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Abstract: The knowledge of the relationship that exists between yield and its components in vegetable cowpea
is necessary for selection of cultivars that will improve productivity. The study was undertaken to understand
the direct and indirect effects of yield related traits in vegetable cowpea to pod yield. Seven vegetable cowpea
genotypes used for the study were obtained from the International Institute of Tropical Agriculture, IITA,
Ibadan and Nsukka in Enugu State, Nigeria. Data collected on the yield and related traits were subjected to
analysis of variance in which the season was regarded as a random effect and genotypes as fixed. Correlation
coefficients and Path analysis of the traits as well as heritability estimates were conducted. Results showed that
twelve out of the fifteen crop attributes measured were significantly different amongst the genotypes.
Genotypic coefficient of variation was lower than the phenotypic coefficient of variation for all the traits.
Number of seeds/pod, pod length, leaf area and plant height had broad sense heritability estimates greater than
90%. Number of pods/plant showed higher positive direct effect as well as correlation on pod yield than other
yield traits (0.972 and 0.936, respectively). Number of pods/m  and seeds/plant showed negative direct effects2

o n pod  yield  (-0.197, -0.01, respectively) even though they had significant positive correlation to pod yield.
The  indirect  effects  of  the  two  traits through number of pods/plant were positive (0.46, 0.31, respectively)
and high and seemed to be the cause of the significant correlation between the traits and pod yield. In
conclusion, selecting vegetable cowpea genotypes high in number of pods/plant that showed high magnitude
of positive direct effect on pod yield would sustain high yields. This is most likely as the trait is highly heritable
and compliments others.
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INTRODUCTION Vegetable cowpea usually contributes substantially to the

Cowpea (Vigna unguiculata (L.) is an important food year (March to July) in the forest belts of the South
crop in West and Central Africa but until recently its Eastern, Nigeria [5] and sometimes the seeds are relied on
cultivation is restricted to the Sahel Guinea and derived later in the year [6]. This legume is usually planted by
Savannas. The immature fresh pods of the vegetable farmers in the humid forest fringes in the rainy season
cowpea are a major part of the diet in combination with periods of April- July [5], however little is known of the
yams  and  other  root  crops  in the humid forest areas. response of this crop to planting seasons.
The indigenous varieties are climbing and decumbent Yield is a super character controlled by the actions of
however  erect,  bushy  varieties  have  been  developed other related traits [7, 8]. The knowledge of the nature and
[1, 2, 3] with the objective of increasing yield. Yield in this understanding  of  the  variability  existing  in  traits of
legume is defined as green pod yield expressed in kg/ha crop varieties will result in effective crop improvement.
or t/ha. Some workers have argued that the yield should Thus, an assessment of the magnitude of variability
be expressed as the number of marketable pods/ha present in the available germplasm would help in selection
because the pods are usually marketed in bundles [4]. of  varieties  that  possess  quality  characters  that  will be
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used in successful development of cultivars for high yield retention percentage/plant, number of pods/m , number of
[9]. Path coefficients of traits related to high yield have seeds/pod, number of seeds/plant, 100 seed weight and
been used by plant breeders as it has proven useful in fresh pod yield (kg/ha) were measured. Analysis of
selection of parents with desirable traits. variance was performed on all the traits using the Gen Stat

Characters that have been associated with yield in Discovery edition 3 [13]. Phenotypic variation for each
vegetable cowpea are pod clusters/plant, pods/cluster trait was partitioned into genetic and non-genetic factors
and pod weight [10, 11, 12, 4]. Despite the importance of and estimated according to Wricke and Weber [14] and
this nutritionally important vegetable legume there is Prasad et al. [15].
paucity of information on its selection indices in this
agroecology hence the objective of this study was to
determine the selection indices and heritability estimates
of such traits among some genotypes of vegetable where: MSG, MSE and r are the mean squares genotypes,
cowpea as influenced by planting seasons. mean squares error and number of replication

MATERIALS AND METHODS coefficients of variations were estimated by the methods

Experimental Site and Source of Materials: Two field
experiments  were  conducted in March (early planting) PCV = GCV = 
and September (late planting ) 2011. Both experiments
were carried out in the Research Farm of the Michael where: VP, VG and X are phenotypic and genotypic
Okpara University of Agriculture, Umudike (05°29’N, variances and grand mean respectively for the traits under
33’E,122m above sea level). The seven vegetable cowpea consideration. Broad sense heritability (H B) was
genotypes used in this study were obtained from the expressed as the percentage of the ratio of VG to VP was
International Institute of Tropical Agriculture (IITA), estimated on genotypic mean basis as described by
Ibadan and farmers at Nsukka, Enugu State, Nigeria. The Allard, [18]. Genetic advance was estimated by the
genotypes included: ITO4K-339-1, IT98K-692, ITO3K-324- method of Fehr [19] as GA = k(Sp) H B where k is a
9, IT98K-131-2, IT99K-377-1, Akidi-ani and Akidi-enu. constant (2.06 at 5% selection pressure), sp is the

