in a segregating
population is thus important if progress is to be made
in selecting superior genotypes from the populaticon,
liost choracters of economic importance, zuch =€
yield, are complex in inheritance, difficult to
select for directly =nd invclve several related
characters. The correlations that exist detween such
characters are not cnly of intereat from &
theoretical point cf inheritance of &he characters,
but of practical ve2lue in indirect selection. Therefcre

an understanding of the correlations between yield



componients and their associations with yield as
well as the heritability of each character is
necessary for the intelligent choice of breeding
procedures for the breeding of high-yielding
varieties, The main objective of the present
study 1is to investigate the correlations among
yield components and the association between each
and yield, A second ohjective is tc investigate
the heritability and mode of inheritance of the

yield components,
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CHAFTER 2

REV1i/ OF LITER/ TURE

2.1 Phenotyric (r’h) and Genotyric (r )
Torreletions O1 ‘deld and 7ie enponents

Correlation studies give the nature and magnitude
cf association of characters, Therefore the knowledge
of correlation cecefficients is very useful in plant
breeding for indirect selection of characters that
show low heritebility and/or are difficult to measure
(Cuatero and Cubero, 1982), Direct selection based
on the phenotypic performance of yield, & pelygenically
controlled ccmplex character, is usually not very
effective and reliable but that based on its components
could be more effective (Waldia et al., 1980).

Kheradnam and Niknejad (1974) reported yield
to be significantly =Znd positively correlated with
seed size (100-seed weight) (0,.330), number of
seeds per pod {0,5LC), number of clusters per
plent (0.420), number of pods per plant (0.820)
and insignificantly but positively correlated with
number of branches per plent and concluded that
for yield improvement in cowpesa, number of peds
per plant and number of seeds per ped have
selection value equil to seed yield per plant,

whereas seed size 2nd number of clusters per plant



have less selection value, Singh et al., (1982)
reported significant positive correlations between
grain yield per plant and days to flowering (0.404),
cessation of flowering (0.405), days to maturity
(0.43L), plent height (0.517), number of pods per
plant (0,639), pod length (0.341), number of grains
per pod (0.670) and seed size (0.433). They
cencluded that in céwpea, pods per plant, grains
per pod and seed size were the important yield

components,

Highly significant positive correlations in
cowpea between seed yield and pods per plant, seeds
per ped and seed size in the F2 were reperted by
Virupakshappa et al. (1980). They pointed out
that while the strength of correlations between
seed yield and pods per plant of the backcross 1
(501) was more than that of the Fyy ne cerrelation
was found between seed yield and seed size. The
magnitude of correlation between seed yicld and
seeds per ped remained the same in all the three
generations, The correlations between pods plant
and seed size and seeds per pod were not significant
in any generztion, Thc strength of association
between seed size and seeds per pod varied with
the generation. ¥hile there were significant
positive correlations in the F, and BC, the

association was negligible in BC,.



Fandita et al. (1982) reported that yield
per plant had the highest genotypic and phenotypic
coefficients of variation and that a wide rz2nge of
variation occurs for yield per plant, days to
flowering 2nd plant height in cewrea, £ wide range
of phenotypic varizsbility for all yield components,
2 high genetic coefficient of variability for
branches per plant, nods per plant, yield per
plant and peduncle length in cowpea were found by
Trehan et al. (1970). They reported that grain
yield per plant was significontly and positively
correlated with peduncle length and concluded that
selection snd improvement for characters such as
peduncle length, pods per plent and yield per plant

can be based on phenotypic performance.

Singh and Mehndirztta (1969) found an
appreciable expected genetic advance for number
of clusters of pods per plant (48.11%), seed
size (51.96%), pod number (31,59%), pod length
(27.69%), and yield (27.57¥) in cowpea. Seed



yield wae found to be significantly correlazted with
number of pods per plant (rph = .434), seceds per

pod (rph = 0.555, Ty = 0.923) 2nd sced sizc

(rph = 0,399, Te 0,388), Seed size was positively
correlated with number of seeds per pod (rph = 0.374,
T, = 0.608) but wes negatively correlated with
number of pods per plant (rph = -0.445, Ty w -0.612).
Therewre 2l1so high correlations between number of
pods per plant a2nd days to flowering (rph = 0.683,

re . 0.746). Deku (1970) reported significant
associations between yield per plant and number of
pods per plant (rph = 0,692, . 0.599) anc
fruiting period (rph = 0,692, T, = 0.822) and a
non-significant negative correlation between seed
size and number of pods per plent (rph = =-0,215,

rg = -0,256) in cowpea.

Significant and positive phenetypic correlatiens
of pod length with seed size (0.450) and number of
seeds per pod (0.730) in the F, of a cowpea cross
were reported by Aryeetey znd Laing (1973). Number
of seeds per ped was significently and negatively
eorrelated with seed size (-0,35C) whereas number
of puds per plant wes non-significantly and
positively correlated with number of seeds per pod

(0.060) and non-significantly 2nd negetively



correlated with seed size (-0,119). They also
reported significant positive genotypic associations
of yield per plant with number of pods per plant
(0.890), number ‘of seeds per pod (0.970) and

seed size (0.970) in a non-segregating populztion
of twenty-two cowpea varieties, They reported

that number of pods per plant was consistently
correlated with yield but concluded thet because

of its low heritability it mzy only be used as a
preliminary selection criterion while the final
selection is based on yield itself. Working with
cowpea varieties, Bliss et al. (1973) reported
significant and negative correlations between
number of pods per plant and seed size (rph = =-0,7L0,
re = '~1.360) and number of seeds per pod

(rph = -0,010, Ty 0.020). The correlation
between seeds per pod and seed size was alse
negative and non-significant (rph = -0,290,

rg = -0,310) according to them.

In urd bean (Vigna mungo (L.) Hepper), Waldia

£t al. (1980) reported thet phenotypic correlations
were significant and positive between seed yield
per plant and number of clusters per plant

(r,. = 0.510, re = 0.674) and number of pods per

Ph
plant (rph = 0.897, g ™ 0.640). The latter two



characters were also positively associated with each
other (rph- 0.913, T- 0.736)., Seed size, though

not significant, was positively correlated with

vield (rph = 0,170, Ty = 0.274). HNumber of branches
per plant was found to be positively and significantly
correleted with number of clusters (Pph = 0,322,

rg ® 0.373) and positively and insignificantly with pods
per plant (rph = 0,211, £, = 0.101), Pods per plant was
positively but insignificantly correlated with seed

size (rph = 0,003, Ty -0.114). In general,

genotypic values were higher than the corresponding
phenotypic values for twelve character combinations

and they concluded th't enironmental factors adversely

affected the expression of the phenotypic associations,

In twenty-eight F, hybrids involving twelve

varieties of blackgram (Phaseolus mungo L.), Sagar

and Lal (1979) observed a significant and positive
genotypic correlation of yield with all yield
components except number of seeds per pod., Muthiah
and Sivasubramanian (1981) also found pod number

and cluster number to be positively correlated

with each other and with all other yield components
except seed size in bleckgram. They concluded that

pod yield (weight) and pod number were the most
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important traits determining seed yield per plant.

In soyabean (Glvcine max (L.) Merrill), Kuun et al.
(197,) reported seed yield to be positively correlated
with seed size but negatively correlated with days to
flowering, maturation period and plant height. In
soyabean, Hanway (1956) also observed positive correlation
of seeds per pod and seed size with yield., Wweber and
Moorthy (1952) noted consistent significant and
positive correlations between yield and maturity,
period from flowering to maturity, height and seed

size in three F, generations of soyabean, Relatively
high positive correlations were found between flowering
time and maturity date in all the three F, populations.
They also reported that, in general, genotypic

correlations were larger than phenotypic correlations.

Yassin (1973) reported that yield/plot was
significantly and positively correlated with number
of pods/plant (rph=0.859, e 0.986) and yield
per plant (rph = 0,58, ¥ - 0.763) but negatively
snd significantly correlated with seed size

(rph = -0.715, r_ =-0,773) in field beans (Vicia

24
faba L.). Number of pods per plant and sced size
were significantly but negatively correlated
{rph = -0,890, g = -0.940)., Significant and
positive correlation between seed yield per plant

with weight of pods per plant (rph = 0,940) and with
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number of pods per plant (rph = 0.,950) in field
beans were also observed by Salem (1982). He noted
gignificant and positive correlations between number
01 seeds per pod 2and pod length (rph = 0.730) and
hetween number of sceds per pod 2nd seed size

(rph = 0.920) and concluded that these compenents
could be used te improve seed yield indirectly.

Significant and positive correlations between
days te flowering and pods per plant (rph = 0,340,
T, = 0.740), seeds p.r pod (rph = 0,250, e ™ €.670)
seeds per plant (rpb = 0,380, e = 0.900) and
yield per plznt (rph = 0,250, T, = 0.610) were abtezined

by Pandey and Gritton (1575) in peas (Pisum sativum L.).

Pods per plant was significantly and pesitively
correlated with seeds per plant (rph = 0.910,
re = 0.940) and yield per plant (rph = C.440,
Ty = 0.180) wherecs szeds per pod wes 2ssociated
with seeds per plant (rph = 0,470, r, = 0.410)
oh * 0.530, rs ™ 0.580).
They alse found yield pcr plant to be pesitiwvely

and yield per plant (r

associated with seeds per plent (r

= Ot 380) -

ph = 0'600,

L™
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2.2 ~Heritability and Mode of Inheritance of
YIeld Components.,

Heritability is a function of the character

as well as the environment and the populetion,
thus heritability estimute applies to a character
in a specific situation or condition. Its most
important value lies in its predictive role in
expressing the reliability of the phenotypic value
cs a measure of the breeding value, A high
heritability estimate, especially the narrow sense
heritability (NSH), in a character indicates

thiet selection could improve the character.,

Grain yield in cowpea is to a large extent
determined by its yield components, number of
peds per plant, number of seeds per pod and
average seed size or 100-seed weight (Sirgh and
i‘ehndiratta, 1970, Aryeetey and Laing, 1973).
Leleji (1975) reported that in a cross between
large and small seeded parents in cowpea, small
seeds appeared to be partially dominant and that
broad-sense estimates of heritability (BSH) for
seed size ranged from LS% to 82%, He pointed out
that selection for seed size would be very
effective starting from the F, generation and

that there is transgressive segregation for small
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seeds, He also reported that fewer number of

seeds was partially dominant over larger number of
sceds and that there was a transgressive segregation
for fewer number of seeds and estimates of broad
sense heritability for number of seeds ranged

between 16% to 83%,

Singh and Mehndiratta (1969) reported high
heritability for seed size (95.90%), days to
flowering (88,79%), days to maturity (78.90%),
number of clusters per plant (50.51%), number of
pods per plant (56.07%), ped length (80.45%) and
number of grains per pod (64,17%). Likewise,
Kheradnam and Niknejad (1974) reported that
heritability values in cowpea were 75.00% for
seed size, 64,00% for number of seeds per pod,
47.00% for number of clusters per plant, Ll .00%
for number of pods per plant, 35.00% for yield
per plant and 15.00% for number of branches per
plant, Trehan et al. (1970) obtained medium values
of heritability for all yield components and high
genetic coefficient of variation for the traits,
number of branches per plant, number of pods per
palnt, yield per plant and peduncle length.
Genetic advance as per cent of mean value was

highest for number of pods per plant, They
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concluded that selection and improvement fo: peduncle
length, number of pods per plant and yield per plant

can be based on phenotypic performance,

Broad sense heritability estimeates were reported
by Aryeetey and Laing (1973) to be 60,70% for pod
length, 47.80% for number of seeds per pod, 63.00%
for seed size and 28,20% for number of pods per
plant and narrow sense cstim&étes of hertability
for the characters were, 60,30% for pod length,
37.80% for number of seeds per pod, 37.40% for
seed size and 19.80% for number of pods per plant,
They pointed out that selection for pod length,
number of seeds per pod and seed size was likely
to be successful because of their feirly high
narrow sense heritability estimates, Because
of the low narrow sense estimate of heritability
for number of pods per plant, it is apparent that
selection for this character will be difficult as
high environmental influence would be & problem,
Doku (1970) found high broad sense estimates of
heritability for the characters, seed size
(78,13%), mean number of pods per plant (93.50%)
and mean seed weight per plant (80.35%). Phenotypic
coefficients of varistion Ior the characters were
25.76%, L7.24% and 45.19%, respectively, He reported

genotypic coefficients of veriation for the three
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characters as, seed size (24.65%), mean number of
pods per plant (46.68%) and mean seed weight per
plant (L4L4.03%).

