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ABSTRACT: Effectiveness of different breeding methods in crop improvement is important 

to the breeders of a particular crop. .Hence, the effectiveness of three breeding methods 

namely, pedigree, single seed descent and modified bulk were evaluated using two cowpea 

[Vigna unguiculata (L) Walp] crosses CP 19 x Waruni and CP 20 x CP 22, at the Grain 

Legumes and Oil Crops Research and Development Center at Angunakolapellessa in Sri 

Lanka. All three breeding methods were imposed from the F2 populations of two cowpea 

crosses during 2011 Yala season and F3, F4 and F5 populations for each method were 

established during 2012/12 Maha, 2012 Yala and 2012/13 Maha seasons, respectively. The 

ten best lines from each method were selected at F5 generation and advanced to F6 

generation. The selected 30 lines from the three breeding methods, two parents and three 

standard checks were tested for each cross in a Randomized Complete Block Design during 

2013 Yala season. Data were recorded on plant height at maturity, number of peduncles per 

plant, number of pods per plant, number of seeds per pod, average length of pod, hundred 

seed weight and yield per plant in F4, F5 and F6 generations. Lines/methods were found to 

be significant (p<0.05) for all the characteristics studied at F6 generation, except the 

number of pods per plant and pod length in CP 19 x Waruni and seed per pod in CP 20 x Cp 

22. The mean sum of squares of days to maturity in CP 19 x Waruni and seed per pod in both 

crosses were found to be significantly different among three breeding methods but for other 

characteristics, methods were found to be not significantly different (p<0.05). The pods per 

plant and hundred seed weight recorded attractive narrow sense heritability values and 

significant intergeneration correlations. Positive phenotypic correlations were recorded 

between the seed yield and pods per plant in F4, F5 and F6 generations. Accordingly, in 

cowpea improvement, comparable results could be obtained among pedigree, single seed 

descent and modified bulk methods. In addition, indirect selection for higher number of pods 

per plant and hundred seed weight could increase seed yield. 
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INTRODUCTION 

 
Cowpea [Vigna unguicula (L). Walp] is an integral crop component of rain fed Dry Zone 

farming systems of Sri Lanka. Its characteristic ability to grow under marginal conditions 

while providing a considerable amount of yield has encouraged resource poor farmers in the 
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Dry Zone to cultivate cowpea as a major crop in their crop land. Though the yield of 

improved cowpea varieties reaches 1.6 - 1.8 t/ha under research conditions, the national 

average yield still remains at 1.18 t/ha (Department of Agriculture, 2010). Unavailability of 

good quality seeds, lack of knowledge on new varieties, uncertainty of rainfall, occurrence of 

pests and diseases, poor attention of farmers and unavailability of suitable varieties for rain 

fed conditions are the major constraints encountered by farmers, which lead to poor yields 

(Jayamanne, 1989). 

 

Identification of drawbacks of the recommended varieties and the actual breeding 

requirement of cowpea growers are essential for continuous genetic improvement of the 

cowpea varieties with high yields and tolerance to biotic and abiotic stresses. Cowpea 

varieties recently recommended by the Government Department of Agriculture of Sri Lanka 

named “Waruni” and “Dhawala” , short aged varieties were less preferred by the farmers in 

the rain fed area compared to the earlier released varieties such as “Arlington” and “Bombay 

Cowpea” (Hewavitharane et al., 2010). Development of farmer accepted varieties through a 

proper breeding methodology is essential to fulfil the actual needs of the cowpea farmers in 

the rain fed area of Sri Lanka. The knowledge on the relative efficiency of different breeding 

methods may help the plant breeders in selecting a better method to be adopted for a 

particular crop (Adnan et al., 2011). Therefore, evaluation of the efficiency of different 

breeding methods such as single seed descent (SSD) method, pedigree method (PM) and 

modified bulk method (MB) would be beneficial to strengthen the future breeding activities 

of cowpea. Hence,  a study was conducted to compare three breeding methods based on the 

mean performance of selected traits of cowpea at F4, F5, F6 generations and estimating 

intergeneration correlation (r), narrow sense heritability and correlation between measured 

traits at each generation level.  

