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Abstract  

Groundnut is an extensively self-pollinating crop with a narrow genetic 

base; therefore, it relies on the F2 generation for optimal segregation and 

recombination. The genetic variability resulting from segregation and re-

combination is essential for effective selection in crop improvement pro-

grammes. F2 populations derived from the crosses BSR 2 × GPBD 4 and  

BSR 2 × TMV 2 were assessed for examining genetic variation, and correla-

tion coefficients along path coefficients. Twenty-four yield-attributing, 

physiological, as well as biochemical characteristics were covered in the 

research, in the Kharif season of 2024. The assessment of the PCV along with 

GCV revealed that a majority of yield-related traits, including the number of 

pods, kernels, and pod yield, demonstrated high PCV along with GCV in both 

crosses, indicating substantial genetic variation. Regarding yield-related 

characteristics, high GAM along with high heritability in a broad sense were 

noted for both the crosses, suggesting that a breeding approach based on 

simple selection can be successful in increasing groundnut yield. Correla-

tion and path coefficients indicated that the number of mature kernels and 

pod yield calculated for each plant possessed a high positive direct effect on 

kernel yield. Transgressive segregants were identified over twice the stand-

ard deviation of the better parent mean for various traits. These findings can 

serve as a foundation for future breeding programmes aimed at enhancing 

the yield and oil content.   

 

Keywords  

groundnut; variability; broad sense heritability; GAM; correlation coefficient; path 

coefficient    

 

Introduction  

The groundnut commonly referred to as the ‘King of oilseeds’ in India repre-

sents an essential legume crop cultivated extensively within the equatorial 

and semi-arid regions of the globe. This provides an important component 

of edible oil and protein as well as plays a crucial role in the agricultural 

economies of many developing countries like India, Nigeria, Sudan, Sene-

gal, and Argentina (1). Groundnut kernel contains about 49% oil, 25% pro-

tein, 20% carbohydrates, and a significant amount of vitamins and minerals 

(2). Genetic variation remains a crucial requirement of an efficient breeding 

initiative because it provides necessary variation during selection. The 

effectiveness of selection is determined by the degree of genetic variation 

existing within the available breeding stock (3).  
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 Estimates of PCV along with GCV serve as beneficial 

indices for assessing the genetic variation that exists with-

in the population. Heritability in a broad sense represents 

a heritable component of the entire variation & Genetic 

Advance (GA) represents the expected genetic gain under 

the selection process (4). It is more useful in predicting the 

magnitude and direction of selection. High heritability (bs) 

along with high GAM for a character signifies the majority 

of additive gene action followed by the process involved in 

selection is potentially rewarding (5). Correlation analysis, 

on the other hand, provides insights into the interdepend-

ence of various yield and yield-contributing attributes, 

which is essential for designing effective selection strate-

gies. Path coefficient analysis is a refined technique of 

multiple regression that partitions Pearson’s correlation 

coefficient values into direct and indirect effects for sever-

al characteristics on the factor that is dependent and as-

sists in identifying the most influential traits. Transgressive 

segregants with high yield potential can be identified from 

the segregating generations, which can be further exploit-

ed in breeding programmes (6). Therefore, a current inves-

tigation has been carried out to study the genetic varia-

tion, heritability in a broad sense, GAM, and association 

analysis for yield with associated characteristics within the 

F2 population of groundnut.   

 

Materials and Methods 

Research material             

Experimental material utilized in the current investigation 

involves three cultivars BSR 2, TMV 2, and GPBD 4, along 

with two F2 populations derived from the crosses BSR 2 × 

GPBD 4 and BSR 2 × TMV 2. In the crossing programme, 

BSR 2 was used as the female parent, while TMV 2 and 

GPBD 4 were used as the male parents. The F1 generation 

was raised from the crossed seeds, and F2 seeds were sub-

sequently obtained from the oilseeds department of the 

institute, Tamil Nadu Agricultural University. 