Fery (1985), in a review of the genetics of
cowpea, remarked that reported heritability
estimztes were highly erratic but that the averages
for the various characters were, 53.10% for number
of pods per plant, 52.6(% for number of seeds per
pod, L5.55% for number of seeds per plant, 45.00¥%
for yield per plant, U8.30¥% for days to flowering
and 67.80% for seed size, The ranges for the
characters were, 7.00-98,90% for number of pods per
plant, 9.60-98.90% for number of seeds per pod,
35.80-55, 30 for number of seeds per plant, 12.00-80.80%
for yield per plant, 3.80-SL.30% for days to flowering
and 3.680-98,90% for seed size, From a cowpea cross
between small and large seeded parents, Drabo et al.
(198L) reported that the broad and narrow sense heritability
estimates for seed size were 85,10 + 5.30% and
75.40 + 18,60¥, respectively, Seed size was inherited
quantitatively and small seed size was partially dominant

tc large seed size.

In a heritability study of seed size in three

crosses of chickpea (Cicer arietinum L.), it was reported

that the narrow sense estimate of heritability in a cross,
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large x large, was 50,00%, in small x small, was 30,00%
and in large x small, was 85,00% (Anonymous, 1975a).
These high heritability values indicate that seed

size is a highly heritable trait and that selection
could improve the character, Medhi et al. (1980)

found high broad sense estimates of heritability

for the characters, seed size (99.43%), seed yield

per plant (99.19%), seeds per pod (98.90%), effective
branches per plant (89,23%) and clusters per plant
(90,38%) in green gram(Vigna radista (L.) Wilczek).

They noted an association between high heritability
estimates and high corresponding values of expected
genetic advance for number of effective branches bearing
pods, number of clusters per plant, seeds per pod, seed
size and seed yield per plant, <+his is an indication

of predominance of additive gene action and that mass
selection based on phenotypic value can be useful for
improving these characters, Cn the other hand, the high
heritability estimates for days to flowering

(94.37*) and days to maturity (96.19%) in

conjunction with the low expected genetic advance,

they reported, indicate the predominance of non-
additive gene effects, 7They concluded that

Judicious application of pure-line selection may

prove effective in improving these two characters

in green gram. Yassin (1973) reported that broad
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sense heritability estimates for three characters

were, 28,704 (yield per plant), Sy, 70% (pods per plant)
and 93.70% (seed size) in field beans (YVicia faba Laedo
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CHAPTER 3

MATERIALS AND METHODS

3.1 Experimental Materials

Cowpea (Vigna unguiculata (L.) Walp) varieties

originating from diverse backgrounds were used in this
study., Their origin and brief descriptions are as

follows:

P4t K59. This variety was released by the
National Cereals Research Institute (N.C.R.I.), Ibadan
(now Badeggi), Nigeria, It is upright in growth habit
and has brawn medium seeds, It has a rough seed coat

and is photo-insensitive and high yielding.

Pot Tvx3000, A small seeded variety originating
from the International Institute of Tropical Agriculture
(1,1.T.A.), Ibadan, Nigeria, It is aphid-resistant and
has smooth white seed coat with a brown eye, It is

gsemi-upright in growth h=2bit and photo-insensitive,

P3: Kano 1696, An improved local variety released
by the Institute for Agricultural Research (I.A.R.),
SamaruyZaria, Nigeria; spreading in growth habit,
photosensitive and high yielding. It has large white

seeds with prominent black eyes and rough seed coats.,
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3.2 Experimental Methods

Crosses were made in the field at Samaru during
the 1983 growing season among the three parent
materials. The F, hybrids were advanced to the Fo
generation during the 1983/8l cff-season under
irrigation, The resulting nine populations,
made up of the three parents, three F1 hybrids
and three FZ progenies were evoluated in this
study. The materials were planted 2t the Institute
for Lgricultural Research farm at Samaru &7 11N,

7° 38'L, altitude 686m)in July of 1984 =nd 1985,

3.3 Experimental Design

In both years, the design was 2 Randomized
Complete Blcck Design (RCFD) with L4 replicates.,
In 198Y, plots were I, rows, for the parental materisls;
1 row, for the F, hybrids; and 6 rows for the Fy
generations, Singlc sceds were spaced 60cm zpart

on ém long ridges 7%cim apart,

In 1985, parental plots were L rows, the F,
hybrids were treated like the perental matérials;
and the I, plots consisted of 10 rows., OSpacing
within and between ridges were as in 1984,
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3.4 Cultural Practices

Single superphosphate was broadcast at the
rate of 200kg/ha, The land was then ploughed,
harrowed and ridged. Dimethoate (Rogor LOEC) and
cypermethrin (Cymbush 10EC) were applied at the
rate of 1 1/ha each at weekly intervals at the commencement
of flowering until maturity in order to control insect
pests. The fungicides, benlate and dithane H-L5 were
applied three times st the rate of 15g and 62.5g/10 1
of water, respectively, for the control of fungal
diseases, The insecticides and fungicides were
mixed for the sprays, Weeding was dcne as often as

was necessary,

3.5 Data Collection

Twenty plants were randomly selected across
replications (Splants from each replication) in
the parentals and F1 hybrids whereas all individuals
in the segregating generations (Fzs) were utilized,
Data were collected on single plant basis on the

following six characters:-

(i) Number of pods per plant (NFPP) - Taken
as the total number of fully-fcrmed

ripe pods at harvest,
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(ii) Number of seeds per plant (NSPF) - The total
number of well-formed seeds after thréahing the
harvested pods for each plant.

(iii) Yield per plant (YP) - Weight (grams) of

seed per plant,

(iv) *“ays to flowering (DIF) - Number of days from
sowing to the day the first flower opened for
each plant,

(v) Number of seeds ver pod (NSPD) » This was
obtained by dividing the total number of seeds
per plant (ii) by the total number of pods
per plant (i),

(vi) ©Seed size - weight (in grams) cf 100-seeds
calculated as

Yield per plant (iii) x 100
Number of seeds per plant(ii) ~T

3.6 Statistical inslysis

Individual plant data were used in the computations
for each character, Data were not analyzed by the
conventional ANCVA method, Data from each replicaticn
were pooled and population parameters (means, standard
devigtion, variances, covariances and coefficient of
variation) were calculated for each generation withcut

taking replication effect into consideration, This was



because the analyses of variance done on each of the
three different groups (parentals, F,s and Fzs), on
plot basis, showed that replication effect was not
significant in most of the characters. Data from each
year were analyzed sepsérately and for the combined

analysis, data for tie two years were simply pooled.

F, genotypic variance and covariance for each
character studied in cach cross were calculated by
subtracting the environmental variance and covariance
from the total F2 varisance and covariance. The cube
raot of the product of rarental and Fq variances and
covarlances was used 8 the best estimate of both
environmental variance zrd covariance (Weber, 1950,
Weber and Moorthy, 1952). This was on the assumption
that environmental variences and covariances based
on non-segregating generations may be equivalent to

those in a segregating generation.

The F2 phenotypic variances for two characters,
A and B and the coviriance between A and B may be
represented symbolically as follows:-

6.2 = 62 + 62
AFz AG AE
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B,
F2 G E
Cov - cov x Ccov,
hBFz ABG LBE
where

d.2 and 0.2 = total F, verianecc ebserved
Ap BF 2
2 e in characters & and B,

respectively.

dgz and dgz - genotypic and environmental
variances, respectively, of

character A.

COVABG and COVth = genotypic and environmental
covariances, respectively,
between characters A and E.

652 and Oﬁz - genotypic a2nd environmentzal

G E

variances, respectively, of
character B,

2 42 S

’ and COV = environmental portions

A‘LE BE hB'P

(calculated from parental

and F, values,)

(Weber and Moorthy, 1952),
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Broad sense heritability (BSH) estimates for
the characters were calculated from FZ' parental
and F1 hybrid variances using the formulae suggested
by Mahmud and Kramer (198%) and Weber and Moorthy
(1952).

6—2 _ 2
BSH = F2 % x 100
0!2
Fa

62 =2 + &2, &2 .3\/o;fxdpzxo;,f

Phenotypic (rph), genotypic (rg) and environmental
(re) correlation coefficients between a pair of
characters, A and B, were computed using the equations
given by Weber and Moorthy (1952).

cov

ABp
Fhenotypic r e . S

. \/faaﬁ * 3;

Fo ¥y

CCVABG

Genotypic T =
AB \/072 e 01'32

¢ G

B
B -
Environmental r AB 7?.!—:!-5?!——



Genetic (GCV), phenotypic (PCV) and environmental (ECV)

coefficients of variation in the F, generation for

each character werc calculated by the formulae suggested

by Burten (1952).

x
0,.°
ECV = Fo
 d
where,
2 n
%
2

x 100
x 100
x 100

genotypic variance of a character in

a particular F2 generation,

0;2 = total ', veriance observed in a
2 —

character,

6%2 = environmental variance for a character

obtained from parental and Fﬁ variances.

b ¢ = mean of a

character.
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Frequency distributions were ebtainsd for all characters
in the three crosses evaluated fer each year separately.
indicatiars ef mede of gene actien governing the
inheritence -of particuler characters were shewn by

cenparing the mean periormances ef the generatiens.



ChLE TER
RESULTS

4.1 Mean Perfornmucc

The mean values of the generations for number
of peds per plant indicete that the F,1 was better
than both parents in all the crosszs in 198l, in
one cross in 1985 and in sll crosses evaluated
when combined over the two years (Tables 1, 2 and
3, respectively). In 21l crosses in 198l, the F,
value was higher than the mid-parent (MP) values.