 

 

MATERIALS AND METHODS 

 

Comparison of pedigree method, modified bulk method and single seed descent method 

 
A series of trials were designed to compare pedigree method (PM), modified bulk method 

(MB) and single seed descent (SSD) method using two cross combinations of from four 

distinct parents of cowpea to produce F4, F5 and F6 generations. The characteristics of the 

parent lines are shown in Table 1. The already derived populations of the F3 generation of 

two cowpea crosses namely CP19 x Waruni and CP20 x CP22 using pedigree, SSD and MB 

methods were used for the assessment. Six F3 populations with respect to two crosses and 

three breeding methods were maintained separately during 2011/12 Maha season. 

 

Table 1.  Characteristics of parental lines of the crosses 

 

Parent  Characteristic 

CP 19  

 

Waruni 

 

CP 20 

 

CP 22 

Indeterminate, large seeded, light brown seed, crowded seed shape, better 

taste, low pod number, raceme position throughout canopy 

Determinate, medium seeded, red colour seed, kidney seed shape, high pod 

number, raceme position above canopy 

Indeterminate, small seeded, dark red seed, rhomboid seed shape, high pod 

number, raceme position above canopy  

Determinate, large seeded, white colour seed, ovoid seed shape, high pod 

number, raseme position above canopy 
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Pedigree method (PM) 

 
Two F3 populations each with 100 progeny lines from two crosses (one from each cross) 

were derived from 1000 plant populations of the F2 generation of respective crosses during 

the 2011/12 Maha season. For each of the two crosses, 100 separate progeny lines derived 

from the F3 generation by within and between lines selections were advanced to produce the 

F4 generation during 2012 Yala season. From the F4 generation, 100 plants were selected to 

produce 100 F5 progeny lines during the 2012/13 Maha season. Selection of 10 best lines 

was carried out at the F5 generation based on the preference ranking of breeders and farmers 

on visual observations for yield parameters, plant architecture and comparatively less pest 

and disease incidences. 

 

Single seed descent method (SSD) 

 
Two F3 SSD populations were derived from the F2 populations of the two crosses (one from 

each cross) by selecting one seed per plant from all the plants of respective F2 populations. 

Single seed descent F4 populations were derived from F3 populations of each of the two 

crosses. Each F4 plant was harvested and F5 generations were established as the progeny 

lines in both crosses. The F5 families or progeny lines were evaluated by the selected 

farmers and the breeders as in the pedigree method to select 10 best families or lines. 

 
Modified bulk method (Bulk)  

 

Two F3 bulk populations were derived by taking bulk samples from the F2 populations of 

the two crosses (one from each cross). The F4 bulk populations were established with the 

bulked seed samples from 5% of selected plants of the F3 generation. Based on visual 

observations, the superior 5% plants amounting to 100 were selected from the F4 generation. 

Hundred plants were established as lines in the F5 generation and were evaluated by selected 

farmers and breeders following the similar procedure as in pedigree and SSD methods to 

select 10 best lines. 

 

Comparison of three breeding methods at F6 generation 

 

The ten best lines selected from each of the three breeding method (30 lines in total) along 

with the parents of the relevant crosses and three standard checks were evaluated for their 

performance. Two separate experiments were conducted for each of the two crosses. Each 

experiment was laid out in a RCBD with three replicates, at the Grain Legumes and Oil 

Crops Research and Development Centre at Angunakolapellessa, Sri Lanka. 

