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Thesis abstract 

_____________________________________________________________________________________ 

Groundnut (Arachis hypogaea L.) is one of the world’s most important grain legumes for its 

quality edible oil and higher protein content. It is the major cash crop in the semiarid tropics 

where production is mainly under rain-fed condition. Recurrent drought is the major cause of 

low yields of groundnut in sub-Saharan Africa (SSA). Farmers in SSA grow unimproved groundnut 

varieties which are vulnerable to drought stress and insect pests and disease attack. Therefore, 

there is need to develop drought tolerant, locally adapted and high yielding groundnut varieties 

for sustainable production of the crop.  Breeding groundnut for drought tolerance requires 

inexpensive, reproducible and high throughput screening systems. Understanding the agro-

morphological, physiological and molecular bases of drought tolerance aid in the development 

and release of new varieties with drought tolerance. Therefore, the objectives of this study were: 

(1) to assess farmers’ perceived production constraints, variety choice, and preferred traits of 

groundnut in eastern Ethiopia to guide future groundnut variety development and release, (2) to 

determine drought tolerance, kernel and fodder yield and quality amongst diverse groundnut 

genotypes for direct production or breeding, (3) to assess the genetic diversity and population 

structure among 100 groundnut genotypes using agronomic traits and high density single 

nucleotide polymorphism (SNP) markers, (4) to determine the combining ability effects of eight 

selected drought tolerant groundnut parental lines and their F2 families under drought-stressed 

(DS) and non-stressed (NS) conditions to select best performing parents and families for drought 

tolerance breeding. 

In the baseline work, participatory rural appraisal studies were conducted in two major 

groundnut-producing districts (Babile and Fedis) in eastern Ethiopia. The following data were 

collected involving 150 participant farmers: demographic descriptors, groundnut farming system, 

farmers’ knowledge about improved groundnut varieties, constraints to groundnut production, 

market access, and varietal trait preference. Chi-square and t-test analyses were conducted to 

determine statistical significance among the parameters across districts. Participant farmers 

identified drought stress (reported by 90% of respondents), poor soil fertility (88%), poor seed 

supply systems (67%), pre-harvest diseases (root rot and leaf spot) (59.5%), low yielding varieties 

(52.5%), low access to extension services (41.5%), low access to credit (21.5%) and limited 

availability of improved varieties (18.5%) as the major groundnut production constraints. The 

study identified the following farmer-preferred traits: high shelled yield (reported by 27.67% of 

respondents), early maturity (16.84%), and tolerance to drought stress (13.67%), market value 

(11.17%), good grain quality (10%), adaptability to local growing conditions (5.8%), and resistance 

to diseases (5.17%). Therefore, the aforementioned production constraints and farmer-preferred 

traits are key drivers that need to be integrated into groundnut breeding and variety release 

programs in eastern Ethiopia. 
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In the second study, 100 groundnut genotypes were evaluated at the International Crops 

Research Institute for the Semi-Arid Tropics (ICRISAT)/India during 2018/19 and 2019/20 under 

drought-stressed (DS) and non-stressed (NS) conditions using a 10 x 10 alpha lattice design with 

two replications. Seed and haulm samples collected at physiological maturity from DS and NS 

experiments to estimate Kernel and haulm quality parameters using near infrared spectroscopy 

(NIRS). Data were collected on kernel yield (KY), oil content (OC), oil yield (OY), protein content 

(PC), palmitic acid content (PAC), stearic acid content (SAC), oleic acid content (OAC) and linoleic 

acid content (LAC), haulm yield (HY) and fodder quality parameters such as the contents of dry 

matter (DM), ash, nitrogen  (NC), neutral detergent fiber (NDFDM), acid detergent fiber (ADFDM), 

acid detergent lignin (ADLDM), in vitro digestibility (IVOMD) and metabolizable energy (ME). Data 

were subjected to parametric and non-parametric statistical analyses. Combined analysis of 

variance revealed significant (P< 0.05) genotype differences for all assessed traits. Genotype × 

water regime interaction effects were significant for KY, OC, ash content, NC, NDFDM and 

ADLDM. Kernel yield positively and significantly (P<0.05) correlated with oil yield (r = 0.99), LAC 

(r = 0.13), ash (r = 0.32), NDFDM (r = 0.54) under DS condition. Haulm yield was positively and 

significantly (P<0.05) correlated with OC (r = 0.24), NDFDM (r = 0.19), ADFDM (r = 0.18) and 

ADLDM (r = 0.17) under DS condition. Cluster analysis grouped the test genotypes into 12 distinct 

genetic groups. The study identified genotypes, ICGV 10178, ICGV 01260, ICGV 06175 and ICGV 

10379 with high kernel and haulm yields, and CGV 181017, ICGV 01491, ICGV 15019, ICGV 

181026, ICGV 16005 and ICGV 181063, with high oleic acid content. Furthermore, genotypes, 

ICGV 7222, ICGV 10143, ICGV 6040, ICGV 03042, ICGV 06175, ICGV 01260, ICGV 99241, ICGV 

96266, ICGV 171027 and ICGV 01491, were selected with relatively better drought tolerance. The 

selected genotypes are recommended for further breeding and variety release under drought 

stress environments. 

 

In the third study, 99 of the test genotypes were profiled with 16, 363 SNP markers. The following 

phenotypic data collected during  the second study were used for complementing the SNP data: 

days to 50% flowering (DF), SPAD chlorophyll meter reading (SCMR), Plant height (PH), number 

of primary branches (PB), specific leaf area (SLA), leaf relative water content (LRWC), total 

biomass (TBM), pod yield (PY), harvest index (HI), hundred seed weight (HSW), shelling  

percentage (SHP) and kernel yield per plant (KY) and days to maturity (DM). Analysis of variance, 

Pearson’s correlation coefficient, principal component and stress tolerance index were 

calculated. Pod yield per plant (PY), seed yield per plant (SY) and harvest index (HI) were 

significantly (p < 0.05) affected by genotype × environment interaction effects. Genotypes, ICGV 

07222, ICGV 06040, ICGV 01260, ICGV 15083, ICGV 10143, ICGV 03042, ICGV 06039, ICGV 14001, 

ICGV 11380 and ICGV 13200, exhibited higher pod yield under both drought-stressed and non-

stressed conditions. Pod yield exhibited significant (p < 0.05) correlation with SY, HI and total 

biomass (TBM) under both test conditions. Based on the principal component analysis, PY, SY, 
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HSW, SHP and HI contributed maximum variability for yield under the two water regimes. Hence, 

selection of these traits could be successful for screening of groundnut genotypes under drought-

stressed and non-stressed conditions. Model-based population structure analysis grouped the 

studied genotypes into three sub-populations, whilst cluster analysis resolved the collections into 

five clusters based on pedigree, selection history, and market type. Cluster III and Cluster V 

consisted of the Spanish bunch types, late leaf spot (Phaeoisariopsis personata) and rust (Puccinia 

arachidis) resistant, and drought-tolerant genotypes. Analysis of molecular variance revealed 

that 98% of the total genetic variation was attributed to among individuals, while 2% of the total 

variance was due to variation among the subspecies. The genetic distance between the Spanish 

bunch and Virginia bunch types ranged from 0.11 to 0.52. Genotypes, ICGV 13189, ICGV 95111, 

ICGV 14421, and ICGV 171007, were selected for further breeding based on their wide genetic 

divergence. Data presented in this study will guide groundnut cultivar development emphasizing 

economic traits and adaptation to water-limited agro-ecologies including in Ethiopia. 

 

The fourth study examined the combining ability effects of eight selected drought tolerant 

groundnut parental lines and their F2 populations under drought-stressed (DS) and non-stressed 

(NS) conditions under glasshouse and field conditions at ICRISAT in 2020 rainy season. Data were 

collected on days to 50% flowering (DF), number of primary branches (PB), plant height (PH) (cm), 

SPAD chlorophyll meter reading (SCMR), specific leaf area (SLA) (cm2/g), pod yield (PY) (g plant-

1), shelling percentage (SHP) (%), kernel yield (KY) (g plant-1 ), total biomass (TBM) (g plant-1) and 

harvest index (HI) (%). ICGV 10178 was the best combiner genotype to increase SCMR, PY, SHP, 

KY, TBM and HI and, reduce SLA. The general combining ability (GCA) effects of parents were 

significant (P<0.05) for all assessed traits under all testing conditions except for PB under DS and 

NS conditions in the glasshouse. The specific combining ability (SCA) effects of progenies were 

significant (P<0.05) for all assessed traits except for PH across all testing environments and PB 

under field condition. Genotype ICGV 10178 was the best general combiner with positive 

contribution to SCMR, PY, SHP, KY, TBM and HI and reduced SLA. Crosses, ICGV 10178 X ICGV 

11369, ICGV 10373 x ICGV 15083, ICGV 98412 x ICGV 15094 and ICGV 10178 X ICGV 98412, were 

the best specific combiners for enhanced pod yield and drought tolerance. Higher GCA: SCA 

rations were recoded for PY, KY and TBM across all the testing environments suggesting the 

predominant role of additive genes conditioning the inheritance of these traits. Therefore, the 

above new families are recommended for genetic advancement through single seed descent 

selection method to develop improved pure line groundnut varieties with high pod yield and 

drought tolerance. 
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Thesis introduction  

_____________________________________________________________________________________ 

Background  

 

Groundnut or peanut (Arachis hypogaea L., 2n = 4x = 40, AABB) is one of the world’s most 

important grain legume crops. It is predominantly self-pollinating crop and evolved from a 

hybridization between two diploid species, A. duranensis (A genome donor), and A. ipaensis (B 

genome) followed by a spontaneous chromosomal duplication (do Nascimento et al. 2018). It is 

a major commodity crop grown in the semi-arid tropics where it is mainly cultivated under rainfed 

condition. Groundnut has wide adaptation and grows under varied soil and climatic conditions 

spanning between 40° N and S latitudes (Acur et al. 2020). Globally, groundnut is cultivated on 

29.59 million ha, with an annual total production of 48.75 million tons (FAOSTAT 2018). The 

leading groundnut producing countries in the world are India (15.98%), China (15.20%), Nigeria 

(13.09%), Sudan (10.57%) and Senegal (3.75%) (FAOSTAT 2020). 

 

Groundnut grains are a rich source of high-quality edible oil varying from 45-56%, easily digestible 

protein of 12-36% and carbohydrates of 10-20% (Yol et al. 2017; Sarvamangala et al. 2011). Also 

the grains are a rich source of vitamins such as A, D, E and K and minerals, including calcium, 

phosphorus, magnesium, zinc, iron, riboflavin, thiamine and potassium (Jithender et al. 2019; 

Nigam, 2014). Groundnut haulms is an excellent source of fodder for livestock (Samireddypalle 

et al. 2017). Groundnut improves the soil nitrogen content through nitrogen fixation that makes 

it an important component for crop rotation (Ajeigbe et al. 2014). Therefore, the multiple uses 

of groundnut make it an excellent food and cash crop for domestic, regional and international 

markets.  

 

Drought stress is one of the leading constraints to groundnut production globally. Drought stress 

associated with seasonal fluctuation of rainfall and as part of climate change, is currently the 

leading threat to the world's food production and supply (Mohammed et al. 2018; Budak et al, 

2013). In sub-Saharan Africa (SSA), more than 80% of the smallholder farmers are engaged in 

rain-fed crop production systems where rainfall is low and erratic (Muzari et al., 2012). Rainfall 

variability is likely to increase in SSA over the coming decade, impacting on food security (Ngcamu 

and Chari 2020; OECD/FAO. 2016). For example, Mekonnen et al. (2017) reported considerable 

rainfall variability in Ethiopia which has been significantly affecting rainfed agriculture. In Eastern 

Ethiopia, where groundnut is a major crop, drought stress occurring during flowering stage is a 

key abiotic constraint (Abady et al. 2019).  
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Groundnut production and constraints in Ethiopia 

Groundnut is widely grown in the warm lowland areas of Ethiopia. The major groundnut producer 

regions in Ethiopia are Oromia (contributing to 59.2% of the total national production), 

Benshangul-Gumuz (24.83%), Amhara (7.43%), and Harari (3.29%) (CSA, 2018). The total land 

coverage and national mean yield of groundnut in Ethiopia are estimated to be 80, 842 ha and 

1.76 tons/ha, respectively (CSA, 2018). Babile, Fedis and Gursum situated in eastern Ethiopia are 

the leading districts in groundnut production in the country. In Ethiopia, groundnut is commonly 

produced for food, cash income and animal feed (EIAR, 2017). 

 

Twenty improved groundnut varieties were released in Ethiopia along with their improved 

cultural practices. In the past groundnut research focused on germplasm evaluation using 

introductions from India, Mali and Malawi. During the last 33 years, marked progress had been 

made in groundnut genetic improvement for yield (Hagos et al., 2012). Yusuf et al., (2017a) 

reported significant increase in grain yield, 100 seed weight, and harvest index attributable to 

genetic gain in groundnut improvement in Ethiopia. The national mean yield is 1.796 tons/ha, 

and the total area under groundnut production is 80,841.57 ha (CSA 2018). 

 

Groundnut productivity in Ethiopia is low compared to the potential yield reaching up to 2.4 t/ha 

elsewhere. The low yield level is attributed to several biotic, abiotic and socio-economic factors. 

Drought stress, poor soil fertility, lack of access to improved seed, lack of improved varieties and 

diseases are the most important groundnut constraints in the country (Abady et al. 2019; Chala 

et al. 2014). Further, there is a lack of modern production and post-harvest technologies. The 

main focus in groundnut research and development in Ethiopia includes developing modern 

varieties that are high yielding, adapted to the growing environments, and resilient to multiple 

stresses such as drought stress, new insect pests and diseases (EIAR 2017). 

  

Over the past decades extreme variability was witnessed in the amount of rainfall received and 

its distribution globally including in Ethiopia. Production of sustainable and reliable food supply 

is challenged by temporal and spatial variation in total rainfall and its distribution (Mohammed 

et al. 2018). This has negatively affected groundnut production which is largely practiced in arid 

and semi-arid regions of the country. In these areas moisture stress occurs during the main 

cropping season leading to significant yield loss or crop failure affecting the livelihoods of millions 

of smallholder farmers.  
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Rationale of the research 

Drought stress is one of the major production constraints in the major groundnut production 

areas in Ethiopia. Breeding for drought tolerant and early maturing groundnuts is considered to 

be the most economic and sustainable means to cope with the drought problem (Desmae et al. 

2017). A limited number of introduced groundnut varieties were released for cultivation in 

Ethiopia. However, these varieties are late maturing and low yielding, and were not bred for 

drought tolerance (Ministry of Agriculture 2019). In addition, there is a need to develop and 

deploy dual-purpose groundnut cultivars with high kernel and haulm yields and associated 

quality parameters with drought tolerance for production in mixed crop-livestock farming 

systems. In the past there was no dedicated groundnut breeding program that aimed at breeding 

genotypes with high kernel and haulm yields with quality attributes under drought stress 

environments. There is limited study on the genetic diversity in general and drought tolerance 

and earliness of groundnut genotypes in particular in Ethiopia using diverse genetic pools. 

Therefore, the groundnut improvement in Ethiopia should begin on screening of genetically 

diverse drought tolerant and early maturing groundnut genotypes to select elite lines for genetic 

improvement and variety release. Recently, Yusuf et al. (2017b) studied the genetic diversity in 

using local groundnut germplasm in Ethiopia using agro-morphological markers and the result 

revealed that there was a small range of genetic diversity among the tested genotypes. This 

requires broadening the genetic basis of the crop for breeding. 

 

Understanding the magnitude of genetic variation and genetic interrelationship among candidate 

genotypes using agro-morphological traits and molecular analysis is crucial for parental choice 

for effective breeding. This will allow for broadening the genetic basis of breeding populations in 

plant breeding programs. Breeding groundnut for drought tolerance requires inexpensive, 

reproducible and high throughput screening systems. Up-to-date and well-described production 

constraints and prioritized traits of groundnut are key drivers for developing new cultivars. 

Participatory rural appraisal is one of the most effective tools in capturing farmers’ perceptions 

regarding their production constraints, variety choice and trait preferences. This should enable 

release of high-performing cultivars possessing suitable product profiles relevant to farmers and 

their value chains and will enhance the adoption rate of improved groundnut cultivars in the 

region.  

 

Aim  

The aim of the study was to develop farmer preferred, drought tolerant, dual-purpose and high 

yielding groundnut genotypes in Ethiopia  
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Research objectives 

1. To assess farmers’ perceived production constraints, variety choice, and preferred traits 

of groundnut in eastern Ethiopia to guide future groundnut variety development and 

release. 

2. To determine drought tolerance, kernel and fodder yield and quality amongst diverse 

groundnut genotypes for direct production or breeding. 

3. To assess the genetic diversity and population structure among 100 groundnut genotypes 

using agronomic traits and high density single nucleotide polymorphism (SNP) markers. 

4. To determine the combining ability effects of eight selected drought tolerant groundnut 

parental lines and their F2 families under drought-stressed (DS) and non-stressed (NS) 

conditions to select best performing parents and families for drought tolerance breeding. 

Research hypothesis 

I. Farmer’s perception and their indigenous knowledge on drought copping mechanism have 

great implication for breeding groundnut varieties with better performance. 

II. There are high heritability and positively correlated drought tolerant traits that can be used 

for effective selection in drought tolerant variety development. 

III. There is valuable genetic diversity in the test groundnut genotypes for breeding for drought 

tolerance and earliness. 

IV. The selected groundnut parents and crosses exhibit good combining ability for drought 

tolerance, yield and yield-related traits under drought stressed and non-stressed conditions 

for genetic advancement. 

