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Genetic Variability Analysis for Yield and Quality Traits in Cowpea [Vigna unguiculata (L.) Walp.]








ABSTRACT 

	
[bookmark: _GoBack]A study was conducted to assess the variability, heritability, and genetic advance for twelve yield and seed quality traits in cowpea. Thirty-two cowpea genotypes were evaluated in a randomized block design during rabi 2022 at the Farming Systems Research Station, Sadanandapuram, . Analysis of variance revealed highly significant differences among the evaluated genotypes for all the traits. The phenotypic coefficients of variation were higher than the corresponding genotypic coefficients of variation for all the characters. High estimates of GCV and PCV were recorded for plant height, hundred seed weight, and seed yield per plant. High heritability coupled with high genetic advance as percentage of mean observed for days to maturity, plant height, number of primary branches per plant, number of pods per plant, pod length, hundred seed weight, seed yield per plant, and seed calcium content indicated the predominance of genetic causes in the total variability of these traits, with heritability most likely due to additive gene effects. Therefore, these characters have the potential for improvement through selection.
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1. INTRODUCTION 

Cowpea [Vigna unguiculata (L.) Walp.] is a multifunctional legume, belonging to the family Fabaceae and genus Vigna (Verdcourt, 1970). Originally domesticated in sub-Saharan Africa, it is now a crucial part of farming systems across arid and humid tropical and sub-tropical regions. It serves as a primary source of protein for several people, especially in developing countries (Herniter et al., 2020). Cowpea is economically grown throughout India as a pulse crop (dry seeds), vegetable (green pods), animal fodder, green manure, and cover crop (Vinay et al., 2022). Cowpea grains are rich in protein, carbohydrates, and contain minerals such as Fe, Zn, Ca, Mg, K, and P (Boukar et al., 2011).
The development of cowpea varieties with higher yield and nutritional quality significantly benefits consumers. This requires a thorough understanding of existing genetic variability in the breeding material, as the effectiveness of selection is largely determined by the magnitude of genetic variability present in it. Simple measures of variability include range, variance, and coefficient of variation. The efficiency of selection depends on the heritability of the concerned character, which is a reliable index of the transmission of characters from parents to their offspring (Falconer, 1981). High value of heritability coupled with genetic advance is useful in predicting the resultant effect of selection, as it is indicative of high breeding value as well as the effectiveness of selection. Knowledge about the magnitude of genetic variability, heritability, and genetic advance in selection are imperative in assisting the breeder to determine the criteria to be used for the improvement of yield and quality traits (Devi and Jayamani, 2018).    

 
2. material and methods 

The study was conducted at Farming Systems Research Station, Sadanandapuram, during rabi 2022, with thirty-two cowpea genotypes (Table 1.) sown in a randomized complete block design with three replications. 
The experimental field was divided into three blocks, each with thirty-two plots, with random allocation of genotypes within the block. Genotypes were sown in three rows with a spacing of 45 cm x 30 cm within each 3 m2 plot. The crop was raised according to the standard package of practices recommended for grain cowpea. 
The observations were recorded on five representative plants randomly selected from each plot for twelve quantitative traits such as days to 50 per cent flowering, days to maturity, plant height (cm), number of primary branches per plant, number of pods per plant, pod length (cm), number of seeds per pod, hundred seed weight (g), seed yield per plant (g), seed protein content (%), seed calcium content (ppm) and seed potassium content (%), and mean values were subjected to statistical analysis. R studio (Version 4.2.2) was used for the Analysis of variance and estimation of range, phenotypic variance, genotypic variance, phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), broad sense heritability (h2bs), and genetic advance as percentage of mean (GAM). 
The PCV and GCV estimates were classified as Low: < 10 %, Medium: 10-20% and High: >20% (Sivasubramanian and Menon, 1973). Heritability and GAM values were also categorized according to Johnson et al. (1955) as: Heritability: Low: < 30%, Moderate: 31- 60% and High: >60%, GAM: Low: < 10 %, Medium: 10-20% and High: >20%. 

Table 1. List of grain cowpea genotypes used in the study

	Sl.No.
	Genotype
	Source

	1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18


	GC-3
Hridya
Sreya
Subhra
DC 15
KYLMVU-2
KYLMVU-3
KYLMVU- 4
KYLMVU- 6
KYLMVU- 10
TC 55-1
PL-1 (Pant Lobia-1)
PL-2 (Pant Lobia-2)
PL-4 (Pant Lobia-4)
PL-5 (Pant Lobia-5)
VBN 1
VBN 3
CHESCP-03
	SDAU, Gujarat
RARS, Pattambi
RARS, Pattambi
KAU, Kerala
UAS, Dharwad
KAU, Kerala
KAU, Kerala
KAU, Kerala
KAU, Kerala
KAU, Kerala
BARC, Trombay
GBPUA&T, Pantnagar
GBPUA&T, Pantnagar
GBPUA&T, Pantnagar
GBPUA&T, Pantnagar
NPRC, Vamban
NPRC, Vamban
CHES, Gujarat