 

Data recorded  

 

The plant height at maturity, number of peduncles per plant, number of pods per plant, 

number of seeds per pod, average pod length, hundred seed weight and seed yield per plant 

were recorded from randomly selected five plants of each progeny line in the F4 and F5 

generations in PM, and from individual single plants  of the F4 generation and five randomly 

selected plants from the progeny lines of F5 generation of SSD and from selected single 

plants of F4 generation and five randomly selected plants from the progeny lines of F5 of  

MB method. 
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Days to 50% flowering, days to 50% maturity, plant height at maturity, number of peduncles 

per plant, number of pods per plant, number of seeds per pod, average pod length, hundred 

seed weight and seed yield were recorded from each line using a sample of randomly 

selected five plants from each plot of the replicated trials at the F6 generation. The seed yield 

of the total plot was also recorded.  

 

Comparison of breeding methods  

 
A separate ANOVA was computed for each experiment. The mean separation for each trait 

was done using DNMRT. Significance of the mean sum of squares of the breeding methods 

was tested using the mean sum of squares of lines within methods as the error term. 

 

Generation mean comparison, correlations among characteristics within generation 

and parent offspring regression  

 

For comparison among F3, F4 and F5 generation means within a pedigree, 80 random plants 

from each of the MB and SSD method and 80 random families (means) from the PM were 

assessed for seed yield and yield attributed characteristics. These plants, which were a part of 

the population and initially selected at the F3 generation, were advanced to the F4 and F5 

generations. The means of recorded characteristics across generations within each of the 

three methods were calculated for each cross. Correlations of seed yield with other 

phenotypic characteristics were calculated for each generation within each breeding method. 

 

Intergeneration or parent offspring regressions between the F4 and F5 generations and F5 

and F6 generations for each of the recorded characteristics were estimated under pedigree 

method using the following Equation (Eq 1); 

rxy =  bxy.

σ

σ

y

x

 (01)

 

where, 

bxy= 

xofiance

xyofariance

var

cov
 

σx = Standard deviation of x (offspring) 

σy = Standard deviation of y (parent) 

 

The heritability values in narrow sense were calculated according to Smith and Kinman 

(1965; Eq 2). 

h
2
= b/2rxy (02) 

Where, h
2
 = heritability in narrow sense. 

b = regression coefficient  

 

The correlations of seed yield with yield attributed characteristics within the F4, F5 and F6 

generations were analyzed with Pearson correlation analysis using SPSS.   
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RESULTS AND DISCUSSION 

 

Mean performance of seed yield and yield attributed characteristics of F4, F5 and F6 

generations  

 

The means of seed yield and yield attributed characteristics of the F4, F5 and F6 generations 

of CP 19 x Waruni (Cross 1) and CP 20 x CP 22 (Cross 2) from the three methods are 

presented in Tables 2 and Table 3, respectively, where the parameters varied across 

generations. In the F4 population of Cross 1 (Table 2), the PM recorded the highest mean 

values for plant height (45.7 cm) and pod length (13.6 cm). The SSD method recorded the 

highest number of pods per plant (13.7), peduncles per plant (9.5), average seed per pod 

(11.2) and seed yield per plant (14.9 g). The MB method recorded the highest value for 

hundred seed weight (13 g). 

  

Table 2.  Means of yield and yield attributed characteristics of F4, F5 and F6 

generations of the cross 1 (CP 19 x Waruni) 