The F1 values also exceeded the better parents in

the three crosses, Thic indieates over-deminance

of the better parent. This was alse the case in the
combined mean performances. However, in 1985, the

Fi values were higher then the mid-parent values in
211 three crosses but exceceded the better yielding
parent in enly two crosses, K59 x Tvx3e00 and

K59 x 1696, This again indicated over-dominance of
the better yielding porent. In Tvx3600 x 1696 in
1985, the F, value was higher than the MP value but
lower than the better perent, which indicates partiasl
dominance of the better yielding perent, The F2 nean
values were lower than the corresponding F,| means

in all crosses in both years.
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a*le 1. IMeen performance of four generztions for six traits in three cowpea
crosses in 1984,
nwmw%;n oo LCharacter* -
Cross .az.ﬁw;: NPPP NSPP .;4wnmv DTF NSPD mmwmw;_.f N
K59 P, 35.942.6 382.6425.2 39.8+2.5 U6.84C.9 1€,9+0.4 10,5:+0,3 20
X E, 33.342.C 384.1+26.9 23.7+1.6 43.8+0.,8 11.5+0.4 6.3:0.3 20
Tvx30C0 34.6 363.4 31.8 45.3 11.2 8.4
F, 62.741.8 668.5+21.9 66,5+2.7 43.5:0.8 10.7+40.2 9.940.3 20
¥ 38.3+1.2 L22.7413.6 35.6+0.4 U49.2:0.4 11.240.1 8,54+0,1 205
HL!LJHD.O-:M-J_. m.r mm.m m.;ﬂ N.A dlm O.-N
K59 A 35.942.6 382.6425.2 39.8+42.5 46.840.9 10.9+0.4 10.540.3 20
x 3 48.1+3.0 517.0+37.0 98.1+5.2 62.8+2.1 10.740.3 18.640.8 20
1696 L2.0 uLS.8 69.0 54.8 10.8 .6
3L.5+1.5 382,4415.9 56.8+42.3 52.0+0.5 11.4+0.1 15,2+0.,2 182
Liigg.05; 1946 200.3 35.4 7.1 0.8 1.9
Tvx 3000 “ 33.342.0 384.1+26.9 23.7+1.6 43.8+0.8 11.5+0.4 6.3+0.3 20
X 48.143.0 517.0+37.0 96,1:+9.2 62.8+2.1 10.7:0.3 18.620.8 20
1696 40.7 450.6 60.9 53.3 11.1 12.5
_ 68.2+2,1 725.1428.2 79.0+3.7 47.0:0.7 10.6+0.3 10.9+0.4 20
iy 38,8+41.2 1429.5#13.0 L0.1+1.3 L49.8+0.4 11.310.1 m.rno.é 206
Ls{0.05) 12,1 153.2 28.7 5. 1.6 1.9
uquAM4ia,.i¢:,“.w pods per plant; - Number of seeds per plant; VP - Yield per
plant .. grams; DTF - Number ow days to flowering; NSPD - z:admm of seads per

pod; mmnmv - Seed size (100-seed weight) in grams.
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Table 2:

cow.e2 crosses in 1985.

P S PR

mean performance ef four generations for six traits in three

o ____Knaracter~ -
Cress {5007 e NSEP ¥p .
_ tlon 1 P K {(g) DTF NSFD 55( ) N
K59 P4 48.0+2.5 L96.C+27.0 55.4+3.2 U46.0+1.0 10.320,9 11.240.3 20
X E, 35.542.4  361.8524.5 23.541.6 L5.84G.6 10.2:C.3  6.6:0.2 20
Tvx3000 Lb1.8 1,28.9 39.5 46,1 10. 3 2.9
. €8,y TL7.7419.8  F0.7+2.3 43.946.3 11.3+0.2  9.540.2 20
Fs LE,147.2  LE8.8£13.7 45,7+41.3 £3.340.3 10,5+0.1  S.4+0.1 308
2(0.05) &.1 102.2 11.7 1.8 1.C 0.8
K59 Fy hE.0+2.5 L486.0427.0 55.4+3.2 46.031.0 1C.3:0.9 11,220,320
b4 Fn 53,642.3  6711.6+32,7 119,0:7.9 €2.531.Lh  9.6:0 ¥ 1G.-C.6 20
1696 i 55,8 553.8 87.2 5.5 10,0 15.3
" £€7.6+1.9 695.2+21.7 109.643.7 51,3+C.7 10.3+0.2 15,840,320
. Ta L0,741.0 396.131€,1 S7.9+1.6 54.3+0.3  9.84+0.1 14L.7+C.2 359
1a ﬁOoOWw 3.3 G1.5 16,7 .1 0.9 1.8
Tvx 300G 'y m\ﬂ.mhm.r‘ wmﬁ.mhmrr.m mw.mHA.m Fm.mhn..m 10.240.3 m.m...wo.m 2G
X o C3.642.3 611.6432.7 119.0:7.9 62.5+1.h  9.6+0.3 19.11:0.6 20
1696 =l £9.6 1,86.7 71.3 5.2 9.5 13.0
F £8.942.9 639.4+3h.4 70.3+4.0 46.9+0.8 10.,5+0.3 11.0:0.2 20
T 36.3+1.0 386.8410.1 55.5:2.0 £1.0h10.3 10,110.1 1..0:0.1 371
1..{0.06) 10,8 106.0 16, 3 hoh 1.2 1.3
ﬂ!ﬂﬂﬁﬂinﬁﬁb&%ﬂmﬁﬁ.ﬁonm per ﬁHmDmm.zmww -~ Number ©f seeds per plant; &mﬁmv
- Yieid per plant 1n grams;
DTF - Jusmber of days to flowering; NSEFD -~ Number of seeds per pod; mmﬂmu

- sesd size {100 - seed weight) in grams.

-
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Tarle 3. eqa peoriormance of four oenties J-How.,m for six tralits in thres coowpns
sroasce combined over two yeser
.;.-.,m,mu,.,mw,m... . -Hr Charcctew* L -
Cross tion  NDEP ISEF__ L DTE TEPD S ) e
K56 e 42,047,101 L36.3s1C.8 L7.641.2 UL6.6a86.2 16,64 AQ-MHOap
x F, 34.4+0.9 372.9410.2 23.640.6 LL.84+0.2 10,9+C.1  6.420.1
Tvx3000 38.2 LOE L 1 3L.6 L5.7 10.8 &,7
F, BL.7+1.5 7C3.1+10.7 €6.6+1.7 [3.7+0.3 11.0+C.7 C.7:C41
F, £2.3+0.9 153.3+49.9  LC.6+0.9 51.3+0.3 10.8+0.%  8.u-0.1
_ruﬂa.om 8.0 ELh.S ¢.0 1.5 0.8 Q.
KES i h2.041.1 L3%.2410.05 L7 2 U6.6+0.2 10.640.1 10.7:0.7
X Py 56.8+1.0  Sok.3+11. 10c. Hm.m 62,540.5 15.140.1 19,0:0.2
1656 g Lg.9 501,83 78,1 Shi.G 10.4 1£.0
r, 73.947.7 759.6417.6 116,842.9 50.940.3 10.3:0.1 104000
7 37.0+0.8 380.L+8.6  55.7-1.3 52.040.3 10.430.1 14,640,
LY (g, p5) 10.0 93.5 13.¢ 2.4 C.5 1.1
Tvx3000 7, 3b.4+0.9  372.9410.2 23.640,6 LL,8+4C.2 10,940,1  6,4+0.1
bs £a 55.5+1.0 5B6L.3+71.0L 106.5+2.6 ©2.620.5 10.130.1 19.0:0.2
1696 [y Lot L6L .6 06,1 53.7 16.5 12.7
L £3.6+1.0 682.2:17.2 74.6+2.0 L£.9+0.3 10.7:0.1 11.0+40.7
m_m Lo 1+0.7 POP.@H@.O L74441.7 50.Li+0.2 10.220.7 11.840.1
1.sp{0.05) 6. 7¢ 8.3 2.k 0.9 1.1
FNPPP - Numaber 51 ycds ter plart; RS T RUrber of Seeds per plent; P

- 7c5fnﬂ cof days to wHoimeﬂm, MN3FD - Number cf see
Tegy - nmmm size {100-seed weight) in grams.

513

~ vieldplant in

mmvmmﬁ pod:
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The same trend in performance is exhibited for
number ¢f seeds per plent. The F1 means were higher
than the parental mesns in a1l crosses in both years.
The Fa values alsc exceeded both the MF values and
better parents in all crosses in the two years
individually, and when combined, Cver-dominance is

therefore suggested four this character in all crosses.

The mean performances cof the various generstions
for yield per plant show that the Fj was higher than
both'the ME and higher yielding parent in crosses
1 & 2 in 1984 and in the cross, K59 x Tvx3000 in 1985
but exceeded cnly the FI but was closer to the higher
parent in one cross in 198% (¥59 x 1696)., In
Tvx3000 x 1696 in 1985, the F, was lower than the MP but
higher than the lower yielding parent: this suggests
partial dominance of tine higher yielding parent. The
former case is suggestive of over=dominance in two
crosses, K59 x Tvx3000 2nd ¥59 x 1696 in 198) as well as
partial dominance of the higher yielding parent in Tvx300C
1696, Cver-dominance is also apparent in X59 x Tvx3000 in
1985 while pertizl Qominance of the higher yvielding
parent is seen in the remaining two crosses. For the
combined mesn performences, the ¥, was higher than

the MF in all crosses, wss higher than the better
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yvielding parent in K59 x Tvx3000 and K59 x 1696,
suggesting ever-dominance but lower than the higher
yiclding parent in Tvx300C x 1696, suggesting partial
dominance of the higher yielding parent. F2 mean
alues for yield per plant were lower than their

corresponding F1 means in both years and when combined.

The trend in the performances of the various
penerations for days to flowering is such that the
91 was intermedizte between the two parents in all
tihe crosses evaluated in both years and when combined.
in all crosses in both yeers, and when combined, the
4 was lower than the MF value but closer to the
earlier flowering parent, This shows that early
ilowering is partially dominant over late flowering.
The means of the F2 generally increased when compared
to the E, means in all crusses in both years and
when combined, The F2 and F1 means were similar to
the MP suggesting that gene action for this character

is primarily additive,

The mean values of the generations for number
of seeds per pod indicate that the F1 was intermediate

hetween the two parents in most of the crosses,
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although the differences in the means of the three '
parents used in this study were not statistically |
significant., F, means in 198l; were lower than the MP
values but closer to the parent with lesser number of
seeds in all three crosses, This is suggestive of
partial dominance of fewer number of seeds over larpger
number of seeds per pod. In 1985 and in the combined
mean performances, however, the F1 was higher than the

MP in crosses 1 & 3., (ver-dominhance of larger number of
seeds per pod is indicated in K59 x Twvx3000 and Tvx3000 x
1696 and complete dominance of larger number of seeds\wﬁ
in K89 x 1696 in 1985, The combined mean pefformances
show that the Fq was larger than MF values but closerl_
to the larger parent in two crosszes (1& 3), This |
indicates that larger number of seeds per pod is
partially dominant over fewer number of seeds,

F, mean values were higher than their correspondiﬁg .

F, means in all crosses in 198l but lower than the F,
means in 1985 and when combined for the two yesrs,

suggesting the role of epistatic gene effects for

this character. | - | | fiffﬁﬁ
The trend in the performances of the generstions

for seed size shows thuat the F1 was Intermediate

between the two parents in both years. F1 means were

also higher than the *F values in K89 x Tvx3000 and S
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K59 x 1696 in both years. In 211 crosses in both years,

F1 .
indicstes partial dominance of the larger seeded parent.

means were closer to the larger seeded parent, which

Tn the characters, number of pods per plant,
number of seeds per plant, yield per plant and seed
size, the F1 neans evceeded the arithmetic MP values.
mhis means that the F1 nybrids exhibited heterosis

for these characters.

.2 Treguency Distributicns

The results for number ol pods per plant
indicate that tne F1 distributions have surpassed
the perentals in all the crosses evaluated in both
yvears (Table 4). The HZ distribution is unimodal
in all crosses in hoth years and exhibited positive
skewness (towsrds the perent with lesser pods).
There was transgressive segregetion ip all crosses

in Poth directions in the two years.

