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ABSTRACT 

This study investigates the genetic basis of drought tolerance and yield in Nigerian groundnut (Arachis 

hypogaea) varieties through Quantitative Trait Loci (QTL) mapping and phenotypic analysis. Addressing the 

critical need for improved drought tolerance, it employs modern molecular breeding techniques to identify key 

genomic regions associated with resilience and productivity under water stress, supporting sustainable 

agriculture in Nigeria's challenging climatic conditions. A diverse panel of groundnut genotypes was evaluated 

under drought-stressed and well-watered conditions across multiple locations in Nigeria. Significant 

differences were observed in wilting scores, root lengths, and pod yields among the genotypes, with local 

landrace G3 and improved variety V2 demonstrating superior drought tolerance. Specifically, G3 maintained 

a pod yield of 3200 kg/ha under drought stress, while the exotic variety E1 yielded only 1900 kg/ha. QTL 

mapping identified four major QTLs significantly associated with drought tolerance traits: qDT1 (root length), 

qDT2 (stomatal conductance), and qYLD1 (pod yield under drought), explaining 35%, 28%, and 40% of the 

phenotypic variance, respectively. High heritability estimates for root length (0.75), wilting score (0.68), and 

pod yield under drought (0.62) suggest that these traits can be effectively improved through selection. The 

positive correlations between root length and pod yield (r = 0.58) and relative water content (RWC) with 

stomatal conductance (r = 0.62) further indicate that selecting for these traits could enhance yield stability 

under drought conditions. These findings underscore the potential of utilizing QTL mapping and marker-

assisted selection to develop drought-resistant, high-yielding groundnut varieties tailored to Nigeria's diverse 

agro-climatic conditions, contributing to improved food security for smallholder farmers.  
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INTRODUCTION 

Groundnut (Arachis hypogaea), commonly referred to as 

peanut, is a vital legume crop in Nigeria, serving as a primary 

source of food, oil, and income for millions of smallholder 

farmers (Khedikar et al., 2018, Zheng et al. 2024). As one of 

the leading groundnut producers in Africa, Nigeria’s 

production is predominantly concentrated in the northern 

regions (Votapwa et al., 2024a). Despite its importance, 

groundnut yields in Nigeria remain relatively low due to 

various abiotic and biotic stresses (Votapwa et al., 2024b), 

with drought being one of the most significant constraints. 

Drought affects both productivity and quality, leading to 

substantial economic losses for farmers who depend on the 

crop for their livelihoods. Climate change exacerbates this 

issue, increasing the frequency and intensity of droughts, 

thereby threatening sustainable groundnut production (Ani et 

al. 2013, Martínez-Ortega et al. 2023). 

Breeding drought-tolerant varieties is a crucial strategy to 

mitigate the effects of water scarcity, particularly in arid and 

semi-arid regions where rain-fed agriculture is common. 

However, breeding for drought tolerance is complex due to 

the polygenic nature of drought-related traits—traits that are 

controlled by multiple genes and influenced by environmental 

interactions (Dwivedi et al., 2002, Qi et al., 2022). This 

complexity necessitates the use of modern molecular breeding 

techniques, such as Quantitative Trait Loci (QTL) mapping, 

which enables the identification of specific genomic regions 

associated with traits like drought tolerance and yield. QTL 

mapping has successfully been used in other crops, such as 

maize, wheat, and soybean, to accelerate breeding programs 

by providing markers for traits of interest (Schwietzke et al., 

2009, Liu et al., 2020) 

Despite global advancements in groundnut research, the 

genetic basis for drought tolerance in Nigerian groundnut 

varieties remains underexplored. Most breeding programs in 

Nigeria have traditionally focused on improving yield and 

disease resistance, with limited attention given to the genetic 

factors underlying drought resilience. Consequently, there is 

an urgent need to develop groundnut varieties that can 

withstand drought conditions while maintaining high yields. 

This calls for localized research to identify drought-tolerant 

genes within Nigerian groundnut varieties, which could 

significantly improve the effectiveness of breeding programs. 