 
  Selection method and parents* 

Character Generation PM SSD MB CP 19 Waruni 

Height (cm)  F4 45.7 36.9 43.5 38.6 31.9 

  F5 38.8 39.1 62.4 59.4 52.2 

  F6 40.8 40.2 41.9 44.1 42.2 

No of Pods/Plant  F4 10.5 13.7 11.2 10 13.1 

  F5 5.4 5.6 7.6 5.6 7.5 

  F6 12.4 12.3 11.5 10.9 10.8 

No. of 

Peduncles/Plant 

 F4 9.3 9.5 7.9 8.6 9.3 

  F5 7.6 6.7 6.9 5.64 7.9 

  F6 8.4 8.5 7.2 8.11 7.2 

Average pod length (cm) F4 13.6 7.3 13.3 11.0 12.8 

 F5 11.3 12.4 13.8 11.9 15.5 

 F6 15.1 14.9 15.9 14.1 15.9 

Average seeds per pod  F4 9.8 11.2 9.1 13.3 10.7 

 F5 9.4 11.1 10.9 9 10.1 

 F6 12.9 11.9 13.8 14.3 12.4 

100 seed weight(g)  F4 14.2 12.9 15.7 18.5 10.7 

  F5 14.1 13.1 13.6 16.1 9.4 

  F6 14.0 14.1 14.2 18.8 11.6 

Seed yield per plant 

(g)  

 F4 12.4 14.9 14.6 18.1 12.5 

  F5 6.5 5.9 9.2 18.4 13.7 

  F6 12.6 10.9 8.2 12.7 9.9 

Seed yield 

(kg/ha) 

  F6 930.8 621.0 765.1 943.5 1093.5 

*PM – Pedigree Method, SSD - Single Seed Decent Method, MB – Modified Bulk Method  

 

In the Cross 2 (Table 3), the PM recorded the highest mean values for pods per plant (13.8), 

average pod length (13.2 cm), hundred seed weight (10.74 g) and seed yield per plant (15.0). 

The SSD method accounted for the highest values for plant height (56.8 cm), Peduncles per 

plant (8.4) and average seed per pod (11.9), modified bulk method recorded the highest mean 

value for 100 seed weight in the F4 generation. The mean performance of all three methods 

has reduced in the F5 population in the case of number of pods per plant and peduncles per 

plant, and pod length compared to the F4 population. The average seed per pod and hundred 
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seed weight recorded comparable results in the F4 populations in both crosses. The mean 

values for the measured characteristics in the F6 generation were comparable among the 

breeding three methods but not with F4 and F5 generations within the respective methods.  

 

Table 3.  The means of yield and yield attributed characteristics of F4, F5 and F6 

generations of the cross 2 (CP 20 x CP 22) 

 

  Selection method and parents* 

Character  Generation PM SSD MB CP 20 CP 22 

Height (cm)  F4 41.8 56.8 42.5 44.5 39.1 

  F5 49.1 45.6 62.5 47.4 46.9 

  F6 41.8 42.5 46.1 45.7 37.5 

No of Pods/Plant  F4 13.8 11 11.1 12.1 11 

  F5 11 7.6 8.7 7.6 6 

  F6 8.2 9.5 7.7 6.9 7.9 

No of 

Peduncles/Plant 

 F4 7.7 8.4 6.3 7 6.4 

  F5 8.2 6.5 7.8 9.6 9.5 

  F6 5.1 5.6 4.7 4.6 6.7 

Average pod length (cm) F4 13.2 13.0 13.0 12.5 11.6 

 F5 13.4 12.9 13.5 13.2 12.6 

 F6 14.3 14 13.7 13.5 14.5 

Average seeds per pod F4 10 11.9 9.3 12.3 6.2 

 F5 12.7 11.7 10.9 15.7 10.8 

 F6 14.0 13.2 13.2 15.4 10.3 

100 seed weight(g)  F4 10.74 10.1 11.2 8 13.12 

  F5 10.1 10.6 10.0 8.6 10.4 

  F6 9.6 9.9 10.3 7.6 13.9 

Seed yield per plant 

(g)  

 F4 15.0 12.6 12.9 13.1 12.1 

  F5 11.5 8.5 8.5 10.8 10.6 

  F6 8.6 9.1 9.6 7.4 10.7 

Seed yield 

(kg/ha) 

  F6 672.8 599.6 742.1 773 477.3 

*PM– Pedigree Method,   SSD-Single Seed Decent Method,   MB – Modified Bulk Method 

 