Table 5 shows the distribution of number of
seeds per plant, The F1 distribution exceeded the

better parent in all crosses in hoth vears. -



Table li: Frequency distributicn c¢f number of pods/plant in three cowpee crosses in
108l and 1985,
Classes of number of pods
DO ~ O W
o — 0NN ™M
@ &= O mn e oy o -~ O O = « T
(8 - oy oy . wn O 0~ (e 0] a O | | 1 |
Cross Year & 0 8% 2 & 4 A NS A d o8 82N n Mezan S.D. C.V.(¥)
. o o oo = 10 0 [ o o S o . S S ST S~ . el
Fq 1984 2 L L 5 L4 1 20 35.9 11,7 32.5F9
1985 1 2 5 6 5 1 20 8.0 11.1 23,12
K59 F., 1984 5 9 L 2 20 33.3 9,0 27.03
X 1985 1 3 6 6 4 20 35,5 10.8 30.42
Tvx 3000 m; 168L 2 7 8 . 20 627 8.1 12.92
1985 6 10 L 20 66.4 6.2 9.3L
F, 1984 5 21 38 34 51 17 18 10 8 2 o wmw mm.w mm.m nm”mm
1985 1 18 35 S0 48 62 L1 2019 7 1 & - o
P, 15G 2 L4 L 5 L 1 20 35.9 11.7 32.59
1585 1 2 5 6 § 1 20 48.0 11.1 23.12
K59 P, 1984 2 2 L 6 3 3 20 48.1 13.6 28,27
X 1685 1 2 8 6 3 20 63,6 10.2 16.0L
1696 Fy 1684 E 2 2 6 3 2 2 1 20 80,2 15,7 1G58
1985 2 &5 7 5 1 2C 67.6 8.7 12,87
F, 1984 7 32 Lo 28 22 26 12 5 L4 3 1 2 182 3K.5 20,2 58,50
1935 6 29 €3 62 66 53 36 22 13 5 1 3 359 LkC.7 19, L& .E8
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Table L: (Cont'd}

Classes of number of pods

. TR
725 W 9FEY R8I0 |
Cross___ Year T © O @ >0 W F o = OO < o N 0 MEANS.D CV() .
P 1984 5 9 L 2 20 33.3 9.0 27.03
1585 17 3 6 & 4 20 35,5 1C0.8 30,42
Tvx3000 P, 1681 2 2 L € 3 20 4B8.1 13.6 28,27
X 1985 1.2 8 6 3 . 26 63.€ 10.2 16,04
1696 T, 1984 z 4 8 3 3 . 20 68,2 9,6 14.08
: 1665 2 1 2 5 8 2 20 58,9 13,1 22.24
Fy 198, 1 L 37 k2 533 712 2 1 1 - - 4 1 206 38,9 17.3 LL.bL7
1985, L0 65 B5 618532817 ¢ 2 5 2 371 38.3 18,5 4B8.30




T=ule 5: Frequency distrikution of nurter of secds per DPLent 1In TaTEe @ ——
cowpea crosses in 1984 and 1985.
o Classes ¢f numrer ¢ f seeds _ L
™ € D D
g o e oew = ofiERIRE
R S I A SRR E T
Cross Year N Y &8 8 3 W% £ o .m,.u e ¢ o & MEAN S.D c. v
TR, 198y 1 6 3 8 2 R0 1382.6 112.6 29.
&Ch 1 1 2 7T € 2 1 20 }96.0 120.7 2L.
N F59 E, 198l 2 5 6 L 2 1 20 3841 120.4 31.
% . 1965 2 6 6 L 2 20 361.8 109.4L 30.
: v 50M F, 1984 1.5 9 3 1 1 20 668.5 98.0 1i.
1985 1€ 5 4 1 20 747.7 &8.5 11,
F, 198 527 37 38 42 21 212 6 5 2 1 2C5 W22.7 195.0 L6,
1985 1028 46 L3 62 41 30 23 11 9 - 1 -2 2 308 4BB.8 235.2 U6,
P, 1964 1 & 3 8 2 20 382.6 112.6 29,
1985 T 4 & ¥ & & 1 20 L496.C 120.7 2L,
K59 Py 198) 1 1T 2 B 1 5 1 1 20 517.C 165.6 32
x 1985 1 3 9 L4 2 - -~ 1 20 611.6 146.1 23
169€ F, 1984 3 2 € 2 3 L 2¢ 824.0 166.9 20
1985 1 3 7 & 1 20 695.2 97.2. 13
F, 1984 11 38 37 28 23 20 12 5 kL 1 2 1 982 1382,L4 214.€ 55
1986 18 L9 7¢ 71 65 31 21 15 L4 3 2 1 359 396,71 192.6: 1€
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Table 5: (Cont'd)

Cliss s - f number of seeds
- D [OX T + 5 B N ¢
0o — o QO O O
> R +8)] £~ fte wy = o m o 0 2 T, N Fe N Yo ]
T B T V- T N = N A A Y
<« i | 1 1 1 1 1 ] 1 o 0N e O DO
H Yy R E 2 EEYITErnngR ..
Cross Year N = N & g4 M W b @0 O ¢ - o « o o N MEAN S5.D C.V. ()
E, 198k > 5 6 4 2 2C 38L.1 127.L 31.35
1385 : 6 A L4 2 2C 361,8 109, 30.2L
Tvx3000 P, 1684 17 1 2 8 1 5 1 1 20 517 .0 165.6 32.03
X 1985 1 3 9 4 2 - -1 20617 .6 H6.123 B9
1696  F, 1984 2 3 L & L 1 20 725.1 126,2 17140
1985 | 2 2 L € 2 L 20 63¢.L 123.7 2L.0L
F, 198k 2k 39 L8 Sk 27 8 § 3 1 - - = 1 - 1 2061,429,5 186.5 L3.49
1685 1 € 78 78 €5 33 15 8 6 5 3 1 371 386.8 194.7 S0.34
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Trangressive segregates in beth directions were
apparent in 211 crosses in both years, The F2
distributiens were wide, unimodal and pesitively

skewed, - ’

Results for}yieid per plant are presented in
Table 6 snd ipdicatc thet the distribution of the
?%.was intermediate bztween the two parents in |
Tvx3e00 x 1696 dbut similar te thet eof the higher
yielding parent in ¥59 x Tvx3000 and K59 x 1696,

The F, distributions were peositively skewed in all
crasses in both yoars and transgressed the lower
yvielding parent in one cross, K59 x 1696, in 1984;
transgressed the higher yielding parent in twe
cresses, K59 x Tvx3000 and Tvx3000 x 1696 in 1985

but enly the lewer yielding parent in X559 x 1696

in the same year. 1n both years, the FZ distrivuti-ns

were unimedal and positively skewed,

Table 7 shewsa thrie frequency distributinn of '
number of days to flowering in the three cresses .
studied, The F1 distributien is similar tn the
earlier flewering parcnt in cress K59 x 1696 hut to
the later flewering porznt in w59 x Tvx3200 in 198L.
In 1985, the distribution is slmest intermediate
between the two parents. The spread of the I,

distributien fell within the parental extremes in



Table 6., Fregquency Distri’ution of Yield per plant(g) in Three Cowpea Crosses in 1984 and 1985

Class Centre(g)

Cross Year 9 24 39 Sl 69 84 99 114 129 Myly 15 174 18% 204 219 K Mean 3.D C,V, (%
P, 1931, L 8 8 20 39,8 11.2 28,14

1C85 1 L 10 3 2 . ; _ 20 85.L4 4.3 25.81

KS9 B, 1984 1 16 3 S | 20 23.7 7.2 30.38
X 1085 4 15 1 S B . i 20 23,8 7.2 30.64
Tvx3obe ®, 98y 16 8 1 1 o 20 36.5 12.1 18.20
\ S 1985 - L o1 oL 1 - _ E 20 70,7 1.3 14,57
9 F, 1964 23 65 63 41 8 5 . o 205 3.6 16.9 L7.L7
_ 4985 26 67 80 73 32 18 v 2 3 2 7 308 45.7 23.7 51.86
P, 1984 L 8 8 20 29,8 11.2 28.1R&

1685 1 4 16 3 2 _ 20  55.4 4.3 25.87

K59 - - P, 1984 1 - L4 2 L 2 1t 1 2 2 20 98.1 k1.2 42,00
x 1902 . 1 - 4 1 g8 1 1 3 = = = 1 20 115.0 35.7 29,50
1696 F, 1984 | 1 - 2 2 3 5 4 3 20 124.1 26.9 21.68
158¢ 2 7 3 8 _ 20 109.6 16,5 15.05

F, 1984 10 34 37 32 23 15 17 7 6 1 | - 182 56.8 31.0 5458

1665 10 60 71 83 51 L4 10 15 8

Ly 1 -2 359 57.9 30.53 52.7



" Tawle 6.

(Centta} i

o Class Centre(g)
Cross vear G 2L 39 °S4 69 84 99 1L 129 1hi 159 17k 18¢ 2€4 219 N Mean S.D C.V. (¥
1985 4 15 1 ¢ 23.5 7.2 3€.8
?xwo_oo_. m.m - 1 -y 2 L2 1 1 20 9t W1.2 Lp.oc
x 188 1 k1 8 70 115.0 351 295
1085 2 6 5 ) 3 * 200 70.3 16,0 25.6C
P, 198, 10 69 €0 LS 18 2 - 1 - 20€ LC,1 31.€ L5.6k
1985 16 71 81 84 Bl 33 16 6 L 371 55.5 30.53 71.1%




Table 7 . mﬁm@cmdn%awmdeUC&wosomﬁca@mdowam%mﬂowwoamﬁummHSdﬁﬁmmoosﬁmm
: - crosses in 1984 and 1980,

Class Centres

ﬂmw"@:@m_nﬂoww . ¥ear 32 37 bz W 52 87 62 67 72 77 M Fesan 5.0, C.V.(°
B, 188y 6 9 3 2 . 20 U4B.2 .0 .58
. . 1985 16 6 € 1 S - 20 L6l y.v o 870

K59 o B, 19BL 3 7 9 B 20 L3.8 3.9 .6

'ox 1985 6 13 1 20 45,8 2.5 6.33

S Tvx3ovp F, GBL 1 1T 7 - - 20 L3.5 3.4 7.82

' : 1985 1 Iy 1 1 20 B3.9 h.C O G171

7, 198k 2wy 82 b7 19 10 4 205 59,2 6.0 12,20

1985 . 1 2¢ 66 104 56 S0 % 2 - 308 53.3 6.1 1.5

2, 1984 & § . 3. 2 20 46.8 4.0 8,55

1985 1 6 6 € 1 20 46,4 L.5 5,70

K59 P, 798L 1 L . 3 2 3 -5 2 20 62.8 9.5 15.13

X 1985 3 1 11 - 5 =+ 20, 62,5 6,1 G.76

1696 F,o o198k 11w 5 b .20 50.C 3.7 7.h0

. 1G85 | Loo12 L | 20 51,9 3.¢ 5.78

T, odg8L, . L 22 38 sL 3% 20 3 2. 182 52,0 6.6 12.59

- 1685 1123 L9 .9 : | 1.3 5.8 1CLER

.93 121 65 7 So3me ©




Table 7:

(Continued)

Class Centres

-

32 37 k2 47 52 57 62 67 7277 N BMean S.D C.V.(¥)
3 7 9 1 20 L43.8 3.© 8.68
6 13 1 20 L45.8 2. 6:33
1 L 3 2 3 5 2 20 62.8 9.0 15.13
3 1 11 - 5 20 62,6 €.1 9.7
3 13 3 1 20 L47.C 3.3 7.02
5 11 3 1 20 46.9 3.4 7.2%
1 5 3 70 50 32 14 3 206  49.C .86 12.0
1 U2 g2 122 83 27 L 371 S1.4 £.5 10.70

——




cross, K59 x 1696 in both years and in cross, Tvx3000
x 1696 in 1985 and showed unimodality in all crosses
in both years. The F2 distributions were almost
normal and transgressad the late flowering parent

in one cress (K59 x Tvx3000) in beth years, and the
early flowering parent in 1984 (Tvx3000 x 1696).

Table 8 shows the frequency distributions of
number cf seeds per pod, The F1 is similar to one
or both parents in all crosses in both yesrs.
The F, distributicon ig unimcdal snd positively skewed
in all the crosses in both years, It transgressed
the parent with fewer number of seeds in all crosses in
1985 znd the parent with larger number of seeds in one

cross (K59 x 1696) in 19€l,

For seed size (Table 9), the results indicate
that the F1 distributicn is similar to the larger
seeded parent in two crosses (K59 x 1696 and
Tvx3000 x 1696) in both years, The spread of the
F2 distribution fell within the parental extremes
in the cross, medium x small (K59 x Tvx3000) and
also in the cross, small x large (Tvx3000 x 16G6)
in the two years., Transgressive segregation was
suggested in the cross, medium x large (K59 x 1696)
for large seed size in 198l and for small seed size
in 1985, Unimodality =nd skewness in the F, distri-

buticn were apparent in all crosses in both years.



