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Cowpea is an important source of food and income for small scale farmers in Uganda. Production is, 
however, affected by both biotic and abiotic stresses. Drought stress has recently emerged as a serious 
concern due to the effects of climate change. This study was therefore undertaken to estimate the 
general and specific combining ability effects of parents and crosses as well as estimate the heritability 
of delayed leaf senescence, seed yield and its components under drought stress. Five drought tolerant 
genotypes were crossed with four drought sensitive genotypes in a North Carolina II mating design. 
The study revealed that drought tolerance is conditioned by both additive and non-additive genetic 
effects with the predominance of non-additive genetic effects for seed yield, 100 seed weight and 
number of pods per plant. Delayed leaf senescence was however, controlled by additive genetic effects, 
implying that progenies performance could be predicted from parents General Combining Ability (GCA) 
effects. The cultivars SECOW 5T, IT93K-452-1 and IT98K-205-8 were good combiners for drought 
tolerance. The F2 families: SECOW 3B x IT98K-205-8, SECOW 5T x IT98K-205-8, SECOW 4W x IT98K-
205-8 and SECOW 1T x IT98K-205-8 had positive Specific Combining Ability(SCA) effects in seed yield, 
number of pods per plant and 100 seed weight, implying that they performed better than what was 
predicted by their parents GCA effect. As such, they are promising cross combinations that can be 
advanced for later generation selection. 
 
Key words: Drought stress, combining ability, water use efficiency. 

 
 

INTRODUCTION 
 
Drought remains a challenge in the eastern and north 
eastern regions of Uganda where cowpea is predo-
minantly grown. These areas are already grappling with 

high water stress, rapid population growth, environmental 
degradation, and low socio-economic growth (Bigirimana, 
2011). Cultivation of plants that are adapted to water
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stress conditions is necessary in order to reduce crop 
production losses and meet the need for food for the 
growing population (Fageria et al., 2007). Breeding for 
drought tolerance lessens the danger of crop failure by 
improving the crop’s ability to extract water from the soil, 
improving its water use efficiency and ability to survive 
longer periods without water. Breeding for drought 
tolerance, however, requires knowledge of the inheritance 
and genetic variability for traits conferring drought 
tolerance (Chiulele, 2010). This information is required for 
the identification of the best parents and selection 
strategies to use in breeding. In light of this, two 
approaches have been proposed for screening and 
breeding for drought tolerance in cowpea. These include: 
One that uses grain yield and its components, as the 
primary criteria and one that characterizes specific 
morpho-physiological traits that contribute to growth and 
yield in the event of drought (Agbicodo et al., 2009). 

Cowpea exhibits genetic variability for drought 
tolerance (Muchero et al., 2008). Gene action studies 
conducted elsewhere have reported the predominance of 
additive genetic effects over non-additive genetic effects 
in controlling yield components such as days to flowering, 
number of seeds per pod, number of pods per plant and 
hundred seed weight (Chiulele, 2010; Romanus, 2008). 
Non-additive genetic effects were, however, more 
important for seed yield (Chiulele, 2010; Alidu et al., 
2013). Thus, information regarding combining ability and 
nature of gene action governing the inheritance of 
desirable traits are basic requirements for breeding high 
yielding drought tolerant cowpea genotypes. However, 
such information is not available for cowpea genotypes in 
Uganda. Combining ability and heritability estimates are 
specific to germplasm being tested and the testing 
environment (Falconer, 1989). Knowledge of the genetic 
control of complex quantitative traits and the magnitude 
of genetic variability that exists among the available 
germplasm are important for selection and genetic 
improvement of the crop (Umar et al., 2014). Selection of 
parental genotypes based on combining ability estimates 
has been used as an important breeding approach in 
crop improvement (Umar et al., 2014). This study was, 
therefore, carried out in order to estimate the general and 
specific combining ability effects of parents and crosses 
as well as estimate the heritability of delayed leaf 
senescence, seed yield and its components. The 
information generated will help in planning and 
implementation of an efficient breeding program for 
improvement of drought tolerance levels of cowpea in 
Uganda. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted in a water proof screen house at the 
Makerere University Agricultural Research Institute - Kabanyolo 
(MUARIK).  
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MUARIK is located at an altitude of 1217 m above sea level on 
coordinates 0.16° 24ʹ 16 N and 32.5° 27ʹ 34 E, approximately 19 km 
northeast of Kampala within the Lake Victoria Crescent. The 
average temperature and relative humidity in the screen house 
during the study ranged from 25 to 38°C and 70 to 92%, 
respectively. 
 