Methodology           

The two F2 populations derived from the cross BSR 2 × 

GPBD 4 and BSR 2 × TMV 2 were cultivated over the Kharif 

season of 2024 under surface irrigation conditions. The F2 

populations were cultivated in an unreplicated trial along 

with parents with 30 × 10 cm spacing in 3m rows. Standard 

agronomic practices and targeted pest and disease control 

measures were implemented throughout the growing sea-

son.  

 Observations were recorded on 144 plants of the 

cross BSR 2 × GPBD 4 and 156 plants of the cross BSR 2 × 

TMV 2 and 10 randomly tagged plants of parental lines at 

various growth stages on 24 quantitative, physiological, 

and biochemical characteristics viz., Days to first flowering 

(DFF), Plant Height (PH), Number of Branches per Plant 

(NBP), Number of Pods per Plant (NPP), Number of Mature 

Pods per Plant (NMPP), Number of Immature Pods per 

Plant (NIPP), Number of Kernels per Plant (NKP), Number 

of Mature Kernels per Plant (NMK), Number of Immature 

Kernels per Plant (NIMK), Sound Mature Kernel Percentage 

(SMK), Hundred Pod Weight (HPW), Hundred Kernel 

Weight (HKW), Pod Yield (PY), Single Plant Yield (SPY), 

Shelling Percentage (SP), Number of Pegs per Plant (NPE), 

Peg to Pod Ratio (PPR), SPAD Chlorophyll Meter Reading 

(SCMR), Oil Content (OC), Linoleic Acid (LA), Oleic Acid 

(OA), Palmitic Acid (PA), Stearic Acid (SA), and Oleic to Lin-

oleic Ratio (OLR). The collected data has undergone vari-

ous statistical analyses, viz., analysis of variability parame-

ters like, computation of genetic variables like phenotypic 

coefficient of variation (PCV), genotypic coefficient of vari-

ation (GCV), broad sense heritability (h2), and genetic ad-

vance as a percent of the mean (GAM) as per established 

statistical procedures proposed by (7), correlation coeffi-

cients (8), and path coefficients (9) using TNAUSTAT soft-

ware (10). The significance of the mean value of parents for 

all the traits was determined based on the grand mean 

and critical difference values. Transgressive segregants 

with values exceeding the better parent, mean by at least 

twice the standard deviation of the F2 population, were 

identified.   

 

Results  and Discussion 

Mean performance of parents          

The mean performance for the three groundnut cultivars 

BSR 2, TMV 2, and GPBD 4 used in the crosses for various 

traits are provided in Table 1. The analysis demonstrated 

that parents varied at a level of 5% significance for all ex-

amined characteristics, except linoleic and oleic acid con-

tent. This suggests the diverse genetic background of the 

parental lines used in the hybridization. The mean perfor-

mance of the parents ranged from 27.3 (TMV 2) to       

34.7 (BSR 2) for days to first flowering and from 16.6 (TMV 

2) to 28.1 (GPBD4) over the number of pods in each plant. 

The mean performance for pod yield varied from  

15.43(GPBD4) to 20.21(BSR 2), and for single plant yield, it 

ranged from 10.03 (GPBD 4) to 15.32 (BSR 2). 

Analysis of variability parameters         

Genetic variability parameters were computed for the F2 

populations of the two crosses, alongside the outcomes 

given in Table 2. Variations in the average performance for 

various characteristics were observed. The F2 population 

BSR 2 × GPBD4 reported a higher mean value for the 

characters viz., number of pods(17.73), number of mature 

pods (14.01), number of kernels (21.99), number of mature 

kernels (20.4), pod yield (11.58), and single plant yield 

(6.92) compared with the F2 population in the cross BSR 2 × 

TMV 2. 