	19
20
21
22
23
24
25
26
27
28
29
30
31
32

	CHESCP-07
CHESCP-09
CHESCP- 17
CHESCP- 19
CHESCP- 32
CHESCP- 22
CHESCP- 23
IC 300039
IC 39853
IC 52110
Kanakamani
EC 343002
IC 201079
IC 259095
	CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
CHES, Gujarat
RARS, Pattambi
NBPGR
NBPGR
NBPGR





































3. results and discussion

The analysis of variance (ANOVA) separated the total variation in all twelve characters into corresponding replication, treatment, and error components. It revealed highly significant differences among the thirty-two cowpea genotypes for all the characters studied (Table 2), indicating the existence of sufficient amount of variation in them for further improvement. Variability parameters such as range, phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), broad-sense heritability (h2bs), genetic advance expressed as a per cent of mean (GAM), estimated for twelve quantitative characters are presented in Table 3.




Table 2. Analysis of variance for twelve characters in cowpea genotypes

	Sl. No.
	Characters
	Mean Sum of Squares

	
	
	Treatment
	Error

	
	
	(df = 31)
	(df = 62)

	1
2
3
4
5
6
7
8
9
10
11
12
	Days to 50 % flowering
Days to maturity
Plant height
Number of primary branches per plant
Number of pods per plant
Pod length
Number of seeds per pod
Hundred seed weight
Seed yield per plant
Seed protein content
Seed calcium content
Seed potassium content
	63.48**
285.30**
12566.80**
1.74**
17.45**
18.33**
6.60**
26.66**
75.61**
9.86**
107284.00**
0.018**
	0.99
4.40
680.10
0.18
2.84
0.68
0.36
0.16
2.28
4.31
13705.00
0.01



** Significant at 1 percent level

A wide range of variation was observed for plant height (54.33-292cm), seed calcium content (550.20-1375.60ppm), days to maturity (50-92), and seed yield per plant (8.80-32.20g), signifying the presence of substantial variability among the genotypes for the characters. Days to fifty percent flowering ranged from 34.00-53.00, hundred seed weight from 4.30-17.00g, number of pods per plant from 8.00-19.80, pod length from 9.00-19.70cm, and protein content from 18.00-27.44%, exhibiting reasonable variation. Whereas, traits such as number of seeds per pod (11.00-17.00), number of primary branches per plant (2.00-5.80), and seed potassium content (0.91-1.42%) showed a narrow range of variation among the genotypes.

[bookmark: _Hlk209883054]The phenotypic coefficient of variation (PCV) was generally greater than the genotypic coefficient of variation (GCV) for all the variables examined, showing the impact of the environment on the manifestation of these traits. The highest magnitude of coefficients of variation was reported by plant height (PCV = 37.67, GCV = 34.80), followed by seed yield per plant (PCV = 28.02, GCV = 26.80) and hundred seed weight (PCV = 26.73, GCV = 26.49). These findings agreed with Olajide and Ilori (2017), Nkoana et al. (2019), and Gupta et al. (2023) for plant height, seed yield per plant as well as hundred seed weight; Keerthi (2017), Sharma et al. (2019), Vinay et al. (2022), Oo et al. (2023), and Kgasudi et al. (2024) for plant height and seed yield per plant; Devi and Jayamani (2018), Darshana (2020),  and Wadghane et al. (2022), for seed yield per plant and hundred seed weight; Panchta et al. (2020) and Owusu et al. (2021) for plant height;  Sadashiv (2016), Das et al. (2020), Puligundla (2022), seed yield per plant; Manggoel et al. (2012) and Belay and Fischa (2021) for hundred seed weight.
Number of primary branches per plant and seed calcium content displayed high PCV (20.80) and moderate GCV (17.89), similar findings were obtained by Sadashiv (2016), Devi and Jayamani (2018), Sharma et al. (2019), and Oo et al. (2023) for number of primary branches per plant. Moderate levels of coefficients of variation were obtained in characters such as number of pods per plant (PCV = 19.50, GCV=15.50), pod length (PCV = 16.80, GCV=15.91), days to maturity (PCV =12.41, GCV=12.13), and number of seeds per pod (PCV =10.90, GCV= 10.06). Sadashiv (2016) and Puligundla (2022), Manggoel et al. (2012), Devi and Jayamani (2018), and Vinay et al. (2022); Keerthi (2017), Viswanatha and Yogeesh (2017); Nkoana et al. (2019), Das et al. (2020), and Owusu et al. (2021); Olajide and Ilori (2017), Belay and Fischa (2021), and Wadghane et al. (2022); Darshana (2020);  Gupta et al. (2023) and Oo et al. (2023), made similar observations in cowpea for number of pods per plant; pod length; number of seeds per pod; pod length and number of seeds per pod; number of seeds per pod and days to maturity; and pod length, number of seeds per pod, and days to maturity respectively. Moderate PCV and low GCV values were recorded for days to fifty percent flowering (PCV= 10.13, GCV= 9.90) and seed protein content (PCV= 10.58, GCV= 5.80), whereas seed potassium content reported the lowest magnitude of PCV (9.26) and GCV (4.84). 