 
Developing a breeding population 
 
Four confirmed exotic drought tolerant lines from IITA, Kano (IT 
98K-205-8, IT99K-573-1, IT 93K-452-1, IT 89KD-288) and five 
released Ugandan lines (SECOW 1T, SECOW 2W, SECOW 4W, 
SECOW 3B, SECOW 5T) with desirable disease resistance 
characteristics were crossed to generate a total of 20 F1 families. 
The nine parents were crossed in the screen house using a North 
Carolina II mating design (Acquaah, 2007). The NC II mating 
design is utilized in general and specific combining ability 
estimation and in determining the relative importance of additive 
over non- additive genetic effects (Acquaah, 2007). 
 
 
Population advancement and drought tolerance screening 

 
The F1 plants of each of the 20 F1 crosses were selfed to generate 
F2 seeds. However, one cross involving SECOW 2W with IT 99K-
573-1 did not germinate possibly due to seed dormancy attributed 
to both the embryo and seed coat factors. The F2 seeds together 
with the nine parents and seven checks were planted in 10 L plastic 
pots and the plants were phenotypically characterized for drought 
tolerance for the following traits: Delayed leaf senescence, number 
of pods per plant, number of seeds per pod, 100 seed weight and 
seed yield. The genotypes were subjected to drought stress after 
the emergence of the flower bud on individual pot basis. The 
experiment was laid out in a randomized complete block design in a 
split plot arrangement with five replications and two watering 
regimes. The watering regime was the main plot and test genotypes, 
each represented by four plants per water regime, formed the sub 
plots. The watering regimes were: T1, as no stress (NS) and T2, as 
severe water stress (DS) treatments. Plants in the well-watered 
treatment (no stress) were maintained at field capacity (50% soil 
water capacity) throughout the experimental period by measuring 
the soil moisture content using an MO750 soil moisture meter twice 
a week and applying water to restore the appropriate moisture 
level. The severe water stress treatment did not receive water for 
20 days, then it was re-watered.  
 
 
Data collection 
 
Data was collected on individual plant basis in line with the 
international plant genetic resources cowpea descriptors; days to 
50% flowering and delayed leaf senescence. Plants were scored for 
leaf senescence on a scale of 1 to 5, with 1 = totally green and 
turgescent, 2 = green and slightly wilted, 3 = green yellow and wilt, 
4 = yellow-green and severely wilt and 5 = completely yellow to 
brown / almost died (Muchero et al., 2008). At maturity, the plants 
were harvested to determine yield components: number of pods per 
plant, number of seeds per pod, 100 seed weight and seed weight 
per plant. 
 
 
Data analyses 

 
The data collected were analysed using Genstat software 12th 
edition of VSN International. The means of the 19 F2 family crosses, 
seven checks and nine parents were compared in an analysis of 
variance using the following linear model: The Linear Mathematical
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Table 1. Mean squares for response of 19 F2 population, 7 checks and 9 parents to drought stress induced at the reproductive 
stage. 
 

Source of variation DF NPP NSP 100 SWT Seed Yield 

Replications 4 17.22 28.42 26.17 113.77 

Watering regime 1 100.54*** 945.89*** 1633.03*** 2879.56*** 

Main Plot Error 4 2.74 11.18 9.54 34.23 

Genotypes 34 7.42*** 18.91*** 22.94*** 61.42*** 

Genotypes * Water level  34 3.53 9.39 8.31* 27.37** 

Sub Plot Error 269 2.43 8.38 5.54 14.16 
 

*, **, *** significant at P ≤ 0.05, 0.01 0.001 respectively; DF, degrees of freedom; NPP, number of pods per plant; NSP, number of seeds 
per pod; 100SWT, 100 seed weight. MP Error, Main plot error; SP Error, Subplot error. 

 
 
 
Model for split plot experimental design used was as follows: 
 
Xijk=Y... +Mi +Bj +dij+ Sk+ (MS)jk+ eijk  
 
Where Xijk = mean observations, Y= the experiment mean, Mi = the 
main plot treatment effect, Bj = replication or block effect, dij = the 
main plot error (error a), Sk = the subplot treatment effect, (MS)ik = 
the main plot and subplot treatment interaction effect, eijk = the 
subplot error (error b). i = a particular main plot treatment, j = a 
particular block, k = a particular subplot treatment. Combining ability 
analysis was performed to compare the means of the 19 F2 family 
crosses. The genetic variance component was partitioned into 
general combining ability (GCA) and the specific combining ability 
(SCA) variances according to Dabholkar (1992). The linear model 
used was:  