Experimental Design and Field Maintenance: The sense heritability. GA was calculated as a percentage of
experiment was laid out as a split-plot in a randomized the mean.
complete block design replicated four times with planting Principal component analysis (PCA) was also used to
season in the main plot and cowpea genotypes in the evaluate the traits contributing to the phenotypic
subplots.  The  subplot size was 3m x 3m with spacing of variation among the genotypes. Correlations were
30 x 50 cm intra and inter row spacing. calculated to examine inter character relationships among

Seeds  of  the vegetable cowpea genotypes were the traits using SPSS for Windows version 16.0. The
sown  on  22  of March and the 5  of September 2011. delineating traits in the genotypes that also showednd th

Two seeds per hole was sown and thinned down to one significantly higher correlations with yield were also used
per hole at two weeks after planting (2WAP). Weeding to do path analysis of such traits to yield. The path
were manually done at 4 WAP and 8 WAP while insect coefficient analyses were done to determine direct and
pest was controlled by the use of cypermethrin 10 EC at indirect effects of each trait to yield according to the
2.5 ml/l of water using a knap sack sprayer at 2 weekly procedure of Dewey and Lu [20] were as follows:
intervals from 21 days after planting (DAP). No fertilizer
was applied in keeping with the farmers practice in this P  + r P  + r P + r P  = r
agro ecology. r P  + P  + r P  + r P = r

Data Collection and Analysis: Data on plant height (cm), r P  + r P  + r P  + P  = r
leaf area (cm ), number of branches/plant, dry matter/plant2

(g),  number  of  flowers/plant,  number  of pods/ plant, where r -5 = genotypic correlations of traits
pod length (cm), pod width (cm), pod weight (g), pod P1-5 = path coefficients of traits to yield

2

respectively. The phenotypic (PCV) and genotypic (GCV)

of Burton [16] and Johnson et al. [17] as:
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Traits are defined as follows:

Trait 1 = number of pods/plant
Trait 2 = number of pods/m2

Trait 3 = number of seeds/plant
Trait 4 = pod retention percentage/plant
Trait 5 = pod yield

RESULTS AND DISCUSSION

The analysis of variance showed that twelve out of
the fifteen attributes measured were significantly different
amongst the genotypes while pod retention percentage,
pod weight and number of pods/plant were not significant
(p>0.05, Table 1). Leaf area, number of seeds per plant,
number of pods / m  and pod yield(kg/ha) had high2

phenotypic and genotypic variances. Low phenotypic
and genotypic variation was observed in number of
branches  per  plant,100  seeds weight and pod weight.
The error variances were smaller than the genotypic
variances for all the traits (Table 2). This indicated that the
genotypic component was the major contributor to the
total variation for these attributes, hence, the variations
observed are more of genetic than non- genetic
contributions. High variability due to genotypic variances
suggests that there is considerable scope for selections
in these genotypes. Similar results have been reported by
Okoye and Ene-Obong [21], Baye [22] and Nwofia et al.
[23].

The phenotypic coefficient of variation (PCV) in
general was higher than genotypic coefficient of variation
(GCV) for all characters studied indicating that the
influence of the environment on the manifestation of
these characters. However, the difference between PCV
and GCV was low for most of the characters which
indicated that there was low environmental influence on
the characters and a predominance of genetic factors
controlling variability in these traits (Table 3). The amount
of genetic variation considered alone will not be of much
use to the breeder unless supplemented with the
information on heritability estimate, which gives a
measure of the heritable portion of the total variation. GCV
and heritability estimate provides a better understanding
of the amount of advance to be expected by phenotypic
selection. Since genetic advance is dependent on
phenotypic variability and heritability in addition to
selection intensity, the heritability estimates in
conjunction with genetic advance will be more effective
and  reliable  in  predicting  the  response   to  selection
[17, 24].

Table 1: Mean squares and variance ratios of yield and associated traits of
genotypes of vegetable cowpea as influenced by planting seasons

Mean Squares
--------------------------------------------------------

Attributes Genotypic Error Variance ratio
Dry matter (g) 171.64 63.08 2.72*
Number of branches 6.0348 0.8393 7.19**
Plant height(cm) 17236.30 608.30 28.34**
Leaf area(cm ) 28619186 2057803 13.91**2

Number of flowers/plant 125.28 29.39 4.22**
Pod retention/plant (%) 176.30 106.90 1.62ns

Pod width(cm) 0.18397 0.02986 6.16**
Pod length(cm) 47.443 3.148 15.07**
Pod weight (g) 3.711 4.052 0.92ns