Takle &; Frequency distributicn of number of seeds per peod in three cowpea
crosses in 1984 and 1585.
Classes of rniumber seeds
Cross Year L. 7-9  10-12 13-15 16-18 N Mean 5.0 CL.V.(¥)

b, 1884 3 Ty 2 20 10.¢ 1.7 E.E0
1985 2 18 2P0 1C.3 G.8  7.77
K5¢ F 106k 16 3 20 11,5 1,8 15,65
' X 19885 b 15 1 2C¢ 1C.2 1.2 M,76
9 Tvx3000 F, 198} I 16 20 10,7 0.9 B.43
i 1985 1% 2 2¢ 11,3 1.C  B.85
F, 198 11 162 29 205 11.1 1.5 13,51
1685 L &7 200 32 308 10,5 1.6 15,24
P, 1984 3 1 2 20 10.9 1.7 15,00
1985 2 13 20 12,3 0.5 7.77
K59 mw 198L 5 1h 1 20 1C,7 1. 13.08
X 1685 12 7 1 2G Q.6 1.2 12,80
1696 MA 168 2 17 1 20 10,3 0O.& AN
1985 2 18 2¢ 10,3 0.8 7.77
F, 1584 g9 131 36 e 11,3 1.7 15.04
1585 6 155 184 1k 3¢ 9.5 1L k.29
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Teble 8: (Centinued)

n o -!M.itnu.mmmomhmb mic .
Cross Year L-6 7-9 16-12 13-15 16-186 19-21 N  MNELN S,.D C.VE{%)
b, 1960 1€ 3 1 20 11.5 1.8 13,55
10885 L 15 1 I J 0,2 1.2 11.76
Tyx3000 P. 168k © i 1 20 10,7 1.4 13.68
® . 1G85 12 7 1 2 )6 1.2 12,5€
1696 Fq 198Y 3 1€ 1 20 10.6 1.2 11.32
1G85 1 17 e 20 10.9 1.5 13.76
F. 198} € 166 31 3 206 11, 1.k 12,56
) 1985 1 1h*? L 20 23 1 371 10,1 1.5 1L4.85
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Freguency distribution of seed cize
in 1984 and 1985.

in three cowpea crosses

Clzss Centre (g/17C seeds)

e

Cross Year 2 § 11 W 17 2G 23 26 29 N MEAR _3.D, C.V(¥)
P, 1984 3 15 2 20 10,5 1.1 10,18

1665 18 2 2Cc 11,2 1.1 C,8p

K59 P, 168, 12 8 20 £.3 1.2 19,05
> S 1985 7 13 2C £.6 0.8 12,12
Tvx3000 F, 1984 1C 9 1 20 .9 1.5 15.15
1985 11 2 2¢ 2.6 L8 3.42

F, 198 21 137 Lh z 1 205 G, 1.6 18,82

1985 11 157 1271 14 o8 el 1.8 115

P, 1984 315 2 20 10,5 1.1 1048

1685 18 b 26 11,2 1,1 ¢, 8z

K59 P, 1984 2 1 g 2 5 _ 20 18,6 3,05 20,43
x 1985 1 & 7 © 20 19, 2.6 13,40
1696 F, 1284 2 9 9 20 15.1 1.9 12,58
: 1035 1 7 12 20 15,8 1.3 8.23
Fs 198L 3 21 83 o611 2 1 182 15.2 2.% 19,08

1685 2 13 62 147 101 2L & B9 1h.7 3.1 21.09



Table G:

(Cont? d)

Tvx3000
X
1636

Year

Class Centre (/100 seeds)

L

20 23 26

29

lean

r

o B

P, 168
19€5
Fs 1984

1585

Ty
-
(69
=

— =
O O 0
I\.ﬂ

\d
0

n
=2
O
(7 X
i E

J
g

-—

o =S M NN A

O

6.3

6.6
18.6
154

- -

1.2
.8
3.8
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4.3  Measures_of Variability

Table 10 shows phenotypic, genotypic and environment:’
variances whereas Table 11 presents phenotypic, genotypic
and environmental ccefificients of variation for the six
characters under study in the F2 generations of the
three cowpea crosses used, Very high veriances znd
coefficients of varistion are associated with the
characters, number of pods per plant, number of seeds
per plant and yield per plant in all the crosses in
both years. 7The other three characters, days to
flowering, number of seeds per pod and seed size have
comparatively lower variances and ccefficients in both
years, individuvally, =nd when combined. In general,
the differences between pgenotypic and phenotypic
coefficients of variation were small for most of the
characters, In 198},the cross, Tvx3000 x 1696 reccrded
a negative variance for the character, seeds per pod,
and although this is theoretically impossible, it was
included for completencss, It was also not possible
to determine the genotypic coeficient of variation

here because of the negstive variance,

The three F2 populations have similar variances
and coefficients of vasristion for five characters
namnely, number of pods per plant, number of seeds per
plant, days to flowering, number of seeds per pod and
seed size in both years, The magnitude of variation
for yield per plant was such that the cross, small x large

(Tvx3000 x 1696) was much more variable than the other



Tzble 10; TFhenotypic, genotypic and environmental varisnces in the F5 generations of
three cowpea crosses in 1984 and 1985,

Varisnces

; . henos “eno-  Epnviron- Fheno- Genc- Envircn< Fhence- Geno- Envi -
Treit =N typic tyyic mental tyric tyric mentz1 tyric tyric BMMHM%:
dMumber cf 1.0l Y22:TT 232,91 89, 86 409,70 225.9 183.77 297,67 186,29 11138

ocs/plant 175 h23.31 341,39 61,92 359.38 26€,99  g0.L4C 3LC.99  213.6Lh 127,
b IC7.17 301,80 95.37 384.2C 197,44 18€.76 325,07  161.53  1M43.5

Number of 1.1/ 3(3¢16.25 25931.40 1208€.85 L5798, 31 2448945 213CE, 52 3LE80.96 16389, 01 Amroﬂ.mw.
seeds/plant 1775 ©5337.29 L1,238,55 11098,75 3688C,50 22656,5) 1432L.05 376:5,38 19712.93 182124l

cobined 15378,35 36109,50 12968.L5 39843.23 18531.71 21311.53 37199,L5 17909.5C 19289.96
Yield/ 155 28, B9 136,91 §7.98 962,56 L27.03 535, 5 336,15 19.C3 287,12
plant SEs 559.67  L55.07 104.€3 932,06 522,97  LO9.,11 1561,%3 128€.35  275.58

contined 473.64 -0 6L 113.00 9LO,E3 371,12 56ECG,7C 19 8, XF 889, 07 288,99 ,
Days te I 536 21.56 13,80 43.63 16.4L7 27 « 1€ 3C, 17 12.16 2. 01 ¢
Llevering 1,05 37.18 23.43 13.75 33.71 14,63 18,78 30, 6( 15. 38 15.

o hined LO, 4l 26. 3 W 1l 38,20 M. €L 23,56 31,11 13,04 20,
Number of 1.l 2.17 0.18 1.9 2,87 1.33 1454 1,98 -0, 08 m.ou *
‘).hﬁ.m;_r_..\“. _.nm.m .ﬂ.“,. o Mom,_.... At\NO D..r\ﬁm M..oﬁw 40»—“; ﬁ...mu -__..:.h O-mm \_-mi

Ccubined 2.5 0. 86 1,68 2. 87 1.53 1. 34 .38 0,2 P
seed size 1084 2.146 0.9 1.52 8. 3¢ Lo 1O 3.99 L,u2 0. 22 u.ﬁw

1585 3.08 242 . 0. L0 Ge 77 7.2} 2.l e 19 2,67 1.5

Combined 3.02 1.60 1.22 9.3 %.94 3.37 9+02 €.36 2.6}
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iable 11:

Phenotypic, genotypic =2nd environmental coefficients of varisticu for
six traits in the wm generations from three cowpea crosses in 1-°L znd 1985,

[

[amra—

Coefficients oY variation in percentage

K59 x Tvx3000

K59 x 1696

Tvx3000 x 1696

[T ——

Fheno- Genc~ Environ-

t pic mental

27.20
29.44
31.04

31.67
er mw
34.64

L2,26
29.91
34.69

mam:
7.9
8.82

12.70
12,60
13.80

20.77
8.81

20,37 _13.10

Pheno- Genc- Environ- Pheno- Geno- Environ-
Year typic tvpic mental typic typic mental awownu-.i;
Number of 198L 46.91 39,85 24,75 58.67 L43.57 39.29 47 35.15
pods/plant 1985 .63 10,08 19.63 L6.58 139.69 24.37 u48.21 38,18
Combined L6.63 L40.31 22.66  50.78 36.40 35,40 46,71 3L.90
Nunber of 1984 46.13 LhL.8L4 26,01 55.96 L40.92 38.17 L3.49 29,81
seeds/plant 19865 48.13 §13.03 21.55 L8.48 37.92 30.22 50,35 36,30
Combined U48.30 L1.47 2L.75 51.26 34.96 37.49 48.10 33.37
Yield/ 1981, 47.41 wm.wo 27.80 S4.62 36.38 40.74 L45.72 17.46
plant 1985 51.77 L6.68 22,38 82.73 39.50 3L4.93 71.21 EL,62
Combined 652,19 L5.54 25.L9 53.07 33.33 U41.29 70,05 6C.385
Days to 198l 12,09 9, 7«55 12.70 7.80 10.02 12,08 7.C0
flowering 1985 1.4y 9.06 6.96 10.69 7.12 7.98 10,76 7.3
Combined 12.30 «92 T.27 11.55 7.15 9.07 133 711
Number of 1981 13.15 3,79 12,60 14.86 10.12 10.89 12,45 =t
seeds/pod 1685 16.50 12,42 9.28 14.54 10.89 9,57 4r.Nm 7oLt
Combined 14.76 6.59 12,00 16.45 12.01 11.24 1L..66 5,04
Seed size 1984 18.45 11.41 1446 19.06 13,80 13.14 21.33 L.9¢
1985 18.67 16,06 9.52 21.20 18,30 10.69 1%4.62 11,67
L Combined 19.28 14,91 12.27 20,48 16,36 12,32 24,22
* = Scugre root of a negative number,
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two crosses followed by the cross, medium x large
(¥k5¢ x 1696), The cross, medium x small (K59 x
Tvx3000) was least variable for this character,
Evironmental variation was more pronounced in 198l
than it was in 1985 =znd comparatively higher
coefficients of variation are associated with the
characters, number of pods per plant, number of

seeds per plant and yield per plant in Fo plants,

4.4 Heritability

Estimates of heritability (breoad sense) in
percentage and the ratios of environmental to total
phenotypic variance are presented in Table 12,
Heritability in this study indicates the extent to
which the expression of a character is under genic
control, It was calculzted as the percentage

genotypic variance of the total F2 variance,

Heritability estimotes in 168l were in general
lower than those obtained in 19285, This is reflected
in larger ratios of envirommental variance tc total
phenotypic variance for all characters in 198L.