 
Yijk = U + fj + mk + (fxm)jk + eijk   

 
Where:  Yijk = effects observed due to r

th
 replications, j

th
 female and 

k
th
 male; U = Overall mean of the experiment; ri = Observed effects 

due to i
th
 replication; fj = GCA effects due to the j

th
 female parent; mk 

= GCA effects due to the k
th
 male parent; (fm)jk = SCA effect due to 

the Interaction between k
th
 male and j

th 
female; and eijk = Random 

error of the experiments. Broad and narrow sense coefficients of 
genetic determination (BSCGD and NSCGD) were estimated on 
genotype mean basis following the formulas outlined by Ruming, 
2004 (Ozimati et al., 2014) as follows: 
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Where, δ

2
GCAf = variance component general combining ability for 

female parents, δ
2
GCAm = variance component general combining 

ability for male parents, δ
2
SCAfm = variance component specific 

combining ability for the hybrids, δ
2
e = variance component error, r 

= number of replications. The variance component for males were 
calculated by subtracting their mean squares from the error mean 
squares and dividing the males by the number of females involved 
in the crossing vice-versa (Dabholkar, 1992). To quantify drought 
severity, the drought intensity index (DII) was calculated using the 
formula suggested by Fischer and Maurer (1978) as follows: DII = 1 
- Xs/Xp, where Xs and Xp are the mean grain yield of all the 
genotypes of the same maturity group under drought stress (DS) 
and non-stress(NS) conditions, respectively. 

RESULTS 
 
Response of F2 population and parental genotypes to 
drought stress  
 
The analysis of variance for seed yield, number of pods 
per plant, number of seeds per pod and 100 seed weight 
for parents, checks and F2 population showed that the 
parents, checks and F2 population were significantly 
different (P ≤ 0.001). The watering regimes explained 
much of the variation that was seen in seed yield and its 
components as indicated by the high mean squares 
(Table 1). The mean performance of all the crosses in 
seed yield, number of seeds per pod, 100 seed weight 
was higher than the average performance of all the 
parents except for delayed leaf senescence (Table 2). 
 
 
Combining ability analysis 
 
Mean squares of crosses (Table 3) were significant under 
water stress for delayed leaf senescence (P ≤ 0.05), 
number of pods per plant (P ≤ 0.01), 100 seed weight (P 
≤ 0.01) and seed yield (P ≤ 0.001). Further partitioning of 
variance of crosses into that due to male and female 
parents attributed to GCA, and that due to male and 
female interaction attributed to SCA showed that under 
water stress conditions, the mean squares for general 
combining ability (GCA) for male parents (Table 3) were 
significantly different for number of pods per plant, 
number of seeds per pod (P ≤ 0.01), 100 seed weight (P 
≤ 0.01) and seed yield (P ≤ 0.001). The mean squares for 
GCA for female parents (Table 3) were only significantly 
different for delayed leaf senescence (P ≤ 0.05). The 
mean squares for the specific combining ability (SCA) of 
parental combinations were significantly different for 
number of pods per plant (P ≤ 0.01), 100 seed weight (P 
≤ 0.05) and seed yield (P ≤ 0.001). The results also 
showed that in the absence of water stress, the mean 
squares for GCA for male parents were only significantly 
different (P ≤ 0.01) for 100 seed weight and seed yield 
(Table 3).  
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Table 2. Means of seed yield and its components in F2 populations and their parents. 
 