 

Outline of the thesis 

 

This thesis consists of five different chapters in accordance with the number of objectives (see 

Table 1). Chapter 1 is written as a separate review paper, while chapters 2 to 5 are written as 

discrete research papers, each following the format of a stand-alone research paper (whether or 

not the chapter has already been published) followed by a general overview and implications of 

findings from the study. There are some overlaps and unavoidable repetitions of references and 

some introductory information between chapters. Chapter 1 was published in Acta Agriculturae 

Scandinavica, Section B -Soil & Plant Science doi: 10.1080/09064710.2019.1601252. Chapter 2 

was published in Journal of Crop Improvement doi: 10.1080/15427528.2019.1625836 Chapter 3 

was published in Crop Science. 2021; 1–18. https://doi.org/10.1002/csc2.20483. 
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Table 1. Thesis structure  

Chapter  Title  

- Thesis introduction  

1 Groundnut improvement in sub-Saharan Africa- A review 

2 Farmers’ perceived constraints to groundnut production, their variety choice 

and preferred traits in eastern Ethiopia: implications for drought-tolerance 

breeding 

3 Assessment of the genetic diversity of groundnut (Arachis hypogaea L.) 

genotypes for kernel yield, oil and haulm quantity and quality under moisture 

stress conditions 

4 Assessment of the genetic diversity and population structure of groundnut 

germplasm collections using phenotypic traits and SNP markers: implications 

for drought tolerance breeding 

5 Combining ability analysis of groundnut (Arachis hypogaea L.) genotypes for 

yield and related traits under drought-stressed and non-stressed conditions 

- General overview and implications of the study 
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Chapter 1 

Groundnut improvement in sub-Saharan Africa: A review 

_____________________________________________________________________________________ 

Abstract  

Groundnut (Arachis hypogaea L.) is a multi-purpose legume crop widely cultivated in sub-Saharan 

Africa (SSA). However, yield levels of the crop have remained relatively low in SSA owing to a 

range of biotic, abiotic and socio-economic constraints. A dedicated groundnut improvement 

program integrating new tools of and methodologies to breed varieties suitable for current and 

emerging agro-ecologies and market needs is essential for enhanced and sustainable groundnut 

production in SSA. The objective of this review was to highlight breeding progress, opportunities 

and challenges on groundnut improvement with regard to cultivar development and deployment 

in SSA in order to guide future improvement of the crop. The review analysed the role of new 

tools in breeding such as, high-throughput and automated phenotyping techniques, rapid 

generation advancement, single seed descent approach, marker-assisted selection, genomic 

selection, next-generation sequencing, genetic engineering and genome editing for accelerated 

breeding and cultivar development of groundnut. 

Keywords: abiotic production constraints, aflatoxin content, groundnut breeding, genotyping, 

phenotyping  

 

 

 

 

This chapter was published in Acta Agriculturae Scandinavica, Section B -Soil & Plant Science. Seltene 
Abady, Hussein Shimelis, Pasupuleti Janila and Jacob Mashilo (2019). Groundnut improvement in sub-
Saharan Africa: A review 1-18. doi: 10.1080/09064710.2019.1601252  
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1.1. Introduction 

Groundnut (Arachis hypogaea L., 2n = 4x = 40, AABB) is self-pollinating allotetraploid legume crop 

belonging to the Fabaceae family (Janila et al. 2016). Groundnut seeds are a rich source of oil 

(35-56%), protein (25-30%), carbohydrates (9.5-19.0%), minerals (P, Ca, Mg and K) and vitamins 

(E, K and B) (Gulluoglu et al. 2016). The crop has various industrial uses including products such 

as food, feed, paints, lubricants and insecticides (Variath and Janila 2017). Further, groundnut is 

an ideal crop in rotational systems to improve soil fertility due to its natural ability to fix 

atmospheric nitrogen (Jaiswa et al. 2017).  

 

Groundnut yields in sub-Saharan Africa (SSA) are generally low (964 kg/ha) which is far less than 

potential yields of up to 3500 kg/ha reported elsewhere (African Institute of Corporate 

Citizenship 2016). The low yield levels of groundnut in SSA is attributed to various stresses such 

as abiotic (drought and low soil fertility) and biotic [pests such as aphids (Aphis craccivora Koch), 

leafminer (Aproarema modicella Deventer), thrips (Thrips palmi Karny, Frankiniella schultzie 

Trybom, Scirtothrips dorsalis Hood and Caliothrips indicus) and termites (Isoptera)], and diseases 

(i.e. groundnut rosette disease, leaf spot, rust). Further, farmers in the region cultivate 

unimproved varieties using poor agronomic practices and with limited access to extension and 

advisory services (Alemayehu et al. 2014; Debele and Ayalew 2015; Coulibaly et al. 2017; Desmae 

and Sones 2017; Mastewal et al. 2017). For example, in Senegal, water stress occurring during 

flowering and seed filling period reduced groundnut shelled yield by 33 and 50%, respectively 

(Faye et al. 2016). Groundnut rosette disease causes more severe yield losses than any of the 

groundnut viral diseases in the region (Okello et al. 2010). Early and late leaf spots caused 100% 

yield loss in Ghana (Gaikpa et al. 2015).  

In SSA, efforts are being made to improve groundnut yield levels which aided in the release of 

few genetically superior and improved groundnut varieties (Desmae et al. 2017). Reports showed 

that introduced groundnut varieties had considerable resistance to both biotic and abiotic 

stresses (Debele and Ayalew 2015; Monyo and Varshney 2016; Coulibaly et al. 2017). In addition, 

groundnut varieties with some desirable quality attributes such as high oil content and larger 

seed size for confectionery purposes have also been recently popularized (Okello et al. 2010, 

Amare and Feysal 2012; Amare et al. 2017). Despite past successful efforts, there has been 

limited breeding progress in developing groundnut varieties combining desirable agronomic and 

quality attributes such as high fatty acid content in combination with high yield, short maturity, 

drought tolerance or resistance to foliar diseases which are the needs and preferences of farmers 

and groundnut value chains (Okello et al. 2010; Desmae et al. 2017). Therefore, it is an overriding 
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consideration to develop varieties with various quality attributes to boost productivity and 

quality of the crop in order to satisfy farmers’ demands and value chains for food security and 

regional and local markets. An integrated groundnut improvement program incorporating 

conventional and molecular breeding tools may aid in accelerated groundnut cultivars 

development and deployment in SSA. Therefore, the objective of this review to highlight 

breeding progress, opportunities and challenges on groundnut improvement with regards to 

cultivar development and deployment in SSA in order to guide future improvement of the crop.  

 

1.2. Status of groundnut production  

 

Area under groundnut cultivation and total production showed marked increases during the 

period 1997 to 2016 in SSA (FAOSTAT 2016). For instance, Angola and Cameroon recorded rapid 

increase in both cultivated area and production between 1997 and 2016. Conversely, in 

Botswana and South Africa both cultivated area and production level declined between 1997 and 

2016. Variable yield levels have also been observed for most SSA countries during the period 

1997 to 2016. Angola recorded groundnut yield levels varying from 500 (during 1997) to 712 

kg/ha (2016) which was a yield improvement of 30%. Cameroon recorded the lowest groundnut 

yield of 281 kg/ha in 1997 to the highest yield level of 1648 kg/ha in 2016, which was an increase 

of 83%. Contrastingly, South Africa and Mozambique showed a decline in groundnut yields 

between 1997 and 2016. Mozambique, Angola and Botswana recorded the lowest mean 

groundnut yields of 349, 442 and 491 kg/ha averaged across period 1997 to 2016, respectively. 

Ghana, Cameroon, Nigeria and South Africa have recorded the top yield levels ˃ 1000 kg/ha 

across the same years. In general, increased groundnut production in SSA emanated from 

expansion of agricultural lands. Some reports (Monyo and Varshney 2016; Kebede et al. 2017) 

indicated that groundnut yields of 1,700 to 2,500 kg per/ha can be realized using elite/improved 

varieties in SSA yet farmers continue cultivating unimproved local varieties. Famer participatory 

variety selection is considered to be a useful tool to enhance access to improved seed and 

increased adoption rate of improved varieties in SSA (Ndjeunga 2010; Okello et al. 2010; Motagi 

et al. 2016; Monyo and Varshney 2016; Desmae et al. 2017). 

 

1.3. Progress on groundnut variety development in SSA 

 

In the last two decades, more than 100 improved and high yielding groundnut genotypes have 

been introduced, developed and released for cultivation in SSA (Desmae et al. 2017). Some of 

the released varieties are cultivated in several SSA countries (Table 1.1). For example, cultivar JL 

24 is widely grown in Malawi, Mozambique and South Africa due to its considerable level of 
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drought tolerance and early maturity (Desmae and Sones 2017; Desmae et al. 2018). The 

reported yield levels of this variety in Malawi, Mali and Niger is 1500, 2000 and 2000 kg/ha, in 

that order (Minde et al. 2008; Ndjeunga 2010). Variety ICIAR 19 BT is cultivated in Nigeria and 

Niger due to its early maturity, high yield levels, high oil content and resistance to groundnut 

rosette disease. Aflatoxin contamination caused by the fungi Aspergillus flavus and A. parasiticus 

is an important biotic factor affecting groundnut product quality to sustainable groundnut 

production in SSA (Waliyar et al. 1994; Monyo et al. 2012; Guchi 2015; Njoroge et al. 2017) and 

is a potential threat to human and animal health globally (Waliyar et al. 2016). Further, aflatoxin 

contamination affects groundnut trade resulting financial losses estimated at about US$750 

million per annum in SSA (Kamika and Takoy, 2011). Breeding for aflatoxin resistant groundnut 

genotypes is vital for human health and to enhance world trade (Waliyar et al. 2016). Some 

genetic resources developed by the International Crops Research Institute for Semi-Arid Tropics 

(ICRISAT) such as ICGV 87084, ICGV 87094, and ICGV 87110 are reportedly resistant to A. flavus. 

Furthermore, 12 groundnut accessions with resistance to aflatoxin were developed by the 

Agricultural Research Council in South Africa (Cilliers and Swanevelder 2003). Improved Spanish 

groundnut cultivars such as ICGV 91278, ICGV 91283, and ICGV 91284 were selected by ICRISAT 

showing considerable resistance for aflatoxin-producing fungus (Upadhyaya et al. 2001b). 

Groundnut accessions ICGs 13,603, 1415, 14,630, 3584, 5195, 6703 and 6888 were 

recommended for production for their low levels of aflatoxin content (<4 μg kg−1) which is far 

below the regulatory limits for EU (4 μg/kg), most developing countries (10 μg/kg), and the U.S.A. 

(20 μg/kg) (Magamba et al. 2017). Despite breeding progress, aflatoxin levels remain high in 

commercial groundnut products due to poor regulatory systems and other resource constraints. 

Effective post- and pre-harvest groundnut handling and processing are imperative to minimize 

aflatoxin contamination along the value chains of the crop (Magamba et al. 2017). 
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Table 1.1. Some of the major groundnut varieties cultivated in sub-Saharan Africa.  

Name or code Local names in different countries  Attributes  References  

 

ICG 12991 Baka (Malawi) Serenut 4T (Uganda), Nametil 

(Mozambique) and Zambia 

Early maturity, drought tolerance Deom et al. 2006; Muitia 

2011; Kanyika et al. 2015 

JL 24 Sameké (Mali), Kakoma (Malawi), ICG  

7827 (Mozambique), Luena (Zambia), JL24  

(Congo), JL 24 (Sierra Leone), JL24 (South Africa) 

Early maturity, drought tolerance, 

high oil content, high yield 

 

Desmae  and Sones  2017 

ICIAR 19 BT Samnut24 (Nigeria), ICIAR19BT (Niger) Early maturity, high yield, high oil 

content, rosette disease resistance 

Desmae et al. 2017 

ICGV-98412 Oboshie (Ghana), Babile-1 (Ethiopia) High yield, large seeded for 

confectionery 

Kebede et al. 2017 

Mwenje and 

Nyanda 

- Resistant to aphids, Hilda and grain 

moth 

www.seedcogroup.com 

ICGV-SM 90704 Serenut 2 (Uganda), Mamane (Mozambique) High yield, medium maturity, rosette 

disease resistance 

Kanyika et al. 2015 

Harts - Tolerant to early and late leaf spot, 

high yielding 

www.opot.co.za 

ARC-Oleic2 - High oleic acid content www.opot.co.za 

ARC-Opal1 - Resistant to Botrytis stemrot www.opot.co.za 

ARC Sellie Plus - Low-oleic acid content, resistance to 

podworm 

www.opot.co.za 

Tufa - Drought tolerant, intermediate oleic-

acid content 

www.opot.co.za 
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1.4. Genetic resources for groundnut breeding 

1.4.1. Gene banks 

Groundnut genetic resources are currently maintained at various gene banks and research 

institutions and programs globally (Pandey et al. 2012; Desmae et al. 2017). The largest collection 

of groundnut accessions (~15,445) is held at ICRISAT gene bank in India (Pandey et al. 2012). 

Approximately 43% of groundnut collections at ICRISAT consists of landrace varieties, cultivars 

(7%), breeding lines (31%), and other genetic stocks (19%) (E.g. mutants and experimental 

germplasm) (Upadhyaya et al. 2002).  

 

In SSA, most of the groundnut germplasm has been obtained from ICRISAT's regional gene banks 

such as Niamey located in Niger and from the USA (Okello et al. 2010; Monyo and Varshney 

2016). Further, some SSA countries such as Malawi, Mali, Zimbabwe, Uganda and South Africa 

maintain groundnut genetic resources (Upadhyaya et al. 2001a; Okello et al. 2010) sourced from 

ICRISAT and USA. In most cases, the groundnut genetic resource held in various genebanks is 

available for research and breeding purposes subject to the signing of a material transfer 

agreement. For example, in South Africa, almost all groundnut genetic resources held by the 

Agricultural Research Council are available on request (Cilliers and Swanevelder 2003). 

Groundnut genetic resource held by ICRISAT are also available by interested scientists for 

scientific studies or breeding purposes (Upadhyaya et al. 2001b). However, it is worth noting that 

material transfer can sometimes become more stringent especially if the germplasm has patent 

rights (Okello et al. 2010). Groundnut genetic resources currently held at various gene banks are 

sources of useful genes for development of improved varieties with improved quality attributes 

and resistance to biotic and abiotic stress factors. 

 

 

1.4.2. Synthetics and wild species to tap new alleles for groundnut breeding 

The primary gene pool of the cultivated groundnut is very narrow for some important 

characteristics such as resistance to foliar diseases (e.g. late leaf spot and rust) and insect pests 

(e.g. thrips) (Kumari et al. 2014; Favero et al. 2015; Michelotto et al. 2017). Wild species may 

offer wide variability, particularly for biotic and abiotic stress breeding (Sharma et al. 2017). 

Utilization of wild groundnut germplasm in breeding programs has been restricted by 

reproductive barriers between wild and cultivated species. This presented technical difficulties 

in making large numbers of crosses due to ploidy differences between the two species (Kumari 

et al. 2014). Successful crosses between wild and cultivated species can be achieved through the 

development of synthetic groundnut (i.e. doubling of chromosome number of the hybrid which 

is developed from two diploid wild species) (Sharma et al. 2017). Several amphidiploid and 
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autotetraploid groundnuts have been developed using A- and B-genome accessions with high 

levels of resistance to multiple stresses (e.g. late leaf spot, stem rot and collar rot diseases) 

(Sharma et al. 2017). Wild species such as A. batizocoi, A. gregoryi, and A. magna can be used as 

female parents and many A-genome species can be used as male parents to introgress desirable 

genes into the cultivated groundnut (Favero et al. 2015). Amphidiploid and autotetraploid 

groundnut have been developed by ICRISAT (Table 1.2) which serve as useful genetic resource to 

transfer useful genes into the cultivated groundnut (Mallikarjuna et al. 2011; Michelotto et al. 

2016). Leaf rust and late leaf spot resistance were successfully introgressed into the cultivated 

groundnut varieties (e.g. ICGV 91114, ICGS 76, ICGV 91278, JL 24, and DH 86) using two synthetic 

resistance sources, namely, ISATGR 278-18 and ISATGR 5B (Kumari et al. 2014). Resistance to 

thrips was introgressed into cultivated groundnut cultivars using amphidiploid species such as A. 

batizocoi x A. kempff-mercadoi, A. gregoryi x A. stenosperma, and A. magna x A. cardenasii 

(Michelotto et al., 2017). Introgression of the root-rot nematode resistance gene (Rma) into 

tetraploid groundnut from synthetic allotetraploid donor (TxAG6) has been widely practiced in 

modern cultivars (Nagy et al. 2010). Chromosome pairing, pollen and pod fertility analysis in 

hybrids between A. hypogaea and A. amphidiploids revealed that amphidiploids can be used as 

a genetic bridge for the transfer of genes from wild species to the cultivated groundnut (Singh 

1986). Tetraploid (2n  =  4x  =  40) peanut (Arachis hypogaea L. subsp. hypogaea var. hypogaea) 

lines, GP-NC WS 16 and GP-NC WS 17 (SPT 06-07,) with resistance to multiple diseases including 

early leaf spot (ELS), Cylindrocladium black rot, Sclerotinia blight, and tomato spotted wilt were 

derived from interspecific hybridization from the diploid (2n  =  2x  =  20) wild species, A. 

cardenasii (Tallury et al. 2014). In general, the limited level of resistance for economically 

important traits such as resistance to leaf spot and rust in cultivated groundnut cultivars can be 

enhanced through the development of synthetic groundnut varieties. Recombination of 

cultivated and wild groundnut germplasm will likely improve agronomic, physiological and quality 

attributes resulting in development of superior genotypes with resistance to biotic and abiotic 

stress factors to boost production in SSA. 
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Table 1.2. List of synthetic tetraploid groundnuts developed at ICRISAT. 

