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Exploring Genetic Variability for Yield Attributes in Groundnut (Arachis hypogaea L.) Cross Combinations


Abstract 
Groundnut (Arachis hypogaea L.) is a key oilseed crop valued for its high-quality oil and protein-rich kernels, playing an important role in food security and farmers’ livelihoods. The present study was conducted during the kharif 2023 and 2024 at the Research Farm, Department of Genetics and Plant Breeding, College of Agriculture, RVSKVV, Gwalior, Madhya Pradesh, India, to assess genetic variability, heritability and genetic advance for morphological, physiological and yield attributing traits of groundnut genotypes and their segregating generations. Six parental genotypes including three males and three females were used to develop F₁, F₂, BC₁ and BC₂ populations, that, along with the parents, were evaluated in a randomized block design with three replications. Fourteen traits were recorded, including days to 50% flowering, days to maturity, plant height, number of branches per plant, number of pods per plant, pod yield per plant, kernel yield per plant, shelling percentage, sound mature kernel percentage, 100-kernel weight, biological yield per plant, dry weight per plant, harvest index and chlorophyll content. Analysis of variance revealed significant differences among genotypes for all the traits, indicating presence of substantial genetic variability. High genotypic and phenotypic coefficients of variation, heritability and genetic advance were evident for pod and kernel yield per plant and number of pods per plant, identifying them as key traits for selection. The investigation provides a framework for selecting superior genotype (s) and to develop high-yielding, adaptable groundnut cultivar (s), thereby enhancing productivity and supporting sustainable groundnut cultivation.	Comment by HP 840r G4: three repetitions, is too short
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1. Introduction 
Groundnut (Arachis hypogaea L.) also known as peanut, pindar, mokey nut and goober pea belonging to family Fabaceae, is one of the most important oilseed crops in India highly valued for both their nutritional and economic worth and extensively cultivated for its edible oil (45-55%), protein-rich kernels (25-30%) and diverse applications in food, feed and industrial sectors (Pramanik et al., 2019; Tomar et al., 2022; Sharma et al., 2023a). The crop is valued not only for its high nutritional content, including essential amino acids, unsaturated fatty acids and bioactive compounds, but also for its economic importance as a cash crop (Akram et al., 2018; Sharma et al., 2019; Çiftçi & Suna, 2022; Rajput et al., 2024a; Sravanti et al., 2024). Groundnut is an allotetraploid species (2n = 4x = 40), believed to have originated from a hybridization event between two diploid progenitors, Arachis duranensis (AA genome) and Arachis ipaensis (BB genome), followed by chromosome duplication (Zhang et al., 2016; Lu et al., 2018). Globally, it is cultivated on approximately 28 million hectares with an annual production of over 47 million tonnes, with major producing countries including China, India, Nigeria and the United States (Konate et al., 2020; Pramanik et al., 2022; Rajput et al., 2024b). After China, India ranks second in the global groundnut economy, with a production of 10.11 million tonnes from approximately 5.75 million hectares, contributing 17% of the world’s cultivation area and 16% of global production. In terms of productivity, India ranks fourth, with an average yield of 1.75 t/ha, following the United States, China and Argentina (Rana et al., 2023). First, in terms of area and second in terms of production after soybean, it contributes significantly to farmers’ livelihoods, particularly in semi-arid and arid regions of states such as Gujarat, Maharashtra, Karnataka and Madhya Pradesh (Bhavani et al., 2025). 	Comment by HP 840r G4: long sentence	Comment by HP 840r G4: italic	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem	Comment by HP 840r G4: space