Population  Genotype 
NS DS NS DS NS DS NS DS DS 

NSP NSP NPP NPP 100 SWT 100 SWT Seed yield Seed yield DLS 

 SECOW 2W X IT 93K-452-1 10.6 6.61 4.2 5 9.35 4.96 14.02 11.29 66.33 

 SECOW 4W X IT 93K-452-1 8 8.41 4.6 2.4 9.19 2.41 13.79 4.12 69.14 

 SECOW 3B X IT 93K-452-1 10.41 6.52 4.66 4.23 6.85 4.22 10.28 7.06 37.77 

 SECOW 5T X IT 93K-452-1 11.2 8.01 3.6 2.8 9.77 2.25 14.65 3.07 71.83 

 SECOW 1T X IT 93K-452-1 12 7.41 4.2 2.6 8.39 1.93 12.59 4.33 74.99 

 SECOW 2W X IT 98K-205-8 9.2 1.81 4 1.4 5 0.36 7.5 0.56 58.33 

 SECOW 4W X IT 98K-205-8 10.4 4.81 5.2 3 7.09 2.97 10.63 4.83 73.99 

 SECOW 3B X IT 98K-205-8 10.6 6.41 3.8 3.4 8.07 4.31 12.11 8.41 54.33 

F2 SECOW 5T X IT 98K-205-8 9 6.81 3.8 4.2 6.52 3.34 9.77 5.51 76.99 

 SECOW 1T X IT 98K-205-8 8.4 5.61 3.6 3.8 7.13 2.48 10.69 2.99 70.59 

 SECOW 4W X IT99K-573-1 10.01 6.61 3.96 2 5.2 1.34 7.8 2.21 68.33 

 SECOW 3B X IT99K-573-1 7.6 5.01 3.4 2.2 5.05 1.3 7.58 1.73 68.33 

 SECOW 5T X IT99K-573-1 8.4 6.81 3.8 2.6 6.82 2.82 8.63 4.32 80.99 

 SECOW 1T X IT99K-573-1 10.4 3.81 3.6 2.2 6.63 1.19 9.94 2.01 80.99 

 SECOW 2W X IT 89KD-288 10.4 5.21 3.4 3.2 3.43 2.1 5.15 2.74 84.25 

 SECOW 4W X IT 89KD-288 8.4 5.61 4.8 2.8 7.15 1.72 10.73 2.78 67.14 

 SECOW 3B  X IT 89KD-288 8 4.01 2.6 3.8 4.38 2.24 6.56 4.33 63.61 

 SECOW 5T X IT 89KD-288 10 3.81 5.2 1.6 6.87 0.73 10.3 0.73 82.42 

 SECOW 1T X IT 89KD-288 10.8 5.01 3.4 2.2 9.49 1.33 14.23 1.85 59.14 

Mean   9.67 5.7 3.99 2.92 6.97 2.32 10.37 3.94 68.92 

 SECOW 2W 9.8 5.81 3.8 1.8 2.56 1.39 2.82 3.17 79.99 

 SECOW 4W 6.6 3.61 2.4 2 3.09 0.73 4.64 1.63 94.99 

 SECOW 5T 9 4.41 3 0.8 2.33 1.2 3.23 2.01 75.6 

 SECOW 1T 11 5.21 2.8 1.8 6.48 0.75 8.21 1.16 83.09 

Parents SECOW 3B 8.6 6.01 3.6 3.4 6.17 1.53 7.84 2.01 60.16 

 IT98K-205-8 5.6 5.21 5.8 3.6 4.8 1.88 7.2 6.47 62.49 

 IT99K-573-1 4.8 1.61 2.6 0.8 1.47 0.18 2.2 4.07 84.66 

 IT93K-452-1 7 6.21 6.4 5.4 8.98 3.39 13.46 7.44 64.99 

 IT89KD -288 6.6 4.41 5.6 3.8 7.63 2.61 11.45 4.73 73.33 

Mean    7.67 4.72 4 2.6 4.83 1.52 6.78 3.63 75.48 

LSD (5%)  3.2 3.73 2.1 1.69 3.5 2.21 5.4 3.85 24.2 

 
 
 

The estimates of narrow sense coefficient of 
genetic determination was very low (0.01-0.05) for 

number of pods per plant and number of seeds 
per pod.  The estimates of broad sense coefficient 

of genetic determination were moderately high to 
high (0.68-0.8) for number of pods per  plant,  100

mailto:LSD@%205%25


14          J. Plant Breed. Crop Sci. 
 
 
 

Table 3. Mean squares, variance components, Bakers’ ratio and coefficient of genetic determination on entry mean basis for the response of 18 F2 population to drought stress. 
 

 Source of variation df 
No stress Drought stress 

NPP NSP 100 SWT Seed yield DLS NPP NSP 100 SWT Seed yield 

GCA female 4 0.67 1.14 2.79 5.76 257.44* 0.5 1.98 0.9 4.53 

GCA male 3 0.3 1.39 8.30** 20.83** 106.5 1.07* 7.19** 2.75** 12.76*** 

SCA (female.male) 11 0.4 1.8 2.03 4.46 84.44 1.03** 1.69 1.42* 6.66*** 

Crosses 18 0.45 1.58 3.25* 7.48* 126.56* 0.92** 2.67 1.53** 7.20*** 

Error 133 0.55 1.28 1.6 3.74 73.9 0.36 1.78 0.62 1.9 
           

Variance components 

GCA female 4 0.03 -0.04 0.30 0.50 45.89 0.03 0.05 0.07 0.66 

GCA male 3 -0.05 0.02 1.34 3.42 6.52 0.14 1.08 0.43 2.17 

SCA  (female.male) 11 -0.14 0.52 0.43 0.71 10.54 0.66 -0.09 0.80 4.76 
           

Coefficient of genetic determination on entry mean basis 

Bakers ratio  1 0.04 0.79 0.85 0.83 0.21 1 0.38 0.37 

BSCGD  0.05 0.3 0.56 0.55 0.46 0.70 0.39 0.68 0.80 

NSCGD  0.05 0.01 0.45 0.47 0.38 0.15 0.39 0.26 0.30 
 

*, **, *** significant at P ≤ 0.05, 0.01 0.001 respectively, NPP, number of pods per plant; NSP, number of seeds per pod; 100SWT, 100 seed weight; DLS, delayed leaf senescence; GCA 

