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Abstract
Groundnut (Arachis hypogaea L.) is a vital global oilseed crop whose productivity is severely constrained by late leaf spot (LLS) disease, caused by Nothopassalora personata, which can cause yield losses of 50-70%. Developing resistant cultivars is the most sustainable management strategy. This study aimed to screen 21 groundnut genotypes for LLS resistance during Kharif 2024. Screening was conducted using a 1–9 visual scale at 75 and 85 days after sowing (DAS) to assess both early and progressive disease reactions. The results identified GPBD-4, KDG-128, and JL-776 as parental lines with stable resistance at both growth stages. Among segregating populations, crosses involving these resistant parents, particularly JL-776 × KDG-128 and JL-776 × GPBD-4, demonstrated consistent and durable resistance across the F₁, F₂, and backcross generations. The study confirms that these genotypes are reliable sources of resistance alleles. The cross combinations JL-776 × KDG-128 and JL-776 × GPBD-4 are identified as excellent breeding material for developing high-yielding, resilient groundnut cultivars with durable LLS resistance.
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Introduction-
Groundnut (Arachis hypogaea L.), commonly known as peanut, is one of the most important oilseed crops cultivated worldwide. It is a self-pollinated, allotetraploid annual legume (2n = 4x = 40) with a genome size of approximately 2800 Mb/1C, which originated from the natural hybridization of two diploid wild species, A. duranensis (A genome) and A. ipaensis (B genome), followed by chromosome doubling and polyploidization. This unique genomic constitution has contributed to its wide adaptability and agronomic versatility. Groundnut is widely grown in tropical and subtropical regions and ranks as the sixth most important oilseed crop globally. The crop is highly valued for its oil content (45–53%) and digestible protein (25–30%), which make it a vital source of food, feed, and raw material for oil processing industries. In addition to its nutritional importance, groundnut kernels contain vitamins, minerals, and bioactive compounds that enhance human health, while the haulms serve as protein-rich fodder for livestock, thereby sustaining mixed farming systems (Nigam, 2014).
Despite its significance, groundnut productivity is severely constrained by multiple biotic and abiotic stresses. Drought, heat stress, and poor soil fertility are among the major abiotic challenges, while foliar fungal diseases, especially late leaf spot (LLS) and rust, remain the most destructive biotic constraints. The majority of commercially cultivated varieties, particularly of the Spanish bunch type (Arachis hypogaea ssp. fastigiata), are highly prone to foliar diseases. Among these, LLS caused by Nothopassalora personata (syn. Cercosporidium personatum or Phaeoisariopsis personata) is one of the most devastating diseases affecting groundnut worldwide (Subrahmanyam et al., 1995; Waliyar, 1991; Sukruth, 2017; Ramakrishnan et al., 2020).
The pathogen typically appears 45–60 days after sowing (DAS), later than early leaf spot (ELS), which justifies its nomenclature. Symptoms are characterized initially by small, dark brown to black circular lesions appearing predominantly on the abaxial (lower) surface of older leaves. As the infection progresses, lesions enlarge to 3–10 mm in diameter, deepen in colour, and become visible on both leaf surfaces. Often, mature lesions are surrounded by faint chlorotic halos. In severe cases, the disease leads to premature defoliation, reduced photosynthetic activity, and accelerated plant senescence. Such epidemics drastically curtail pod filling and kernel development, ultimately resulting in yield losses of 50–70% in susceptible cultivars (McDonald & Subrahmanyam, 1985; Subrahmanyam et al., 1985; Waliyar, 1990). In India, where fungicide applications are often limited due to cost constraints, yield losses can exceed 70% in unmanaged fields.
The impact of LLS extends beyond yield reduction. Infected plants produce kernels of inferior quality with lower oil content, reduced protein, and diminished market value. Consequently, LLS not only affects farmer livelihoods but also influences oilseed trade and processing industries, thereby impacting national food security and export potential. Its economic significance has led to the disease being recognized as one of the most important foliar diseases of groundnut worldwide.
Efforts to manage LLS have traditionally relied on chemical control, particularly fungicides such as chlorothalonil, mancozeb, and triazoles. While effective, repeated fungicide applications increase production costs, pose risks of chemical residues, and raise environmental and health concerns. Moreover, continuous use can lead to the evolution of fungicide-resistant pathogen strains, further complicating disease management (Pande & Rao, 2001). Cultural practices, including crop rotation, destruction of infected residues, and deep ploughing, provide some degree of disease reduction but are rarely feasible for smallholder farmers due to limited land availability, high labour demand, and lack of awareness (Gowda et al., 2002).
Given these challenges, host plant resistance has emerged as the most efficient, cost-effective, and eco-friendly strategy for sustainable LLS management, especially in developing countries. Deployment of resistant cultivars reduces reliance on chemical fungicides, lowers input costs, and contributes to environmentally safe production systems. Several resistant donor lines have been identified over the years, such as GPBD-4 and KDG-128, and have been widely utilized in breeding programs (Khedikar et al., 2010; Sujay et al., 2012; Dwivedi et al., 2002). However, the inheritance of LLS resistance is complex and polygenic in nature. Studies have demonstrated that resistance is governed by quantitative trait loci (QTLs) involving additive, dominance, and epistatic interactions (Motagi et al., 2001; Sujay et al., 2012). Additionally, the expression of resistance is strongly influenced by environmental factors such as temperature, humidity, and rainfall patterns, making it challenging to achieve stable resistance across diverse agro-ecologies.
The quantitative and environment-sensitive nature of LLS resistance complicates direct selection in breeding programs. While classical breeding approaches have been successful to some extent, progress has been relatively slow. The advent of molecular breeding, especially QTL mapping and marker-assisted selection, has accelerated the process by enabling precise introgression of resistance loci into elite cultivars (Khedikar et al., 2010; Ramakrishnan et al., 2020). Nonetheless, phenotypic screening under field conditions remains indispensable for validating resistance and ensuring durability.
Therefore, there is a continued need to identify stable sources of resistance and evaluate their performance under natural disease pressure. Combining resistant donors with high-yielding and high oleic acid parents offers a promising avenue for developing cultivars that are both agronomically superior and disease-resistant. The present study was undertaken to evaluate groundnut germplasm and segregating populations for LLS resistance, with the ultimate aim of identifying reliable parental lines and promising cross combinations for use in resistance breeding programs.
Materials and Methods
Total 21 genotypes were screened for LLS during Kharif 2024.Visual screening with modified 1-9 point scale as given by Subrahmanyam et al.,(1995) was used for screening of genotypes for late leaf spot disease. The field disease scores were mainly based on the extent of leaf area damage. Late leaf spot disease reaction was categorized based on severity. For late leaf spots (LLS) Disease scoring was done in 75 and 85 days after sowing. Scoring scale 1 to 9 was used representing score 1-3 (0 to 20% disease) to highly resistance lines, 4-5 for moderately resistance (21 to 50%), 6-7 for susceptible (51 to 70%) and 8-9 for highly susceptible (71 to 100%).
Table 1. Disease scoring was based on 1-9 scale. (Subrahmanyam et al.,1995)