 The magnitude of the PCV is substantially greater in 

comparison with its associated GCV over almost every 

characteristic, which suggests that the evident variation 

was not just caused by the genotype but additionally 

attributed to the effect of the environment. High PCV along 

with GCV has been observed in characteristics like the 

number of pods, mature & immature pods in each plant, 

number of kernels, mature & immature kernels in each 

plant, pod yield, single plant yield, and number of pegs in 

both F2 populations, suggesting the presence of substan- 
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Traits BSR 2 TMV 2 GPBD4 Grand mean CD @5% CD @ 1% 

DFF 34.70** 27.30 32.60** 31.53 0.48 0.69 

PH (cm) 33.15 44.50** 37.10 38.25 0.77 1.12 

NBP 6.10** 4.00 5.50* 5.20 0.20 0.30 

NPP 26.10** 16.60 28.10** 23.60 1.45 2.10 

NMPP 20.70** 13.50** 19.80* 18.00 1.26 1.83 

NIPP 5.40 3.10 10.40** 6.30 0.52 0.76 

NKP 47.10** 24.70 32.40 34.73 1.66 2.40 

NMK 45.30** 22.10 29.30 32.33 1.68 2.44 

NIMK 1.80 2.60 3.10** 2.50 0.22 0.32 

SMK 96.36** 89.62 89.98 91.98 0.83 1.20 

HPW 75.11 113.33** 96.91 95.12 3.60 5.21 

HKW 34.40 43.44** 45.86** 41.23 1.36 1.97 

PY (g) 20.21** 16.34 15.43 17.33 0.82 1.19 

SPY (g) 15.32** 11.40 10.03 12.25 0.51 0.74 

SP 65.11 68.72** 66.64 66.83 1.12 1.63 

NPE 46.00** 25.20 38.20 36.47 1.81 2.63 

PPR 1.29** 1.51 1.34* 1.38 0.03 0.05 

SCMR 48.37** 41.94 49.33** 46.55 0.55 0.80 

OC 43.33 47.36** 42.28 44.32 0.49 0.70 

LA 43.48 43.44 38.18 41.70 0.62 0.90 

OA 45.46 43.65 45.39 44.83 0.70 1.01 

PA 14.96** 13.73 14.20 14.30 0.38 0.55 

SA 6.78** 6.08 6.71** 6.52 0.12 0.17 

OLR 1.05 1.11 1.22** 1.13 0.04 0.06 

Table 1. Mean Performance of Parents used in the crosses for various characteristics. 

*: Significant at 5% Probability level, **: Significant at 1% Probability level, CD - Critical Difference.  

Traits Crosses Mean PCV % GCV% h2% GAM% 

DFF 
C1 35.20 10.31 9.48 84.60 17.97 

C2 35.71 11.11 10.71 92.87 21.26 

PH 
C1 29.91 16.20 13.54 69.86 23.31 

C2 43.18 20.42 12.41 36.93 15.54 

NBP 
C1 5.00 34.76 19.42 31.22 22.36 

C2 5.26 27.58 16.12 34.18 19.42 

NPP 
C1 17.73 46.87 40.00 72.83 70.32 

C2 13.76 62.66 50.28 64.40 83.13 

NMPP 
C1 14.01 49.48 42.77 74.72 76.16 

C2 10.94 64.48 51.98 64.99 86.32 

NIPP 
C1 3.72 73.79 34.24 21.53 32.73 

C2 2.93 89.95 43.72 23.62 43.77 

NKP 
C1 21.99 50.34 44.06 76.62 79.46 

C2 16.83 56.42 43.93 60.63 70.47 

NMK 
C1 20.40 54.05 46.78 74.91 83.41 

C2 15.42 68.13 54.27 63.45 89.05 

NIMK 
C1 1.75 86.12 48.20 31.32 55.57 

C2 1.72 88.47 39.05 19.48 35.50 

SMK 
C1 90.73 11.76 10.86 85.27 20.66 

C2 89.71 13.52 12.58 86.48 24.09 

Table 2. Estimates of Variability in F2 Generation of Groundnut.. 
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tial genetic variation for those characteristics that might 