Sr. No. Code Origin Species  Genome  References 

1 ISATGR 1212 Synthetic amphidiploid A. duranenesis x  A. ipaensis  AB Shilpa et al. 2013; Mallikarjuna et al. 2011 

2 ISATGR 11A Synthetic 
autotetraploid 

A. magna x A. valida  BB Shilpa et al. 2013; Mallikarjuna et al. 2011 

3 ISATGR 5B Synthetic 
autotetraploid 

A. magna x  A. batizocoi  BB Shilpa et al. 2013; Mallikarjuna et al. 2011 

4 ISATGR 9A Synthetic amphidiploid A. batizocoi x A. cardenasii  BA Shilpa et al. 2013; Mallikarjuna et al. 2011 

5 ISATGR 11A Synthetic 
autotetraploid 

A. magna x A. valida BB Shilpa Shilpa et al. 2013; Mallikarjuna et al. 2011 

6 ISATGR  40A Synthetic amphidiploid A. ipaensis x  A. duranensis  BA Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

7 ISATGR 90B Synthetic 
autotetraploid 

A. kempff-mercadoi x  A. stenosperma  AA Shilpa et al. 2013; Mallikarjuna et al. 2011 

8 ISATGR 155 Autotetraploid A. diogoi x A. cardenasii  AA Shilpa et al. 2013; Mallikarjuna et al. 2011 

9 ISATGR 168B Synthetic amphidiploid A. valida x  A. duranensis  BA Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

10 ISATGR 278-18 Synthetic amphidiploid A. duranensis x A. batizocoi  AB Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

11 ISATGR 265-5 Synthetic amphidiploid A. kempff-mercadoi x A. hoehnei  BA Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

12 ISATGR  268-5 Synthetic amphidiploid A. batizocoi x A. cardenasii  BA Shilpa et al. 2013; Mallikarjuna et al. 2011 

13 ISATGR  10B Synthetic 
autotetraploid 

A. magna x A. valida  BB Shilpa et al. 2013; Mallikarjuna et al. 2011 

14 ISATGR  35A Synthetic amphidiploid A. batizocoi x A. duranensis  BA Shilpa et al. 2013; Mallikarjuna et al. 2011 

15 ISATGR  206B Synthetic amphidiploid A. duranensis x A. valida  AB Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

16 ISATGR 91A Synthetic 
autotetraploid 

A. duranensis × A. cardenasii AA Shilpa et al. 2013; Mallikarjuna et al. 2011 

17 ISATGR 154 Synthetic amphidiploid A. valida × A. duranensis BA Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 

18 ISATGR 48B Synthetic amphidiploid A. valida × A. duranensis BA Shilpa et al. 2013; Mallikarjuna et al. 2011;  Sharma et al. 
2017 



16 
 

1.4.3. Landraces and modern groundnut varieties 

Landraces are a valuable source of genetic diversity and possess useful traits for breeding (Lopes 

et al. 2015; Corrado and Rao 2017). Landraces can be introduced in groundnut breeding programs 

to incorporate unique genes such as resistance to biotic and abiotic stresses; and quality 

attributes. Significant genetic variation for quality attributes such as oil, zinc and iron contents 

exist among groundnut landrace varieties (Yaw et al. 2008). Bolivian landrace varieties of 

groundnut revealed larger diversity with respect to seed color, seed size, seed weight, oleic and 

linoleic acid contents; and showed moderate to high level of resistance to late leaf spot (Husain 

and Mallikarjuna 2012). Mexican hirsuta groundnut landraces such as PI576633, PI576634, 

PI576635, PI576636, PI576637 and PI576638 were also identified to be superior in flavor and 

quality (Sanchez-Dominguez and Williams 1993). Many other sources of resistance to foliar 

diseases such as rust and late leaf spot were identified from South American landrace varieties 

(Singh and Nigam 2016). Several pure lines such as 48-7, 48-14, 48-15A, 48-21, 48-34, 48-35, 48-

36, 48-37, 48-44, 48-45 and 48-70A with resistance to groundnut rosette disease were selections 

from landraces (Singh and Nigam 2016). In pigeon pea and chickpea, landraces or their selections 

were released directly as cultivated varieties Asthana et al. 1996; Remanadan 1996). Some 

cowpea landrace varieties were released for commercial production in India (Sharma B. 1996). 

Landrace varieties are rarely used in breeding programmes despite possessing useful attributes. 

Collection and strategic conservation of groundnut landrace varieties and their exploitation in 

breeding programmes will aid identification of useful genes/traits for breeding for improved 

grain yield, quality attributes, biotic and abiotic stress tolerance. Groundnut landrace varieties 

may also be useful for genetic mapping studies to unravel genetic control underlying of important 

traits (Varshney et al. 2013). 

 

1.5. Breeding methods of groundnut 

Groundnut improvement and cultivar development in SSA mainly depended on conventional 

breeding including, pure line selection, mass selection, pedigree breeding, single seed descent 

and backcross breeding methods (Okello et al. 2010; Janila et al. 2013). Various groundnut 

varieties have been developed through conventional breeding methods. For example, Serenut 

5R, a high yielding, early maturing, resistant to groundnut rosette disease and late leaf spot was 

released in Uganda using bulk selection (Table 1.3). Babile-1 with the accession number ICGV-

98412, released in Ghana and Ethiopia, is high yielding, medium maturing and moderately 

resistant to late leaf spot. It was bred at the International Crop Research Institute for Semi-Arid 

Tropics (ICRISAT), Patancheru, India (Table 1.3). 
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Genetic variability available in cultivated and wild Arachis have been extensively exploited 

through conventional breeding to develop improved varieties (Singh and Nigam 2016; Sharma et 

al. 2017). Genetic variation for important traits such as plant height, number of primary branches 

per plant, number of mature and immature pods per plant, kernel yield per plant, hundred seed 

weight, haulm yield per plant and dry pod yield per plant have been reported in groundnut. This 

is useful for phenotypic analysis and breeding in this crop (Kushwah et al. 2017; Hampannavar et 

al. 2018). Further, traits like plant height, pods per plant, 100-pods weight, shelling percentage, 

harvest index and pod yield per plant have high heritability and considerably higher genetic 

advance (Nath and Alam   2002; HajHussein et al. 2018). High heritability estimates and genetic 

advance is an indication that variation is attributable to a high degree of genetic effect and 

selection can be effective (Johnson et al. 1955). 

 

Knowledge on degree of association between yield contributing characters and yield is very 

essential for development of high yielding genotypes in groundnut. Correlation studies provide 

an opportunity to study the magnitude and direction of association of yield with its component 

traits and also among various yield-related components (Faye et al. 2015; Mhlaba et al. 

2018).  Groundnut pod yield per plant exhibited significant positive correlation with grain yield 

per plant, number of kernel per plant, hundred kernel weight, number of pods per plant, harvest 

index and shelling percentage (Kushwah et al. 2017; Zongo et al. 2017a; Hampannavar et al. 

2018). This information could help in formulating effective selection criteria in groundnut 

improvement programs for genetic improvement for grain yield.  

In general, groundnut breeding in SSA is mostly dependent on limited selection in segregating 

generations resulting in low selection efficiencies. Consequently, a limited number of improved 

groundnut genotypes were developed and deployed. In addition, a conventional breeding 

requires extended time to develop varieties. It also depends on screening of large number of 

breeding populations under multi-location trials due to the high genotype and environment 

interaction effect (Ngirazi et al. 2015; Kebede and Getahun 2017). Therefore, integration of new 

breeding tools such as molecular markers and marker-assisted selection in groundnut breeding 

programs could enhance the precision and speedy development of improved groundnut 

cultivars. 
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Table 1.3. List of improved groundnut varieties with resistance to biotic and abiotic stress tolerance and desirable agronomic 

attributes reported globally. 
Name Pedigree Traits Country  Organization Year of 

release 
References 

NuMex 01 NM Valencia A x 
Brantley 

High oleic content USA New Mexico Agricultural 
State University 

2013 Puppala and Tallury 2014 

NemaTAM A.cardenasii Krapov. 
and W.C. Gregory x A. 
diogoi Hoehne 

Resistant to root-knot 
nematode 

USA Texas Agricultural 
Experiment Station 

2002 Simpson et al. 2003 

C724-19-15 C-99R X COAN Resistant to root-knot 
nematode and tomato 
spotted wilt tospovirus 

USA USDA-ARS and Georgia 
Agricultural Experiment 
Station 

2008 Holbrook et al. 2008 

Tifguard C-99R X COAN Resistant to root-knot 
nematode and tomato 
spotted wilt tospovirus 

USA University of Georgia 
Coastal Plain Experiment 
Station 

2007 Holbrook et al. 2008 

TifGP-2  Resistant to root-knot 
nematode and tomato 
spotted wilt tospovirus 

USA USDA-ARS and Georgia 
Agricultural Experiment 
Station 

2010 Holbrook et al. 2012 

ICGV-91114 ICGV 86055 x ICGV 
86533 

Tolerant to rust and 
drought 

India ICRISAT 2006 ICRSAT 2012 

“Webb” peanut PI 667551 High-yielding, high-
oleic fatty acid, 
nematode resistant 

USA Texas AgriLife Research 2001 Simpson et al. 2013 

Golden Mutant Mutant with high 
yielding and 
Cercospora leaf spot 
resistant 

India Barani Agricultural Research 
Institute (BARI) 

2002 Naeem-UD-Din et al.  2009 

Binachinabadam-5 M6/250/54-20 Mutant with salinity 
tolerance 

 Bangladesh Institute of 
Nuclear Agriculture 

2011 Azad et al. 2014 

Huayu 22 
 

 Mutant with high yield, 
good quality, several 
diseases resistance, 
drought tolerant and 
wide adaptable 

China  Shandong Peanut Research 
Institute 

2003 Wu et al. 2006 
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Table 1.3. (Continued). 

Name Pedigree Traits Country Organization 
Year of 
release 

References 

Serenut  5R ICGM 522 X RG 1 High yielding, early maturing, Uganda 
National Semi-Arid Resources Research 
Institute 

2010 Okello et al. 2016 

  resistant to groundnut rosette disease     
   resistant to late leaf spot     

CG-8 ICGV-SM 08501,  - Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-9 ICGV-SM 08503 - Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-10 ICGV-SM 01724 - Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-11 ICGV-SM 01731 - Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-13 ICGV-SM 99551 Short duration Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-14 ICGV-SM 99556 - Malawi ICRISAT 2014 
Setimela et al. 
2017 

CG-12 ICGV-SM 01514 - Malawi ICRISAT 2014 
Setimela et al. 
2017 

NARINUT 
2015 

ICGV-SM 01731 Rosette disease tolerant Tanzania ICRISAT 2015 
Setimela et al. 
2017 

KUCHELE 
2015 

ICG 8326  Tanzania ICRISAT 2015 
Setimela et al. 
2017 

NACHI 2015 ICGV-SM 90704  - Tanzania ICRISAT 2015 
Setimela et al. 
2017 

Serenut 6T 
ICGV 93437 x ICGV-
SM 93561 

High-yielding, early maturing and resistant to groundnut 
rosette disease 

Uganda 
National Semi-Arid Resources Research 
Institute 

2010 Okello et al. 2017 

ICGV 91278 JL 24’/UF 71513-1 Aflatoxin resistant India ICRISAT 1999 
Upadhyaya et al. 
2001b 

ICGV 9128 U 4-7-5/JL 24 Aflatoxin resistant India ICRISAT 1999 
Upadhyaya et al. 
2001b 

ICGV 91284 J 11’/ICGV 86184 Aflatoxin resistant India ICRISAT 1999 
Upadhyaya et al. 
2001b 
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1.5.1. New and emerging tools for groundnut breeding 

 

1.5.1.1. High-throughput automated phenotyping techniques 

Plant phenotypic data collection with sufficient resolution and accuracy remains a major limiting 

factor for effective use of genomic data for crop improvement (Bai et al. 2016). In developing 

countries where groundnut yield is low, the breeding focus is to improve yield and tolerance to 

biotic and abiotic stress factors. Selection of groundnut genotypes using pod yield has been slow 

and yielded highly variable results as yield is affected by genotype by environment interactions 

(Luis et al. 2016), which causes difficulties in selecting genotypes with wide adaptation resulting 

in delayed cultivar release. 

Crop breeding strategies for higher yield and disease tolerance can be accelerated through the 

use of high-throughput phenotyping (Shakoor et al. 2017). Instead of using high-throughput 

phenotyping tools directly in breeding programs, they may be more useful to enhance the 

efficiency of genomic tools during the establishment of marker-trait associations, genome-wide 

associations and training genomic selection models (Janila et al. 2016). Patrick et al. (2017) 

reported a rapid screening of tomato spot wilt disease resistance among 20 genotypes of 

groundnuts through the application of high-throughput phenotyping tool. High throughput 

phenotyping for total oil content in groundnut kernel through the application of single kernel 

near infrared spectrometry (NIRS) system determined as reproducible, robust, rapid, cost-

effective, and non-destructive, and can be used in conjunction with high oleic fatty acid screening 

to provide for simultaneous phenotyping of total oil and high oleic acid contents (Awada et al. 

2018; Deshmukh et al. 2020). Adoption of high-throughput automated technologies is 

hypothesized to result in faster development of well-adapted and high-performing cultivars 

(Awada et al. 2018). However, application of high-throughput phenotyping techniques in genetic 

improvement of groundnut and other crops are still very limited. This is probably because 

automated phenotyping is an emerging breeding approach and has not yet been adopted by 

plant breeders and crop improvement programmes (Awada et al. 2018). 
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1.5.1.2. Genomic tools 

 

Molecular breeding refers to the technique of using DNA markers that are tightly linked to 

phenotypic traits to assist in a selection scheme for a particular breeding objective (Jaradat 2016). 

Molecular markers and genetic linkage maps are pre-requisites for molecular breeding (Varshney 

et al. 2009). Marker-assisted selection (MAS) refers to the selection of superior genotypes using 

molecular markers (Kumpatla 2012). Compared with conventional phenotypic selection, MAS is 

not influenced by environmental conditions because it detects the structural polymorphisms at 

molecular level. Further, MAS is cheaper and less labor-intensive, allows selection in off-season 

nurseries and has a potential to accelerate breeding process (Kumpatla 2012). 

 

Due to low levels of molecular polymorphism among cultivated groundnut varieties, MAS in 

groundnut has not been used extensively compared with other major crops (Burow et al. 2013). 

Similarly, low levels of variability in cultivated groundnut have been reported using molecular 

markers (Bhagwat et al., 1997). The cultivated groundnut has been analyzed by several marker 

systems such as restriction fragment length polymorphism (RFLP), random amplified 

polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), single nucleotide 

polymorphism (SNPs) and simple sequence repeat markers (SSR) (Stalker and Mozingo 2001; 

Zhao et al. 2016). Currently, SSR markers are commonly used in groundnut genetic analysis and 

breeding due to their co-dominance, simplicity, high polymorphism, repeatability, multi-allelic 

nature and transferability within the genus Arachis (He et al. 2003; Pandey et al. 2012; Wang et 

al. 2018). Mondal and Badionnavar (2010) identified three and four SSR alleles that were found 

associated with rust and late leaf spot resistance in groundnut, respectively. About 376 highly 

informative SSR markers linked to resistance to early leaf spot, groundnut rosette disease, and 

rust and aflatoxin contamination across African cultivated groundnut varieties were identified 

useful to identify suitable parents for mapping populations or breeding (Kanyika et al. 2015). 

There is approximately 14 392 publicly available SSR markers in the A. hypogeae database (Wang 

et al. 2018). Recently, about 210 new SSRs were developed for A. hypogaea useful for genetic 

diversity analysis and cultivar development (Wang et al. 2018). In addition, SSR markers have 

been developed specifically for different Arachis species such as A. duranensis, A. paensis and A. 

stenosperma (Zhao et al. 2012).  

 

Table 1.4 lists some molecular markers developed for groundnut breeding. Four SSR markers (e.g. 

IPAHM103, GM2079, GM1536 and GM2301) associated with groundnut leaf rust resistance were 

identified by Varshney et al. (2014). SSR markers pPGPseq-17F6, pPGPseq-2F05, pPGPseq-8E12, 

pPGPseq-13A10 and pPGPseq-16C6 are reportedly well-associated with rust resistance (Shoba et 

al. 2012).  Zongo et al. (2017b) identified marker GM1911 associated to early leaf spot resistance 

in groundnut. Further, SSR markers, such as pPGPseq-2B10, pPGPseq-2F05, Ppgp13A7, PM 
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375162, pPGPseq5D5220 and PM384100 are also linked to late leaf resistance (Mace et al. 2006; 

Shoba et al. 2012). SSR markers such as SSR_F149451, Cer14, pPGP-seq2H08, SSR_DX508223 and 

SSR_FI500754 linked to plant growth habit and SSR markers PM50, SSR GW391728, SSR 

G0340377 and pPGP_seq2H08 liked seed size have been identified in groundnut. Two 

transposable elements, markers namely: TE 360 and TE 498, were found to be linked to rust 

resistance gene (Mondal et al. 2014). SSR marker, GM 1991 is reportedly linked to a drought 

tolerant QTL in groundnut (Guo et al. 2012). Chu et al. (2007) identified marker S197 as a reliable 

predictor for nematode resistance. 

 

Other molecular tools such as diversity arrays technology (DArT) are useful in groundnut 

improvement programmes. Shasidhar et al. (2017) developed two genetic maps based on the 

DArT and diversity arrays technology sequencing (DArTseq) markers and identified genomic 

regions linked to groundnut oil content and fatty acids. However, genetic studies revealed low 

polymorphism and moderate level of genetic diversity among diploid and tetraploid groundnut 

genetic pool (Varshney et al. 2010) indicating utilization of DArT marker system may limit efficient 

genetic analysis of groundnut genetic resources for cultivar development (Pandey et al. 2012). 

Development of highly discriminative and informative DArT markers is useful for genetic analysis 

and breeding in groundnut. 

 

MAS helps to develop ideal groundnut cultivar with inbuilt resistance and improved pod and 

kernel features (Mothilal 2012). Introgression of nematode resistance through an amphidiploid 

pathway into cultivated groundnut was successfully implemented using MAS and subsequently 

nematode resistant groundnut cultivar, NemaTAM, was developed (Holbrook et al. 2011). 