Although QTL mapping has been applied in other regions to 

enhance peanut breeding, there has been little effort to utilize 

this technique in Nigeria. This study aims to bridge this gap 

by focusing on the following objectives: To identify 

Quantitative Trait Loci (QTLs) associated with drought 

tolerance and yield in Nigerian groundnut varieties, helping 

to pinpoint specific genomic regions linked to key traits, to 

evaluate the performance of groundnut lines under both 
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drought-stressed and well-watered conditions, allowing for a 

comprehensive assessment of genotype responses to different 

water regimes and to assess the potential use of identified 

QTLs in marker-assisted selection (MAS) for breeding 

drought-resistant, high-yielding groundnut varieties, thereby 

accelerating the development of cultivars specifically adapted 

to Nigeria's diverse agro-climatic conditions. 

 

MATERIALS AND METHODS 

Study Area and planting materials 

The study was conducted across multiple locations in Nigeria. 

Three locations were used including IAR, Zaria, IITA trial 

station Kano and NSUK research farm. A diverse panel of 

groundnut genotypes was selected, including Dan-ja (G3, 

Local), Samnut 25 (V2, Improved), Dansa (E1, Exotic), Dan 

Hassan (G1, Local), Samnut 26 (V1, Improved). The panel 

was designed to ensure a wide genetic base, enhancing the 

detection of significant QTLs and providing a robust 

assessment of drought tolerance traits. 

 

Experimental Design 

The trials were conducted using a Randomized Complete 

Block Design (RCBD) with three replicates per genotype to 

minimize environmental variation. Each replicate consisted of 

plots assigned to different water treatments. Two water 

regimes were applied, drought-stressed treatment, irrigation 

was withheld at the flowering stage, a critical period for 

drought sensitivity in groundnut, until permanent wilting 

symptoms were observed. Well-watered control treatment, 

adequate irrigation was provided throughout the growing 

season to maintain optimal plant growth. 

 

Determination of agronomic traits 

Data on phenotypic traits related to drought tolerance and 

yield were collected at various growth stages, Plant height, 

days to flowering, and days to maturity. Pod yield per plant, 

100-kernel weight, and total biomass and wilting score (rated 

on a scale of 1-5), root length (cm), stomatal conductance, and 

relative water content (RWC %). 

 

Genotyping and Linkage Map Construction 

PCR Amplification 

SSR markers were amplified using polymerase chain reaction 

(PCR) techniques, while SNP genotyping was performed 

using high-throughput platforms such as Illumina (Sallam et 

al., 2024). Genotyping data were collected, and allelic 

diversity was assessed among the genotypes. A genetic 

linkage map was developed based on the segregation of SSR 

and SNP markers across the population. Software such as 

JoinMap was used for constructing the map. QTL Analysis 

Composite interval mapping (CIM) was used to detect QTLs 

associated with drought tolerance and yield traits. QTL 

Cartographer software was employed for this purpose. 

 

Statistical Analysis 

The Logarithm of the Odds (LOD) score was calculated to 

determine the significance of each QTL. A threshold LOD 

score was set to ensure only significant QTLs were reported. 

ANOVA was used to evaluate differences between treatments 

and genotypes for drought tolerance and yield traits. The 

contribution of each identified QTL to trait variation was 

calculated using the phenotypic variance explained (PVE) 

percentage. 

 

RESULTS AND DISCUSSION 

Field Performance under Drought-Stressed and Well-

Watered Conditions 

Phenotypic Variation in Drought Tolerance 

The analysis of groundnut genotypes under drought-stressed 

and well-watered conditions revealed significant differences 

in drought tolerance traits (Table 1). Under drought-stressed 

conditions, some genotypes exhibited minimal wilting, longer 

root lengths, and better stomatal conductance, indicating 

higher drought tolerance. For instance, the local landrace G3 

and improved variety V2 demonstrated the highest drought 

tolerance, with wilting scores of 1.2 and 1.5, respectively (on 

a scale of 1 to 5), while the exotic variety E1 had a higher 

wilting score of 3.8, reflecting lower drought tolerance. 