be exploited for efficient selection. These outcomes were 

consistent with the conclusions of Mitra (11), Kannappan 

(12), Shuro (13), and Shendekar (14) on the characteristics 

number of pods, pod yield, kernels, and mature kernels in 

each plant, and single plant yield. A moderate PCV & GCV 

has been found in the characteristics, viz., sound mature 

kernel percentage and shelling percentage. A low PCV and 

GCV have been found for SPAD chlorophyll meter readings 

in both crosses and for other characteristics low to 

moderate levels of phenotypic and genotypic coefficients 

of variation have been identified for both the crosses, 

suggesting limited potential for such characteristics to 

being enhanced through a selection process. A coefficient 

of variation merely implies the range associated with the 

observed variation, whereas the computations of 

heritability and GAM provide a more comprehensive 

understanding of the underlying genetic mechanisms 

governing the manifestation of the characteristics. 

 High broad sense heritability in combination with 

high GAM has been noted for the characteristics viz., 

the number of pods, mature pods, kernels, and mature 

kernels in each plant, sound mature kernel percentage, 

shelling percentage, pod yield, and single plant yield for 

both crosses, indicating that the expression in such 

characteristics, was mostly regulated through additive 

gene action, therefore, for such characteristics the process 

of selection would be efficient. Vinithashri (15), Mohapatra 

and Khan (16) also reported similar findings for the trait's 

number of pods and mature pods in each plant, pod yield, 

and single plant yield of groundnut. 

 The F2 population of the cross BSR 2 × GPBD 4 

reported a high heritability in combination with high 

genetic advance as a percentage of the mean to the traits 

viz., plant height, hundred pod weight, and hundred kernel 

weight. The F2 population for the cross BSR 2 × TMV 2 

recorded high broad sense heritability along with high 

genetic advance as a percentage of the mean to the traits, 

viz., days to first flowering, number of pegs per plant, peg 

to pod ratio. A similar result was observed by Mohapatra 

and Khan (16), Byadagi (17) for the characteristics of plant 

height, number of pegs per plant, and hundred pod 

weight. 

Transgressive segregants analysis            

Identifying superior F2 individuals exhibiting transgressive 

segregation would likely assist the breeder in selecting 

HPW 
C1 82.73 29.24 23.00 61.88 37.27 

C2 83.66 28.40 17.17 36.56 21.39 

HKW 
C1 38.43 31.28 25.72 67.58 43.55 

C2 39.40 28.54 16.21 32.25 18.96 

PY 
C1 11.58 57.81 45.83 62.85 74.86 

C2 9.33 62.98 50.39 64.00 83.04 

SPY 
C1 6.92 58.21 49.27 71.66 85.93 

C2 5.44 69.84 55.18 62.41 89.80 

SP 
C1 60.23 15.46 14.21 84.41 26.89 

C2 61.28 13.14 11.64 78.38 21.22 

NPE 
C1 21.81 54.28 34.66 40.79 45.60 

C2 16.37 60.32 50.82 70.97 88.20 

PPR 
C1 1.23 20.83 13.26 40.53 17.39 

C2 1.20 27.38 23.16 71.54 40.36 

SCMR 
C1 48.13 8.26 6.58 63.59 10.82 

C2 45.81 8.57 7.64 79.52 14.03 

OC 
C1 40.18 11.65 10.19 76.63 18.38 

C2 43.73 11.79 9.52 65.24 15.84 

LA 
C1 41.32 12.29 6.75 30.15 7.63 

C2 41.37 10.29 5.47 28.26 5.99 

OA 
C1 44.69 13.93 6.23 19.98 5.73 

C2 43.31 12.77 4.00 9.83 2.59 

PA 
C1 14.82 15.91 11.00 47.79 15.66 

C2 14.24 13.22 7.38 31.17 8.49 

SA 
C1 6.30 18.99 11.07 33.97 13.29 

C2 6.04 15.52 8.35 28.95 9.25 

OLR 
C1 6.00 11.77 4.59 15.18 3.68 

C2 5.90 10.56 7.28 47.44 10.32 

C1 – BSR 2 × GPBD4, C2 – BSR 2 × TMV 2, PCV – Phenotypic Coefficient of Variation, GCV -Genotypic Coefficient of Variation, h2 – Heritability, GAM – Genetic Ad-
vance as a Percentage of Mean. 
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favourable genotypes. The crosses generated a substantial 

number of F2 individuals exhibiting transgressive segre-

gation for various traits in Tables 3 and 4. This is indicative 

of the presence of complementary gene action and 

epistasis, which could be further exploited in advanced 

generations for developing superior genotypes. 