Marker-assisted backcrossing (MABC) has been commonly used in groundnut improvement for 

instance high oleic acid content and nematode resistant variety, ‘Tifguard’ was developed 

through the application of this technique (Tiwari et al. 2017). Introgression of rust resistance from 

'GPBD 4' groundnut cultivar into susceptible varieties ICGV 91114, JL 24 and TAG 24 were 

employed through MABC which resulted in development of improved rust resistance groundnut 

lines (Varshney et al. 2014).  

 

In developing countries including SSA, application of MAS in groundnut improvement is very 

limited. This is mainly due to lack of human capital and infrastructure (Janila et al. 2016). 

However, some successes have been reported. For example, high oleic acid content governing 

genes, ahFAD2A and ahFAD2B, were transferred from high-oleic parents (UF-85, Guat and Atete) 

to low-oleic commercially produced South African cultivars (e.g. Akwa, Kwarts and Harts) through 

the application of MAS (Mienie and Pretorius 2013). AFPL markers linked to resistance to 

groundnut rosette disease were successfully identified and mapped in South Africa (Herselman 

et al. 2004). In Malawi, two groundnut genotypes, RG1 and ICG 1291, were identified as resistant 



23 
 

to groundnut rosette disease using SSR markers (Chintu 2013). Selected advanced groundnut 

lines with different phenotypic attributes were characterized at molecular level using SSR 

markers in Ghana (Oteng-Frimpong et al. 2015). Integration of MAS into groundnut breeding 

programs in SSA will have greater implication on groundnut improvement in the future.  

 

Marker-assisted backcrossing is routinely applied in breeding programs for gene introgression 

(Frisch and Melchinger 2005). MABC aims to transfer one or a few genes/QTLs of interest from 

agronomically inferior (donor parent) into a superior cultivar or elite breeding line (serving as the 

recurrent parent) to improve the targeted trait (Jiang, 2013). MABC was used to develop foliar 

fungal disease resistant lines (Varsheney et al. 2014; Janila et al. 2016) and high oleic lines in 

Spanish and Virginia bunch types (Janila et al. 2016). However, MABC is not the best approach to 

develop commercial varieties as compared to MAS which allows improvement of other desirable 

traits in addition to the target traits selected using markers.  

 

MAS and MABC are not well-suited for analysis of quantitative traits (Sorrells 2015). In such cases, 

genomic selection is a promising breeding strategy for rapid improvement of quantitative traits. 

Genomic selection (GS) relies on development of selection models based on dense genetic 

markers distributed across the whole genome and phenotyping of a training population for 

selection of individuals with high genome-estimated breeding values in the breeding population 

(Resende et al. 2012). GS can therefore provide effective selection using polygenic traits with low 

heritability (Sun 2014).  

 

In general, MAS has been useful in groundnut breeding. However, in order to develop sufficient 

genomic resources for groundnut, MAS has to be widely applied to identify markers linked to 

other important traits such as drought tolerance and aphid (Aphis craccivora) resistance which 

are becoming a major bottleneck for groundnut production in SSA. Thus, integration of MAS into 

groundnut breeding programs in the region will have greater implication on groundnut 

improvement in the future. In general, molecular markers developed specifically for groundnut 

provide opportunities to characterize groundnut genetic resources for biotic stress and abiotic 

stress constraints, agronomic attributes and grain quality traits. This will result in identification 

and selection of genetically unrelated genotypes possessing key attributes for strategic crossing 

to develop high-yielding genotypes with key farmer preferred traits and also for industrial 

purposes (Pandey et al. 2012). Further, to accelerate cultivar development in SSA, access to 

research funding and technology especially genomic tools will aid mapping of the groundnut 

genetic pool for accelerated selection and breeding. 
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Table 1.4. Some molecular marker systems developed for genetic analysis and breeding in groundnut  
     

Marker name 
Marker 
type 

                                   Marker sequence     

    Forward primer Reverse primer References 

IPAHM103 SSR GCATTCACCACCATAGTCCA TCCTCTGACTTTCCTCCATCA Varshney et al. 2014 
GM1536 SSR AAAGCCCTGAAAAGAAAGCAG ATGCATTTGCAGGTTCTGGT Varshney et al. 2014 
GM2301 SSR GTAACCACAGCTGGCATGAAC CTTCAAGAACCCACCAACAC Varshney et al. 2014 
GM2079 SSR GGCCAAGGAGAAGAAGAAAGA GAAGGAGTAGTGGTGCTGCTG Varshney et al. 2014 
GM1991 SSR GAAAATGATGCCGAGAAATGT GGGGAGAGATGCAGAAAGAGA Guo et al. 2012 
GM 1911 SSR CAGCTTTCTTTCAATTCATCCA CACTTCGTGTTCTTCCTGCTC Guo et al. 2012 
TE 360 TEM GGATATGATGCCCATAGCTGA TGCTGACTACTTGCAATGCC Mondal et al. 2014 
TE 498 TEM ATGACTTACATGTAGCAATTG  TGAAAGGAGTCAAAGGTCATG Mondal et al. 2014 
S197 RAPD CTGTCGAACCATGGAAGAAGATCC CCAACTTGATGGTAGAAGTATGCTT Chu  et al. 2007 
AHCW0061 SSR TCATGTGAATTTGTGGACGGT CCAGGTTTTTGAGGTCCCTGA Wang et al. 2018 
AHCW0310 SSR GTTCAAGGGCTGTGCATTGG GGGTTCGACTCCCGTCTTAT Wang et al. 2018 
AHCW0545 SSR ACAGAAGAAGAAACAGCGCG TTCCGTCATGTGCTTCGGAA Wang et al. 2018 
AHCW0618 SSR AAATTTGAGCACGCATCCCC TGTCTTTTTCCTCGCCTTTGT Wang et al. 2018 
AHCW0700 SSR TGGAAGTTTCACGGGACAGG GTAGCAAGCTTCCCCACCAT Wang et al. 2018 
AHCW0768 SSR GGACCCATTTTTGCAAGAGAGA CGGATTGCAACATTGGCGAA Wang et al. 2018 
AHCW1250 SSR ACAGCTGCCTCTTCTCTGTG CCCACTCAAAATCGGATTTGGA Wang et al. 2018 
AHCW1510 SSR TCCTGCACCATGACCATGAA TGTTCGGCACCAATCTGTCA Wang et al. 2018 
AHCW1765 SSR CGCTGGTCTGGCATTTAACG AAGGGAGGAGGAGTTGGGTT Wang et al. 2018 
AHCW1862 SSR TGTTCAGGGATGTGTTTGGACT GGGCAAGCTCTTTAAACTGCA Wang et al. 2018 
Cer14 SSR AGCTGCTTTGACCAGCCGGG CGCAAGCTTCCTTGTAGATGGTGGT Mondal et al. 2012 
SSR_DX508223 SSR GGATTAGGGTTATGAGTTAGGAAACAC GCTGATGATTGGTTCGGGTAT Bhad et al. 2016 
SSR_FI500754 SSR AAGTGGCAGAATCACAGATGG AGGGTAGAGGTTGGAGAGAAGG Bhad et al. 2016 
SSR_FI499451 SSR GTAAGCCACTCTATCACCCCAG ACAGCCTCACAAATCCAAGAAT Bhad et al. 2016 
pPGPseq_2H08 SSR TAAGTGGGGTGGGAGTGGAC AGCAGTTTGCGTAAGCATTTG Ferguson et al. 2004 
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Table 1.4. (Continued) 

SSR, simple sequence repeat markers, TEM, Transposable element markers, RAPD, random amplified polymorphic DNA 

 

      

Marker name 
 Marker 

type 
Marker sequence     

     Forward primer Reverse primer References 

RGC 24  SSR TTTGACGGTATGTGCTTTCTTG TGCCACGACCAAACCAATC Bhad et al. 2016 
PM 50  SSR CAATTCATGATAGTATTTTATTGGACA CTTTCTCCTCCCCAATTTGA Bhad et al. 2016 
SSR_GW391728  SSR TCATCATCTGCTAGGGTTATGG GGTTCCACCTCTTGTCCAGTAT Mondal et al. 2012 
RS 5  SSR TGATTGCCCGACTAACAA GTGCCATGTATTTTACGGAT Mondal et al. 2018 
RS 25  SSR CTACTAACCCTCCTAATGACCC CTGAACTTGGTTTCATGGTT Mondal et al. 2018 
RS 42  SSR CTTCAACTCTACCCTTCCCCTT GGCTTCATTAACATGCTTTTCC Mondal et al. 2018 
RS 47  SSR CGGGTTGAGAAATTGACTAA TACAGATCACAGGGTACATCAG Mondal et al. 2018 
RS 50  SSR GCCTTGTATTCTGTTAATGTCC GACTCACTCTGACTTCACTAAGG Mondal et al. 2018 
RS 51  SSR GTAAAAGGTTGAAGAGCAGAGT CAGTGTCTTACGTTGTTCACAT Mondal et al. 2018 
RS 74  SSR GAAACCTAACTCTCCAGAAGC TTCATGGTCACAAATCACAC Mondal et al. 2018 
RS 78  SSR ATGCTTCAAACTCCTCACTT GTGGATCTGCATTATCGTTAG Mondal et al. 2018 
RS 103  SSR TCCATATTCTTATGCCTTGC TATAGTGCTCAATCTCCATCTG Mondal et al. 2018 
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1.5.1.2.1. Next generation sequencing (NGS) 

NGS technologies are highly dependent on massive parallel sequencing, high resolution imaging, 

and complex algorithms to deconvolute signal data to generate sequence data. NGS technologies 

offer a wide variety of applications such as whole genome de novo and re-sequencing, 

transcriptome sequencing (RNA-seq), microRNA sequencing, amplicon sequencing, targeted 

sequencing, chromatin immuno precipitated DNA sequencing (ChIP-seq), and methylome 

sequencing (Kumpatla et al. 2012). Genotyping- by-sequencing and whole-genome resequencing, 

can lead to the development of molecular markers suited to studies of genetic relationships 

among breeding materials, genetic mapping of target genes and genome-wide association 

studies. This can facilitate selection of individuals with tolerance to climatic stress and resistance 

to pathogens causing substantial losses in agriculture (David and Repkova 2017). NGS technology 

has been applied for the identification of genes related to resistance to biotic stress in wild 

groundnut relatives (Brasileiro et al. 2014). For example, quantitative trait loci (QTLs) linked to 

leaf spot resistance were identified in groundnut through SNP-based next generation sequencing 

(Liang et al. 2017). Three different viruses from three families of forage groundnut (A. pintoi) 

were identified through the application of NGS (Sanchez et al. 2016). Complete chloroplast 

genome sequences of seven Arachis species were generated using NGS sequencing (Yin et al. 

2017). The genetic relationship among groundnut genotypes can also be studied using NGS. In 

general, inclusion of NGS in groundnut breeding programs in SSA which currently rely mostly on 

conventional breeding methods will assist in rapid development of genomic tools for groundnut 

improvement and cultivar development.  

 

 

1.5.2. Mutation breeding in groundnut 

 

Groundnut has a narrow genetic base because of its monophyletic origin, limited gene flow due 

to ploidy barrier and self-pollination (Yusuf et al. 2017). Mutation breeding serves as an 

alternative approach to conventional plant breeding to increase genetic variability and could 

confer specific improvement without significantly altering phenotype expression (Kulthe and 

Kothekar 2011). Physical mutagens such as X-ray, gamma rays, β-rays, fast neutrons and chemical 

mutagens like, ethyl methane sulphonate, ethidium bromide, acryflavine, diethyl methane 

sulphonate (DES), N- nitroso-N-methylurea, N-ethyl–N-nitrosourea, ethylene imine and sodium 

azide have been successfully used to create genetic variability in groundnut (Kumari, 2008; 

Bhagwan and Akkiraju, 2015; Gunasekaran and Pavadai 2015; Habtamu 2016).  
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About 72 groundnut varieties have been developed through mutation breeding (Janila et al. 

2013). Table 1.3 lists some improved groundnut varieties with resistance to biotic (e.g. leaf spot 

and aflatoxin) and abiotic stress (e.g. drought and salinity) tolerance and improved quality 

attributes (e.g. increased seed size, high oleic to linoleic ratio). Several of these varieties were 

developed using mutation breeding. For example, TG-37A and Golden groundnut mutants were 

developed and released in India. TG-37A is a semi-dwarf, compact pod setting, high yielding and 

with smooth pod surface, while variety Golden is high yielding and Cercospora leaf spot resistant.  

Mutants such as Huayu 22 and Fu 22, were released in China. Huayu 22 is high yielding, high 

quality and resistant to several diseases and with wide adaptation. Mutant variety Fu 22 is known 

for its tolerance against A. flavus (Maluszynski 2001).  

 

Groundnut varieties with high oleic to linoleic acid ratio have become preferred by the groundnut 

industry due to their increased shelf life and improved health benefits (Chamberlin et al. 2011). 

Mondal and Badigannavar (2013) reported a groundnut mutant variety with 78% improvement 

in oleic acid content compared with its parental genotype. Similarly, Nadaf et al. (2009) reported 

high oleic to linoleic acid ratio in selected groundnut mutants. The first high oleic groundnut 

variety released in the world was SunOleic 95R, which was derived from a cross between a high 

oleic breeding line F435 and a component line 'Sunrunner' (Gorbet and Knauft 1997). Further, 

NuMex 01 is a high oleic acid Valencia groundnut variety developed by the New Mexico 

Agricultural State University (Puppala and Tallury 2014).  

 

Significant genetic variability was created for morpho-physiological traits such as pod yield and 

related traits, and oil content of groundnut through gamma irradiation (Rashid et al. 2012). 

Similarly, Ahmed and Mohamed (2009) reported higher number of pods and seed yield per plant 

in groundnut mutants than their parents. Sui et al. (2015) reported that the use of 

Pingyangmycin-based in vitro mutagenesis in combination with directed screening with 

hydroxyproline is effective for development of potential drought-tolerant mutants of groundnut. 

Induced mutagenesis particularly through a combination of gamma rays and sodium azide was 

successful in developing mutants in groundnut with wide genetic variability (Mondal et al. 2007). 

Increased pod yield, greater number of pods per plant, higher pod filling ability, increased pod 

size, resistance to foliar diseases and drought tolerance are important farmers' preferred traits 

of groundnut in SSA (Ntare et al. 2007; Ndjeunga et al. 2010). But due to the narrow genetic base 

of the crop, foliar diseases (e.g. rust and late leaf spot) cause significant yield losses (Kumari et 

al. 2014). In SSA, mutation breeding technology has been adopted in groundnut improvement 

programmes. For instance, groundnut yield has been improved with the aid of mutation breeding 

in Uganda (Bulafu 1991). In Egypt, groundnut mutants achieved higher pod yield, larger number 

of pods, higher seed set per plant and improved shelling percentage than their parents (Ahmed 
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and Mohamed 2009). Genetic variations induced by mutation represent a more efficient source 

of genetic variability than gene pools conserved by nature (Brock 1977). Thus, mutation breeding 

can be used as an alternative technique to induce genetic variation for desired characters. Thus, 

mutation breeding offers an alternative and novel approach for creating unique phenotypes 

which can be exploited for breeding. However, some challenges including access to mutation 

induction facilities limits the use of this technology for groundnut improvement in SSA. The low 

cost of other mutation breeding technologies such ethyl methane sulphonate mutagenesis (EMS) 

offers opportunities for groundnut improvement in the region. Approximately 3400 groundnut 

mutants have been developed using EMS delivering useful genetic variation in groundnut 

breeding (Knoll et al. 2011).  

 

 

1.5.3. Rapid generation advancement 

Rapid generation advancement (RGA) approach uses single seed descent as the breeding method 

in a small screen house or glass house space (Collard et al. 2017). Using RGA, many breeding 

programs in chickpea successfully take two generations per year i.e. one in the field during the 

crop season and the other in off-season either in greenhouse or in an off-season nursery (Gaur 

et al. 2007). In tomato, it was reported that RGA can produce a maximum of five generations per 

year compared to a maximum of three generations using conventional breeding methods 

(Bhattarai et al. 2009). In groundnut, RGA was used in breeding high oleic groundnut varieties 

in Spanish and Virginia Bunch varieties using controlled environment facilities that facilitated 

three cycles per year instead of two (ICRISAT 2017). The aim of RGA is to accelerate breeding 

cycles and breeding progress in many crops (Tanaka et al. 2016). Therefore, the method offers 

opportunities for rapid generation advancement to develop breeding populations for accelerated 

cultivar development (Bhattarai et al. 2009). The procedure is a cost effective and time saving 

method of breeding (Collard et al. 2017). The urgent need to develop superior and improved 

groundnut varieties for SSA requires accelerated methods such as RGA in cultivar development 

and release to boost production. The breeding procedure is reportedly cost effective and time 

saving (Collard et al. 2017) and should provide opportunities to accelerate groundnut breeding 

in the region. 

 

Shuttle breeding uses diverse ecological environments to develop improved varieties with higher 

adaptability (Ortiz et al. 2007). Promising genotypes are grown simultaneously across different 

sites to select high-yielding genotypes (Ortiz et al. 2007). As a result, shuttle breeding can be used 

to develop drought tolerant, early-maturing groundnut varieties with high-yield, good seed 

quality, diseases and insect pest resistance and wide adaptability. In wheat (Triticum aestivum L.) 

shuttle breeding has been employed by the International Maize and Wheat Improvement Centre 
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(CIMMYT) to develop wheat genotypes possessing biotic and abiotic stress tolerance, high-yield 

potential and good end-user quality attributes for cultivation across diverse environments 

(Crespo-Herrera et al. 2018; Hernández-Espinosa et al. 2018). This is achieved through 

introduction of new and novel sources of genetic variation from wild species, landraces, and 

other sources of useful alleles (i.e. mutants) to develop well-adapted genotypes (Ortiz et al. 

2007). 