The success of any crop improvement programme largely depends on the availability of genetic variability, the nature of gene action governing important traits and the efficiency of selection strategies (Mishra et al., 2024a; Jain et al., 204a; Jain et al., 2024b; Paliwal et al., 2024; Puri et al., 2025). Genetic variability studies, supported by statistical tools such as genotypic and phenotypic coefficients of variation (GCV and PCV), heritability and genetic advance, provide critical insights into the extent of genetic divergence and the relative contributions of genetic and environmental factors to trait expression (Sharma et al., 2023b; Sharma et al., 20023c; Jhariya et al., 2025; Bisoriya et al., 2025; Gautam et al., 2025). High heritability coupled with high genetic advance indicates the predominance of additive gene action, which can be exploited effectively through direct selection, whereas traits with low heritability and low genetic advance often require alternative approaches such as recurrent selection, hybridization or molecular breeding for improvement (Bhawar et al., 2020; Yadav et al., 2023; Rajpoot et al., 2025; Mishra et al., 2025; Sharma et al., 2025).	Comment by HP 840r G4: Italicize everything in yellow
Yield in groundnut is a complex trait influenced by multiple morphological, physiological and biochemical characters. Therefore, understanding the genetic parameters of yield and its components is essential for devising effective breeding strategies (Makwana et al., 2023; Amarasinghe et al., 2024; Yami & Abtew, 2025). Hybridization, involving crosses between selected male and female parents, followed by evaluation of segregating generations (F₁, F₂, BC₁, BC₂), provides an opportunity to create and exploit new genetic combinations. Analysis of these segregating populations allows breeders to identify superior genotypes, estimate genetic variability and determine the inheritance pattern of key traits, thereby guiding selection decisions (Lakshmi et al., 2021; Mishra et al., 2024b). Keeping these considerations in view, the present study was undertaken to assess the variability, heritability and genetic advance for a set of morphological, physiological and yield- attributing traits in groundnut genotypes and their segregating generations. 
2. Material & Methods 
2.1 Experimental site 
The present investigation was carried out at the Research Farm, Department of Genetics and Plant Breeding, College of Agriculture, RVSKVV, Gwalior, Madhya Pradesh, India, during the kharif 2023 and 2024. The experimental site lies within a hot arid agro-climatic zone, characterized by pronounced seasonal fluctuations in temperature. Maximum temperatures are generally recorded in June, reaching up to 48°C, whereas the winter months may witness a decline to as low as 4°C. The annual temperature variation at the location ranges from approximately 2°C to 50°C. The region receives an average annual rainfall of 750–800 mm, predominantly concentrated during the southwest monsoon, extending from late June to September, with occasional light showers occurring during the winter months.	Comment by HP 840r G4: Author references ????
2.2 Experimental details 
Planting material for the present study was obtained from the All India Coordinated Research Project on Groundnut, ICAR–Indian Institute of Groundnut Research (IIGR), Junagadh, Gujarat, comprising six diverse genotypes including three male and three female parents used as hybridization sources (Table 1). Through the AICRP hybridization programme on groundnut at RVSKVV, Gwalior, several segregating generations were developed, including F₁, F₂, BC₁ and BC₂, resulting in 8 F₁’s, 8 F₂’s, 8 BC₁’s and 8 BC₂’s (Table 2). The experimental material consisted of a total of 38 entries, including the six parents and their derived generations. Evaluation was conducted employing a randomized block design (RBD) with three replications. For each cross, two rows were allotted to the parental lines (P₁ and P₂), F₁, BC₁ and BC₂ generations, while four rows were allotted to the F₂ generation. Each row measured 3.0 m in length with a spacing of 30 cm between rows and 10 cm between plants. Standard agronomic practices and recommended plant protection measures were followed to ensure proper crop establishment and healthy growth throughout the experimental period.	Comment by HP 840r G4: is too short
Table 1 Pedigree of the male and female parents involved in hybridization, producing generations 	Comment by HP 840r G4: Table 1. 
	S. No.	Comment by HP 840r G4: This table is not scientific
	Name of Genotype/Variety
	Parental Status
	Pedigree 