	Scale 
	 Response

	0-1
	Highly resistance

	2-3
	Resistance

	4-5
	Moderate resistance

	6-7
	Susceptible

	8-9
	Highly susceptible


Table 2. List of Parents with Pedigree and its trait.
	Parents:
	                   Pedigree
	Traits for selection of parents

	TG- 86
	TG-66 (gamma ray irradiation )
	High yielding

	JL-776
	ICGV 92069 × ICGV 86031
	High yielding

	KDG-128
	ICGV020059
	High oleic acid

	GPBD-4
	KRG 1 × CS 16
	Resistant to LLS and rust

	SUNOLIC-95R
	F435 × Sunrunner
	High oleic acid


Table 3. List of generation and crosses
	Sr. No.
	Generations
	Cross-1
	Cross-2
	Cross-3
	Cross-4

	1
	P1
	TG- 86
	JL-776
	JL-776
	JL-776

	2
	P2
	KDG-128
	KDG-128
	GPBD-4
	SUNOLIC-95R

	3
	F1
	(TG-86 × KDG-128)
	(JL-776× KDG-128)
	(JL-776×GPBD-4)
	(JL-776× SUNOLIC-95R)

	4
	F2
	SELF ON F1
	SELF ON F1
	SELF ON F1
	SELF ON F1

	5
	BC1
	(TG-86 × KDG-128) × TG-86
	(JL-776× KDG-128) × JL-776 
	(JL-776×GPBD-4) × JL-776
	(JL-776× SUNOLIC-95R) × JL-776

	6
	BC2
	(TG-86 × KDG-128) × KDG-128
	(JL-776× KDG-128) × KDG-128
	(JL-776×GPBD-4) × GPBD-4
	(JL-776× SUNOLIC-95R) × SUNOLIC-95R