FEMALE, General combining ability for female parents; GCA MALE, General combining ability for male parents; SCA (FEMALE.MALE), Specific combining ability for male and female combinations; 
BSCGD, Broad sense coefficient of genetic determination; NSCGD, Narrow sense coefficient of genetic determination. NB, The negative variance components obtained for number of seeds 
per pod under no water stress and under stress could not be used to estimate heritability; and were treated as zero. The negative values of these variance components were attributed to 
experimental error. 

 
 
 

seed weight and seed yield but moderate (0.39-
0.46) for delayed leaf senescence and number of 
seeds per pod. The estimates of narrow sense 
coefficient of genetic determination was low to 
moderate (0.15-0.39) for all the traits. 
 
 

Estimates of general and specific combining 
ability effects 
 

Female parent SECOW 5T showed desirable 
significant positive GCA effect for seed yield 
(Table 4). SECOW 2W showed average positive 
GCA effects for number of pods per plant, 100 
seed weight and average GCA effects for seed 
yield and number of seeds per pod. However, 
SECOW 2W showed undesirable significant 

positive GCA effect for delayed leaf senescence. 
SECOW 4W showed desirable significant positive 
GCA effect for number of seeds per pod and 
average effects for number of pods per plant, 100 
seed weight, seed yield and a negative average 
GCA effect for delayed leaf senescence. SECOW 
3B and SECOW 1T showed undesirable 
significant negative GCA effects for number of 
pods, 100 seed weight and seed yield. However, 
SECOW 1T showed the highest desirable 
significant negative GCA effect for delayed leaf 
senescence. The male parent IT 93K-452-1 and 
IT98K-205-8 showed desirable significant positive 
GCA effects for seed yield, number of pods per 
plant, number of seeds per pod, 100 seed weight 
and a desirable average GCA effect and 

significant negative GCA effect for delayed leaf 
senescence respectively (Table 4). Hence, they 
were good combiners. IT99K-573-1 showed 
undesirable significant negative GCA effects for 
seed yield, number of pods per plant, number of 
seeds per pod, 100 seed weight. IT99K-573-1 
also showed a positive undesirable GCA effect on 
delayed leaf senescence, hence, it was a poor 
combiner. 

SECOW 5T x IT98K-205-8 and SECOW 1T x 
IT98K-205-8 showed desirable significant positive 
Specific combining ability effects for seed yield, 
number of pods per plant, number of seeds per 
pod, 100 seed weight and a desirable significant 
negative SCA effects for delayed leaf senescence 
(Table 5). SECOW 4W x IT98K-205-8 showed
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Table 4. Estimates of general combining ability effects of seed yield and its components for male and female parents. 

 

 Male parents 
No stress Stressed 

NPP NSP 100 SWT Seed yield DLS NPP NSP 100SWT Seed yield 

IT98K-205-8 0.06 -0.85 -0.54 -0.81 -15.38*** 1.46*** 3.08*** 1.84*** 3.31*** 

IT99K-573-1 0.26 -0.05 -1.44* -2.16* 15.26*** -1.26*** 1.32*** -1.03** -3.73*** 

IT93K-452-1 0.26 0.55 3.80*** 5.71*** -7.38 2.14*** 1.72*** 2.76*** 7.42*** 

IT89KD-288 -0.54 0.35 -2.11*** -3.17*** 10.54** 0.34 0.32 -0.09 -1.13 
          

 No stress Stressed 

Female parents NPP NSP 100 SWT Seed yield DLS NPP NSP 100 SWT Seed yield 

SECOW 4W 0.89* -1.07 0.74 1.11 -3.49 0.11 0.91** 0.12 0.31 

SECOW 3B 1.29*** 0.53 0.46 0.68 11.79** -1.09*** -0.89** -0.87* -1.74* 

SECOW 1T -0.51 1.33* 3.08*** 4.61*** -11.49** -0.49 0.31 -0.27 -0.63 

SECOW 5T -1.31*** -1.47* -2.04** -3.05** -7.02 1.11*** -0.69* 0.64 1.86** 

SECOW 2W -0.51 0.93 -2.98*** -4.47*** 13.62** 0.51 0.51 0.50 0.27 
 

*, **, *** significant at P ≤ 0.05, 0.01 0.001 respectively, NPP, number of pods per plant; NSP, number of seeds per pod;100SWT, 100 seed weight; DLS, delayed leaf senescence. 
 