	1.
	TG – 86
	I Female Parent
	Gamma (γ) ray irradiation of TG-66

	2.
	NITYA HARITA
	II Female Parent
	Cross between TAG-24 × Jyoti followed by pedigree selection

	3.
	DGRMB – 32
	III Female Parent
	Pure line selection from TG 37-A

	4.
	KDG – 128 
	I Male Parent
	From ICGV-020059-SSU-SSD-P37-B1

	5.
	GPBD – 4 
	II Male Parent
	Cross between KRG 1 × CS 16(ICGV 86855)

	6.
	SUNOLEIC - 95R
	III Male Parent
	Cross between F435-2-3-B-2-1-b4-B-3-b3-1-B × Sun runner (F519-9)



	S. No.	Comment by HP 840r G4: Follow this example
	Name of Genotype/Variety
	Parental Status
	Pedigree 

	1.
	TG – 86
	I Female Parent
	Gamma (γ) ray irradiation of TG-66

	2.
	NITYA HARITA
	II Female Parent
	Cross between TAG-24 × Jyoti followed by pedigree selection

	3.
	DGRMB – 32
	III Female Parent
	Pure line selection from TG 37-A

	4.
	KDG – 128 
	I Male Parent
	From ICGV-020059-SSU-SSD-P37-B1

	5.
	GPBD – 4 
	II Male Parent
	Cross between KRG 1 × CS 16(ICGV 86855)

	6.
	SUNOLEIC - 95R
	III Male Parent
	Cross between F435-2-3-B-2-1-b4-B-3-b3-1-B × Sun runner (F519-9)



Table 2 List of crosses of different generations derived via hybridization	Comment by HP 840r G4: Table 2.
	S.No.	Comment by HP 840r G4: This table is not scientific
	Name of cross combination
	Generation