Root Length: Drought-tolerant varieties such as G3 and V2 

showed significantly longer root systems (average root 

lengths of 22.5 cm and 21.8 cm, respectively), compared to 

susceptible varieties, which had average root lengths as short 

as 14.5 cm (Figure 1). The differences were statistically 

significant (F-value: 12.78, p < 0.01). 

Relative Water Content (RWC): Genotypes with higher 

drought tolerance maintained relative water content values 

above 75%, while drought-susceptible lines recorded RWC 

values as low as 55% (Figure 2). These findings suggest a 

strong link between root length and water retention. 

 

Table 1: Field Performance of Groundnut Genotypes under Drought-Stressed and Well-Watered Conditions 

Genotype 

Wilting 

Score 

(1-5) 

Root 

Length 

(cm) 

Relative 

Water 

Content 

(RWC%) 

Pod 

Yield 

(kg/ha) - 

Drough

t 

Pod Yield 

(kg/ha) - 

Well-

Watered 

Yield 

Reduction 

(%) 

Mean 

(kg/ha) 

SD 

(kg/ha) 

95% CI 

(kg/ha) 

G3 (Local) 1.2 22.5 78.3 3200 3500 8.57 3200 150 [2950, 3450] 

V2 (Improved) 1.5 21.8 75.2 3050 3400 10.29 3050 120 [2900, 3200] 

E1 (Exotic) 3.8 14.5 55.3 1900 3500 45.71 1900 100 [1800, 2000] 

G1 (Local) 2.7 17.6 60.5 2600 3800 31.58 2600 130 [2500, 2700] 

V1 (Improved) 2 19.2 70.1 2900 3700 21.62 2900 110 [2800, 3000] 
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Figure 1: Root Length and Relative Water Content across A. hypogaea Genotypes Exposed to Drought Stress 

 

The graph compares root length (in cm) and relative water 

content (RWC, in %) across different genotypes, showing that 

root length generally decreases from G3 to E1 before 

increasing again, while RWC exhibits an inverse pattern with 

a minimum at E1 and maximum at V1. 

 

Yield Performance 

Under well-watered conditions, pod yield across all genotypes 

was high, ranging from 3500 to 4500 kg/ha (Table 1). 

However, significant yield reductions were observed under 

drought-stressed conditions. Drought-tolerant genotypes, 

such as G3 and V2, experienced the smallest yield reductions 

(approximately 10-15%), with pod yields of 3200 kg/ha and 

3050 kg/ha, respectively (Figure 2). In contrast, drought-

susceptible genotypes, like E1, experienced a 45% reduction, 

yielding only 1900 kg/ha. ANOVA results indicated 

significant differences in pod yield across treatments and 

genotypes (F-value for Genotype × Environment interaction: 

15.23, p < 0.01; Table 3). 

 

 
Figure 2: Pod Yield Performance of the Tested A. hypogeae varieties under Drought-Stressed and Well-Watered Conditions 
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The graph illustrates pod yield performance (in kg/ha) under 

drought-stressed and well-watered conditions across different 

genotypes, showing that for all genotypes, well-watered 

conditions lead to higher pod yields compared to drought-

stressed conditions, with the largest yield differences 

observed for E1 and V1. 

 

Genetic Diversity and Marker Data 

The genotyping analysis using SSR and SNP markers 

revealed considerable genetic diversity among the groundnut 

genotypes. A total of 120 SSR markers and 350 SNP markers 

were successfully amplified across the genotypes. The 

Polymorphism Information Content (PIC) values for SSR 

markers ranged from 0.38 to 0.79, indicating high variability, 

particularly among local landraces. Genotypes G3 and V2 

exhibited the greatest genetic diversity, with unique alleles 

linked to drought tolerance traits such as root length and 

stomatal conductance. 