 The F2 generation from the cross between BSR 2 

and GPBD 4 exhibited a greater frequency of transgressive 

segregants for days to first flowering, oleic acid content, 

and peg to pod ratio. Similarly, the cross BSR2 × TMV 2 

generated a substantial number of transgressive segre-

gants for the traits, oleic to linoleic ratio, and the number 

of immature kernels per plant. The results showed that the 

parental genotypes involved in the study differed 

substantially in their genetic composition, which in turn 

facilitated the creation of a large degree of genetic varia-

bility within the F2 progeny. 

Traits MBP Mean Value of Transgressive Segregants NTS 

DFF 34.70 43.00 43.00 40.00 42.00 42.00 42.00 40.00 42.00 41.00 9 

NBP 6.10 13.00 - - - - - - - - 1 

NPP 28.10 45.00 47.00 - - - - - - - 2 

NMPP 20.70 38.00 39.00 35.00 - - - - - - 3 

NIMK 3.10 7.00 7.00 7.00 - - - - - - 3 

PY (g) 20.21 34.21 37.43 34.32 - - - - - - 3 

SPY (g) 15.32 23.92 23.99 - - - - - - - 2 

NPE 46.00 74.00 - - - - - - - - 1 

PPR 1.34 1.92 2.50 1.94 2.15 2.39 2.26 2.58 - - 7 

OC 43.33 54.62 - - - - - - - - 1 

LA 43.48 55.73 - - - - - - - - 1 

OA 45.46 59.80 61.63 60.24 58.03 61.03 58.37 62.35 - - 7 

PA 14.96 19.76 20.29 20.36 18.92 - - - - - 4 

SA 6.78 9.90 10.97 - - - - - - - 2 

OLR 1.22 2.00 1.95 1.99 1.76 1.92 - - - - 5 

Table 3. Transgressive Segregants identified for various characteristics in F2generation of the cross BSR 2 × GPBD 4. 

MBP – Mean of Better Parent, NTS – Number of Transgressive Segregants.  

Traits MBP Mean Value of Transgressive Segregants NTS 

DFF 34.70 43.00 - - - - - 1 

PH 44.50 63.00 63.00 66.00 - - - 3 

NBP 6.10 9.00 9.00   - - - 2 

NPP 26.10 45.00 50.00 47.00 - - - 3 

NMPP 20.70 37.00 36.00   - - - 2 

NIPP 5.40 16.00 16.00 15.00 13.00 - - 4 

NIMK 2.60 7.00 6.00 9.00 8.00 9.00 - 5 

HPW 113.33 178.00 - - - - - 1 

HKW 43.44 67.5 - - - - - 1 

PY 20.21 38.43 38.12 - - - - 2 

SPY 15.32 23.17 23.78 - - - - 2 

SP 68.72 85.58 88.95 - - - - 2 

NPE 25.20 74.00 - - - - - 1 

PPR 1.51 2.80 - - - - - 1 

OC 47.36 60.14 59.94 56.41 55.70 - - 4 

LA 43.48 53.70 54.83 52.20 - - - 3 

OA 45.46 62.21 56.78 - - - - 2 

PA 14.96 18.91 19.13 22.12 19.32 - - 4 

SA 6.78 9.09 8.95 - - - - 2 

OLR 1.11 1.87 1.60 1.59 1.68 1.57 1.73 6 

Table 4. Transgressive Segregants identified for various traits in F2 Population of the cross BSR 2 × TMV 2. 