	7.
	TG 86 × GPBD – 4
	F1

	8.
	TG 86 × SUNOLEIC - 95R
	F1

	9.
	NITYA HARITA × KDG – 128
	F1

	10.
	NITYA HARITA × GPBD – 4
	F1

	11.
	NITYA HARITA × SUNOLEIC -95R
	F1

	12
	DGRMB 32 × KDG – 128
	F1

	13.
	DGRMB 32 × GPBD – 4
	F1

	14.
	DGRMB 32 × SUNOLEIC -95R
	F1

	15.
	TG 86 × GPBD – 4
	F2

	16.
	TG 86 × SUNOLEIC - 95R
	F2

	17.
	NITYA HARITA × KDG – 128
	F2

	18.
	NITYA HARITA × GPBD – 4
	F2

	19.
	NITYA HARITA × SUNOLEIC -95R
	F2

	20.
	DGRMB 32 × KDG – 128
	F2

	21.
	DGRMB 32 × GPBD – 4
	F2

	22.
	DGRMB 32 × SUNOLEIC -95R
	F2

	23.
	(TG 86 × GPBD – 4) × TG 86
	BC 1

	24.
	(TG 86 × SUNOLEIC - 95R) × TG 86
	BC 1

	25.
	(NITYA HARITA × KDG – 128) × NITYA HARITA
	BC 1

	26.
	(NITYA HARITA × GPBD – 4) × NITYA HARITA
	BC 1

	27.
	(NITYA HARITA × SUNOLEIC -95R) × NITYA HARITA
	BC 1

	28.
	(DGRMB 32 × KDG – 128) × DGRMB 32
	BC 1

	29.
	(DGRMB 32 × GPBD – 4)   × DGRMB 32
	BC 1

	30.
	(DGRMB 32 × SUNOLEIC - 95R) × DGRMB 32
	BC 1

	31.
	(TG 86 × GPBD – 4) × GPBD 4
	BC 2

	32.
	(TG 86 × SUNOLEIC - 95R) × SUNOLEIC 95R
	BC 2

	33.
	(NITYA HARITA × KDG – 128) × KDG 128
	BC 2

	34.
	(NITYA HARITA × GPBD – 4) × GPBD 4
	BC 2

	35.
	(NITYA HARITA × SUNOLEIC -95R) × SUNOLEIC 95 R
	BC 2

	36.
	(DGRMB 32 × KDG – 128) × KDG 128
	BC 2

	37.
	((DGRMB 32 × GPBD – 4) × GPBD 4
	BC 2

	38.
	DGRMB 32 × SUNOLEIC - 95R) × SUNOLEIC 95R 
	BC 2


2.3 Statistical analysis 
Data were recorded on 14 morphological traits, viz., days to 50% flowering, days to maturity, plant height, number of branches per plant, number of pods per plant, pod yield per plant, kernel yield per plant, shelling percentage (%), sound mature kernel percentage (%), 100-kernel weight (g), biological yield per plant (g), dry weight per plant (g), harvest index (%) and chlorophyll content (%). Mean values for each trait were subjected to analysis of variance (ANOVA) to assess the presence of significant genotypic differences among the entries, following the method described by Panse and Sukhatme (1954). Genotypic and phenotypic variances were estimated using the formula proposed by Burton (1953). The heritability formula given by Hanson et al. (1956) and Johnson et al. (1955) was used to estimate heritability and genetic advance estimates, respectively. These analyses were carried out to quantify the extent of genetic variability and to evaluate the potential for genetic improvement among the studied genotypes.
3. Results & Discussion 
3.1. Analysis of Variance 
The analysis of variance (ANOVA) for 14 morphological traits (Table 3) revealed highly significant differences (p ≤ 0.05) among the genotypes for all the investigated characters, indicating the presence of considerable genetic variability within the experimental material. The mean sum of squares due to treatments was consistently higher than that of error across all traits, confirming the reliability of the observed variation. Traits such as number of pods per plant (MS = 200.467), pod yield per plant (MS = 194.847), kernel yield per plant (MS = 114.439), biological yield per plant (MS = 3112.981) and dry weight per plant (MS = 464.015) recorded the highest mean sum of squares, signifying a wide range of genetic diversity and substantial potential for selection. Similarly, traits including shelling percentage, sound mature kernel percentage and 100-kernel weight also exhibited significant variation, reflecting genetic divergence among the evaluated genotypes. 
The significant variability observed in yield-contributing characters suggested that these traits can serve as important selection criteria in groundnut improvement programmes. High variation in pod yield per plant, kernel yield per plant and biological yield per plant highlights their direct contribution to overall productivity, while indirect contributors such as number of pods per plant and 100-kernel weight further enhance yield potential (Korale et al., 2022; Hariharan et al., 2025; Vaghasiya et al., 2025). Moreover, significant differences in physiological traits like chlorophyll content point to variability in photosynthetic efficiency, which may play an important role in sustaining yield under diverse conditions (Zhou et al., 2023; Gao et al., 2024; Croce et al., 2024). The results are in agreement with earlier studies by Suthar et al. (2023), Sravanti et al. (2024), Danalakoti et al. (2024) and Yami & Abtew (2025), who also found substantial genetic variability in groundnut for yield and its component traits, indicating that the present genetic material possesses ample scope for further crop improvement. 	Comment by HP 840r G4: italic
Table 3 ANOVA for 14 morphological characters 	Comment by HP 840r G4: Table 3.
	Character/Source of Variation	Comment by HP 840r G4: This table is not scientific
Harmonize the number of digits after the decimal point in the table
	MS Replication

	MS Treatment

	MS Error

	df 
	2
	37
	74

	DTF
	0.262
	14.716**[endnoteRef:1] [1: ] 