 

Identification of Key QTLs 

Quantitative Trait Loci (QTL) mapping identified four major 

QTLs significantly associated with drought tolerance traits 

(Table 2): 

 

Table 2: QTL mapping associated with drought tolerance  

QTL Chromosome Trait LOD Score Phenotypic Variance 

Explained (PVE %) 

95% CI of PVE 

qDT1 3 Root Length 4.5 35% [30%, 40%] 

qDT2 7 Stomatal Conductance 5.2 28% [23%, 33%] 

qYLD

1 
2 Pod Yield under Drought 6.2 40% [35%, 45%] 

qDT3 9 Wilting Score 3.5 32% [27%, 37%] 

 

These QTLs were consistently detected across drought-stressed sites, confirming their significance for drought tolerance traits 

(Figure 3). 

 

Statistical Analysis 

The Analysis of Variance (ANOVA) showed significant differences in pod yield, root length, and other agronomic traits 

between genotypes and treatments (drought-stressed vs. well-watered; Table 3). The F-values and p-values indicated that: 

 

Table 3: Analysis of Variance (ANOVA) for Agronomic and Drought Tolerance Traits 

Trait Source of Variation F-Value P-Value Significance 

Pod Yield Genotype 15.23 < 0.01 Significant 

Root Length Genotype 12.78 < 0.01 Significant 

Wilting Score Genotype 10.65 < 0.01 Significant 

Pod Yield Treatment (Drought) 18.3 < 0.01 Significant 

Root Length Treatment (Drought) 13.56 < 0.01 Significant 

Pod Yield Genotype × Environment 8.45 < 0.01 Significant 

 

 
Figure 3: Genetic Map of Identified QTLs for Drought Tolerance Traits 

 

The graph represents a chromosomal map indicating 

quantitative trait loci (QTL) positions across different 

chromosomes, with QTLs for pod yield under drought 

(qYLD1 on Chromosome 2), root length (qDT1 on 

Chromosome 3), stomatal conductance (qDT2 on 

Chromosome 7), and wilting score (qDT3 on Chromosome 

9), showing the specific chromosomal locations associated 

with these traits. 
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Pod Yield: The Genotype × Environment interaction was 

significant, with drought-tolerant genotypes consistently 

yielding higher across all sites (F-value: 15.23, p < 0.01). 

Root Length and Wilting Score: Drought-tolerant genotypes 

had significantly longer roots and lower wilting scores under 

drought stress (F-value for root length: 12.78, p < 0.01). 

 

Heritability Estimates 

The broad-sense heritability estimates for drought tolerance 

traits were notably high, indicating a strong genetic basis for 

these characteristics and their potential for selection in 

breeding programs (Table 4).  

 

Table 4: Heritability Estimates for Drought Tolerance and Yield Traits 

Trait Broad-Sense Heritability (H²) 95% CI of H² 

Root Length 0.75 [0.70, 0.80] 

Wilting Score 0.68 [0.63, 0.73] 

Pod Yield under Drought 0.62 [0.57, 0.67] 

 

QTL Effects 

The percentage of phenotypic variance explained (PVE) by the identified QTLs was substantial (Figure 4): 

 
Figure 4: QTL Effects on Phenotypic Variance 

 

The graph illustrates the effects of different QTLs on the 

percentage of phenotypic variance explained for various 

traits, with qYLD1 (Pod Yield) explaining the highest 

variance at around 37%, followed by qDT1 (Root Length), 

qDT3 (Wilting Score), and qDT2 (Stomatal Conductance), 

each explaining varying degrees of phenotypic variance. 

 

Discussion 

Phenotypic Variation under Drought-Stressed Conditions. 

The analysis revealed substantial phenotypic variation among 

groundnut genotypes when subjected to drought stress 

compared to well-watered conditions. Specifically, drought-

tolerant genotypes such as G3 (Local) and V2 (Improved) 

exhibited lower wilting scores, higher root lengths, and better 

relative water content (RWC) compared to more susceptible 

varieties like E1 (Exotic) (Table 1, Figures 1 and 2). G3 and 

V2 maintained wilting scores of 1.2 and 1.5, respectively, 

while E1 had a score of 3.8, indicating significantly higher 

drought tolerance (p < 0.01). These findings are consistent 

with previous studies highlighting the importance of 

physiological traits, such as RWC and root architecture, in 

determining drought tolerance (Choudhary et al., 2021, 

Falalou et al., 2017, Girdthai et al., 2010). The results also 

showed that drought-tolerant genotypes had longer root 

lengths (average of 22.5 cm for G3 and 21.8 cm for V2) 

compared to the drought-sensitive E1 (14.5 cm). This 

reinforces the critical role of root depth in accessing soil 

moisture during drought conditions, as emphasized by (Reddy 

et al., 2020, Koolachart et al., 2013, Boontang et al., 2010, 

Çiftçi and Suna 2022). 