Results and Discussion
Field screening of the groundnut germplasm for late leaf spot (LLS) resistance was undertaken using the 1–9 visual scale of Subrahmanyam et al. (1995). Disease scoring at 75 DAS (days after sowing) and 85 DAS provided a comparative picture of early infection responses as well as disease progression during crop maturity. The two-time-point assessment ensured that both initial resistance and durability of resistance could be captured in parents as well as their respective segregating generations.
Performance of Parental Lines
The parental genotypes differed significantly in their reaction to LLS infection. GPBD-4 exhibited the lowest mean disease score (1.89 at 75 DAS and 2.56 at 85 DAS), confirming its well-established status as a stable donor for resistance against foliar diseases, including LLS and rust (Gowda et al., 2002; Ramakrishnan et al., 2020). Similarly, KDG-128 recorded low scores (2.14 at 75 DAS and 2.91 at 85 DAS), reaffirming that this genotype carries effective alleles for disease resistance. JL-776 also displayed consistent resistance across both stages (2.86 at 75 DAS and 3.77 at 85 DAS), proving to be a moderately strong source of resistance.
By contrast, TG-86 showed a clear shift from resistance (3.93 at 75 DAS) to moderate resistance (4.81 at 85 DAS), indicating that its resistance is not durable under progressive disease pressure. This suggests the presence of partial or stage-dependent resistance mechanisms, which may break down as the pathogen load increases with crop age. Sunoleic-95 R , on the other hand, was clearly identified as the most susceptible line (5.71 at 75 DAS and 6.93 at 85 DAS). Its susceptibility limits its direct use as a resistance donor, though its value lies in contributing high oleic acid content for oil quality improvement.
Performance of F₁ Generations
The F₁ crosses revealed strong evidence of hybrid vigour for disease resistance, particularly when resistant parents were involved. JL-776 × KDG-128 (1.19 at 75 DAS; 1.88 at 85 DAS) and JL-776 × GPBD-4 (1.23 at 75 DAS; 1.63 at 85 DAS) recorded very low scores, placing them in the resistant to highly resistant class. The strong resistance in these F₁s highlights the complementary action of alleles contributed by both parents. Even JL-776 × Sunoleic-95 R (1.83 and 2.51) displayed resistance, despite Sunoleic-95 R  being highly susceptible. This observation confirms the dominance of resistance alleles from JL-776, which successfully masked the susceptibility of the Sunoleic parent.
In comparison, TG-86 × KDG-128 exhibited resistance at 75 DAS (2.94) but shifted closer to moderate resistance at 85 DAS (3.76). This behaviour mirrors that of TG-86 as a parent, suggesting that although KDG-128 provides strong alleles, the resistance breakdown tendency of TG-86 still influences the hybrid under progressive disease pressure.
Performance of F₂ Generations
The F₂ populations displayed segregation for resistance, yet the averages indicated retention of resistant traits in most crosses. JL-776 × KDG-128 (1.56 and 2.31) and JL-776 × GPBD-4 (1.64 and 2.19) maintained strong resistance across both stages. This highlights the heritable nature of resistance genes in these crosses. Similarly, JL-776 × Sunoleic-95 R  (2.27 and 2.93) performed better than expected, considering the susceptibility of one parent.
On the contrary, TG-86 × KDG-128 recorded higher mean scores in F₂ (3.87 and 4.43), shifting into the moderate resistance category. This indicates segregation towards susceptibility and the possible influence of minor genes from TG-86, confirming that durable resistance in this cross is weaker than in those involving JL-776.
Performance of Backcross Generations (BC₁ and BC₂)
Backcross populations provided further insights into resistance inheritance:
BC₁ populations (backcrossed with the resistant parent JL-776) of JL-776 × KDG-128 (2.14 and 2.76) and JL-776 × GPBD-4 (2.71 and 3.12) retained moderate to strong resistance, reinforcing the dominance of resistance alleles. JL-776 × Sunoleic-95 (2.56 and 3.15) also displayed useful levels of resistance, reflecting the effective transfer of resistance from JL-776. Conversely, TG-86 × KDG-128 BC₁ showed higher scores (4.13 and 4.87), which placed it in the moderately resistant group, again revealing the unstable resistance contribution of TG-86.
BC₂ populations (backcrossed with the second parent) provided an opportunity to test resistance allele stability. JL-776 × KDG-128 BC₂ (1.77 and 2.39) and JL-776 × GPBD-4 BC₂ (2.15 and 2.63) demonstrated durable resistance. This confirms that both KDG-128 and GPBD-4 effectively transmit resistance alleles into progenies. By contrast, JL-776 × Sunoleic-95 R BC₂ (3.63 and 4.26) shifted towards moderate susceptibility, reflecting the dilution effect when susceptible Sunoleic-95 R was reintroduced.
Comparative Insights
The data collectively showed that resistance sources such as GPBD-4, KDG-128, and JL-776 consistently performed across multiple generations. The crosses JL-776 × KDG-128 and JL-776 × GPBD-4 stood out as the most promising combinations for resistance breeding. Interestingly, the positive performance of JL-776 × Sunoleic-95 R demonstrates the possibility of integrating resistance with oil quality traits, provided careful selection is made in segregating generations.
These findings are in agreement with earlier studies (Dwivedi et al., 2002; Khedikar et al., 2010; Sujay et al., 2012), which reported that resistance to LLS is polygenic, durable when pyramided, and most effective when multiple resistant parents are involved. Furthermore, the resistance observed across F₁, F₂, and backcross generations highlights the feasibility of gene introgression for durable resistance.
Table 4: Disease scoring of late leaf spot of groundnut at 75 and 85 DAS
	Generation
	Crosses
	Disease score for late leaf spots (LLS)