 
 

desirable positive SCA effects for yield and its 
components except for number of seeds per pod 
and a desirable significant negative SCA effects 
for delayed leaf senescence while SECOW 3B x 
IT98K-205-8 showed desirable SCA effects for 
yield and its components and an average negative 
SCA effect for delayed leaf senescence. The 
crosses SECOW 3B x IT 93K-452-1, SECOW 3B 
x IT99K-573-1 and SECOW 3B x IT89KD-288 
showed desirable negative SCA effects for 
delayed leaf senescence. The cross SECOW 1T x 
IT93K-452-1 showed undesirable positive SCA 
effect on delayed leaf senescence (Stay green 
trait). SECOW 5T x IT93K-452-1 exhibited a 
significant non-desirable negative SCA effect for 
seed yield (Table 5). 
 
 

DISCUSSION 
 

Genetic variation 
 
The overall goal for all plant breeding programs  is 

achieving yield gains and this is dependent on 
having genetic diversity for the trait under 
selection with a higher heritability (Falconer and 
Mackay, 1996). The analysis of variance showed 
that genotypes were significantly different in most 
traits evaluated under water deficit conditions, an 
indication of the existence of genetic variability 
among parents and their progenies for drought 
tolerance, favoring selection. The mean 
performance of most crosses in seed yield, 
number of seeds per pod, 100 seed weight was 
higher than most parental genotypes except for 
delayed leaf senescence, an indication of the 
presence of transgressive segregants (Table 2), 
which may have been as a result of recombination 
of additive alleles (complementary gene action) or 
interaction between two alleles of two different 
genes due to a wider genetic distance between 
genotypes of their parents (Marame et al., 2009). 
The presence of transgressive segregants 
suggests polygenic inheritance and breeding 
strategies such as backcrossing, multiple crossing, 

heterosis and pedigree breeding methods with 
recurrent selection could facilitate the 
simultaneous exploitation of these favorable 
alleles. 

The average seed yield, number of pods per 
plant, number of seeds per pod and 100 seed 
weight was higher under no moisture stress than 
under moisture stress conditions for both parents 
and progenies (Table 2), indicating that moisture 
stress significantly reduced seed yield and its 
components of the parents and progenies. The 
intensity of the drought stress as shown by the 
drought Intensity Index value of 0.56 was 
sufficient to reduce the yield and its components 
of the cowpea genotypes. DII values above 0.7 
are considered as severe drought stress 
(Ramirez-Vallejo and Kelly, 1998). Shirinzadeh et 
al. (2010) selected Maize and dry bean cultivars 
as sources of drought tolerance in the field with 
DII values ranging between 0.51 and 0.69, so the 
drought stress intensity in this study was sufficient 
to separate drought tolerant cultivars from drought
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Table 5. Estimates of specific combining ability effects for the crosses under water stress. 
  