 

Yield Performance Analysis 

The yield performance data highlighted significant 

differences between drought-stressed and well-watered 

conditions (Table 1, Figure 2). Under well-watered 

conditions, all genotypes showed high pod yields, with G3 

and V2 yielding 3500 kg/ha and 3400 kg/ha, respectively. 

However, under drought stress, the yield reductions were 

pronounced, with G3 and V2 maintaining yields of 3200 

kg/ha and 3050 kg/ha, while E1 suffered a substantial drop to 

only 1900 kg/ha. The yield reduction percentages further 

elucidated this disparity, with G3 and V2 showing reductions 

of approximately 10-15%, in contrast to E1's dramatic 45% 

decline. This aligns with findings from (Kumar et al., 2023, 

Reddy et al., 2003, Khedikar et al. 2018), who noted that 

drought-tolerant genotypes typically exhibit smaller yield 

reductions. 

 

Molecular Findings and QTL Analysis 

The genetic diversity observed through SSR and SNP markers 

corroborates the phenotypic findings, revealing considerable 

variation among the genotypes (Table 2). The identification 

of four major QTLs significantly associated with drought 

tolerance traits further underscores the genetic potential for 

breeding efforts. Notably, qYLD1 (Pod Yield under Drought) 

explained 40% of the phenotypic variance, while qDT1 (Root 
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Length) and qDT2 (Stomatal Conductance) accounted for 

35% and 28%, respectively (Table 2, Figure 3). The consistent 

detection of these QTLs across environments suggests their 

reliability and potential utility in marker-assisted selection 

(MAS) strategies. These results are in line with the findings 

(Krishnamurthy et al., 2007, Mafakheri et al., 2010, Jayant 

and Sarangi, 2015, Miao et al. 2023). 

Recent studies have emphasized the value of such QTLs in 

enhancing breeding programs aimed at drought tolerance. For 

instance, (Dhanapal et al. 2022, Miao et al. 2023) reported 

significant associations between QTLs for yield traits and 

drought tolerance in legumes, reinforcing the findings of this 

study. 

 

Statistical Analysis and Heritability Estimates 

The analysis of variance (ANOVA) results (Table 3) indicated 

significant differences between genotypes and treatments for 

pod yield, root length, and wilting scores, confirming the 

effectiveness of the drought tolerance assessment. The 

heritability estimates for key traits were notably high, with 

root length at 0.75, wilting score at 0.68, and pod yield under 

drought at 0.62 (Table 4). High heritability suggests that these 

traits can be effectively improved through selection, making 

them suitable targets in breeding programs. This finding is 

consistent with Ashraf et al. (2020), who highlighted the 

potential for genetic improvement in traits with high 

heritability. 

 

Correlation Between Traits 

Significant positive correlations were observed between root 

length and pod yield (r = 0.58) and RWC with stomatal 

conductance (r = 0.62) (Figure 4). These correlations indicate 

that selecting for traits such as longer roots and higher RWC 

can enhance yield stability under drought conditions. The 

results support the premise that effective water-use efficiency 

is crucial for maintaining crop productivity in water-limited 

environments (Zhao et al., 2021, Chen et al. 2016). 

While this study was focused on the identified key QTLs, 

further research is required to assess the genotype-

environment interactions for the performance of identified 

QTLs across different agro-ecological zones. Therefore, 

experimental trials under varying environmental conditions is 

recommended to validate the stability of these QTLs (Zhao et 

al., 2021). Further, drought tolerance is influenced by 

numerous factors, future studies should consider additional 

traits, such as leaf area index, chlorophyll content, and root 

architecture, to provide a more comprehensive understanding 

of drought resilience (Dhanapal et al., 2022, Khedikar et al., 

2010). 