MBP – Mean of Better Parent, NTS – Number of Transgressive Segregants.  
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Association analysis          

Improving yield relies on enhancing the constituent traits 

that affect its expression, highlighting the importance of 

refining these component traits for better outcomes. The 

simple correlation coefficient for yield and associated 

characteristics in the F2 Population of the cross BSR 2 × 

GPBD 4 and BSR 2 × TMV 2 are represented in the 

correlogram (Fig. 1 & Fig. 2). The single plant yield showed 

a significant positive correlation to the traits viz., number 

of branches (0.51,0.46), number of pods (0.8,0.85), number 

of mature pods (0.86,0.91), number of immature pods 

(0.27,0.32), number of kernels (0.91,0.93), number of 

mature kernels (0.91,0.94), sound mature kernel 

percentage (0.42,0.36), hundred pod weight (0.72,0.56), 

hundred kernel weight (0.51,0.59), pod yield (0.93,0.94) 

and number of pegs per plant (0.59,0.71) in both crosses 

consequently. These outcomes were consistent with the 

findings of Kannappan (12), and Reddy (18). 

 The single plant yield from the F2 generation of the 

cross BSR 2 × GPBD 4 had a significant positive correlation 

coefficient for the characteristics viz., days to first 

flowering (0.31), plant height (0.23), as well as oil content 

(0.25). These findings were following Godhani (19) for the 

trait days to first flowering and plant height. In the F2 

population derived from the cross BSR 2 × TMV 2, the 

single plant yield exhibits a significant negative correlation 

coefficient to the trait peg-to-pod ratio. This suggests that 

the lower conversion rate of pegs to pods may have 

contributed to the reduced single-plant yield observed in 

this particular F2 population.  

 The correlation coefficients reveal both 
the intensity and direction of associations among the 

characters yet do not address their direct and indirect 

effects. To comprehensively evaluate these effects on 

single plant yield, path coefficients were computed, and 

the results are detailed in Table 5. Understanding the  

Fig. 1. Correlation analysis for F2 Population of the cross BSR 2 × GPBD 4. 
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direct and indirect influences for various characteristics 

upon yield through path coefficients is critical for 

identifying the most suitable traits to employ in indirect 

selection approaches. 

 For both F2 populations, pod yield (0.81, 0.38) and 

number of mature kernels (0.38,0.31) showed a high posi-

tive direct effect on the dependent variable of single plant 

yield. The characteristics, viz., a number of pods and ma-

ture pods in each plant had a high positive indirect effect 

on single plant yield employing the characteristics 

of number of mature kernels and pod yield, respectively. 

The trait number of kernels exhibited a high positive indi-

rect effect on single plant yield through the trait number of 

mature kernels and pod yield, similar findings had been 

reported by Kannappan and Viswanathan (12). In the F2 

population of the cross BSR 2 × GPBD 4, pod yield exhibit-

ed a high positive indirect effect on single plant yield 

through the characteristic number of mature kernels (0.36) 

and the trait number of mature pods (-0.48) exhibited a 

negative direct effect on single plant yield. The F2 popula-

tion of the cross BSR 2 × TMV 2 exhibited a high positive 

direct effect on single plant yield for the trait number of 

kernels (0.36). The trait pod yield had a high positive indi-

rect effect on single plant yield through the trait number of 

kernels per plant (0.32). Sridevi (20) also observed equiva-

lent outcomes for the number of mature pods.  

 

Conclusion  

By current investigations, it might be concluded that the 

additive gene action contributes a significant part in regu-

lating various yield-related traits for both F2 populations. 

Therefore, selection might be a promising approach to 

Fig. 2. Correlation analysis for F2 Population of the cross BSR 2 × TMV 2. 
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enhancing these characteristics in subsequent genera-

tions. The transgressive segregants observed can be fur-

ther exploited using disruptive selection approaches to 

isolate genotypes exhibiting superior performance. The 

identification and selection of these segregants present a 

promising opportunity for their integration into breeding 

programmes aimed at improving yield and oil content in 

groundnut. Future research could focus on evaluating the 

identified segregants across different environments to 

ensure their stability and adaptability.   
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