F2 Population 
NS DS NS DS NS DS NS DS DS 

NPP NPP NSP NSP 100 SWT 100 SWT Seed Yield Seed Yield DLS 

SECOW 2W X IT 93K-452-1 0.45 -0.56 -0.55 -1.31 1.56 -0.62 2.42 -0.34 -8.83 

SECOW 4W X IT 93K-452-1 -0.55 -2.76*** -1.15 0.09 -2.32 -2.78*** -3.39 -7.55*** 11.09 

SECOW 3B X IT 93K-452-1 -0.89 0.27 -0.34 0.01 -4.37** 0.02 -6.48** -2.56 -35.57*** 

SECOW 5T X IT 93K-452-1 0.65 -3.36*** 2.45* 1.29 1.03 -3.46*** 1.63 -10.14*** 17.30* 

SECOW 1T X IT 93K-452-1 0.45 -1.96** 0.45 -0.31 -5.45*** -2.87*** -8.09*** -6.40*** 24.94** 

SECOW 2W X IT 98K-205-8 0.45 -0.56 -0.55 -1.31 1.56 -0.62 2.42 -0.34 -8.83 

SECOW 4W X IT 98K-205-8 0.25 1.44* 2.65* 1.29 -0.08 2.38** -0.03 3.90** -23.94** 

SECOW 3B X IT 98K-205-8 -1.55* 3.04*** 1.25 4.69*** 1.19 4.70*** 1.87 9.52*** -11.01 

SECOW 5T X IT 98K-205-8 1.05 1.64** 1.65 4.89*** 2.13 2.23** 3.27 3.03* -30.47*** 

SECOW 1T X IT 98K-205-8 0.05 2.84*** -1.75 2.69* -2.38 2.28** -3.48 2.98* -28.54** 

SECOW 4W X IT99K-573-1 -1.19 0.24 1.46 -1.31 -1.07 -0.07 -1.52 1.69 -12.36 

SECOW 3B X IT99K-573-1 -2.15** 1.64** -2.55* 1.11 -0.93 0.88 -1.32 3.26* -27.64** 

SECOW 5T X IT99K-573-1 0.85 -0.16 0.25 0.49 3.33** 0.89 3.47 2.24 3.83 

SECOW 1T X IT99K-573-1 -0.15 1.04 -0.55 -3.51** -1.98 0.17 -2.88 2.42 8.31 

SECOW 2W X IT 89KD-288 0.45 -0.56 -0.55 -1.31 1.56 -0.62 2.42 -0.34 -8.83 

SECOW 4W X IT 89KD-288 0.45 -0.56 -0.55 -1.31 1.56 -0.62 2.42 -0.34 -8.83 

SECOW 3B  X IT 89KD-288 -2.15** 1.64** -2.55* 1.11 -0.93 0.88 -1.32 3.26* -27.64** 

SECOW 5T X IT 89KD-288 3.05*** -2.76*** 1.45 -1.51 4.05** -2.13** 6.16*** -3.94** -9.98 

SECOW 1T X IT 89KD-288 0.45 -0.56 -0.55 -1.31 1.56 -0.62 2.42 -0.34 -8.83 

Standard Error of the Mean 0.74 0.6 1.13 1.33 1.27 0.79 1.93 1.38 8.6 
 

*, **, *** significant at P ≤ 0.05, 0.01 0.001 respectively, NPP, number of pods per plant; NSP, number of seeds per pod; 100SWT, 100 seed weight; DLS, delayed leaf senescence; NS, no stress; 
DS, drought stress. 

 
 
 
sensitive cultivars. 
 
 
Heritability and combining ability 
 
General combining ability (gca) refers to the 
average performance of a parent in hybrid 
combinations and specific combining ability (sca) 
is the performance of a parent relatively better or 
worse than expected on the basis of the average 
performance   of    the   other    parents    involved 

(Griffings, 1956). The significant mean squares of 
GCA male and specific combining ability (SCA) for 
number of pods per plant, 100 seed weight and 
seed yield, indicated that both additive and non-
additive genetic factors were important in the 
genetic control of these traits. However, the 
additive gene effects were relatively more 
important than the non-additive for the traits 
number of seeds per pod and delayed leaf 
senescence as the estimates of Baker’s ratio and 
narrow sense coefficient of genetic determination 

were high. This implies that in this set of crosses, 
there would be a fairly high predictability of 
progeny performance from the parents’ GCA 
effects for these traits. Besides, since additive 
genetic variance is the variance of breeding 
values and the main determinant of response to 
selection (Falconer, 1996), these traits will be 
easy to improve by simple selection methods such 
as mass selection and pedigree method. Similar 
findings were reported by Chiulele (2010). The 
non-additive gene action due to dominance and/or



 
 
 
 
epistasis, as shown by significant SCA mean squares 
contributed to the total genetic variation observed in 
number of pods per plant, 100 seed weight and grain 
yield. Gupta et al. (1993) reported that the presence of 
non-additive genetic effects lowers progress expected 
from early generation selection. The Baker’s ratio was 
moderate for grain yield and 100 seed weight, low for 
number of pods per plant indicating the predominance of 
non-additive genetic control in the genetics of these traits. 
Variation observed among plants is due to the combined 
action of genetic and environmental factors (Baker, 
1978). Heritability is a measure of the proportion of 
variance observed among plants that is due to genetic 
differences and is expressed in a broad or narrow sense 
way. The broad sense heritability is responsible for 
providing the proportion of genetic variance present in the 
phenotypic or total variance (Lobato et al., 2014). The 
broad sense coefficient of genetic determination was high 
for grain yield, 100 seed weight and number of pods per 
plant. Higher Broad sense coefficient of genetic 
determination estimates may be caused by greater 
additive genetic variance, lower environmental variance 
or minor inter-actions between genotype and 
environment (Acquaah, 2007). Similar results on high 
broad sense heritability estimates for grain yield. 100 
seed weight and number of pods per plant were reported 
by Lobato et al. (2014). Though, broad-sense coefficient 
of genetic determination estimates were very high (> 0.5) 
for grain yield, number of pods per plant and 100 seed 
weight traits, narrow-sense coefficient of determination 
values were moderate to low (< 40%). Since narrow-
sense coefficient of genetic determination estimates 
shows the proportion of a trait that is transmitted from 
parents to their progenies, the low narrow sense 
coefficient of genetic determination estimates for these 
traits signifies the presence of dominance effect (Abney 
et al., 2001) and suggests a low gene transmission to the 
progenies. Hence, a lower response to selection is 
expected in early generations as opposed to later 
advanced generations. Improvement for these traits 
therefore requires a recurrent selection procedure that 
allows for favorable gene recombination in later 
generations before a final selection is made.  Similar 
results on moderate to low narrow sense heritability 
estimates for grain yield, 100 seed weight and number of 
pods per plant were reported by Alidu et al. (2013). 
However, these results contradicted with Chiulele (2010) 
findings, possibly due to the differences in the population 
studied, multilocationality of the study as Chiulele’s study 
was conducted across locations while this study was 
done in one location.  
 