The identification of QTLs associated with drought tolerance 

traits provides a solid foundation for developing drought-

resistant groundnut varieties adapted to Nigeria's climatic 

conditions. The use of MAS to incorporate these QTLs into 

breeding programs could expedite the development of high-

yielding cultivars that maintain productivity under drought 

stress. This approach is crucial for enhancing food security 

and economic resilience among smallholder farmers in 

Nigeria. Breeders should prioritize the incorporation of QTLs 

with high PVE, such as qYLD1 for pod yield, to maximize the 

genetic gains from selection. Additionally, combining QTLs 

for different traits (e.g., root length and water-use efficiency) 

could produce more robust drought-tolerant varieties, 

aligning with the growing need for climate-smart agricultural 

practices. 

 

 

 

CONCLUSION 

This study identified four major QTLs associated with 

drought tolerance and yield in Nigerian groundnut varieties. 

The identification of four major QTLs—qDT1 (root length), 

qDT2 (stomatal conductance), and qYLD1 (pod yield under 

drought)—demonstrates the genetic potential for improving 

drought tolerance in groundnut breeding programs. Local 

landrace G3 and improved variety V2 showed superior 

drought tolerance, with G3 maintaining a higher pod yield of 

3200 kg/ha under drought conditions compared to other 

varieties. The high heritability of these traits suggests that 

they can be effectively selected for genetic improvement of 

the tested A. hypogaea varieties. QTL mapping and marker-

assisted selection has the potential to develop drought-

resistant, high-yielding groundnut varieties suited to diverse 

agro-climatic conditions in Nigeria.  

 

REFERENCES 

Ani, D. P., Umeh, J. C., & Weye, E. A. (2013). Profitability 

and economic efficiency of groundnut production in Benue 

State, Nigeria. African Journal of Food, Agriculture, 

Nutrition and Development, 13(4), 8091–8105. 

 

Ashraf, M., & Harris, P. J. C. (2020). Potential of 

glycinebetaine in improving plant growth and stress tolerance. 

Plant Growth Regulation, 73(2), 211-227. 

https://doi.org/10.1007/s10725-020-00598-2 

 

Boontang, S., Girdthai, T., Jogloy, S., Akkasaeng, C., 

Vorasoot, N., Patanothai, A., & Tantisuwichwong, N. (2010). 

Responses of released cultivars of peanut to terminal drought 

for traits related to drought tolerance. Asian Journal of Plant 

Sciences, 9(7), 423–431. 

https://doi.org/10.3923/ajps.2010.423.431 

 

Çiftçi, S., & Suna, G. (2022). Functional components of 

peanuts (Arachis hypogaea L.) and health benefits: A review. 

Future Foods, 5. 

 

Choudhary, S., Gupta, R., & Kumar, P. (2021). Evaluation of 

drought tolerance in groundnut genotypes. Journal of 

Agronomy and Crop Science, 207(4), 481-490. 

https://doi.org/10.1111/jac.12450 

 

Dwivedi, S. L., Pande, S., Rao, J. N., & Nigam, S. N. (2002). 

Components of resistance to late leaf spot and rust among 

interspecific derivatives and their significance in a foliar 

disease resistance breeding in groundnut (Arachis hypogaea 

L.). Euphytica, 125(1), 81–88. 

https://doi.org/10.1023/A:1015707301659 

 

Dhanapal, A., Prakash, M., & Murugaiyan, V. (2022). 