Number of seeds/pod 30.1890 0.6223 48.51**
Number of seeds/plant 47093 7672 6.14**
Number of pods/plant 24.40 33.71 0.72ns

Number of pods/m2 9070 1731 5.24**
Pod yield(kg/ha) 145400 37504 3.88**
100 seeds weight(g) 37.226 4.70 7.92**
ns = not significant
* = p<0.05
** = p<0.01

Table 2: Phenotypic (Vp), genotypic (Vg) and error (Ve) variances for yield
and associated traits of seven genotypes of vegetable cowpeas as
influenced by planting seasons

Attributes VP VG VE
Dry matter (g) 42.91 27.14 15.77
Number of branches 1.5087 1.298875 0.209825
Plant height (cm) 4309.075 4157.00 152.075
Leaf area(cm ) 7154796.50 6640345.75 514450.752

Number of flowers/plant 31.32 23.8975 7.4225
Pod width(cm) 0.459925 0.0385275 0.007465
Pod length(cm) 11.86075 11.07375 0.787
Pod weight (g) ------- ------- ------
Number of seeds/pod 7.54725 7.391675 0.155575
Number of seeds/plant 11773.25 9855.25 1918.00
Number of pods/plant ------ ------- ------
Number of pods/m2 2267.50 1834.75 432.75
Pod yield(kg/ha) 36350 26974 9376
100 seeds weight(g) 9.3065 8.1315 1.175
Pod retention/plant(%) -------- -------- -------
----- = not significant

Heritability in the broad sense includes both additive
and non additive gene effects [25] while, narrow sense
heritability includes only additive components [17]. In this
study,  heritability  in  the broad sense was estimated.
High heritability estimates was observed for all of the
traits. The expected genetic advance was high for plant
height, leaf area, number of branches, number of
seeds/pod and 100 seeds weight. This study clearly
showed that there is ample scope to improve plant height,
leaf area, number of branches/plant, number of seeds/pod
and 100 seeds weight through selection.
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Table 3: Phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV),mean, heritability in the broad sense (h b) and genetic advance2

(GA) for yield and associated traits of seven genotypes of vegetable cowpea as influenced by planting seasons
Attributes Mean PCV GCV PCV-GCV h B GA2

Dry matter (g) 74.90 8.75 6.96 1.79 63.25 11.51
Number of branches 5.08 24.17 22.43 1.74 86.09 42.88
Plant height(cm) 151.0 43.47 42.70 0.77 96.47 86.39
Leaf area(cm ) 6369 41.49 40.46 1.53 92.81 80.292

Number of flowers/plant 55.65 10.06 8.78 1.28 76.30 15.81
Pod retention/plant (%) 69.00 ----- ----- ------ ------ ------
Pod width (cm) 2.346 9.14 8.37 0.77 83.77 15.77
Pod length (cm) 17.82 19.33 18.67 0.66 93.36 37.17
Pod weight (g) 9.43 ----- ----- ------ ------ -----
Number of seeds/pod 13.91 19.75 19.55 0.20 97.94 39.85
Number of seeds/plant 530.00 20.47 18.73 1.74 83.71 35.30
Number of pods/plant 38.17 ----- ------ ------ ------ ------
Number of pods/m 247.30 19.26 17.32 1.94 80.92 32.102

Pod yield (kg/ha) 1112 17.15 14.77 2.38 74.21 26.21
100 seeds weight(g) 13.60 22.43 20.97 1.46 87.37 40.37
---- =not significant.

Table 4: Eigenvector values for principal components using yield traits for seven genotypes of vegetable cowpea as influenced by planting season.
Attributes PC1 PC2 PC3 PC4 PC5 PC6
Pod retention% 0.3181 -0.3810 -0.1885 0.1770 -0.2070 0.3714
Number of flowers 0.2862 0.1915 0.1466 -0.4449 -0.0632 -0.4497
Number of pods/plant 0.3971 0.0272 0.3659 0.2257 0.0715 -0.1977
Number of pods/m 0.4517 -0.2357 -0.0684 -0.1227 -0.2230 0.03482

Number of seeds/pod 0.0716 -0.0171 -0.5210 0.0387 0.5610 -0.1443
Number of seeds/plant 0.4194 -0.2169 -0.3304 -0.0759 0.1394 -0.0484
Pod length (cm) 0.1516 0.1037 0.2425 -0.4220 0.5717 0.2848
Pod width (cm) -0.0981 -0.3138 0.4485 -0.1389 0.0179 0.3513
Pod weight (g) 0.0523 -0.0824 -0.1296 -0.5520 -0.3918 -0.0779
Yield (kg/ha) 0.3553 -0.0836 0.3596 0.3411 0.1259 -0.1972
100 seeds weight -0.2438 -0.3407 0.0873 0.0111 0.0051 -0.5561
Leaf area  0.1453 0.4619 -0.0999 0.2717 -0.2478 -0.0061
Plant height 0.1789 0.5120 0.0085 -0.0718 -0.0794 0.1940
Eigen values 3.59163 2.21019 1.90211 1.31226 1.04852 0.84726
Percentage variation 27.60 17.00 14.60 10.10 8.10 6.50
Cumulative 27.60 44.60 59.30 69.40 77.40 83.90