 
Combining ability effects 
 
The GCA estimates provide information on the 
concentration of predominantly additive gene effects  and  
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are useful in identifying parents to be used in breeding 
programs (Cruz et al., 2004). Dabholkar (1992) reported 
that parents with significant GCA effects in the desired 
direction for a character of interest are the best for 
hybridization. Female parent SECOW 5T showed positive 
significant GCA effects for seed yield and its components, 
negative significant GCA effects for delayed leaf 
senescence in a desirable direction under water stress 
suggesting that this cultivar would contribute to increasing 
seed yield, number of pods per plant, number of seeds 
per pod and 100 seed weight under moisture stress 
conditions. As such SECOW 5T can be used in a 
breeding program as a source of drought tolerance. 
Similarly, male parents IT93K-452-1 and IT 98K-205-8 
showed desirable significant positive GCA effects for 
seed yield and its components and negative significant 
GCA effects for delayed leaf senescence. These male 
parents can be utilized in breeding for drought tolerance 
as good parents. Crossing between two good general 
combiners governed by additive x additive gene actions 
may elicit transgressive segregants in the advanced 
generations for the traits, thereby producing hybrids with 
good specific combining ability (Daniel et al., 2006). 

Cruz et al. (2004) reported that selection for favorable 
estimates of SCA should prioritize cross combinations 
that involve at least one parent which has shown 
favorable effect of GCA. The F2 crosses SECOW 5T X IT 
98K -205-8, SECOW IT X IT 98K-205-8 and SECOW 3B 
X IT 98K-205-8 showed desirable positive significant 
SCA effects for seed yield and its components, implying 
that these crosses performed higher than what was 
predicted based on their parents’ GCA effects. The 
average seed yield of SECOW 3B x IT98K-205-8, 
SECOW 5T x IT98K-205-8 and SECOW 4W x IT98K-
205-8 under moisture stress conditions was above the 
mean seed yield of all the crosses. The dominance of 
these crosses may be due to complementary and 
duplicate gene actions (Falconer, 1989). As such these 
crosses are expected to produce desirable segregants 
and could be exploited in cowpea varietal improvement 
programs.  In effect, a large and positive SCA effects for 
a trait suggests the possibility for transgressive 
segregation for the trait in later generation of selfing (Ojo, 
2003). 
 
 
Conclusion  
 
This study elucidated the genetic control of drought 
adaptation traits in selected cowpea parental genotypes. 
Both additive and non-additive genetic effects were 
responsible for the inheritance of drought adaptation 
traits. However, non-additive genetic effects were more 
important than additive genetic effects implying that the 
performance of progenies was better in specific crossing 
combinations and could not be predicted for a wide range 
of crosses. Therefore, improvement of drought adaptation 
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traits through selection of crosses with high positive SCA 
effects and advancing them to later generation would be 
effective. The good combiners for seed yield, number of 
pods per plant, number of seeds per pod, 100 seed 
weight and delayed leaf senescence were SECOW 5T, IT 
93K-452-1 and IT 98K-205-8. These parents are, 
therefore, recommended as sources of drought tolerance 
for breeding programs. The F2 families of the crosses: 
SECOW 3B x IT98K-205-8, SECOW 5T x IT98K-205-8, 
SECOW 4W x IT98K-205-8 and SECOW 1T x IT98K-
205-8 were promising combinations that showed desirable 
positive significant SCA effects for seed yield, 100 seed 
weight and number of pods per plant. These crosses 
should be advanced for selection in later generations. 
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