Table 3. Variability parameters for twelve traits in cowpea genotypes
	Sl. No.
	Character
	Grand
Mean
	Range
	PCV
(%)
	GCV
(%)
	h2bs
(%)
	GAM
 (%)
	

	
	
	
	Min
	Max
	
	
	
	
	

	1
2
3
4
5
6
7
8
9
10
11
12
	DFF
DM
PH
NPB
NPP
PL
NSP
HSW
SYP
PC
Ca
K
	46.11
79.77
180.86
 4.03
14.24
15.25
14.33
11.22
18.45
23.47
1051.06
1.17
	34.00
50.00
54.33
2.00
8.00
9.00
11.00
4.30
8.80
18.00
550.20
0.91
	53.00
92.00
292.00
5.80
19.80
19.70
17.00
17.00
32.20
27.44
1375.60
1.42
	10.13
12.41
37.67
20.80
19.50
16.80
10.90
26.73
28.02
10.58
20.15
9.26

	9.90
12.13
34.80
17.89
15.50
15.91
10.06
26.49
26.80
5.80
16.80
4.84
	95.42
95.52
85.35
73.96
63.16
89.63
85.09
98.19
91.48
30.02
69.47
27.35
	19.91
24.42
66.24
31.69
25.37
31.02
19.11
54.07
52.81
6.54
28.85
5.22


DFF -Days to 50% flowering; DM- Days to maturity; PH- Plant height; NPB- Number of primary branches per plant; NPP- Number of pods per plant; PL- pod length; NSP- Number of seeds per pod; HSW- Hundred Seed Weight; SYP- Seed yield per plant; PC- Seed protein content; Ca- Seed calcium content; K- Seed potassium content; GCV- Genotypic coefficient of variation; PCV- Phenotypic coefficient of variation; h2bs- Broad sense heritability; GAM- Genetic advance as percentage of mean

All the characters except seed protein content (h2bs = 30.02) and seed potassium content (h2bs = 27.35) exhibited a high level of heritability, varying from 98.81 (hundred seed weight) to 63.16 (number of pods per plant). The high heritability estimates were observed for hundred seed weight, days to maturity (h2bs = 95.52), days to 50% flowering (h2bs = 95.42), seed yield per plant (h2bs = 91.48), pod length (h2bs = 89.63), plant height (h2bs = 85.35), number of seeds per pod (h2bs = 85.09), number of primary branches per plant (h2bs = 73.96), seed calcium content (h2bs = 69.47), and number of pods per plant. This indicates the predominance of genetic causes in the total variability of these traits. These results were consistent with Viswanatha and Yogeesh (2017) and Vinay et al. (2022) for days to 50% flowering, days to maturity, plant height, number of primary branches per plant, number of pods per plant, pod length, number of seeds per pod, hundred seed weight, and seed yield per plant. 
Consistency was also observed with Nkoana et al. (2019) and Sharma et al. (2019) for days to 50% flowering, plant height, number of primary branches per plant, number of pods per plant, pod length, number of seeds per pod, hundred seed weight, and seed yield per plant. Further agreement was found with Keerthi (2017) and Darshana (2020) for days to 50% flowering, days to maturity, plant height, number of pods per plant, number of seeds per pod, hundred seed weight, and seed yield per plant. Sadashiv (2016) and Oo et al. (2023) also reported similar findings for these traits. Wadghane et al. (2022) supported the findings for days to 50% flowering, days to maturity, number of primary branches per plant, number of pods per plant, pod length, hundred seed weight, and seed yield per plant. Manggoel et al. (2012) found agreement for days to 50% flowering, number of pods per plant, pod length, number of seeds per pod, hundred seed weight, and seed yield per plant. Additional support comes from Gupta et al. (2023) for days to 50% flowering, days to maturity, plant height, number of primary branches per plant, and pod length; Das et al. (2020) for plant height, number of pods per plant, pod length, number of seeds per pod, hundred seed weight, and seed yield per plant; and Panchta et al. (2020) and Owusu et al. (2021) for days to 50% flowering, days to maturity, plant height, and number of pods per plant. Heritability was found to be moderate for seed protein content and low for seed potassium content. Similar findings for protein content in cowpea seeds were reported by Gupta et al. (2023) and Oo et al. (2023).