The heritablity for each character in esch cross in
1985 was in close a:reement except in number of
seeds per pod, In 198|, heritability estimates were
erratic in yield per plant, number of seeds per pod
and seed size, The cross, small x large (Tvx3000 x
1696) produced a negative heritability for the

character, seeds per pod in 1984, Although this is



geno pic AQ\NV i,e. brosd-sense heritabilityv (RSH) estimates and
envirenmeriszl (7, mv <m1pm:nm te total phenotyrie variance AOﬁSBU for six
egch of three cowp.u croszens in 1284 and 1965,

Table 12: The ratics cf g

gupructirs in

, AVETAfEe fer t!

t:mw.i Tvx3000 . k%9 x o€ cauwao x_169€ crosses

3 i uM. i ﬂ i N| ﬂv NI- 5 o .& ] M
ricter s g xﬁﬂ;_ QMM\QWSN ﬂﬂ \QWW QM \QWJ Q\ \ﬁrz ﬂﬁ \Qw: QMM\QM QM \QM
) () ') () () 9 () )
Humber of . 77616 27.84 55.15 Ul O5 €2.58 37.h42 ©3.3C 36. P
pods/plant ¢ SO WeOE 1¢.35 7¢.62 27 3¢ 62e? 37 . uo 71.95 28.0
Centin 7599 2h.01 £1.39 LE.én 55. 8l Hr 61.07 38.9
umber of 1G2) LG.21 31.79 53.47 LE. L3 h6, 9t >3.02 56,22 h3.7
seed:/ lopt  1GE ‘G.Cl 20,06 61.1€ 3&, 84 1.9 h&é, 01 Al . 36 35.¢
SOT Lnre F3.7h 2€.2€ 46.51 53.4¢ his. 1! €1, € 56.13 L3.8
Yield/ 15 rh, 61 w@.w@ Li. % 55,04 . 5C S¢. h1.5% 58.4
plsut R 5 18,69 5€.1 h3, &0 ‘e V7 . €L 73.26 L T
resbiaed  76.1L 23. 86 39.45 6C.55 151y oS3 3.9 36.3
H._... 5 10 17 =) _...»m..,...m,...m,. W@.CW M.Q‘Nm ﬁ..wu..,..U wu- m-...,..nwm .._-;-‘._ mmo@
Flowering 10 B§ 63,02 3€.98 L.29 Sl T 50.2¢ LS.7 7h 2.5¢& L7k
Coridreq 65,00 .96 36.33 61.C7 35. 3% 6C.62 17 .5¢ 52.4
f_‘._,_-r..a..u ﬂ.H.. 1 h. mcuﬂ, hm@t-wé .—,un! wh_. m.woﬁﬂ ircﬁ_-_ djb!ﬁzw.f ﬂmnmm @w-a
~.ru‘u..._..” \\. . 15 _\ mu.r-x._.ﬂ\u__ Wmlmw \M mm MﬁW-wm U.* w -leqwﬁu r.mu-w.q mAln\
Combiaed 3. 8€ 66,1, 53.3% LE, 69 a; 7 88.2 T3 N1 €c.€
Seed size 168l 38.21 €1.79 mw.rw hi.56 m-Pw o4.C73 32,04 67 .S
1G£5 74.03 25.97 74.5 25.h4 63,72 36,0 TO 71 29,.¢
Combined 59,60 140,30 £3,80 36,20 70,73 294,27 6.7 35.2
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theoretically impossible, it was calculated for
completeness, It is possible that the total variance
observed in 198l for this character was due to
environmental effects and their interaction with

genotypes,

In 1984, number of pods per plant exhibited
the highest estimates of heritability among the
three crosses studied with the highest wvalue (72.16%)
obtained in the cross, K59 x Tvx3000, The three
crosses averaged 63,30% for this character, For
number of seeds per plant, heritability ranged frém
46.98% in the cross, small x large to 68,21% in the
cross, medium x small with an average of 56, 22%,
The heritahility of yield/plant in F, plants seemed
to be erratic in this year but averaged 41,52,
Days to flowering is alsc moderately inherited as
shown by the 198}, figures with an average for the |
crosses of Lh.11%, A highly erratic trend was again
observed in seeds per pod where it ranged from
=h.0h%t to 46,3 and averaged 16.86%, This means
that seeds per pod is highly influenced by
envirommental factors., Likewise, seed size alsc
depicted erratic BSH estimates with an average of
32.0U% and a range of 5.47 - 52.U4¢%, lhe ratios of

environmental to total F2 phenotypic variances in
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198l for yield per piunt, days to flowering, number
of seeds per pod and seed size exceeded 50,00
indicating a strong influence of enviromment on the

expression of these characters in F‘2 plants,

Heritability vslues were comparatively higher
in 1985, The highest estimate was in yield per plant
which averaged 73.26% and ranged from S6.11% to
82,368, Number of pcds per plant averaged 71.99%,
number of seeds per plant, 6lj.36%, days of flowering,
52,52, number of seeds per pod, 4B.37% and seed
size, 70,77%. The average ratios of environmental
to total F, phenotypic variances for the six
characters are, (a) number of pcds/plant, 28.01%,

(b) number of seeds/pl=nt, 35.6L%, (c) yield/plant,
26,74, (d) days to fiowering, L47.48%, (e) seeds per
pod, 51.63%, and (f) seed size, 29,23%. 1hus in
1985, the characters, days to flowering and number
of seeds/pod were modarately influenced by the

envirenment,

Heritability values from the combined analysis
show that four characters asre highly heritable,
namely, pods/plant (61,07%), secds/plant (56,13%),
yield/plant (63.69%’ =nd seed size (64.71%). lModerate
values were recorded in days to flowering {(L7.599%)

and seeds/pod (33.31%), Conversely, the ratios of
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envirenmental to tot:l F2 phenotypic variance were
highest in the latter two characters but lewer in

th=2 fermer enes,

a5 Phen8typic (r_. ), Genoty ic (r ) zpd
2o k £
TRVIrSrmen tal (r.) Cohrrelatidns,

Takles 13, 14 and 15 show the phenetypic,
genotypic and environmental correlotien roefficiepnts
between six charzcters in 198L, 1685 znd in the
combined set of data, re¢spectively. In general,
genotypic cerrelatiens were higher than the
corresponding phenotypic ceorrelations for mest
character cembin~tiens in beth years in all the

th1ee crosses used in this study.

In 1984, peds/plant was highly and pesitively
correlated with sezds/plant and yield/plant in 211
the three cresses. Its phenotypic cerrelatien
with days te flowering, seeds/pod and seed size
was negative and significent in K59 x Tvx 3000
and Tvx 3000 x 1696 and only with seeds/ped and
ceed size in K59 x 1696, The genotypic correlations
were similar and ef hizh magnitude in =59 x Tvx 3006
and K59 x 1696, Iliumber &f seeds/plant was highly
and pesitively correloted with yield/plant in 21l

crosses, It was insigrificantly coarrelated with



characters in the F: generation from three cowpea crosses in 198,

— ——

%

TU x T ICCE |

chenctvpic, genotypic and environmental cerrelation coefficients between

-

orrelation Ccefficients

Tvx300C x_169¢ _

Fhenc=- «&no- Ltnviron- Pheno- Geno- Environ- Pheno- Geno- Fr
typic tyric wental typic typic mental tyric ypic ine
Num@cr of pods/ply t and
it ¢ *_ Beeds/rlant Q0.966%%* 1,006 0. 87 3 0.G77* 1.0z} 0.¢21 0,565+ * 1.069 ()
(ield/plait 0.860*+ 0,978 C.671%¢ (,917** 1,03 O, 841 0,862+« 1.L0L 0.
Lays te flo ering -0,132% =0,303 0,209** 0,046 C,h21 =0,:77¢ -0, C1} -C, 346 G,
Number of zeeds/vod -0.155+ =0,935 0.140% -0,28h+% =0,737 C. 181 -0,238%* (=) O,
Seed slze -0. 060 0.146 =0.331%* ~-0,155¢« =0.LZ3 0.156 -0, 032 0.374 =0,
U er of .....‘w.].\us. rt and
Yield/plant 0.926+>= 0,990 0.799*%* 0.94)<+ (,9¢6 C.g02 G, 698 * 1.303 0,
Days to flowerin -G, 108 -0.214 0,085 -0, 007 Ve 3 G -0, 288%= -0,021 0.259 =0,
Number of seceus/pod O LET 0.865 =0,252+*+ =C.113 ~C L@ Q0,215 +# 0. 003 ( Y+ 0.
Sezd sice - 0L7 0.167 -C,300%* =0,153* -(,L67 Qe O =0,034 -1 451 0.
Yield/plant and
Days to flowerirg -0, 072 -0, 166 0. 0X: 0.C1Y -0.13% 0,115 -0,C32 0,327 =0,
Nurbar ¢ secdu/rod c.075 =C.17 0.205*% -0,091 -0 4 3 Jo 16 C.013 (o) ©,
Secd =ixe 0.288+*» 0,668 ~0,102 0. 121 C.b85 -0,220%% 0,380+ 1,576 C
Day to fiowering ¢ nd
mter of secds/ved Q.11 0.962 =0,1978% =€, 204%> -0,670 0.1312 -C,013 ( )+ €,
Seed siie 0.076 0,75 C.052 C.063  =0.127 0,219% -, 022 1.3 =0,
Number of seeds/1cd and - _
Seed size -0, 022 0,28y -0.(9€ ®. 053 U, 349 -0,236%% =0, 017 (r— 0,
+, ¥% Denotle siznilAcance 5t 9.05 and C.C1 level, respectively; + = 5T6 YOOt ©1 & NEr~tive Numbers




cheracters in the I,

Ls

JEnera

COWT ¢

Fhenotypic, genotypie &nd environmental csrrelaticn co.
tion from three

retween

i Correlation Coefficients
K59 x Tvx3000 K55 x 1696 Tvx3000 x 1696
Fhemo-  GOcno-  Emviron- Fheno- en-= Environ- Phenc-  Geno-  Lnv
tyric tyric memntal typic ___Xtyric ment2l typie typic  men
Number .&f pods/plant and
Number .6f seeds/rlant .950#% 0,97l 0.850+ a.mm;** n U BEzr .05 1,832 Q&
a»,wawi nt C.B74** 0O,90h 0.7u8%* (0,875%- oG 0.681: C.€70+#> 0,674 C.7:
ays te hp k:ﬁ, «0.270%* =0,161 0,272 %% om U292 =0,173*% €,006 0,060 -0,
Number \ o 0,089 0. 087 0. 100* -0.CL0 Lot =0,1l4r¢ -C, 009 -0.219 0,1
Seed nwrm -0,021 -0, 060 C,113% ac.oﬂr C.05% =0,20e" C.0C? 0.130 =0,2:
Number €1 sazeds/plant and
Yield/zl »1t G.92L** 0,933  0,888¥r 0,604 (.G16  C.E597+  0,€90%¥ 0,649 0.9
Days to flowerir :r.r;: © =0,51€ h.wqw** 0.073 Q.G C.CS1 C.00% C. 165 =0,4!
Number of szedsg, nod 0,351 0. 357 0.356+: «200%r =G, U119 G501 G.233*: 0,076 0,3
Seed size ?ﬂ.ow 0.013 -0,03¢ -0.€2) -..(SG 0.135 ¢ «C, 002 0,108 0,1l
Yield/rlawt and _
Dnys te fleweriyy -0.238#x (0,486 O 19+ C,117+ 569 <, 336% 0,041 G.CC3 .1
..._f.. ...».m, o.. Ee .m._____.. nu.ﬂ. ﬁu__: ..\ww Hre ﬁ...n Wrm ﬁ_' Wr.-\f 3 Oa ..—Cﬁ.._..i tr_,-.. x_<x_ hin\;l.-w : a . dm.lu * _r.!o m.ﬁ_...‘ﬁ.- n.“- .w¢
Sead rize C. 34k * 0.371 255> 0,39+ 0,250 (0, 366* C.cCEr* 156 0,21
Davs L fle Y v and
Nuirber ol se«ds/pod -0, 060 0.008 =0.179*% C,04C -C,13¢C e M ¢, 009 C.he5
Seec ~i:e -0, 007 D7 =0.3474%  C, 0593 -=0.13) ?.rf Ce219¥% L2185
Number of /1od and .
__Seed _size 0,06h* 0,087 0.111* -0.01) 0,087 -0.,212#~ ©,018 0. 37k -0.2
* #t enote signif ‘icance at 0,05 &nd 0.01 u.mdm,u.- Hm.mﬂ.aﬁduaﬁmuv,,-
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Table 19:

vears,

-

%
Fhenctypic, germtypic and environmental correleticn coefficients betvee
characters in the Fy generation from three cowpea crosses combined over twc