Comparison among breeding methods 

 
The mean sum of squares of the breeding methods, lines/methods and cv % for yield and 

yield related characteristics of Crosses 1 and 2 are presented in Table 4. The lines or the 

within method component was found to be significant (P<0.05) for all the characteristics 

except for the number of pods per plant, pod length and seed yield/ha in cross 1 and yield per 

plant in Cross 2. Breeding methods were found to be not significant when tested against 

lines/methods except for days to maturity (p<0.01) in Cross 1 and seeds per pod in both 

crosses (p<0.05). Therefore, in general, all three breeding methods are similarly effective in 

cowpea improvement. Ntare et al. (1984), using two crosses of cowpea early generation 

selection at F3 level, reported that the PM, SSD and MB were comparable in cowpea 

improvement. They also reported that the grain yields of lines derived by the SSD procedure 

were as good as those derived from early selection. However, Padi and Ehlers (2008) 

reported that the PM of breeding for grain yield in cowpea was ineffective. 
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Table 4. Mean sums of squares of breeding methods, lines/methods and cv% for yield 

and yield related characteristics of crosses 1 and 2. 

**significant at p<0.01 *significant at p<0.05 

 

Phenotypic correlation among seed yield and yield related characteristics 

 

The phenotypic correlation among yield per plant and other yield related characteristics in 

the F4, F5 and F6 generations are presented in Table 5. In the F4 generation, a significant 

positive correlation (p<0.01) was recorded between the No. of pods per plant and No, 

peduncles per plant in both Crosses in all three breeding methods. In the F5 generation, 

significant positive correlations (p<0.01) were recorded in all three methods between the 

yield per plant and pods per plant except in PM in the Cross 2. Siddique-Akbar and Gupta 

(1991) also recorded a significant positive correlation between the number pods per plant 

with the seed yield per plant in cowpea. 

 

Table 5. Phenotypic correlations of seed yield per plant with yield related 

characteristics in F4, F5 and F6 generations 

**significant at p<0.01, *significant at p<0.05 

Characteristic   Cross 1 Cross 2 

   MS for 

method 

MS for 

lines/method 

CV% MS for 

method 

MS for 

lines/method 

CV% 

Days to flowering   65.43 26.41** 5.46 16.04 5.02** 2.12 

Days to maturity   133.21* 31.6** 4.64 23.011 14.21** 3.55 

Plant height (cm)   22.935 90.44** 10.07 159.04 97.55** 11.8 

No of pods per plant  8.5 12.47 25.7 26.39 16.82** 28.18 

No of peduncles per plant  19.38 8.78* 25.33 6.78 4.67* 29.35 

Pod length (cm)   9.148 4.635 7.67 0.52 3.67** 6.94 

No of seeds per pod  27.085* 3.41* 9.41 7.41* 2.075 9.65 

100 seed weight (g) 0.356 12.909** 10.52 3.033 10.05** 14.77 

Yield per plant (g)   69.73 27.57** 30 1.257 7.91 32.76 

Yield kg/ha    511034 221744.6 31.51 155028.4 78044.01* 30.93 
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F4  PM Cross 1 0.17 0.745** 0.344** 0.232* 0.45** 0.264* 