 

In SSA, groundnut breeding programmes can benefit from shuttle breeding for advancing the 

generations that can contribute to enhanced rate of genetic gain especially for yield. Further, 

development of efficient shuttle breeding method with RGA could help significantly to reduce 

groundnut breeding cycles in SSA. Despite these opportunities, limited collaborative research 

among groundnut breeders in SSA hinder accelerated cultivar development and release. There is 

a need for financial support by key groundnut producing countries in SSA for collaborative 

groundnut improvement that may accelerate breeding of highly-adapted and high-yielding 

genotypes in the region.  

 

1.5.4. Single seed descent method in groundnut breeding 

Genetic gains for key traits can be delayed due to the long breeding generation required in the 

traditional breeding methods. About 10-16 breeding generations are required for genetic 

advancement and to select desirable recombinants resulting from crosses (Saxena et al. 2017). 

Single Seed Descent (SSD) is most suitable for handling large segregating populations (Wells and 

Weiser 1989) and for accelerated cultivar development. SSD optimizes resources allocation 

without compromising on genetic variability and genetic advancement. It reduces time for 

cultivar development and saves cost associated with advancement of early generations 

(Sarutayophat and Nualsri 2010). SSD has been successfully used in groundnut breeding 

programs, where multiple generations per year have accelerated using the inbreeding process to 

advance fixed lines to multi-site evaluation trials (Holbrook and Culbreath 2008). In safflower 

(Carthamus tinctorius L.), SSD resulted in development of lines with higher yield and oil content 

producing compared with parental genotypes (Martinez et al. 1986). In pigeon pea [Cajanus 

cajan (L.) Millsp] development of RGA technology that integrates germination of immature seeds 

with single seed descent method resulted in about 3 to 4 generations advanced in 1 year (Saxena 

et al. 2017). In cowpea (Vigna unguiculata L. Walp) SSD allowed a more rapid generation than 

pedigree selection resulting in development of superior genotypes (Obisesan 1992). This method 

could be appropriate for groundnut breeding. There is a need for a standardized and efficient 

SSD protocol to accelerate cultivar development in SSA.  
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1.5.5. Genetic engineering and genome editing 

Genetic engineering (i.e. recombinant DNA technology, gene modification, and gene therapy) 

refers to the process of inserting new genetic information into existing cells in order to modify a 

specific organism for the purpose of changing its characteristics (Nakashima 2018). Genetic 

engineering techniques such as the use of Agrobacterium tumefaciens mediated transformation 

and DNA-bombardment-mediated transformation are used as powerful tools to accelerate 

groundnut improvement (Shilpa et al. 2013). The success of genetic transformation depends on 

a reliable tissue culture regeneration system, gene construct(s), suitable vector(s) for 

transformation and efficient procedures to introduce desired genes into target plants (Banavath 

et al. 2018). Groundnut tissues such as leaf sections, cotyledonary nodes, longitudinal cotyledon 

halves, embryo axes, embryo leaflets, and hypocotyls have been used for genetic transformation 

(Holbrook et al. 2011). 

 

Genetic engineering of groundnut is one of the potential options for improving abiotic stress 

tolerance and food safety (i.e. aflatoxin contamination) (Banavath et al. 2018). Resistance to 

several fungal diseases (late leaf spot and rust), virus diseases (bud necrosis and tomato spotted 

wilt virus) and insect pests (white grub, gram pod borer) have been achieved through the 

application of genetic engineering in groundnut (Shilpa et al. 2013). Table 1.5 summarizes some 

successful groundnut genetic transformation studies. 

 

Genome editing is used to obtain new allelic forms which is targeted gene modification to obtain 

a generation of new allelic variants in the genomes of cultivated individuals (David and Repkova 

2017). Various novel genome editing tools have been developed including, zinc finger nucleases 

(ZFNs), transcription activator-like effector nucleases (TALENs), and clustered regularly 

interspaced short palindromic repeats/Cas9 (CRISPR/Cas9) (Kamburova et al. 2017). These tools 

make double-strand breaks (DSB) in DNA followed by repairing employing error-prone non-

homologous end joining (NHEJ) or homology directed repair (HDR) mechanism which leads to 

mutation in specific location in the genome (Mishra and Zhao 2018). In groundnut, a TIR-NBS-

LRR candidate gene for nematode resistance was transferred using CRISPR/Cas9 vector 

(Guimaraes et al. 2015). Groundnut allergy is a life-threatening food allergy. QTLs associated with 

aflatoxin resistance have been identified in groundnut (Guo et al. 2008). For hypoallergenic 

groundnuts to be safe for consumption, all genes coding for allergens can be silenced or removed 

resulting in aflatoxin free groundnuts, and genome editing offers an effective tool (Van de Wiel 

et al. 2017). Groundnut breeding programmes in SSA could hugely benefit from genetic 

engineering and genome editing technology to produce non-toxic groundnuts for consumption 

and increased trade.  
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1.6. Breeding for drought tolerance 

Breeding for yield gains has been the major emphasis to enhancing groundnut productivity 

globally (Janila et al. 2016). Therefore, understanding yield enhancing agronomic and 

physiological traits is key for breeding. The important yield contributing parameters are pod yield 

per plant, number of pods per plant, shelling outturn, and 100-seed weight. Early maturity is an 

important trait in groundnut as it enables escape from late stress conditions such as drought and 

frost. Also, early maturity enables groundnut to to fit in multiple cropping systems (Janila and 

Nigam, 2013). 

 

Relatively better progress in drought tolerance breeding has been achieved through selection of 

target physiological characters such as harvest index (HI), water use efficiency (WUE), specific 

leaf area (SLA) and SPAD chlorophyll meter reading (SCMR) (Nigam et al., 2005). The SLA and 

SCMR have been found to be highly correlated with WUE (Nageswara Rao et al., 2001; 

Sheshshayee et al., 2006) and were used as surrogate traits for selection of genotypes with better 

WUE (Nigam et al., 2005; Lal et al., 2006; Sheshshayee et al., 2006). SLA and SCMR were found 

to be negatively correlated (Rao et al., 2001; Upadhyaya, 2005). 

 

Significant genotypic variations for drought tolerance were reported in groundnut (Azevedo et 

al, 2010. According to Nageswara and Nigam (2003), two genetic enhancement approaches were 

developed and implemented simultaneously to enhance the adaptation to drought-prone 

environments. These are: (i) development of short-duration genotypes that can escape the end 

season drought and (ii) development of genotypes with superior yield performance in drought 

prone regions following conventional breeding approaches.  

 

Genetic diversity study is a pre-requisite for breeding of new cultivars and population 

development. Phenotypic traits and marker technologies have been used to analyze genetic 

diversity and population structure in cultivated groundnut (Zheng et al. 2018). For example, 

Daudi et al. (2020) used phenotypic traits and simple sequence repeat (SSR) markers to select 

distinct and complementary groundnut genotypes for breeding rust resistance. The identification 

of genomic regions associated with drought tolerance would enable breeders to develop 

improved cultivars with increased drought tolerance using marker-assisted selection (Ribaut et 

al., 1996). During the past 10 years, molecular marker linkage maps were developed for 

groundnut followed by identification of markers and QTLs for target traits (Janila and Nigam, 

2013). 
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1.6.1 Combining ability 

 

Combining ability analysis helps to identify superior parents to be used in breeding programs or 

to identify promising cross combinations for cultivar development (Acquaah, 2007). Combining 

ability is the relative ability of a genotype to transmit its desirable performance to its progenies.  

Knowledge of the type of gene action involved in the expression of yield and yield components 

are essential to choose an appropriate breeding methodology to isolate desirable segregants in 

the later generations (Mothilal and Ezhil, 2010). Diallel mating design is an efficient method for 

the study of combining ability as well as the gene action involved. In diallel analysis Sprague and 

Tatum (1942) introduced the concept of general combining ability (GCA) effect and specific 

combining ability (SCA) effect. General combining ability is associated with genes which are 

additive in effects while SCA  is attributed primarily due to deviations from the additive scheme 

caused by dominance and epistasis gene actions (Rojas and Sprague, 1952). Khute et al. (2018) 

reported significant general and specific combining abilities for pod yield, hundred seed weight, 

shelling percentage and harvest index in groundnut. 

 

1.6.2. Genetic variability, heritability, genetic advance and correlation 

Variability is the occurrence of differences among individuals due to varied genetic composition 

and/or the environment (Allard, 1960; Falconer and Mackay, 1996). Genetic improvement of any 

crop depends on the magnitude of genetic variability and the extent of heritability (Prabhu et al. 

2017).  According to Raje and Rao (2000) genetic variability is essential to realize response to 

selection as the estimates of genetic parameters of variation are specific for a particular 

population and environment. The phenotypic expression of the quantitative character may be 

altered by environmental stress that affect plant growth and development. Genotypic and 

phenotypic coefficients of variation are used to measure the variability that exists in a population 

(Burton and Devane, 1953). Prabhu et al. (2017) reported the presence of wide spectrum of 

genetic variation for kernel yield per plant, pod yield per plant, plant height, and number of pods 

per plant, 100-pod weight, 100-kernel weight and shelling percentage. 

 

According to Allard (1960), heritability in broad sense can be defined as the proportion of the 

total genetic variability to the total phenotypic variance. According to Falconer and Mackay 

(1996), heritability in narrow sense is defined as “the ratio of additive genetic variance to 

phenotypic variance”. Since broad sense heritability does not give a clear picture of 
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transmissibility of variation from generation to generation (because the genetic variation 

includes the fixable and non-fixable dominance and epistatic variation), its utilization is limited in 

crop improvement programs. In contrast, heritability in a narrow sense has predictive role to 

indicate the reliability of the phenotypic value as a guide to breeding value.  
 

Heritability and correlations estimate among various agronomic, physiologic and and root traits 

are useful for planning suitable breeding strategies. Genetic advance (GA) measures the 

difference between genotypic values of generation obtained from the selected population over 

the mean value of the population. GA measures the expected genetic progress that would result 

from selecting the best performing genotype for a given character (Allard, 1960). High heritability 

and genetic advance estimates enhance selection gains (Johnson et al., 1955). Phenotypic 

correlations among traits are also important when simultaneous selection of multiple traits is to 

be carried out for quantitative traits under drought stress conditions (Painawadee, 2009).  

 

Jain et al. (2016) reported pod yield per plant displaying significant positive association with 

kernel yield per plant, number of mature pods per plant, plant height, shelling percent and 

number of kernels per pod. Rao (2016) reported that pod yield correlated positively with kernel 

yield, number of pods per plant, hundred seed weight and SPAD chlorophyll meter reading 

(SCMR). RWC at 45 days after sowing correlated positively in all drought condition except under 

normal irrigated condition where the trait was negatively correlated with pod yield. Therefore, a 

better scope exists for this trait for improvement under drought or limited moisture condition in 

advanced breeding lines of groundnut (Savita et al. 2014). 

 

 

1.7 Participatory rural appraisal 

Participatory rural appraisal (PRA) is a set of participatory and multi-disciplinary research 

technique for assessing group and community resources, identifying and prioritizing problems 

and appraising strategies for solving them (Uddin and Anjuman 2013). It is a research/planning 

methodology in which a local community (with or without the assistance of outsiders) outlines 

issues that concern the population, prioritizes problems, evaluates options for solving the 

problem(s). In PRA, data collection and analysis are undertaken by local people, with researchers 

facilitating rather than controlling the process. PRA is therefore aimed at enabling local 

communities to conduct their own analysis and to plan and act (Abedi and Vahidi, 2011), so that, 

research would develop technologies preferred by farmers. PRA comprises different tools such 

as resource maps transect walks, semi-structured interviews, focus group discussions, timelines, 
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wealth ranking, proportional piling, seasonal calendars, Venn diagrams, and pair-wise ranking 

(Tesfay et al. 2014).  

 

In conclusion, groundnut breeding in SSA is mainly dependent on limited phenotypic selection in 

segregating generations resulting in low selection efficiencies. Consequently, a limited number 

of improved groundnut genotypes were developed and deployed. To develop climate resilient, 

improved varieties with resistance to biotic and abiotic stress tolerance and quality attributes 

there is need to employ advanced techniques in the breeding processes. These include high-

throughput and automated phenotyping techniques, rapid generation advancement, single seed 

descent approach, marker assisted selection, genomic selection, genetic engineering and 

genome editing. Integrating new breeding tools in the groundnut breeding programs will assist 

in rapid identification and selection of promising groundnut genotypes possessing useful 

agronomic attributes to facilitate development of genetically superior and improved cultivars to 

boost production in the region. Limited collaborative research and a lack of sustainable funding 

from groundnut producing countries hindered the progress of groundnut variety release in SSA. 

Moreover, breeding programs in SSA need to be well-equipped with both human capital and 

infrastructure through research collaboration and partnerships with potential institutes working 

on groundnut improvement. 
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Table 1.5. Summary of some successful groundnut genetic transformation studies. 

Genotype  Explant  Transformation method  Promoter  Transgene Selectable 

Marker 

References  

TMV-2 Embryo part Agrobacterium 

mediated 

CaMV 35S Tobacco 

Chitinase 

npt-II Rohini et al. 2001 

JL-24 Cotyledon  PROK II binary vector  CaMV 35S IPCVcp npt-II Sharma et al. 2000 

K6 IL Agrobacterium 

mediated 

CaMV 35S TSV-CP  Mehta et al. 2013 

k-134 DEC Agrobacterium 

mediated 

CaMV 35S TSV-CP npt-II Mehta et al. 2013 

New Mexico 

Valencia A 

Cotyledon  Agrobacterium 

mediated 

CaMV 35S vp1 Npt-II Qin et al. 2013 

Georgia runner  E AX Microprojectile 

bombardment 

ACT-2 Mer A GUS Yang et al. 2003 

BARI-2000 Cotyledon  Agrobacterium 

mediated 

CaMV 35S AtNHX1 0029 npt-II Asif et al. 2011 

J-11 Cotyledon  Agrobacterium 

mediated 

CaMV 35S IPCVcp npt-II Sharma et al. 2000 

Florunner E AX Agrobacterium 

mediated 

CaMV 35S tswv-np 

+gus+bar 

 Brar et al., 1994 

NC-7 Somatic 

embryo 

Agrobacterium 

mediated 

CaMV 35S PStV CP4 hph Partridge-Telenko et 

al. 2011 

E AX, embryo axes, DEC, de-embryonated, IL, immature leaf, CaMV, Cauliflower mosaic virus, ACT-2, Arabidopsis thaliana. 
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Chapter 2 

Farmers’ perceived constraints to groundnut production, their variety choice 
and preferred traits in eastern Ethiopia: implications for drought-tolerance 
breeding 

______________________________________________________________________________ 
 

Abstract 

Groundnut (Arachis hypogaea L.) is an important food and cash crop globally. The eastern region 

of Ethiopia is known for its groundnut production despite the low productivity attributable to 

diverse biotic and abiotic stresses and socioeconomic constraints. The objective of this study was 

to assess farmers’ perceived production constraints, variety choice, and preferred traits of 

groundnut in eastern Ethiopia to guide future groundnut variety development and release. 

Participatory rural appraisal studies were conducted in two major groundnut-producing districts 

(Babile and Fedis) in eastern Ethiopia. Data were collected through a semi-structured 

questionnaire, transect walks, and focus group discussions. All respondent farmers widely 

cultivated local or outdated, introduced varieties because of a lack of seed of modern groundnut 

cultivars. Ninety percent of respondents reported drought stress, mainly occurring during the 

flowering stage, as the leading constraint to groundnut production. Other groundnut production 

constraints, included poor soil fertility (reported by 88% of respondents), lack of access to 

improved seed (67%), pre-harvest diseases (59.5%), use of low yielding varieties (52.5%), 

inadequate access to extension services (41.5%), limited access to credit (21.5%), and limited 

availability of improved varieties (18.5%). Farmer-preferred traits, included high shelled yield 

(reported by 27.67% of respondents), early maturity (16.84%), and tolerance to drought stress 

(13.67%), market value (11.17%), good grain quality (10%), adaptability to local growing 

conditions (5.8%), and resistance to diseases (5.17%). Therefore, the aforementioned production 

constraints and farmer-preferred traits are key drivers that need to be integrated into groundnut 

breeding and variety release programs in eastern Ethiopia. 

Keywords: Arachis hypogaea, participatory rural appraisal, seed system, soil fertility 
____________________________ 

This chapter was published in the Journal of Crop Improvement. Seltene Abady, Hussein Shimelis and 
Pasupuleti Janila (2019). Farmers ‘perceived constraints to groundnut production, their variety choice and 
preferred traits in eastern Ethiopia: implications for drought-tolerance breeding. 1-17. doi: 
10.1080/15427528.2019.1625836  
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2.1. Introduction  

Groundnut or peanut (Arachis hypogaea L.; 2n = 4x = 40) is one of the major food and oil seed 

crops in the world. It is an annual legume crop that is predominantly self-pollinated. Groundnut 

is a rich source of oil (45-56%), protein (25-30%), carbohydrates (9.5-19.0%), minerals (P, Ca, Mg 

and K) and vitamins (E, K and B) (Gulluoglu et al. 2016). It is used in intercropping or crop rotation 

systems because of its ability to improve soil fertility through atmospheric nitrogen fixation 

(Ajeigbe et al. 2014). Globally, groundnut is cultivated on 27.66 million ha, with an annual total 

production of 43.98 million tons (FAOSTAT 2018). The leading groundnut producing countries in 

the world are India (20.97%), China (16.35%), Nigeria (9.68%) and Sudan (8.37%) (FAOSTAT 2018). 