Cerrelation OOmW&wowmsﬁm

"

K59 x Tvx 000

KES x 1696

Tvx 3000 x 1696

henc— Ten0=  Anviron- I OEnO- Geno~ Envirdri- rhenc- Genc-~ o
. yric typic  mental tyric tynic mental tyiic typic me
Nunber of pods/pisnt and )
Number of seeds/rlant 0,455+ D,985 C,B8C7+* ©.060%% 1.06 G,G00%:  (,661%x 1.047 O,¢
Yieid/rlant 0.877%+ 0,926  0.722%#* 0,882%% 1,006 0.791¥% G,664%* (C.627 O©,"
Dayes to flowerin- -0.143%+ -0,2hg  0.108*  C.G76% -0,123 0.238% -G,C03  -0.179 O.-
Wreher 6 seeds/pod -0.031 0.018 -0.101* -0.18€*¥ -(,230 =-0.137*% -(3,Ch3 -0.,029 -0,
Seed size 0,06 0,113 =0,195%+ ~Q,072* -0,230 0O,1h2+2 =0.017 -0,053 0O,
Nurter of sexds/gl-rt and .
Yield/; 1ttt G.c22%%x 0,949 0.843%¢  0,017»x 0,638 €,9C6x%  ,658%¢ 0,570 0.¢
fiays to flcoweris -0.150%% =0.310  G.213% 0,047 -0.28)  0.291#% ~0,016 G.202 ~-0,°
Nomber of sceds/-cd ~0,222%% 0,605 ~0,10L7% G,052 C.263  =0,15G#¢ 5,182+ -C.33138 2,
S¢ed sire 0.023 C.108 -0.151¥+% =G, 071 =, 233 Co135-% =0, 0R7% ~0.301  G.:
Yield/niant -nd . ,
D=ys 1o flovwerin. -G, 007« =0,218 C.19)»+ 6,081~ G, 04 Gu117+7 ¢, 081 0,186 -C.-
Number cf cecus/ od 0,205*% 0,256  0,18&rx (€, 05E ~C.09)  0.186%+  C.0ht ~0.361 @,
Sred size . 0.36L*+  C.p0  C.2148%%  C.273*+  C.167  G.371% €311 (0326 C.:
Days to flowering and _ ) i ) o
Number of seeds/pod -0,056 -0.07G -0.047 -0.13:+ =G.219 -0, -C.ohe -0,666 G
Soed glza 0,101 0,062 G, 168x» . 066 -0,2€5 C. L1+ (,185%% (0,500 ~0.°
Mumber of seeds/nod and .
3eeld size C.C0L -0.184 G, 169%*  C, 0L, 0.210 -C,180%% ~0,25h** -1,231 O."

%, %% Dencte

cigniticance at 0.05 and 0,01 level, respectively.



the ether characters in all cr8sses except in

K59 x 1696 where its clrrelatidn with seed size

was negutive ‘ut significant, The ceorrelation
between yiell/plant and seed size was positive

and significant in all the three cr®sses. Its
ass8cintion with Bther characters was not
significant. The correl-tion 41 dzys +d

flovering with seeds/vod wi s significant but
negative in K89 x 1696, Its cerrelation with scad
size wws net significent in a2ll the cresses,

Number of seeds/ped wes negatively but insignificantly
correlated with seed sizz in K59 x Tvx30600 and
Tvx3000 x 1696 but positively theugh insigrnificantly
in ¥59 x 1696, Nine renotypic 2sseciations

were either greater than 41 er less than -1 across
the three crosses, In small x large, five genatypic
+ssmciations were not determinahle because they
resulted in sauare root of neg:ztive variances.
Znvirenmental cerrcl tions werc in general
significent for mest of the chiracter cembhinatiens

in the three cresses,

A similer trend w:s observed in 1985, Fods/
plant was highly associzted with seeds/plant and
yield/plant in all the t-ree cresses, Its phenotypic
rnd genetypic asscciations with 21]) ether chareacters

were not significant, Number of seeds/plant was
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highly correlated with yield/plant in the crosses,
However, its phenotypic and genotypic correlations

with days to flowering were negative and significcav

in K59 x Tvx3000 but positive though insignificant in
the other two crosses, It was positively correlated
with seeds/pod in K59 x Tvx3000 and Tvx3000 x 1696,

Its assoclation with seed size was negative though
insignificant in K59 x 1696 and Tvyx3000 x 1696 hut
positive and insignificant in K59 x Tvx3000, The
character, yield/plant was significantly and positively
correlated with seeds/pod snd seed size in all crosses
but in K59 x 1696 its positive phenctypic association
with seeds/pod came with an insignificant and negative
genotypic one. Again yield/plant was positively
associated with days to flowering in K53 x 1696 and
Tvx3000 x 1696 but negatively in K59 x Tvx3000. Days
to flowering was erratically associated with seeds/

pod in the crosses, Its phenotypic association with
seed size was insignificanmt in K59 x 1696 and

Tvx3000 x 1696, Number of seeds/pod was positively
assoclated with seed sizé in KBE9 x Tvx3000 and Tvx3000 x
1696 but the associations were not significanmt.
Envirommental correlations were significant for almost
all character combinations in the three crosses studied.
In this year, only three genotypic correlations exceeded

+1 and all genotypic associations were determinable,



- 62 =

The correlations of the six characters from the
combined (po®led) snalysis are similar to these of
198l and 1985, The number of pods/plant was positively
and significantly associated with seeds/plant and
yield/plant in 211 crosses. 1ts asseciatian with day:
to flewering was negative in K59 x 1696 and Tvx3090 x
1696, beth at phenetypic and genetypic levels, kgain,
it wos negatively associcted with seed size at both
levels in two crosses (K59 x 1696 and Tvx3000 x 1696).
Number of seeds/plant w2s again pesitively and highly
correlated with yield/plant in all crosses but its
2s8sociation with days to flowering was not consistent,
It was pesitively correlated with seeds/ped in all the
three cresses whereas it was negatively asseciated
with seed size in two crosses (K59 x 1696 and Tvx30Q0
x 1696) and the associ~tion was pesitive though
insignificant in K59 x Twvx3000, Yield/plant en the
cther hand was consistently asseciated with seed
sizc in 211 crosses and the asseciation was pmsitive
and significant, 1t was positively associzted with
days to flewering in K59 x 1696 and Tvx3000 x 1696 hut
negatively in K59 x Tvx3000., Its asseciation with
secds/pod was positive in K59 x Tvx3000 at both
phenotypic and genotypic levels gnd.only at phenotypic
level in K59 x 1696 and Tvx3000 x 1696, These

associatiens were insignificant. Days te flowering
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was negatively correlated with seeds/pod in all
crosses; and its phenotypic association with

seed size was positive in all the three crosses,
The association between seeds/péd and seed size
was positive at the phenotypic level im V05

x Tvx3000 and K59 x 1696 but negative in Tvx3000

x 1696, The genotypic sssociaticns here were
negative in ¥59 x 1696 nd Tvx3N20 x 1696 but
positive in ¥59 x 1696, All genotypic assaciations
were determinable here and only frur exceeded +1

or were less than =1,
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CHAPTER &5

DISCUSSTON

Most reports on heritable and non-heritable
relationships and the correlations of characters
in cowpea were based on homozygous populations,
Iut, these reports, based on o number of fixed
genotypes may have limitations in extrapolation
with regards to genotypes 1in ségregsting
populetiens of inter-varietal crosses, The
variations occurring in segregating populations
sre attributable to three main sources; namely,
additive genetic effects, non~additive effects due
to dominance and interaction of non-allelic genes,
and environmental effects, But phenotypic
fluctuations may occur from combinations of all of
these types of variations, Furthermore, since the
breeder 1s concerned with selecting superior
genotypes, but of necessity must choose individuals
from their phenotypic exuvressions in a segregating
populztion, cvstimates of genotypic and phenetypic
varignces and covariances ns well 28 correlations
between characters are needed. Hesulis from the
present study were cbtoined from segregéting
populations of cowpea and would provide on insight
into the viériability vnd correlations of choracters

in such populations,



- 65 -

5.1  Mean Performance

The present study indicates the océurréﬂce of
heterosis for the character pods/plant. This is in
agreement with the reports of Kheradnam et al., (1975%)
and Mak and Yap (1977). Over-dominance of larger
number of pods over fewer number is also suggested gy
the results, This is in contrast to the report of
Lryeetey and Laing (1973) who observed partial
dominance of large number of pods and additive gene..

action for the character,

In seeds/plant, hzterosis was apparent.
Cver-dominance ¢f higher nwiber of seeds over lesser

number is suggested by the results,

Yield/plant also exhibited heterosis, over-
dominance and partizl dominance for this character.
¥heradnam et al. (1975) aad Mak and Yap (1977) also
reported heterosis for this character, The former
authors reported 52.50% ftor heterosis while the latter
authors observed a low percentage for heterosis (2.80%).
CJjomo (197h) speculated that heterotic response for

yield was due to the effect of dominance or epistasis,
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For days to flowering, the results obtained
indicate partial dominance of early flowering over
late flowering. The reports of Roy and Richharia
(1948), Brittingham (1950), OJjomo (1971) and Mak and
Yap {1980) are in agreement with this observation,
However, the reports of Mackie (1939) and Capinpin
and Irabagon (1950) contrasted this observation
suggesting that late flowering was dominant over
early flowerings A comparison of F1 and F2 means
with the arithmetic mid=-parent in this study suggests
that gene action for days to flowering was primarily
additive., This is in agreement with the reports
of Kheradnam and Niknejad (1971), Lal et al. (1975),
Tikka et al., (1976), Mak and Yap (1977) and Zaveri
et al. (1980). Conversely, the report of Trehan
et al, (1970) suggested that earliness was conditioned
by effects other than additive gene acti -, This
study failed to detect heterosis for earliness, But
Tikka et al. (1976) and Erskine and Khan (1978) reporu -

heterosis for earliness,

In relation to the character, seeds/pod, the
present results are inconclusive, Partial dominance
(in all crosses in 198L), complete dominance and
over-dominance were also shown. Leleji (1975)

reported that fewer number of seeds was partially
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dominant over larger number of seeds, This was in
contrast to Aryeetey and Laing (1973) who reported

partial dominance of high over low number of seeds/pod.

The present study shows that F1 seed size was
intermediate between parents., This is in agreement
with the report of Aryeetey and Laing (1973), Drabo
et als (198Y4) and the observatien of Fery (1985).
Partial dominance of hesvior seeds was ohserved in
contrast to the reports oi rryeetey and Laing (1973),
Mackie (4S46), Leleji (1979), =nd Fak amd Vap (1690)
However, the report of Drcbo et al. (1984) is in

agreement with the present finding.

5.2 Frequency Distributions

Smoothness, apparent normality or unimodality
of F? distribution can bhe used as evidence of polygenic
inheritance provided that the major portion of the

variance In the F, is genetic (Echekwu, 1983).

For number of pods/plant, the unimodality observed
in the F2 distribution in 211 the crosses in both years
is evidence that this character is polygenically
inherited, The skewness seen is probably due to the

complementary effects of genes,
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The F2 distributions for seeds/plant alsc suggest
polygenic inheritance as evidenced by unimodality in
all the crosses in hoth years, The skewness shown by
the Fy distribution is again suggestive of the effect
of complementary factors in the inheritance of this

character,

The unimodality in the F2 distributions of the
character, yield/plant, suggests the role of polygenes
in the inheritance of this character. Complementary
factors seem to affect the expression of this character
as shown by the skewness of the distributions in all

the crosses in both yvears,

Polygenic inheritance is also indicated for days
to flowering as evidenced by the unimodal distribution
of F2 in all the crosses evaluated in both vears.
However, the skewness seen in the F2 distribution is
again suggestive of the effect of complementary

factors in the inheritance of this character.