Table 5: Correlation for seven genotypes of vegetables cowpea for yield and associated traits as influenced by planting seasons

Attributes
------------------------------------------------------------------------------------------------------------------------------------------------------
Number of pods/plant Pods/m Seeds/plant Pod retention percentage Pod yield2

Number of pods/plant  ----- 0.474** 0.322* 0.265* 0.936*
Number of pods/m  ------ 0.833** 0.783** 0.417**2

Number of seeds/plant  ------- 0.799** 0.322*
Pod retention percentage  ------ 0.325*
Fresh pod yield  ------

*-=p<0.05,**=p<0.01

Table 6: Direct and Indirect effects of fresh pod yield for seven genotypes of vegetable cowpea as influenced by planting seasons

Number of pods/plant Pods/m Number of Seeds/plant Pod retention/ plant Correlation with Pod yield2

Number of pods/plant 0.972 - 0.093378 - 0.00322 0.060685 0.936
Number of pods/m 0.460728 - 0.197  0.00833 0.179307 0.4172

Seeds/plant 0.312984 - 0.164101 - 0.01 0.182971 0.322
Pod retention/ plant 0.25758 - 0.154251 - 0.00799 0.229 0.325
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Principal component analysis showed that the first six pod retention percentage and number of seeds/pod while
PCs were important and explained 83.90% of the total number of seeds/pod also had positive indirect effect on
variation (Table 4). Most of the variables in PC  were yield through pods/plant and pod retention percentage1

positive except pod width and 100 seed weight. PC  had but a negative indirect effect on pod yield through1

an eigen value of 3.59163 and accounted for 27.60% of the number of pods/m .
total variation observed in the genotypes. Yield and yield Pod retention percentage had pods/plant as the only
related traits including pod retention percentage, number positive indirect effect on yield but was negative for the
of pods/plant, pods/m  and seeds/plant were the traits other traits. Number of pods/plant and level of pod2

with higher loadings in PC . PC  with eigen value of retention that showed positive direct effects on yield also1 2

2.21019 and contributed 17% of the total variation had significant correlation with yield. However, number of
observed.  Phenological  traits such as plant height and pods/plant was of higher magnitude than pod retention
leaf area, had higher loadings and contributed more in the level. Number of pods/m and seeds/plant showed
PC . PC  had eigen value of 1.90211 and accounted for positive and significant correlation to yield but negative2 3

14.60% of the total variation. Pod traits such as number of direct effect on pod yield. Path coefficient analysis thus
seeds/plant and pod width contributed more to the PC . could be used to untangle cause and affect relationships3

Number of flowers/plant and other pod traits including that are in some cases confounded by correlation
pod weight and length loaded higher in PC . Pod traits coefficients. The positive indirect effects of the two traits4

and seed size further loaded higher in PC  and PC with through number of pods/plant indicated that genotypes5 6

percentage variation of 8 and 6.5 respectively. PCA is one with high number of pods/plant ensured high number of
of  the most  frequently  used  multivariate  techniques pods/m  and seeds/plant and thus had higher pod yield.
[26, 27] and has been used to examine association among The indirect effects seem to be the cause of high
set of traits [28]. PCA also identifies patterns in data and correlation  between  pod  yield and the two traits [30].
expresses it in such a way as to highlight their similarities This study has shown that the single most important
and differences [29]. The higher eigen vectors observed selections criteria in vegetable cowpea are number of
in some yield traits in PC  showed that they are good pods/plant. This is unsurprising as the trait have been1

traits for distinguishing the genotypes and hence can be implicated in other legumes such as Bambara groundnut
good selection indices for vegetable cowpea improvement [31, 32], African yam bean [33], Cowpea [34, 35, 36] and
in this agro ecology. therefore should be selected for the improvement of this

Phenological traits such as plant height and leaf area legume.
that was second in level of contribution to the total Conclusion: High heritability in the broad sense was
variation observed are distinguishing traits into observed for number of seeds/pod, pod length, leaf area
morphotypes in the species. This indicated that and plant height. Number of pods/plant showed higher
morphotypes are basis of clarification in the species and positive direct effect as well as correlation on pod yield
thus agreed with the original genotypic groupings. than other traits. So, selection for accessions high in the

Yield was positively and highly correlated with trait will result in an improvement in yield of the crop
number of pods/plant and pods/m  (r =0.936, p<0.01 and especially as the traits are complementary in action.2
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