The GAM estimates, as a measure of genetic gain under selection, document varying values across different trait categories. High values were observed for maturity and growth traits (days to maturity, plant height), yield components (number of primary branches per plant, number of pods per plant, pod length, hundred seed weight, seed yield per plant), and seed quality (seed calcium content). Moderate values were recorded for flowering traits (days to 50% flowering) and for the number of seeds per pod, while low values were observed for seed protein and potassium content. 
These estimates are in accordance with the findings of Sadashiv (2016), Puligundla (2022), Darshana (2020), and Vinay et al. (2022) for days to 50% flowering; Darshana (2020), Panchta et al. (2020), Gupta et al. (2023), and Oo et al. (2023) for days to maturity; Idahosa et al. (2010), Sadashiv (2016), Devi and Jayamani (2018), Das et al. (2020), Belay and Fischa (2021), Gupta et al. (2023), and Oo et al. (2023) for plant height; Viswanatha and Yogeesh (2017), Nkoana et al. (2019), Sharma et al. (2019), Darshana (2020), Panchta et al. (2020), Vinay et al. (2022), Wadghane et al. (2022), and Oo et al. (2023) for number of primary branches per plant; Manggoel et al. (2012), Owusu et al. (2021), Puligundla (2022), and Vinay et al. (2022) for number of pods per plant; Devi and Jayamani (2018), Belay and Fischa (2021), Vinay et al. (2022), and Wadghane et al. (2022) for pod length; Sadashiv (2016) and Belay and Fischa (2021) for number of seeds per pod; Sadashiv (2016), Das et al. (2020), Puligundla (2022), and Wadghane et al. (2022) for hundred seed weight and seed yield per plant; Gupta et al. (2023) and Oo et al. (2023) for seed protein content.

High estimates of heritability accompanied with high genetic advance indicate high breeding value and effective selection (Johnson et al., 1955). In the present study, high heritability with high genetic advance as percentage of mean were observed for days to maturity, plant height, number of primary branches per plant, number of pods per plant, pod length, hundred seed weight, seed yield per plant, and seed calcium content (Figure 1). High heritability coupled with moderate genetic advance was recorded for days to 50% flowering and number of seeds per pod. 
Similar magnitudes of these parameters were also obtained in previous studies: Sadashiv (2016), Darshana (2020), and Vinay et al. (2022) for days to 50% flowering; Darshana (2020), Panchta et al. (2020), Gupta et al. (2023), and Oo et al. (2023) for days to maturity; Idahosa et al. (2010), Sadashiv (2016), Devi and Jayamani (2018), Das et al. (2020), Belay and Fischa (2021), Gupta et al. (2023), and Oo et al. (2023) for plant height. Further studies include Viswanatha and Yogeesh (2017), Nkoana et al. (2019), Sharma et al. (2019), Darshana (2020), Panchta et al. (2020), Vinay et al. (2022), and Wadghane et al. (2022) for number of primary branches per plant; Manggoel et al. (2012), Owusu et al. (2021), Puligundla (2022), and Vinay et al. (2022) for number of pods per plant; Devi and Jayamani (2018), Sharma et al. (2019), Das et al. (2020), Belay and Fischa (2021), Vinay et al. (2022), Wadghane et al. (2022), and Gupta et al. (2023) for pod length. Sadashiv (2016) and Belay and Fischa (2021) found similar results for number of seeds per pod. Studies conducted by Sadashiv (2016), Viswanatha and Yogeesh (2017), Devi and Jayamani (2018), Sharma et al. (2019), Das et al. (2020), Belay and Fischa (2021), Puligundla (2022), Vinay et al. (2022), Wadghane et al. (2022), Oo et al. (2023), and Kgasudi et al. (2024) obtained similar findings for hundred seed weight and seed yield per plant. Seed protein content showed moderate heritability with low genetic advance as percentage of mean, while both estimates were low for seed potassium content. Thus, selection in these two traits would not be rewarding.


[image: ]

Fig. 1. Quadrant scatter plot: Heritability Vs GAM

4. Conclusion

A substantial amount of variability was observed for all twelve characters, indicating the availability of sufficient variation in the thirty-two genotypes for further improvement. Higher magnitude of the phenotypic coefficients of variation (PCV) compared to the corresponding genotypic coefficient of variation (GCV) values for all the traits explains the influence of environment on the manifestation of these traits. High heritability accompanied with high genetic advance as percentage of mean was observed in characters such as days to maturity, plant height, number of primary branches per plant, number of pods per plant, pod length, hundred seed weight, seed yield per plant, and seed calcium content. This suggests the predominance of genetic causes in the total variability of these traits, with heritability most likely due to additive gene effects. Hence, these characters could be improved through selection.
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