The unimodality exhibited by the F,, distribution

2
for seeds/pod in all the crosses in both years infer:
the operation of polygenes in the inheritance of the
character., The operation of complementary factors

in the inheritance of seeds/pod is strongly indicated

by the skewness of the F2 distribution in all the crossc:
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In seed size, the unimodality shown by the F2
distributions in all crosses in both years strongly
indicates the role of polygenes in the inheritance of
this character. Again, the skewness shown by the F2
distribution in 2ll crosses is suggestive of the part
0f complementary effects in the inheritance of this

character,

Sene (1968), Afyeetey and Laing (1973), Leleji (1975)
and Drabo et al, (1984) reported similar results ie.,
unimodality of F2 distributions or polygenic nature of
Inheritance for pods/plernt, seeds/pod, seed size and

yield/plant,

5.3 Measures of Vyriability

The results from this study show that very high
variances and coefficients of variation are associated
with the characters, number of poeds per plant, number
of seeds per plant and yield per plant whereas days to
flowering, number of seeds Per pod and seed size have
comparatively lower variances and coefficients in all
crosses in both years, This is in agreement with the
reports of Singh and Mehndiratta (1969), Boku (1970),
vrehnn gt 2l.(1970), Aryeetey and Laing (1973) and
Erskine and Khan (1978). |

5.4 Heritability

Heritability refers to the ratio of the genotypic

to the total phenotypic variation., Estimates of
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heritability are important to the plant breeder because

this parameter determines progress from selection., Two
types of estimates are rccognized, broad and narrow sense,
Erond sense heritability is the ratio of the total genetic
variznce to the phenotypic variance while narrow sense
heritability is the ratio of the additive gcnetic (heritable
portion) variance to the phenotypic variance. Because of
their relative nature and differences in the accuracy of

the methods used in their computations, the concept should
be appropriastely utilized. In this study, heritability

is reported in the broad sense,

The results show that in general, 1984 heritability
estimates were lower thron those observed in 1985, A close
look at the ratios of environmental variance (6;2) to
rhenotypic variance (6;h2) for the two years shows that
the ratios were higher in the¢ former than in the latter
year. Thus environment2l effects were more important in
198, Obilana and Fankorede (1981) remarked that heritability
was not a stable popul:tion parameter and tends to be higher
&t 'non-stress' relative to 'stress' environments, This
is the case with the 1984 and 1985 estimates, 1984 was
drier than 1985 and while cultural operations like
spraying against insects and diseases and weeding were
promptly carried out in 1985, it was not the case in 1984.
Furthermore, harvesting w:s lstely done in 198} after most

of the pods on the plants in crosses, K59 x Tvx3000 and



Tvx3000 x 1696 had shattered., This and the lack of
significant differences between parental lines probably
account for the very low estimates in seeds/pod recorded
in the two crosses (8.2{ and -L.0L4%, respectively).

This also accounts for the erratic estimates for yield/
¢lant in this year as well as my failure to calculate
all genotypic correlations where seeds/pod was involved,
In general, heritability estimates were moderate to high

in bcth years.

The results showed that there were differenees in
he¢ritaebilities among crosses for all the characters studied
©8 expected. These diffcrences could be explained by
varying number and type of genes carried by the parents
involved in the crosses with respect to these characters,
However, as was stated by Liang and Walter (1968), it is
not totally unexpected since the performance of a parent's
progeny would vary depending on the other parent variety

in combination,

Broad sense heritability estimates reported in
the literature for the chiracters considered in this
study are highly inconsistent. Fery (1985) observed
that the averages for the various characters in the
literature were, 53.,10% for pods/plant, 45.55% for
seeds/plant, L5,00% for yield/plant, L48,55X for days to
flowering, 52.80% for seeds/pod and 67.80% for seed size,
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The ranges for the six characters according to him were;
(1) 7.00% to 98.9% for pods/plant, (2) 35.80% to 94.30%
for seeds/plant, (3) 12.00¢ to 80.80% for yield/plant,
(%) 3.80 to 94.30%4 for days to flowering, (5) 9.60 to
98.90% for seeds/pod =nd (&) 3.80 to 98.90¥% for seed size.
The estimates obtained in this study dc not appear to be
significantly different from these averages and also

fell within the ranges for =211 characters.

545 FPhenotypic, Genotypic and Environmental Correlations

In genetic studies two causes of correlation between
chnracters are recognized, genetic and environmental,
The genetic cause of correlstion is chiefly pleiotropy
"nd linkage which sometimes causes transicent correlation,
Megntive correlations between important characters may
lead to selection of cultivaers with undesirable characters.
1f n negetive association between characters is due to
pleiotropic effects it would be very difficult to obtgin
the desired combinations, while if linkage is involved
special breeding programmes sre needed to break this
linkage (Al-Jibouri et 1, 1958, Pandey and Gritton,
1975). One such approach is to intercross segregating
populations and another is the use of mutagenesis,
The available evidence, however, is against pleiotropic
oction as a general explanntion for correlated response

of characters (Mather and Jinks, 1971).
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Genotyplc correlation coefficients provide a
weasure of genetic association between characters and
tlhs help identify the more important as well as the
lesser importont characters to be considered in a
breeding programme. Furthermore; since a suitable
tost of significance of the genotypic correlations is
1not available, their main usefulness is in their
strengthening the interpretations based on phenotypic

correlations (Pandey and Gritton, 1975).

Indircct selection of one character to improve
another is bhased on the phenotypic correlation between
choracters of interest, But phenotypic and genotypic
correlations may differ in magnitude and signh. One may
be negative and the other positive or on the other hand
one may be low and the other high . Selection for one of
the characters here would result in greater changes in
the other than would be expected if the genotypic
correlation were assumed equal to the phenotypic
correlation, This is based on the assumption that the
differences indicated between genotypic and phenotypic
correlations are true differences and not due to sampling
veriation alonc (Johnson ct al. 1955, Robinson et al.
1661),., In this study environmental correlations were
computed to provide an insight inteo the role of environment

onn the association of any two given characters,
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In general, the results from this study indicate
that genotypic correlsticns were higher than phenotypic
correlations with few exceptions, This is in agreement
with the findings of Jobhnson et al,(1955), Doku (1970),
tryeetey and Laing (1973), waldia et al. (1980),

Yunus and Pavoda (1982) and Sharma (1984). 41his may
mean thst althocugh there was a strong inherent
assocliation between the various characters, the
phenctypic expression of the correlation was lessened
under the influence of the environment (environmental
correlations for most of the character combinations
were quite high and signiricant and therefore support

this observation),

In 198l, pods/plant was highly correlsted with
seeds/plant and yield/plant in all crosses. Number
of seceds/plant was also consistently associated with
vield/plant and likewise, vield/plant was correlated
consistently with seed size in all crosses. The same
trend was noticeable in 1985 eand in the resulis
from the combined (pocled) analysis. These correlations
are in agreement with those reported by Trehan et al.
(1970), Kheradnam and Kiknejad {1974), Virupakshappa
et al, (1980) and Singh et al. (1982). “his means
that indirect selection for these characters to
imurove yield would be eflfective, 211 other

associations were eitiier insignificant or such that
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the magnitude and sign of the phenotypic and genotypic
correlations were different and as such may not be

useful in a selection programme.

The characters, vods/plant, seeds/plant, yield/
plant, seeds/pod and seed size were inconsistently
correl=ted with days to flcwering, mostly in a
negative direction, The implication of negative
genotypic correlations between yield components and
days to flowering means tiiot indirect selection for
exrlines could lead to n reduction in yield,

Number of pods/plant also appesred to be negatively
corrcleted with seeds/pcd and seed size - the
implication is selecting for higher number of pods/
plant would reduce seed size and seeds/pod,
Inconsistence in the associstion of yield with number
of seeds/pod indicates th-t indirect selecticn for
nunber of seeds/pod may lead to a reduction in yield.
The reports of Kheradnam and Niknejad (197L),
Virupakshappa et al.(1960), Singh et al. (1282),

among others, contrast the present finding.

The inconsistencies observed above probably
arocse because of genotype by environment interaction
in F2 plants, It is kncown that some genotypes
perform differently under varying plant densities,
i.e., some do best when ciosgely planted but poorly
vhen planted widely., '"hi<¢ is true of two of the

materials used for this study, 'the two are improved
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non-photosensitive varieties bred for planting at very
high densities as Opposéd to the other parent, ¥Kano-1696,
a photosensitive spreading type which dees best at low
planting densities. The observation of Johnson et al.
(1955) thst correlations based on plot basis were

more consistent than those obtained on plant basis is
rertinent here. It is alse pertinent to state that
most reports on correlations in cowpea and related
crops were based on homozygous lines which were closely
planted. This is probably the reason why results from
such reports contrasted the present findings in most

instances.

4 few genotypic correlations exceeded +1 or were
less than -1, Since such values are theoretically
impossible, it must be concluded that these
determinations were subjected to higher degree of
experimental error and in addition, a small sample
size might also have contributed towards such
unexpected results (Van vleck and Henderson, 1961;;7*L{
Pandey and Gritton, 1975). In 1984, all of the
genotypic correlstions involving seeds/pod were
not determinable becausze¢ they resulted in square
root of a negative number. This was because a
negative genotypic vnarisnce was recorded for seeds/
pod iw this yesr and might mean an absolute zero
value for the genolypic correlations, Yassin
(1973), Pandey end Gritton (1975) and Nwasike et al,

(1983) also observed and reported this kind of effect,
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CHLPTER 6

SUMM/ARY 4 ND CONCLUSIONS

Studies were carricd out at the Institute for
~gricultural Research Farm, Sazmaru, in the 1984 and
1985 growing seasons to investigate correlations
between yield end five othoer char2acters as well as
the correlations among the characters, Three varieties,
taree 51 hybrids and their corresponding Fzs were
stnce=plonted in L replications of a randomized complete

block design (RCED) for the evaluations,

The F, distributions indicated unimodality and
tronsgressive segregation in most of the crosses in
both years for the six characters studied, This is
2n indication of polygenic inheritaznce for these
chaoracters, Thus it is concluded that the parents
differed in many genes, with sufficient plus and minus
rene effects to account for the transgressive segregeticn
in both directions. The skewness nbserved in the F,
distributions for most «f the charicters suggest the
rele of complementary gene effects in the inheritance

of the characters.

Heterosis was -pparent in pods/plant, seeds/plant

and yicld/plant in this study, as was reported by



several workers, The presence of heterotic effects,
no matter how small, is an indication of dominance
gene action., Partial dominance and over-dominance
were jointly or severally recorded for the three
characters. The present results are inconclusive on
heterosis and dominance gene effects in days to

flowering, seeds/pod and seed size.

'

Broad sense heritability estimates in 1984
ranged from 16,86% to 63,30%, in 1985, the estimates
ranged from L8.37% to 73.26%. These estimates were
moderate to high, and 1985, a 'non-stresst! year,
recorded high values in all characters, The crosses,
K59 x Tvx3000 and Tvx3000 x 1696 in 1984 had very low
values in seeds/pod because of shattering in one of
their parents (Tvx3000), This means that in genetic
studles, parents should be chosen carefully in
order to reduce variation from avoidable scources

i.e., to provide better control over experimental error,

The results obtained in this study showed
consistently high and significant correlations between
pods/plant and seeds/plant and yield/plant; between
seeds/plant and yield/plant and also between yield/
plant and seed size in all the crosses. Pods/plant,
seeds/plant and seed size had high heritabilities,

It is therefore concluded that the three characters are
the important yield components and could be selected
for in order to improve yield while adopting the

method of pure-line selection to improve yield,
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