Genetic diversity in groundnut genotypes for drought 

tolerance. Crop Science, 62(1), 312-323. 

https://doi.org/10.1002/csc2.20230 

 

Falalou, H., Sani, M. A., Hassane, Y. B., Falke, B. A., & 

Upadhyaya, D. H. (2017). Abiotic stress tolerance and 

nutrients contents in groundnut, pearl millet, and sorghum 

mini core germplasm for food and nutrition security. Indian 

Journal of Plant Genetic Resource, 30(3), 201–209. 

https://doi.org/10.5958/0976-1926.2017.00025.0 

 

Girdthai, T., Jogloy, S., Vorasoot, N., Akkasaeng, C., 

Wongkaew, S., Holbrook, C., & Patanothai, A. (2010). 

Associations between physiological traits for drought 

tolerance and aflatoxin contamination in peanut genotypes 

https://doi.org/10.1007/s10725-020-00598-2
https://doi.org/10.3923/ajps.2010.423.431
https://doi.org/10.1111/jac.12450
https://doi.org/10.1002/csc2.20230
https://doi.org/10.5958/0976-1926.2017.00025.0


QUANTITATIVE TRAIT LOCI (QTL) MAP…            Abdullaziz et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 8 No. 6, December (Special Issue), 2024, pp 400 - 406 406 

 ©2024 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 
International license viewed via https://creativecommons.org/licenses/by/4.0/ which  permits  unrestricted  use,  
distribution,  and  reproduction  in  any  medium, provided the original work is cited appropriately.  

under terminal drought. Plant Breeding, 129(6), 693–699. 

https://doi.org/10.1111/j.1439-0523.2009.01738.x 

 

Jayant, K. S., & Sarangi, S. K. (2015). Effect of drought stress 

on epicuticular wax load in peanut genotypes. Journal of 

Applied Biology & Biotechnology, 3(1), 46–48. 

 

Khedikar, Y. P., et al. (2010). A QTL study on late leaf spot 

and rust revealed one major QTL for molecular breeding for 

rust resistance in groundnut (Arachis hypogaea L.). 

Theoretical and Applied Genetics, 121(5), 971–984. 

https://doi.org/10.1007/s00122-010-1366-7  

 

Khedikar, Y. P., et al. (2018). Correction to: Identification of 

main effect and epistatic quantitative trait loci for 

morphological and yield-related traits in peanut (Arachis 

hypogaea L.). Molecular Breeding, 38(1), 7. 

https://doi.org/10.1007/s11032-017-0764-z 

 

Koolachart, R., Jogloy, S., Vorasoot, N., Wongkaew, S., 

Holbrook, C. C., Jongrungklang, N., Kesmala, T., & 

Patanothai, A. (2013). Rooting traits of peanut genotypes with 

different yield responses to terminal drought. Field Crops 

Research, 149, 366–378. 

https://doi.org/10.1016/j.fcr.2013.05.024 

 

Krishnamurthy, L., Vadez, V., Devi, M. J., Serraj, R., Nigam, 

S. N., Sheshshayee, M. S., Chandra, S., & Aruna, R. (2007). 

Variation in transpiration efficiency and its related traits in a 

groundnut (Arachis hypogaea L.) mapping population. Field 

Crops Research, 103(3), 189–197. 

https://doi.org/10.1016/j.fcr.2007.06.009 

 

Liu, H., et al. (2020). QTL mapping of web blotch resistance 

in peanut by high-throughput genome-wide sequencing. BMC 

Plant Biology, 20(1), 1–11. https://doi.org/10.1186/s12870-

020-02522-z 

 

Martínez-Ortega, I. A., et al. (2023). Can different types of 

tree nuts and peanuts induce varied effects on specific blood 

lipid parameters? A systematic review and network meta-

analysis. Critical Reviews in Food Science and Nutrition. 

https://doi.org/10.1080/10408398.2023.2296559 

 

Masoodi, M., et al. (2021). Metabolomics and lipidomics in 

NAFLD: Biomarkers and non-invasive diagnostic tests. 

Nature Reviews Gastroenterology and Hepatology. 

 

Miao, P., et al. (2023). Mapping quantitative trait loci (QTLs) 

for hundred-pod and hundred-seed weight under seven 

environments in a recombinant inbred line population of 

cultivated peanut (Arachis hypogaea L.). Genes, 14(9). 

https://doi.org/10.3390/genes14091875 

 

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. 