	0.345

	DM
	0.847
	59.966**
	6.33

	PH
	5.384
	122.125**
	5.661

	[bookmark: _Hlk210267181]NBPP
	0.01
	4.119**
	0.097

	NDPP
	0.03
	200.467**
	0.714

	PYPP
	1.893
	194.847**
	0.636

	KYPP
	0.661
	114.439**
	0.339

	SHP
	13.562
	116.833**
	25.82

	HKW
	7.137
	143.88**
	8.037

	SMKP
	0.068
	86.889**
	0.637

	BYPP
	81.905
	3112.981**
	74.937

	DWT
	1.961
	464.015**
	5.118

	HI
	5.075
	34.784**
	17.27

	[bookmark: _Hlk210267045]CHP
	0.61
	57.59**
	0.641



3.2. Genetic parameters 
The estimates of mean performance, range, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (H²b), genetic advance (GA) and genetic advance as percent of mean (GAM) for 14 morphological traits are presented in Table 4 and Figure 1 and 2. Substantial variability was observed among the traits investigated, as reflected by the wide ranges and high variability estimates. High GCV and PCV values were obtained for pod yield per plant (52.52% and 52.77%, respectively), kernel yield per plant (60.31% and 60.58%), number of pods per plant (39.92% and 40.14%), biological yield per plant (29.88% and 30.97%) and dry weight per plant (30.10% and 30.60%). The narrow differences between GCV and PCV for these traits proposed that the variability is predominantly genetic with minimal environmental influence, highlighting their suitability for direct selection in breeding programmes. As suggested by Chavadhari et al., (2017), Vinithashri et al. (2019) and Chacko et al. (2023).	Comment by HP 840r G4: separate numbers with percentages
Heritability estimates were generally high for most of the characters, with kernel yield per plant (99.12%), pod yield per plant (99.03%), number of pods per plant (98.94%) and sound mature kernel percentage (97.83%) exhibiting near-complete heritable control. This suggests the predominance of additive gene action, thereby ensuring effective response to simple selection strategies (Aparna et al., 2018; Vaishali et al., 2023; Rajanna et al., 2024). Conversely, harvest index recorded low heritability (25.26%) coupled with low GAM (6.42%), reflecting strong environmental influence and signifying that direct selection for this trait would be less efficient (Wadikar et al., 2018; Korale et al., 2021; Poojitha et al., 2024).	Comment by HP 840r G4: idem	Comment by HP 840r G4: idem
Genetic advance as percent of mean (GAM) was highest for kernel yield per plant (123.69%), tracked by pod yield per plant (107.66%) and number of pods per plant (81.80%). These high GAM values, in combination with high heritability, clearly indicate the presence of additive genetic variance and signify that these traits can be successfully improved through direct selection (Kumari et al., 2019; Chauhan et al., 2022; Rajput et al., 2024). Traits such as biological yield (59.40 %) and dry weight per plant (61.00 %) also demonstrated moderate to high GAM, indicating their potential as secondary selection criteria. On the other hand, traits like days to maturity, shelling percentage and harvest index exhibited lower GAM, suggesting that their improvement may require alternative breeding approaches such as recurrent selection or multi-environment testing to stabilize their performance (Veer & Kumar, 2021; John et al., 2021; Umadevi et al., 2025).	Comment by HP 840r G4: idem
Similar results have also been reported by Chauhan et al. (2022), Yadav et al. (2023), Wang et al. (2023), Khalid et al. (2024), Patel et al. (2024) and Behera et al. (2025). From a breeding perspective, traits with high heritability and high GAM e.g., kernel yield, pod yield and number of pods per plant should be prioritized for direct selection to achieve rapid genetic gain (Raza et al., 2019; Rajput et al., 2024a; Poojitha et al., 2024; Hariharan et al., 2025). Physiological traits such as chlorophyll content and morphological traits like number of branches per plant, which showed high heritability with moderate GAM, could be incorporated as indirect selection indices to enhance yield potential (Roy et al., 2018; Tamilselvi et al., 2020; Harika et al., 2025; Hariharan et al., 2025). Traits with low heritability and GAM, particularly harvest index, may be improved through population improvement strategies such as recurrent selection, biparental mating or exploitation of heterosis in hybrid breeding programmes (Vasanthi et al., 2015; Bhargavi et al., 2017; Oppong-Sekyere et al., 2019; Abubakar et al., 2024). Overall, the study underscores that kernel yield per plant, pod yield per plant and number of pods per plant are the most promising traits for selection in groundnut breeding. Integrating these traits into breeding pipelines, alongside recurrent selection strategies for traits with low heritability, could accelerate the development of high-yielding and stable groundnut varieties adapted to diverse environments. 	Comment by HP 840r G4: italic
Table 4 Estimates of genetic variability parameters for various traits 	Comment by HP 840r G4: Table 4.
	Character/Source of Variation	Comment by HP 840r G4: This table is not scientific
Harmonize the number of digits after the decimal point in the table.
	Mean
	Range
	GCV%
	PCV%
	H2b (%)
	GA @ 5%
	GAM%

	
	
	Min.
	Max.
	