 

In Ethiopia, groundnut is commonly produced for food, cash income and animal feed. It is solely 

grown by smallholder farmers under dryland conditions in the lowland and drought-prone areas 

of the country. The national mean yield is 1.796 tons/ha, and the total area under groundnut 

production is 80,841.57 ha (CSA 2018). In the country, groundnut is largely produced in the 

Oromia Region, constituting 59.2% of the total national production, followed by Benishangul-

Gumuz (24.83%), Amhara (7.43%), Harari (3.29%) and Southern Nation and Nationalities People 

(1.29%) regions (CSA 2018). The eastern parts of Ethiopia, encompassing Babile, Fedis and 

Gursum, are the leading groundnut-producing zones (Chala et al. 2013; Guchi et al. 2014). Babile 

and Fedis districts are characterized by low and erratic, poorly distributed rainfall. Further, fungal 

diseases, such as early leaf spot (Cercospora arachidicola), late leaf spot (Phaeoisariopsis 

personata) and rust (Puccinia arachidis) are the major factors limiting groundnut production in 

these agro-systems. A limited number of introduced groundnut varieties were released for 

cultivation in the country (MoANRs, 2016). For instance, Babile-1 and Babile-2, with a relatively 

high pod yield and moderate resistance to leaf spot disease, were released in 2016. However, 

these varieties are late maturing and low yielding, and were not bred for drought tolerance. 

Therefore, there is need to develop groundnut varieties with tolerance to abiotic and biotic 

stresses that are adapted for cultivation under rainfed and drought-affected agro-ecologies.  

 

Understanding farmer- and market-preferred traits and identification and prioritization of their 

production constraints are crucial to enhance the adoption rate of improved varieties among 

farmers and their value chains (Nigam et al. 2005; Daudi et al. 2018). Participatory rural appraisal 

(PRA) is a multidisciplinary tool that is reportedly effective in capturing farmers’ perceptions 

regarding their production constraints, variety choice and trait preferences (Banla et al. 2018; 

Amelework et al. 2016). It enables farmers to conduct their own analysis, plan and take action. 

PRA studies have been successfully used in Togo and Tanzania to guide crop breeding programs 

through pinpointing production challenges and market- and farmer-preferred quantitative and 

qualitative traits of groundnut (Banla et al. 2018; Daudi et al. 2018). Banla et al. (2018) identified, 

through participatory assessment, leaf spot diseases, rosette and groundnut bud necrosis as key 
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production constraints to groundnut in Togo. Daudi et al. (2018) reported the major groundnut 

production constraints to be diseases, insect pests, drought and non-availability of improved 

varieties in Tanzania. In Ethiopia, sorghum researchers used PRA tools and indicated the 

important sorghum production constraints to be moisture stress, insect pests, Striga, shortage 

of agricultural land, poor soil fertility, diseases, and lack of improved varieties with farmer-

preferred traits (Amelework et al. 2016; Derese et al. 2017; Mengistu et al. 2018). However, in 

the major groundnut-production belts of eastern Ethiopia, there is no recent study documenting 

farmers’ perceived production constraints, and market- and farmer-preferred traits. Up-to-date 

and well-described production constraints and prioritized traits of groundnut are key drivers for 

developing new cultivars. This should enable release of high-performing cultivars possessing 

suitable product profiles relevant to farmers and their value chains. Therefore, the objective of 

the current study was to assess farmers’ perceived production constraints, variety choice and 

preferred traits of groundnut to guide breeding of drought-tolerant and high-yielding varieties 

adapted to the eastern Ethiopia agro-ecologies.  

 

2.2. Material and methods 

2.2.1. Description of the study areas 

The study was carried out in 2018 in two selected districts of eastern Ethiopia, viz., Babile (90 13' 

09'' N latitude and 420 19' 25'' E longitude; 1642 meters above sea level) and Fedis (9007'N 

Latitude and 4204'E Longitude; 1702 meters above sea level) (Figure 2.1).  Babile is situated some 

35 km away from Harar and about 555 km east of Addis Ababa. The district has a total area of 

3,169.06 km2 (Musa et al. 2016) and a population of 115,229 (CSA 2013). It has a predominantly 

well-drained sandy loam soil that is ideal for groundnut production. The rainfall distribution of 

the area is bimodal, with the main rain (locally referred to as Meher rain) received during July to 

October and short rain (locally known as Belg rain) during March to May (Anteneh 2017). The 

mean annual maximum and minimum temperatures are 28.10C and 15.50C, respectively, with the 

total annual rainfall ranging from 507 to 984 mm. Rainfall distribution at Fedis is also bimodal. 

Fedis has a total area of 1,105.02 km2 (Musa et al. 2016) and a population of 135,532 (CSA, 2013). 

The mean annual maximum and minimum temperatures in Fedis are 27.80C and 8.80C, 

respectively, with a total annual rainfall of 659.2 mm (Anteneh, 2017).  

2.2.2 Sampling procedures  

A multi-stage sampling technique was implemented to ensure good representativeness of 

groundnut grower households in the study areas. In the first stage, the districts of Babile and 

Fedis were selected from the Oromia region (eastern Hararghe zone) on the basis of their current 

high levels of groundnut production. In the second stage, four peasant associations (PAs), viz., 

Ifa, Tula, Bishan Babile and Likale were selected from Babile and two PAs, viz., Balina Arba and 
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Tuta Balina were selected from Fedis district. Twenty-five farmers were selected in each peasant 

association on the basis of their experience in groundnut production. This provided a total of 150 

farmers for face-to-face interviews. Furthermore, four focus group discussions (FGDs) were held, 

two in Babile district and two in Fedis district. Each FGD comprised 12 to 15 participants, 

representing farmers, district extension experts and developmental agents (DAs). During the 

FGDs, four DAs and one district extension expert were involved in each district. A checklist was 

prepared for the FGDs, which focused mainly on groundnut production constraints, uses, 

groundnut variety preference and marketing aspects.  

 

Figure 2.1. Map of Ethiopia showing the study sites. 
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2.2.3. Data collection  

Data were collected using a semi-structured questionnaire, transect walks and FGDs. DAs and 

district extension experts facilitated the FGDs and data collection. Data were collected on 

demographic descriptors (e.g., gender, education status, and farm size), groundnut farming 

system, and farmers’ knowledge about improved groundnut varieties, constraints to groundnut 

production, market access, and varietal trait preference.  

2.2.4. Data analysis 

Both qualitative and quantitative data were coded and analyzed using the Statistical Package for 

the Social Sciences software version 22 (SPSS 2013). Data were subjected to analysis using the 

cross-tabulation procedure and descriptive statistics, such as frequencies and percentages, were 

determined. Further, Chi-square and t-test analyses were conducted to determine statistical 

significance among the test parameters across districts.  

 

2.3. Results and discussion  

2.3.1. Socio-economic descriptions of households  

The present study highlighted the socio-economic characteristics of groundnut farmers in 

eastern Ethiopia using the variables, gender, age, family size, education level and farm size (Table 

2.1). Out of the 150 farmers interviewed, 16.5% were women and 83.5% men. There was a highly 

significant difference (p<0.01; χ2 = 12.91) in gender representation between the two districts. 

Participation of women in groundnut production was relatively higher in Babile district (29%) 

compared with Fedis (4%). Among the respondent farmers, 56.5% were between 31 and 50 years 

of age, indicating that groundnut production was dominated by middle-aged adults. About 35.5% 

of the respondents were categorized as young adults (Table 2.1).  

 There was a significant difference (p < 0.05; χ2 = 8.559) in family size between the two districts 

(Table 2.1). In Babile, 57% of the respondents had a family size of 6 to 9 individuals, whereas in 

Fedis, 52% of respondents had a family size of ≤5 individuals. About 54% of the respondents had 

1 to 5 grade education, 4.5% had 6 to 8 grade education, and the rest of the farmers (41.5%) had 

no formal education (Table 2.1). Due to the low level of education in the study areas, agricultural 

service providers need to communicate with the farmers using vernacular language in 

transmitting the latest technical knowledge or new technologies for their rapid adoption. This 

concurs with the findings of Daudi et al. (2018) in Tanzania. 

 

About 74.5% of respondents owned a farm of < 2 ha, whereas 24.5% owned a farm of 2 to 3.5 ha 

and 1% owned a farm of > 3.5 ha. In both districts, groundnut was the third most important food 
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and cash crop in the area after sorghum and maize, the key food security crops in the study areas 

(Figure 2.2). During the FGDs, farmers explained that they used a low amount of inorganic 

fertilizers for cereal crops grown after groundnut, due to its ability to fix valuable nitrogen into 

the soil. 

 

Table 2.1. Demographic and socio-economic information about the farmers in the study areas. 

†No. number of respondents at Babile = 100, df = degrees of freedom, χ2 = Chi square, p = probability,  

‡No. of respondents at Fedis = 50 

 

 

  

Variable  Category 

District     

Babile† Fedis‡     

Frequency  Percent Frequency  Percent %mean df χ 2 

 P 

value 

Gender  
Male 71 71 48 96 83.5 

1 12.91 0.000 
Female 29 29 2 4 16.5 

Age 

(year) 

18-30 29 29 21 42 35.5 

2 4.121 0.127 31-50 59 59 27 54 56.5 

>50 12 12 2 4 8 

Family 

size 

<5 33 33 26 52 42.5 

2 8.559 0.014 6-9 57 57 24 48 52.5 

>10 10 10 0 0 5 

Education 

status  

Illiterate  39 39 22 44 41.5 

2 5.962 0.051 1-5 60 60 24 48 54 

>6 1 1 4 8 4.5 

Farm 

land size 

(ha) 

<2 67 67 41 82 74.5 

2 4.154 0.125 2-3.5 31 31 9 18 24.5 

>3.5 2 2 0 0 1 
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Figure 2.2. Mean cultivated land (ha) allocated for major food and cash major crops grown during 
the 2017/18 cropping season in the study areas.   
 

2.3.2. Roles of farmers in groundnut farming and marketing  

The roles of farmers in various groundnut farming and marketing activities are summarized in 

Table 2.2. Selection of suitable seed is one of the most important agronomic practices in 

groundnut production. In the study areas, limited numbers of local or improved varieties were 

available. Consequently, the respondent farmers did not have options in selecting a suitable 

variety for production. Farmers practiced mass selection among the available landrace varieties. 

Results revealed that seed selection was mainly done by men (reported by 68.7% of 

respondents); participation by women was substantially less (31.3%). During the study period, 

groundnut production fields were mainly prepared by men (78%); by women (9.3%), by children 

(1.3%), by men and women (4.7%), by men and children (2%), by women and children (2%), and 

by men, women and children (2.7%). Hand weeding in groundnut is commonly done twice in a 

cropping season; 28% of men and 10.7% of women participated in this practice during the study 

period.  

 

In the present study, women were also involved in key groundnut post-harvest activities, such as 

shelling (42% of respondents), fumigation of storage facility (82%) and storing (43.3%). 

Groundnut shelling is the most challenging postharvest operation. This activity was left to women 

and children in the study areas. Hand shelling keeps the rate of kernel breakage low compared 

with mechanical shelling. However, hand shelling is labor-intensive, time-consuming and leads to 

sore thumb syndrome or painful wounds on fingers when large quantities are handled (Gitau et 

al. 2013). In this regard, farmers in the study areas desired efficient and affordable shellers.  
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During groundnut harvesting, men, women and children were involved in both study areas. 

Groundnut pod shelling was done largely by women and children, who accounted for 68.7% of 

this activity. In the study areas, groundnut is mostly sold unshelled, while a limited amount is sold 

shelled. Farmers in the study area used shelled groundnut for home consumption, planting and 

selling in the local market. Results indicated that groundnuts were sold mostly by men (reported 

by 63.3% of respondents) and women (32.6%). In addition, children (2%), men and women 

(0.7%), men and children (0.7%) and men, women and children (0.7%) were engaged in 

groundnut selling.  The main marketplace for groundnuts was Harar city for the Fedis district, 

which is located about 24 km away from Fedis. Similarly, groundnut farmers in Babile district sold 

their produce in Babile town and Harar city. During the study period, 100 kg of unshelled 

groundnut were sold [500 Birr (about 18 USD)]. The low groundnut price in the study areas was 

attributable to poor market access and a lack of storage and processing facilities or value 

addition. Often, farmers accessed market information from neighbors and nearby farmers.  

 

Table 2.2. Roles of farmers in various groundnut farming and marketing activities (%) in both 

study areas. 
 

Role 

 

Men  

 

Women   

 

Children  

Men and 

women 

Men and 

children  

Women and 

children 

Men, women 

and children 

Seed selection 68.7 31.3 0 0 0 0 0 

Land preparation 78.0 9.3 1.3 4.7 2 2 2.7 

Planting  52 9.3 0 25.3 0 13.3 0 

Fertilizer 

application  

35.3 24.6 2.7 22.7 0 14.7 0 

Weeding  28 10.7 0 35.3 2 0 24 

Harvesting  22.6 0 0 0.7 0 2 74.7 

Shelling  8.0 42 8.7 0 0 18.0 23.3 

  9.3 82.0 0 2 0 6.7 0 

Storing  46.0 43.3 0 10.7 0 0 0 

Selling  63.3 32.6 2 0.7 0.7 0 0.7 

 

2.3.3. Groundnut cropping system and production status  

 

Table 2.3 contains a summary of perceptions by farmers about their soil type, fertility status and 

type of fertilizer used in groundnut production during the 2017/2018 cropping season. It was 

noted that the predominant soil types in the study areas were sandy, sandy loam, silty clay loam 

and clay soils, reported by 35.5, 55%, 8.5% and 1% of respondents, respectively. There was a 

highly significant difference (p<0.01; χ2 = 92.487) in soil type between the two districts. In Babile, 

67% of agricultural land was sandy, whereas in Fedis, most of the soil type (96%) was sandy loam.  

The fertility status of groundnut production area could be regarded as good (30%), medium (48%) 
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and poor (22%) based on farmer-perception and field observations through transect walks. Most 

of the respondents (66%) used inorganic fertilizers for groundnut production. Among the farmers 

that used inorganic fertilizers, 93.7% used urea and 6.3% used diammonium phosphate (DAP). 

Farmers who used fertilizers indicated obtaining better pod yield (Figure 2.3). Depending on soil 

tests, side application of calcium (Ca) in the form of gypsum at 250-500 kg/ha during peak 

flowering stage could enhance unshelled groundnut yield (Prasad et al. 2010). Calcium is an 

important nutrient for groundnut because of its ability to improve pod filling. Therefore, further 

research is needed to determine the optimum rate of Ca for improving groundnut yield and 

quality and fertilizer-use efficiency. 

 

Farmers in Babile district used a seed rate of 90 kg/ha, whereas a seed rate of 94 kg/ha was used 

in Fedis because of frequent dry spells and poor seed germination. The seed rates used by 

farmers are in agreement with the national recommendation, which is between 60-110 kg/ha 

(Amare et al. 2017). A t-test showed a highly significant difference (p<0.01) in unshelled yields 

between the two districts. Higher mean unshelled yield was recorded in Babile (1375 kg/ha) 

compared with Fedis district (1301 kg/ha) (Table 2.4). However, the yields reported by farmers 

in both districts were lower than the mean national yield of 1796 kg/ha in the same year (CSA 

2018). According to the respondent farmers, 94% of groundnut was cultivated as a sole crop and 

6% was intercropped with sorghum. Almost all groundnut growers (97%) practiced crop rotation 

with sorghum; a small proportion used maize (3%) instead of sorghum.  

 

Understanding production status of a particular crop in a given area is useful for generating 

information on how and why the crop is replaced by other crops (i.e., reduced production status) 

or replacing other crops (increased status). In addition, this issue may also be related to other 

factors, such as market demand and access, utilization and production constraints, which may 

affect the production status of the crop. In the present study, 54% respondents perceived that 

groundnut production areas had remained constant, 16% indicated that area increased; while 

the remainder, 30%, indicated that production area had decreased (Table 2.5). The perceptions 

were further explored through FGDs. Fifty-four percent of the respondents reported that 

groundnut production remained constant because of increased number of family members and 

a lack of agricultural land. Under this circumstance, farmers would need to maximize their 

groundnut productivity through the utilization of inputs like improved varieties and other 

recommended agronomic practices. Fan et al. (2012) reported an increased total groundnut 

production in China that was mainly attributable to increased yield per unit area rather than 

expansion in the cultivated area. Idoko and Sabo (2014) suggested that small-scale groundnut 

producers could have increased their production capacity if technology packages and capital 

were made available to them. Availability of seeds of resource-use efficient cultivars and 

adoption of integrated crop management technologies, together with enabling policy 
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environment, can contribute to acceleration and stabilization of groundnut production 

(Upadhyaya and Dwivedi 2015).  Further, farmers reported that the main reasons for reduced 

production area were several biotic and abiotic stress factors, and socioeconomic constraints, 

such as poor market linkages.  

 

Table 2.3. Farmers’ perception about soil type, soil fertility status, fertilizer use and type in 

groundnut production in the study areas. 

                        District      

  Babile   Fedis       

Variable  Category  Frequency  Percent  Frequency  Percent  %mean df† χ 2 P value 

Soil type  Sandy   67 67 2 4 35.5 3 92.487 0.000 

 Silty clay 

loam  

17 17 0 0 8.5    

 Sandy 

loam 

14 14 48 96 55    

 Clay  2 2 0 0 1    

Soil 

fertility 

status  

Poor 14 14 15 30 22 2 6.023 0.049 

Medium  50 50 23 46 48    

Good  36 36 12 24 30    

Fertilizer 

application  

Yes  78 78 27 54 66 1 9.143 0.002 

No  22 22 23 46 34    

Fertilizer 

type  

Urea 71 91.03 26 96.3 93.675 1 0.792 0.374 

DAP† 7 8.97 1 3.7 6.335    

†df = degrees of freedom, χ 2 = Chi square, p = probability, DAP = Diammonium phosphate  
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Table 2.4. Comparison of groundnut production management practices and yield potential in the study areas. 

Management 

practices and 

yield  

Babile Fedis 

Mean  SD† Std. Error df t-value  Mean SD† Std. Error df t-value 

Seed rate 

(kg/ha) 90.97 14.83 1.48 99 61.355** 94.24 26.28 3.72 49 25.357** 

Urea 

fertilizer 

(kg/ha) 
44.44 24.69 2.93 70 15.168** 61.73 33.73 6.62 25 9.331** 

DAP‡  

fertilizer 

(kg/ha) 
42.86 12.20 4.61 6 9.295** 50.00 .00a .00 

 

- 

 

   - 

Yield (kg/ha) 
1375.63 344.94 34.49 99 39.881** 1301.20 479.46 67.81 

 

49 19.190** 

SD = standard deviation, Std. Error = standard error, df = degrees of freedom, DAP = Diammonium Phosphate, ** denote highly significant difference at p<0.01 probability level. 