  Cross 2 0.37 0.611** 0.379** 0.005 -0.065 -0.062 

 MB Cross 1 -0.034 0.612** 0.376** 0.041 -0.07 0.440** 

  Cross2 0.384** 0.817** 0.555** 0.296** 0.156 0.406** 

 SSD  Cross 1 0.507* 0.828** 0.595** -0.234 0.328 0.158 

  Cross 2 0.007 0.519* 0.488** 0.262 0.228 0.064 

F5 PM Cross 1 0.045 0.688** 0.366** 0.011 0.298 0.166 

  Cross 2 0.167 0.221 0.124 0.16 0.388 0.188 

 MB Cross 1 0.109 0.366* 0.296 0.31* 0.267 -0.047 

  Cross 2 0.069 0.753** 0.228 0.357* 0.212 0.365* 

 SSD  Cross 1 -0.183 0.490** 0.532** -0.011 0.327 0.222 

  Cross 2 -0.316 0.787** 0.15 0.185 0.406* -0.18 

F6 PM Cross 1 0.064 0.353 0.349 -0.092 0.012 -0.305 

  Cross 2 0.642* -0.215 -0.092 0.111 0.074 0.720* 

 MB Cross 1 0.088 0.108 0.095 -0.153 0.442 -0.313 

  Cross 2 0.327 0.341 0.561 0.237 -0.402 0.082 

 SSD  Cross 1 0.112 0.415 0.371 0.478 0.315 0.392 

  Cross 2 0.122 0.655* 0.592 0.171 -0.121 0.115 
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Inter-generation correlation and narrow sense heritability 

  
The inter-generation correlation between the F4 and F5 generations and F5 and F6 

generations and narrow sense heritability under each Cross are presented in Table 6. A 

significant positive inter generation correlations were observed between the F4 and F5 

generations for plant height, number of pods per plant, pod length, hundred seed weight 

(p<0.01) and No of seed per pod (p<0.05) in Cross 1. Hundred seed weight and the No of 

pods per plant (p<0.01) were positively correlated between the F4 and F5 generations in the 

Cross 2. The narrow sense heritability recordings for 100 seed weight of the Cross 1 was 

56% and 58% between F4 and F5 generations and F5 and F6 generations, respectively, while 

44% and 97% were recorded for the same in Cross 2. The F5-F6 positive inter-generation 

correlations were observed for No of pods per plant, No of peduncles per plant and pod 

length in both Crosses. The narrow sense heritability of the No of pods per plant was 82% 

and 88% for Cross 1 and Cross 2, respectively, between the F4 and F5 generations and 61% 

and 51% between F5 and F6 generations, respectively. Mathur (1995) reported a higher 

phenotypic and genotypic variation, heritability and expected genetic advance by studying 

the F2 population of cowpea and showed that the No of pods per plant was the major yield 

contributing characteristic. High heritability with high genetic advance has been reported for 

this characteristic in cowpea (Mehta and Zaveri 1999; Mathur, 1995). A study on segregating 

populations using limited genotypes have shown that number of pods per plant is highly 

variable (Rangaiah and Nehru, 1998).  

 

Table 6.  Inter generation correlation between F4 and F5 generations and F5 and F6 

generations and narrow sense heritability (h
2
) under each cross 

 

Characteristic Cross 1    Cross 2    

 F4-F5 F5-F6 F4-F5 F5-F6 

 r h
2
% 

(ns) 

r h
2
% 

(ns) 

r h
2
% 

(ns) 

r h
2
% 

(ns) 

Height (cm) 0.70** 54 0.80** 147 0.05 33 -1.96 55 

No.Pod/Plant 0.40* 82 0.27 61 0.58** 88 1.12 51 

No. 

Peduncles/plant 

-0.25 54 0.18 77 -0.24 76 0.25 35 

pod length 

(cm) 

0.86** 34 0.21 62 0.23 45 0.59 87 

seed per pod  0.34* 51 0.64** 49 -0.34 70 -0.23 65 

100 seed 

weight (g) 

0.49** 56 0.86** 58 0.63** 44 -0.07 97 

yield per plant 

(g) 

0.005 71 2.8 12 0.88** 48 0.38** 62 

**significant at p<0.01 *significant at  p<0.05,  
ns 

Not-significant at p=0.05 

 

CONCLUSIONS 

 

Pedigree, single seed descent and modified bulk breeding methods were found to be similar 

in performance and can equally be used for cowpea variety development. Based on the 

phenotypic correlations, inter-generation correlations and narrow sense heritability, the No of 

pods per plant and the hundred seed weight can be used as indirect selection criteria for high 

seed yield in the F4, F5 and F6 generations of cowpea. 
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