	
	
	
	

	DTF
	27.50
	24.00
	32.00
	7.96
	8.24
	93.28
	4.35
	15.83

	DM
	97.50
	89.00
	107.00
	4.34
	5.05
	73.85
	7.49
	7.68

	PH
	35.79
	18.93
	52.81
	17.41
	18.64
	87.27
	11.99
	33.51

	NBPP
	6.08
	3.41
	8.57
	19.05
	19.73
	93.29
	2.30
	37.91

	NDPP
	20.44
	10.00
	45.53
	39.92
	40.14
	98.94
	16.72
	81.80

	PYPP
	15.32
	4.10
	38.93
	52.52
	52.77
	99.03
	16.49
	107.66

	KYPP
	10.23
	3.06
	31.03
	60.31
	60.58
	99.12
	12.65
	123.69

	SHP
	65.65
	50.73
	79.71
	8.39
	11.41
	54.02
	8.34
	12.70

	HKW
	84.33
	70.00
	95.33
	7.98
	8.66
	84.93
	12.78
	15.15

	SMKP
	30.56
	20.52
	48.68
	17.55
	17.74
	97.83
	10.93
	35.75

	BYPP
	106.49
	49.34
	176.79
	29.88
	30.97
	93.11
	63.26
	59.40

	DWT
	41.09
	18.26
	67.41
	30.10
	30.60
	96.76
	25.06
	61.00

	HI
	38.95
	30.85
	46.52
	6.20
	12.34
	25.26
	2.50
	6.42

	CHP
	27.83
	20.86
	38.92
	15.66
	15.92
	96.74
	8.83
	31.72
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Figure 1: Diagram depicting range of various genetic parameters 	Comment by HP 840r G4: Figure 1.



	[image: ](a)
	[image: ](b)
	[image: ](c)
	[image: ]
(a)
	[image: ] (b)
	[image: ] (c)

	[image: ](d)
	[image: ](e)
	[image: ](f)
	[image: ] (d)
	[image: ] (e)
	[image: ] (f)

	[image: ](g)
	[image: ](h)
	[image: ](i)
	[image: ] (g)
	[image: ] (h)
	[image: ] (i)

	[image: ](j)
	[image: ](k)
	[image: ]  (l)
	[image: ] (j)
	[image: ] (k)
	[image: ] (l)

	[image: ](m)
	[image: ](n)
	
	[image: ] (m)
	[image: ] (n)
	

	(A)
	(B)


Figure 2: Diagram depicting comparison of variability among 14 traits using histograms (A) representing frequency distribution and violin plots (B) explaining distribution density for various characters viz., (a) DTF :Days to 50 % flowering, (b) DM: Days to maturity, (c) PH: Plant height,  (d) NBPP : Number of branches per plant, (e) NDPP :Number of pods per plant, (f) PYPP :Pod yield per plant, (g) KYPP :Kernel yield per plant, (h) SHP : Shelling per cent (%)), (i)  SMKP : Sound mature kernel percent (%)), (j) HKW: 100- kernel weight (gm)), (k) BYPP  :  Biological yield per plant (gm)), (l) DWT: (Dry weight per plant (gm)), (m) HI: (Harvest index (%), (n) CHP:  (Chlorophyll content percent (%)), across different treatments (generations) i.e., P1, P2, F₁, F₂, BC₁, and BC₂  cross combinations. 	Comment by HP 840r G4: Figure 2.
 


Conclusion 
The present study demonstrated presence of significant genetic variability among groundnut genotypes and their segregating generation populations for morphological, physiological and yield-related traits. Traits such as pod yield per plant, kernel yield per plant and number of pods per plant exhibited high genotypic and phenotypic variability, along with high heritability and genetic advance, indicating their strong potential for improvement through direct selection. Other traits, including biological yield, dry weight and chlorophyll content, also showed moderate to high heritability and genetic advance, suggesting their utility as secondary selection criteria. Conversely, traits with low heritability, such as harvest index, may require alternative breeding strategies, including recurrent selection or hybridization, for effective improvement. Overall, the study identifies key traits and superior genotypes that can be utilized in groundnut breeding programmes to develop high-yielding, adaptable cultivars, thereby enhancing productivity and contributing to sustainable oilseed production.
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