†SD = standard deviation 

‡DAP = Diammonium phosphate 

-denotes t value was computed because the standard deviation is 0 
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Figure 2.3 Comparison of unshelled groundnut yields (kg/ha) with and without fertilizer use in 

2018 cropping season in Fedis and Babile areas.  

 

 

Table 2.5. Farmers’ groundnut cropping system and perceptions on production trends.  

                          District    

                Babile†                Fedis‡   

Variable    Category  Frequency  Percent  Frequency  Percent  %mean 

Cropping 

system  

Sole cropping  94 94 47 94 94 

Intercropping  6 6 2 6 6 

Groundnut  

rotation 

with 

Sorghum  98 98 48 96 97 

Maize  2 2 2 4 3 

Groundnut 

production 

status  

Constant  48 48 30 60 54 

Increasing  26 26 3 6 16 

Decreasing  26 26 17 34 30 
†No. of respondents at Babile = 100 and ‡No. of respondents at Fedis = 50 
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2.3.4. Farmers’ awareness about groundnut varieties 

Farmers were not aware of improved groundnut varieties in their areas. About 75.5% of the 

farmers reported a lack of information about improved varieties. Farmers in the study areas 

continuously cultivated three groundnut varieties, i.e., Oldhale, Sartu and Roba. About 13% of 

the respondents used variety Roba. Roba (ICG 7794) is a large-seeded and late-maturing 

groundnut variety. It is an introduced variety, released in 1989, for cultivation in high rainfall 

areas in Ethiopia (MoANRs 2016). Oldhale and Sartu are landrace groundnut varieties. Oldhale 

has an upright growth habit, while Sartu is with a runner or prostrate growth form.  During the 

FGD, a few female farmers in Babile mentioned using Roba to process groundnut butter. About 

44.5% of the respondents grew variety, Oldhale, whereas 42.5% of the farmers grew Sartu. 

During FGD, participants explained that Oldhale was used for its good oil quality and grain yield 

potential. Based on seed size, farmers made selections and found three sub-groups of the variety 

Oldhale: large, medium and small. Farmers used large seeds of this variety for production, with 

the expectation that large seeds provided better shelled yield. Farmers used small and medium 

size seeds of the same variety for household oil processing.  

 

In the study areas, groundnut is mainly consumed in a roasted form and large-seeded groundnuts 

are highly preferred for this purpose. Farmers in the study areas classified Sartu as early maturing 

and Oldhale as medium maturing varieties; these were highly preferred for their relatively better 

drought tolerance. Based on FGD and transect walks, it was noted that groundnut varieties in the 

study areas were susceptible to root rot and leaf spot diseases.   

Chi-square analysis revealed the presence of a significant difference between the two districts 

for groundnut seed sources (p<0.05; χ2 = 19.95) (Table 2.6). Because of low access to seeds of 

improved varieties, 42% of the farmers used groundnut seed obtained from other farmers, 

whereas 37.5% used own farm-saved seed. About 7% of farmers used seed received from 

research centers (National Groundnut Research Program of Haramaya University and Fedis 

Agricultural Research Centers), 10.5% sourced seed through government extension program and 

3% received seed from non-government organizations (NGOs), such as Self Help, the Hararghe 

Catholic Secretariats (HCS) and Catholic Relief Service (CRS). In the study areas, there were no 

private or government groundnut seed enterprises. Consequently, farmers could not get access 

to seeds of improved groundnut varieties. In the present study, the adoption rate of improved 

varieties was low (13%). This implies that unless the seed system in these areas is improved, 

farmers will continue to use local unimproved varieties.  Govindaraj et al. (2009) reported 65% 

yield increase in groundnut because of the adoption of improved varieties. Therefore, sustainable 

groundnut production and productivity can be ensured through the development of improved 

varieties and supply of quality seeds to the farmers. Access to quality seed needs to be enhanced 
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by involving all stakeholders, including government institutions, NGOs, farmer cooperatives and 

unions. 

 

During the FGD, farmers mentioned that, because of various production constraints, groundnut 

yields had declined during the past years. For instance, more than 85% farmers reported a lack 

of access to improved groundnut varieties. About 47.5% of the respondents participated in 

training on groundnut technology transfer. Three quarters (74) of farmers were involved in 

technology transfer, of which 29% and 26% participated in farmers’ field days and on-farm trial 

activities, respectively (Table 2.6).  In this study, farmer training centers were the best source of 

information and technology transfer option, followed by attendance at farmers’ field days and 

on-farm trials. Therefore, the linkage between technology provider institutes and extension 

service providers was encouraging, which needs to be strengthened further. Furthermore, 

demonstration of improved varieties at farmer training centers has to be sustainably 

implemented.  
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Table 2.6. Farmers’ awareness about improved groundnut varieties, seed sources and participation in 

technology transfer activities (%). 

   District        

                Babile                Fedis      

Variable  Category  Frequency  Percent  Frequency  Percent  %mean  df χ2 P value  

Seed source  Farmers 

saved 

45 45 15 30 37.5 4 19.95 0.001 

 Government 

Extension  

3 3 9 18 10.5    

 NGOs† 2 2 2 4 3    

 Research 

Centers 

14 14 0 0 7    

 Other 

farmers 

36 36 24 48 42    

Information 

about 

improved 

varieties 

Yes  19 19 15 30 24.5 1 2.301 0.129 

No  81 81 35 70 75.5    

Variety 

grown  

Roba  22 22 2 4 13 2 39.51 0.000 

Sartu  17 17 34 68 42.5    

Oldhale  61 61 14 28 44.5    

Participation 

in 

technology 

transfer  

Yes  53 53 21 42 47.5 1 1.614 0.204 

No  47 47 29 58 52.5    

Method of 

technology 

transfer 

On-farm 

trial 

activities  

16 30.19 4 19.05 24.62 3 7.054 0.07 

Invited to 

farmers 

field day 

8 15.09 9 42.86 28.98    

FTC‡ 27 50.94 8 38.10 44.52    

Learning 

from other 

farmers  

2 3.77 0 0.00 1.89    

†df = degrees of freedom, χ2 = Chi square, p = probability; FTC = Farmers Training Center; NGOs = non-government 

organizations 

‡FTC = Farmers Training Center 
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2.3.5. Rainfall pattern  

In the study areas, groundnut is cultivated only under rainfed conditions and the crop stand is 

often prone to drought stress, notably at the flowering stage. Table 2.7 contains a summary of 

the frequency of drought stress, susceptible growth stage of groundnut and farmers’ drought-

coping mechanism. There was a non-significant difference (p>0.05; χ2 = 5.479) in frequency of 

drought stress between the two districts. About 42.5%, 45.5% and 12% of the respondents 

mentioned drought occurred in groundnut production once every year, once every 2 years and 

once every 3 years, respectively. Results showed that 83% of drought stress occurred during the 

main cropping season (July to October) and 17% during the offseason production (March to May). 

A large majority of the respondents (80.5%) reported that drought stress occurred during the 

flowering stage, whereas 12% and 7.5% of the respondents reported drought stress being critical 

during seedling and pod-filling stages, respectively. Meisner and Karnok (1992) reported 49% and 

37% unshelled yield reduction in groundnut because of drought stress during peak flowering and 

early pod-filling stages, respectively. Girdthai et al. (2010) reported that terminal drought stress 

or end-of-season drought reduced unshelled yield by 35%. In the study areas, the main rainfall is 

expected between mid-March and early-April, during which farmers plant groundnut. Delayed 

rainfall and poor distribution, such as extending up to May, are often associated with drought 

stress and subsequent crop failures. As a drought-stress-coping mechanism, 48.5% of the farmers 

replaced groundnut with other food security crops, such as sorghum and maize; 32.5% of the 

farmers resorted to planting an early-maturing groundnut variety (e.g., variety Sartu), 19% of the 

respondents grew a relatively drought-tolerant groundnut variety, Oldhale.  
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Table 2.7. Farmers’ experience regarding of drought stress in groundnut production and their coping 

mechanism.  

                                     District      

                Babile†                Fedis‡      

Variable  Category  Frequency  Percent  Frequency  Percent  %mean df χ 2 P value  

Frequency 

of drought 

stress  

Every 1 

year 

47 47 19 38 42.5 2 5.479 0.065 

Every 2 

years  

47 47 22 44 45.5    

Every 3 

years  

6 6 9 18 12    

Drought 

season 

Belg 

(march to 

May) 

70 70 48 96 83 1 13.427 0.000 

Meher 

(July to 

October) 

30 30 2 4 17    

Growth 

stage 

affected by 

drought  

Seedling  12 12 6 12 12 2 8.462 0.015 

Flowering  73 73 44 88 80.5    

Grain 

feeling  

15 15 0 0 7.5    

Copping 

mechanism 

of drought 

Early 

maturity 

variety  

47 47 9 18 32.5 2 12.123 0.002 

Drought 

tolerant 

variety 

16 16 11 22 19    

Replace 

with 

other 

crop 

37 37 30 60 48.5    

†No. df = degrees of freedom, χ 2 = Chi square, p = probability, number of respondents at Babile = 100  

‡No. of respondents at Fedis = 50 

 

 

2.3.6. Constraints to groundnut production 

 

In the study areas, groundnut production was constrained by various biotic and abiotic stresses 

(Table 2.8). There was a nonsignificant difference (P>0.05; χ2 = 16.315) in production constraints 

between the two districts. Farmers identified the major groundnut production constraints as 

follows: drought stress (90% of respondents), poor soil fertility (88%), poor supply of improved 

seed (67%), pre-harvest diseases (e.g., root rots and leaf spots) (59.5%), low-yielding varieties 

(52.5%), poor access to extension services (41.5%), poor access to credit (21.5%) and limited 

availability of improved varieties (18.5%). Appendix 2.1 summarizes the historical weather data 

of the study areas, for main cropping seasons, between May and October (1985-2016). 

Depending on the availability of rainfall, groundnut is planted at the beginning of May. The 
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rainfall trend indicates that the study areas receive low rainfall in the month of June and this 

period coincides with flowering stage of groundnut which agrees with farmers experiences 

recorded during the PRA study. 

Farmers in the study area reported poor soil fertility as the next yield-limiting factor in groundnut 

production. Anteneh (2017) reported low soil fertility status as one major abiotic constraint to 

sustainable groundnut production in the same study areas, which agrees with the present study. 

Groundnut diseases, such as root rot and leaf spot, are among the most important biotic factors 

that limit groundnut production. As a good disease-management practice, farmers grew 

groundnut in rotation with cereal crops like sorghum (Table 2.5). However, more effective 

disease control options, such as the use of resistant varieties, ensured sustainable groundnut 

production. Farmers in the study areas recycled groundnut seeds of the same variety year after 

year. This practice is conducive to disease build-up and reduces seed germination percentage, 

viability and vigor, which significantly affect the performance of the crop. Extremely low seed 

replacement rate is one of the hindrances to introducing high-yielding varieties (Singh and Singh, 

2016). Thus, effective strategies need to be developed to enhance the seed replacement rate of 

the crop. 

 

Conversely, farmers in Fedis district reported Orobanche spp. being noxious weeds. Orobanche 

weeds may cause 5-100% yield loss in oilseed crops, especially in the arid and warmer areas 

(Habimana et al. 2014). Because Orobanche control through hand weeding is laborious and not 

fully effective hence application of herbicides is recommended to enhance production and 

productivity. 
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Table 2.8. Farmer- perceived constraints to groundnut production in eastern Ethiopia (%). 

Production 

constraints 

District     

Babile  Fedis mean df χ 2 P value 

Drought stress 88 92 90 15 16.315 

 

 

 

 

 

 

 

 

 

 

0.361 

 

 

 

 

 

 

 

 

 

 

Poor soil fertility  78 98 88  

Poor supply of 

improved seed 64 70 67 

 

Pre-harvest diseases 67 52 59.5  

Low yielding varieties 51 54 52.5  

Low access to 

extension services 37 46 41.5 

 

Low access to credit 15 28 21.5  

Limited availability of 

improved varieties 23 14 18.5 

 

Undesired improved 

varieties  21 16 18.5 

 

Post-harvest diseases 10 24 17  

Limited agricultural 

lands 13 20 16.5 

 

Lack of appropriate 

storage facility 10 20 15 

 

Limited availability of 

inorganic fertilizers 14 12 13 

 

High cost of seed 11 14 12.5  

Insect pests 15 8 11.5  

High cost of 

commercial fertilizers 8 12 10 

 

df = degrees of freedom, χ 2 = Chi square,  p = probability 

 

2.3.7. Farmer-preferred traits of groundnut variety 

There was a nonsignificant difference (p>0.05; χ2 = 10.891) in farmer-preferred traits of 

groundnut variety between the two districts. Farmer-preferred traits were high shelled yield 

(reported by 27.67% of respondents), early maturity (16.84%), tolerance to drought stress 

(13.67%), market value (11.17%), good grain quality (10%), adaptability to local growing 

conditions (5.8%), and resistance to diseases (5.17%). (Table 2.9). Though 90% of respondents 

mentioned that drought is a major constraint to groundnut production in the study areas, farmers 

preferred to grow high yielding (27.67%) and early maturing (16.84%) varieties compared to 

drought tolerance (10%).  During the FGD, farmers indicated that large seed, uniform seed size, 

and tan to red kernel color were market-preferred traits, with price premium. Further, farmers 

preferred to grow groundnut varieties with upright growth habit rather than runner types 

because of their being unsuitable for intercropping. 
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Table 2.9. Farmer-preferred traits of a groundnut variety in the study areas. 

 

Trait 

                             District        

                  Babile                  Fedis       

Frequency  Percentage  Frequency  Percentage  % mean Rank  df χ 2 P  value 

High Yield  74 24.67 46 30.67 27.67 1 9 10.89 0.283 

Good Seed 

quality  

 

38 

 

12.67 

 

11 

 

7.33 
10 

 

5 

   

Early maturity  57 19 22 14.67 16.84 2 

Drought 

tolerance  

 

38 

 

12.67 

 

22 

 

14.67 13.67 

 

3 

Resistance to 

field insect 

pests 

 

 

8 

 

 

2.67 

 

 

3 

 

 

2 

 

2.34 

 

 

10 

Resistance to 

diseases  

 

11 

 

3.66 

 

10 

 

6.67 5.17 

 

7 

Resistance to 

storage pests  

 

9 

 

3 

 

9 

 

6 4.5 

 

8 

Marketability  39 13 14 9.33 11.17 4 

Best 

adaptability  

 

17 

 

5.67 

 

9 

 

6 5.84 

 

6 

Good biomass  9 3 4 2.67 2.84 9 

df = degrees of freedom, χ 2 = Chi square,  p = probability 

 

2.4. Conclusions  

In the present study, farmers identified drought stress, poor soil fertility, poor seed supply 

systems, pre-harvest diseases (root rot and leaf spot), low yielding varieties, limited access to 

extension services, low access to credit and limited availability of improved varieties as the major 

groundnut production constraints. Among the identified production constraints, recurrent 

drought was reported by the majority of the respondents to significantly reduce unshelled 

groundnut yield across the study areas. Farmers cultivated unimproved landraces and few 

obsolete and late-maturing introduced varieties. The present study found that farmers sought 

high-yielding and well-adapted modern groundnut varieties for production under drought stress, 

poor soil fertility and diseases.  Results also indicated a lack of sustainable groundnut seed system 

in the region. There is a need to strengthen formal, semi-formal, and private seed systems to 

sustain the supply of new varieties in the region.  The study identified the following farmer-

preferred traits: high shelled yield, early maturity, drought tolerance, market value, good seed 

quality and adaptability to local growing conditions and resistance to diseases. Therefore, 

groundnut breeding programs should consider and integrate the production constraints and 

farmer-preferred traits during the development of improved varieties. This would enhance the 

production and productivity of groundnut in eastern Ethiopia. 
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Chapter 3 

Assessment of the diversity of groundnut (Arachis hypogaea L.) genotypes for kernel yield, 

and oil and haulm quantity and quality under moisture stress conditions 

______________________________________________________________________________ 

Abstract  

Recurrent drought is the main factor limiting groundnut yield, oil and fodder quality. Breeding 

and deployment of drought tolerant and high yielding genotypes with quality attributes is 

essential to meet the requirements of the food and feed sectors. The objective of this study was 

to determine drought tolerance, kernel and fodder yield and quality amongst diverse groundnut 

genotypes for direct production or breeding. One hundred genotypes were evaluated at the 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)/India during 2018/19 

and 2019/20 under drought-stressed (DS) and non-stressed (NS) conditions using a 10 x 10 alpha 

lattice design with two replications. Data were collected on kernel yield (KY), oil content (OC), oil 

yield (OY), protein content (PC), palmitic acid content (PAC), stearic acid content (SAC), oleic acid 

content (OAC) and linoleic acid content (LAC), haulm yield (HY) and fodder quality parameters 

such as the contents of dry matter (DM), ash, nitrogen  (NC), neutral detergent fiber (NDFDM), 

acid detergent fiber (ADFDM), acid detergent lignin (ADLDM), in vitro digestibility (IVOMD) and 

metabolizable energy (ME). Data were subjected to parametric and non-parametric statistical 

analyses. Combined analysis of variance revealed significant (P< 0.05) genotype differences for 

all assessed traits. Genotype × water regime interaction effects were significant for KY, OC, ash 

content, NC, NDFDM and ADLDM. Kernel yield positively and significantly (P<0.05) correlated 

with oil yield (r = 0.99), LAC (r = 0.13), ash (r = 0.32), NDFDM (r = 0.54) under DS condition. Haulm 

yield was positively and significantly (P<0.05) correlated with OC (r = 0.24), NDFDM (r = 0.19), 

ADFDM (r = 0.18) and ADLDM (r = 0.17) under DS condition. Cluster analysis grouped the test 

genotypes into 12 distinct genetic groups. The study identified genotypes, ICGV 10178, ICGV 

01260, ICGV 06175 and ICGV 10379, with high kernel and haulm yields, and CGV 181017, ICGV 

01491, ICGV 15019, ICGV 181026, ICGV 16005 and ICGV 181063, with high oleic acid content. 