C., & Sohrabi, E. (2010). Effect of drought stress on yield, 

proline, and chlorophyll contents in three chickpea cultivars. 

Australian Journal of Crop Science, 4(8), 580–585. 

 

Qi, F., et al. (2022). QTL identification, fine mapping, and 

marker development for breeding peanut (Arachis hypogaea 

L.) resistant to bacterial wilt. Theoretical and Applied 

Genetics, 135(4), 1319–1330. 

https://doi.org/10.1007/s00122-022-04033-y 

 

Reddy, K. R., & Ali, J. (2020). Root traits and drought 

resistance in legumes. Journal of Plant Physiology, 243, 153–

162. https://doi.org/10.1016/j.jplph.2020.153162 

 

Reddy, T. Y., Reddy, V. R., & Anbumozhi, V. (2003). 

Physiological responses of groundnut (Arachis hypogaea L.) 

to drought stress and its amelioration: A critical review. Plant 

Growth Regulation, 41(1), 75–88. 

https://doi.org/10.1023/A:1027353430164 

 

Sallam, A., Dawood, M. F., Jarquín, D., Mohamed, E. A., 

Hussein, M. Y., Börner, A., & Ahmed, A. A. (2024). 

Genome‐wide scanning to identify and validate single 

nucleotide polymorphism markers associated with drought 

tolerance in spring wheat seedlings. The Plant Genome, 

e20444. 

S 

chwietzke, S., Kim, Y., Ximenez, E., Mosier, N., & Ladisch, 

M. (2009). In: Molecular genetic approaches to maize 

improvement (A.L. Kriz & B.A. Larkins, Eds.). Springer-

Verlag, 347–364. 

 

Votapwa I.O., Abdullaziz F.B., Sheidu A., Mustapha T. 

Ahmad Y.A., Ismail S.N., Jibrin I.M., Tanimu S.A., and 

Abubakar U.I. (2024a). Evaluation of Resistance to A.flavus 

infestation on 50 peanut (Arachis hypogaea L.) in Northern 

Nigeria’s Semi Arid regions. Proceedings of the 2nd Hybrid 

Annual Conference, Plant Breeders Association of Nigeria: 

“Renewed hope for Nigerian Agriculture:Innovations and 

Technology in Plant Breeding for Sustainable Food Systems”. 

November 6-8. Pp 106-117 

 

Votapwa I.O., Abdullaziz F.B., Sheidu A., Mustapha T. 

Ahmad Y.A., Ismail S.N., Jibrin I.M., Tanimu S.A., and 

Abubakar U.I. (2024b). Genetic Improvement of Peanut 

(Arachis hypogaea L.) for Bacterial Wilt Resistance: 

Screening and Breeding Strategies in Nigerian Cultivars. 

Proceedings of the 2nd Hybrid Annual Conference, Plant 

Breeders Association of Nigeria: “Renewed hope for Nigerian 

Agriculture:Innovations and Technology in Plant Breeding 

for Sustainable Food Systems”. November 6-8. Pp 118-127. 

 

Zhao, Y., Zhang, X., & Huang, Y. (2021). Genotype × 

environment interaction in drought tolerance evaluation. 

Agricultural Sciences, 12(7), 711-725. 

https://doi.org/10.4236/as.2021.127056 

 

Zheng, Z., et al. (2024). Chloroplast and whole-genome 

sequencing shed light on the evolutionary history and 

phenotypic diversification of peanuts. Nature Genetics, 56(9), 

1975–1984. https://doi.org/10.1038/s41588-024-01876-7 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1439-0523.2009.01738.x
https://doi.org/10.1016/j.fcr.2013.05.024
https://doi.org/10.1016/j.fcr.2007.06.009
https://doi.org/10.1080/10408398.2023.2296559
https://doi.org/10.1007/s00122-022-04033-y
https://doi.org/10.1016/j.jplph.2020.153162
https://doi.org/10.1023/A:1027353430164
https://doi.org/10.4236/as.2021.127056
https://doi.org/10.1038/s41588-024-01876-7