	
	
	75 DAS
	85 DAS

	
	Parents
	
	

	P1
	TG-86
	3.93
	4.81

	P2
	JL-776
	2.86
	3.77

	P3
	KDG-128
	2.14
	2.91

	P4
	GPBD-4
	1.89
	2.56

	P5
	SUNOLIC-95 R
	5.71
	6.93

	
	Crosses
	
	

	F1
	TG-86 ×KDG -128
	2.94
	3.76

	F1
	JL-776 ×KDG -128
	1.19
	1.88

	F1
	JL-776 × GPBD-4
	1.23
	1.63

	F1
	JL-776 ×  SUNOLIC 95R
	1.83
	2.51

	F2
	TG-86 ×KDG -128
	3.87
	4.43

	F2
	JL-776 ×KDG -128
	1.56
	2.31

	F2
	JL-776 × GPBD-4
	1.64
	2.19

	F2
	JL-776 ×  SUNOLIC 95R
	2.27
	2.93

	BC1
	(TG-86 × KDG -128) × TG-86
	4.13
	4.87

	BC1
	(JL-776 × KDG -128) × JL-776
	2.14
	2.76

	BC1
	(JL-776 × GPBD-4) × JL-776
	2.71
	3.12

	BC1
	(JL-776 × SUNOLIC 95 R) × JL-776
	2.56
	3.15

	BC2
	(TG-86 × KDG -128) × KDG-128
	2.65
	3.39

	BC2
	(JL-776× KDG -128) × KDG-128
	1.77
	2.39

	BC2
	(JL-776× GPBD-4) × GPBD-4
	2.15
	2.63

	BC2
	(JL-776 ×SUNOLIC 95 R ) × SUNOLIC 95 R
	3.63
	4.26



Table 5: Grouping of parents and crosses based on the reaction against late leaf spot of groundnut
	Rating
	Reaction 
	Genotypes

	0-1
	Highly resistance
	JL-776 × GPBD-4

	2-3
	Resistance
	JL-776 ×KDG -128, JL-776 × GPBD-4, JL-776 ×KDG -128
(JL-776× KDG -128) × KDG-128, JL-776 ×  SUNOLIC 95R
GPBD-4, (JL-776× GPBD-4) × GPBD-4, (JL-776 × KDG -128) × JL-776, KDG-128, JL-776 ×  SUNOLIC 95R, (JL-776 × SUNOLIC 95 R) × JL-776, (JL-776 × GPBD-4) × JL-776
(TG-86 × KDG -128) × KDG-128, JL-776, TG-86 ×KDG -128

	4-5
	Moderate resistance
	(JL-776 ×SUNOLIC 95 R ) × SUNOLIC 95 R, TG-86 ×KDG -128, TG-86, (TG-86 × KDG -128) × TG-86

	6-7
	Susceptible
	SUNOLIC-95 R

	8-9
	Highly susceptible
	No Genotypes were Highly susceptible




Fig 1: Number and percentage of genotypes with different reaction towards late leaf spot in groundnut
Conclusion
Screening of groundnut genotypes identified GPBD-4, KDG-128, and JL-776 as consistently resistant parents to late leaf spot at both 75 and 85 DAS. Among the crosses, JL-776 × KDG-128 and JL-776 × GPBD-4 showed the most stable resistance across all generations (F₁, F₂, BC₁, BC₂). In contrast, TG-86 showed weakening resistance and SUNOLEIC-95 R was highly susceptible. The results confirm that alleles from GPBD-4, KDG-128, and JL-776 are effective for breeding durable resistance.
Implications for Breeding
The stability of resistance in multiple generations underscores the potential for developing elite cultivars combining high yield, high oleic acid content, and durable disease resistance. Among all materials, JL-776 × KDG-128 and JL-776 × GPBD-4 emerge as prime candidates for use in future breeding programs. Marker-assisted selection (as reported by Khedikar et al., 2010; Ramakrishnan et al., 2020) can accelerate the fixation of resistance alleles from these donors into farmer-preferred backgrounds.
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