Further, genotypes, ICGV 7222, ICGV 10143, ICGV 6040, ICGV 03042, ICGV 06175, ICGV 01260, 

ICGV 99241, ICGV 96266, ICGV 171027 and ICGV 01491, were selected with relatively better 

drought tolerance. The selected genotypes are recommended for further breeding and variety 

release under drought-stressed environments.  

 
Keywords: Abiotic stress, Arachis hypogaea; drought tolerance, fatty acids, fodder quality  
_______________________________________________________________________________________ 

This chapter has been published in Crop Science, 2021; 1–18. https://doi.org/10.1002/csc2.20483 
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3.1. Introduction  

Groundnut (Arachis hypogaea L., 2n = 4x = 40) is an important oilseed crop with multiple uses in 

the food and feed sectors. It is cultivated in diverse agro-ecologies including the semi-arid tropics 

and sub-tropical regions globally. Groundnut is mainly cultivated as a source of vegetable oil for 

local, regional and international markets (Ojiewo et al. 2020). Further, groundnut kernels are 

eaten raw, roasted, boiled or processed into groundnut butter (Janila et al. 2016). The oil content 

of groundnut kernels varies from 45 to 56% (Sarvamangala et al. 2011; Bishi et al. 2013; Yol et al. 

2017). Groundnut oil is one of the premium cooking oils for its stability at high temperatures and 

higher smoke point conditions compared with soybean and rapeseed oils (Choe and Min, 2007). 

Groundnut kernels contain macro-and micro-nutrients such as calcium (920 mg/kg), magnesium 

(1690 mg/kg), potassium (7054 mg/kg), iron (46mg/kg) and Zinc (33mg/kg) (Nigam, 2014). The 

kernels are also rich in vitamins (e.g. vitamins E, K and B) and protein (~25%) (Sarvamangala et 

al. 2011; Janila et al. 2014). The main fatty acids present in groundnut are oleic acid (80%), linoleic 

acid (~40%) and palmitic acid (5 to 10%) (Bishi et al. 2013). It also consists of minor fatty acids 

such as stearic, arachidic, eicosenoic, behenic, lignoceric and gadoleic acids each accounting 

between 1 to 3% of the total fatty acid (Andersen et al. 1998). Groundnut genotypes with oleic 

acid content > 78% are referred to as high oleic genotypes and possess oil with longer shelf life 

(Janila et al. 2018a; Deshmukh et al. 2020). The high auto-oxidative stability nature of oleic acid 

is a key factor attributing to the extended shelf life of the oil (Nawade et al. 2018). Groundnut oil 

with high linoleic acid content is prone to oxidation, which result in unpleasant odor and taste, 

and reduced shelf-life (Shasidhar et al. 2020). Therefore, high oleic acid/linoleic acid ratio is a 

desired quality parameter to enhance the shelf-life of groundnut oil. Developing groundnut 

genotypes with high oleic acid is a key breeding objective for human health, product quality and 

to access the lucrative market opportunities (Nawade et al. 2018). 

 

Groundnut haulm serves as an important feed source for livestock in fresh or dry forms. This is 

essential in the crop-livestock farming systems such as in Ethiopia and other arid and semi-arid 

regions where grazing lands are limited (Oteng-Frimpong et al. 2017; El-Sabagh et al. 2019; Abady 

et al. 2019). Reportedly, the haulm contains protein ranging from 8–15%, lipid (1–3%), minerals 

(9 = 17%) and carbohydrates (38–45%) (Janila et al. 2016). These attributes make groundnut 

haulm as a quality fodder source for supplementing the diet of livestock. Key quality parameters 

of the haulm include the contents of nitrogen, in vitro organic matter digestibility and 

metabolized energy (Joshi et al. 2019). In vitro organic matter digestibility is the proportion of 

organic matter that is digested in the ruminant digestive tract. Metabolizable energy is the net 

energy available for animal growth or reproduction after fecal and urinary energy loss 

(Samireddypalle et al. 2017). Conversely, carbohydrate components such as high neutral 

detergent fiber, acid detergent fiber, and acid detergent lignin have negative impact on haulm 
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quality due to their indigestibility (Samireddypalle et al. 2017). Neutral detergent fiber includes 

all cell wall components and acid detergent fiber. Acid detergent fiber corresponds to cellulose 

and lignin contents (Mertens, 2000).  

 

Due to its multiple uses and relatively higher drought tolerance, groundnut is grown in the mixed 

crop-livestock production systems in sub-Saharan Africa and Asia, mainly by small-holder 

farmers. These agro-ecosystems are drought-prone where land, water and natural pastures are 

becoming increasingly scarce (Abady et al. 2019). Drought stress caused by low precipitation is 

the leading cause of the decline of natural grazing lands resulting in high livestock mortality. For 

example, Tanzania livestock mortality, herd value and income losses attributed to drought 

accounted for 5, 4 and 31%, respectively (Ahmed et al. 2019). Similarly, small-holder farmers in 

some parts of Ghana reported chronic water shortages for both human and livestock due to 

drought (Ngcamu and Chari, 2020). Drought stress occurring during the reproductive growth 

stage is most devastating and can lead to a yield loss reaching up to 33% (Pereira et al. 2016; 

Carvalho et al. 2017). Therefore, it is an overriding consideration to develop and deploy dual-

purpose groundnut cultivars with high kernel and haulm yields and associated quality parameters 

with drought tolerance. In the past there was no dedicated groundnut breeding program that 

aimed at breeding genotypes with high kernel and haulm yields with quality attributes under 

drought stress environments.  

 

Groundnut exhibits extensive phenotypic and genotypic diversity (Upadhyaya et al. 2005; Pandey 

et al. 2012; Ren et al. 2014; Zheng et al. 2018). Moreover, marked variation for drought tolerance 

has been reported in groundnut germplasm collections (Hamidou et al. 2012; Falke et al. 2019; 

Oteng-Frimpong et al. 2019). These present opportunities to develop fit-for-purpose genotypes 

for food and feed with drought tolerance. The International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT) in India maintains the world’s largest collection of groundnut 

germplasm which has essential sources for genetic variation with desirable attributes for 

breeding. The groundnut genetic resources at ICRISAT mainly comprise of the Spanish (sub-

species fastigiata) and Virginia (sub-species hypogaea) market types. Many of these genotypes 

possess desirable agronomic traits which can be exploited to designing new groundnut cultivars 

(Singh and Nigam, 2016). Therefore, the diverse groundnut germplasm collections can be sourced 

and rigorously evaluated for drought tolerance and kernel and fodder yield, and associated 

quality traits to select unique genotypes for breeding. In light of the above background, the 

objective of this study was to determine the response of diverse groundnut genotypes for 

drought tolerance, kernel and fodder yield and quality for direct production or breeding. 
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3.2. Material and methods 

3.2.1. Plant materials, site description and experiment design 

One hundred groundnut genotypes acquired from ICRISAT/Patancheru, India, were used for the 

study. The majority of these genotypes are currently used in the groundnut breeding program in 

Ethiopia, and the remaining lines were recently developed by ICRISAT. The list of the genotypes 

with pedigree information is shown in Table 3.2. Of these genotypes, 70 belonged to the 

subsp. fastigiata var. vulgaris and 30 to the subsp. hypogaea var. hypogaea. The genotypes were 

selected based on desirable traits, including drought tolerance, resistance to foliar diseases such 

late leaf spot and rust, high oil and oleic acid contents, and being early-to-medium maturing. The 

genotypes (Appendix 3.1) were evaluated under drought-stressed (DS) and non-stressed (NS) 

conditions at ICRISAT (latitude, 17.510N, longitude, 78.270E and altitude 545 m) during 

2018/2019 and 2019/2020 post-rainy seasons (December to May) using a 10 x 10 alpha lattice 

design with two replications. Seeds of each genotype were sown in 4 rows of 4-meter-long with 

30 cm between rows and 10 cm between plants. The field was maintained with regular irrigation 

until flowering for NS and DS treatments, after which irrigation was withdrawn for the DS 

treatment to induce moisture stress. For the NS treatment, sufficient irrigation was supplied until 

physiological maturity. Other agronomic practices were carried out following the standard 

guideline for groundnut production (Janila et al. 2018b). Table 3.1. Presents weather data during 

field trials. The mean minimum and mean maximum temperatures during 2018/19 and 2019/20 

were 18.86/34.28 and 19.45/33.39 C0, respectively.  
 

Table 3.1. Monthly weather data during the field trial at ICRISAT/India (2018/19 and 2019/20 post-rainy seasons). 

Year  Month  Rainfall (mm) Tmax (0C) Tmin (0C) RHmax (%) RHmin (%) 

2018/19 December 2.75 26.97 14.45 95.52 54.00 

 January 0.29 29.03 12.31 95.35 41.39 

 February 0.09 32.44 17.63 86.54 43.03 

 March 0 36.84 20.3 80.19 36.71 

 April 1.08 39.39 23.48 68.60 25.93 

 May  0.93 41.03 25.01 56.75 20.81 

Mean   0.86 34.28 18.86 80.49 36.98 

2019/20 December 0 28.23 15.79 92.26 69.05 

 January 0.07 29.75 16.39 90.58 61.9 

 February 0.05 31.48 16.87 86.86 53.41 

 March 0 34.72 20.24 84.23 50.23 

 April 0.7 37.52 22.77 77.57 23.23 

 May  0.51 38.64 24.61 79.19 50.06 

Mean   0.22 33.39 19.45 85.12 51.31 

Tmax = average maximum temperature, Tmin = average minimum temperature, RHmax = average maximum relative humidity, 

RH min = average minimum relative humidity 
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Table 3.2.  Descriptions of the groundnut genotypes used for genetic diversity analysis. 
Serial 

number 
Genotype   Pedigree Trait 

Drought 

tolerance 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

1 
ICGV 16667 

ICGV 06110 x (ICGV 06110 x Sun Oleic 95-R) F1P2-BC1F1P3-P9-P4-

P5-P1-B1-B1 
HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

2 
ICGV 93128 (ICGMS 42 x Kadiri 3) F2-B1-B2-B2-B2-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

3 
ICGV 95066 (ICGV 86388 x ICGV 86029) F4-B1-B1-B2 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

4 
ICGV 96174 

{[(Florigiant x NCAc17090) x (Dh-3-20 x PI259747)] x ICGV 88312} F2-

SSD(2)-B2-B1(2)-B2-B1 
MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

5 
ICGV 97087 

{(Florigiant x NCAc 17090)x[(Dh3-20 x PI259747)x ICGV 88312]} F2-

SSD-SSD-B2-B1(6) 
MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

6 
ICGV 98077 [(ICGV 86185 x ICGV 86743) x Kadiri 134] F2-SSD-SSD-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

7 
ICGV 01279 (ICGV 92069 x ICGV 93184) F2-SSD-B3-B1-B2-B3-B1-B1-B1-P3-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

8 
ICGV 03042 {ICGV 99160 x [ICGV 93124 x (LI x ICGS 44)]} F2-SSD-SSD-B1-B1-B1 HO 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

9 
ICGV 06039 

[(ICGV 92069 x ICGV 93184) x (NC Ac 343 x ICGV 86187)S23] F2-SSD-

SSD-P4-P1-B1-B1 
MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

10 
ICGV 06040 

[(ICGV 92069 x ICGV 93184) x (NC Ac 343 x ICGV 86187)S23] F2-SSD-

SSD-P5-B1-B1-B1 
MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

11 
ICGV 07010 (ICGV 00043 x ICGV 00064) F2-SSD-SSD-P6-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

12 
ICGV 10143 (ICGV 01274 x ICGV 05063) F2-SSD-SSD-P8-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

13 
ICGV 11422 (ICGV 01274 x ICGV 04124) F2-SSD-SSD-P1-B1-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

14 
ICGV 11396 (ICGV 99159 x ICGV 95047) F2-SSD-SSD-P11-B1-B1-B1-B1-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

15 
ICGV 11418 (ICGV 01274 x ICGV 05063) F2-SSD-SSD-P7-B1-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

16 
ICGV 91223 [ICGV 87165 x (ICG 9516 x ICGS 30)] F2-B1-B1-B1-B1-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

17 
ICGV 94118 [(J 11 x CS 52) x ICGV 86015] F2-B1-B1-B1-B2-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

18 
ICGV 99019 (ICGV 94118 x ICGV 92209) F2-SSD(S)-B5-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

19 
ICGV 00162 (259-2 x ICGV 93197) F2-P14-B1-B1-B2-B2-B1(SB) FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 
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 Table 3.2. Continued 

Serial 

number 
Genotype   Pedigree Trait 

 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

20 
ICGV 00211 (ICGV 94118 x ICGV 93388) F2-P5-B1-B1-B1-B1-B1(SB) FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

21 
ICGV 00187 (ICGV 94118 x ICGV 92267) F2-P21-B1-B1-B1-B1-B1(SB) FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

22 
ICGV 00213 (ICGV 94118 x ICGV 93427) F2-P23-B1-B1-B1-B1-B1(SB) FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

23 
ICGV 06146 

[(ICGV 92069 x ICGV 93184) x (ICGV 96246 x 92 R/75)] F2-SSD-SSD-

P12-B1-B2-B1 
FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

24 
ICGV 07120 

[{[(86187x86350)x(Florix17090)]x(Dh.3-20xPI259747)} x [ICGV 

87121 x ICGV 87853)xICGV 92023]] F2-B1-SSD-P8-B1-B1-B1 
FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

25 
ICGV 10178 (ICGV 04078 x ICG 10889) F2-SSD-SSD-SSD-P1-B1-B1-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

26 
ICGV 11380 (ICGV 07106 x ICGV 86590) F-SSD-SSD-SSD-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

27 
ICGV 14001 (ICGV 06142 x ICGV 07075) F2-SSD-SSD-P9-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

28 
ICGV 14030 (ICGV 06142 x ICGV 06282) F2-SSD-SSD-P31-B1-B1 FDR 

unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

29 
ICGV 86015 (ICGS 44 x TG 2E) F2-B1-B2-B1 EM 

EM  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

30 
ICGV 93260 (ICGS 11 x ICG 4728) F2-B1-B1-B1-B1-B1A-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

31 
ICGV 93261 (ICGS 11 x ICG 4728) F2-B1-B1-B1-B1-B1A-B1-B1-B1RF-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

32 
ICGV 92121 (Ah 7827 x ICGS 11) F2-B1-B1-B3-B1-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

33 
ICGV 99241 (ICGV 87290 x ICGV 87846) F2-P29-B1-B1-B1-B2-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

34 
ICGV 00351 (ICGV 87290 x ICGV 87846) F2-P63-B1-B1-B1-B3-B1-B1-B1-B1-B1(SB) DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

35 
ICGV 01260 (ICGV 92113 x ICGV 86300) F2-P1-B1-B1-B1-B1-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

36 
ICGV 01265 (ICGV 94148 x ICGV 91123) F2-SSD-SSD-B4-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

37 
ICGV 13200 

{TAG 24-P2 x [TAG 24-P2 x (TAG 24-P2 x GPBD 4-P1_26-1)]} 

BC2F1P2-P11-B1-B2-B1 
FDR 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

38 
ICGV 07220 

[(ICGV 92069 x ICGV 93184)SIL 4 x (ICGS 44 x ICGS 76)] F2-SSD-SSD-

P5-B1-B1-B1 
DT 

DT ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 
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 Table 3.2. Continued 

Serial 

number 
Genotype   Pedigree Trait 

 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

39 
ICGV 07222 

[(ICGV 92069 x ICGV 93184)SIL 4 x (ICGS 44 x ICGS 76)] F2-SSD-SSD-

P19-B1-B1-B1 
DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

40 
ICGV 13317 (ICGV 07225 x JAL 13) F2-SSD-SSD-P14-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

41 
ICGV 13254 (ICGV 07223 x ICGV 07405) F2-SSD-SSD-P1-B1-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

42 
ICGV 181026 ((ICGV 06142 x Sun Oleic 95R) X Sunoleic 95-R)-P5-P1-P1-P2-P1 HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

43 
ICGV 15073 (ICGV 06420 × Sun Oleic 95R)F1P3-BC1F1P14-P3-P4-P9-P6-B1 HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

44 
ICGV 15074 (ICGV 06420 × Sun Oleic 95R)F1P3-BC1F1P14-P3-P4-P9-P8-B1 HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

45 
ICGV 15083 (ICGV 06420 × Sun Oleic 95R)F1P3-BC1F1P14-P3-P5-P10-P3-B1 HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

46 
ICGV 15019 (ICGV 06420 × Sun Oleic 95R)F2P191-P3-P7-B1-B1 HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

47 ICGV 06420 (ICGV 87846 x ICGV 99240)F2-P1-B1-B1-B1-B1-B1-B1-B1-B3  Unknown      

48 
ICGV 05155 (ICGV 99160 x ICGV 99240) F2-B3-P6-B1-B3-B2-B1-B1-B1-B1 HO 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

49 
ICGV 16688 

ICGV 06110 x (ICGV 06110 x Sun Oleic 95-R) F1P2-BC1F1P3-P9-P4-

P32-P1-B1-B1 
HOA 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

50 
ICGV 03043 {ICGV 99160 x [ICGV 93124 x (LI x ICGS 44)]} F2-SSD-SSD-B3-B1-B1 HO 

Unknown  ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

51 
ICGV 00350 (ICGV 87290 x ICGV 87846) F2-P63-B1-B1-B1-B1-B2-B1-B1-B1-B1(SB) DT 

DT ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

52 
ICGV 86590 (X14-4-B-19-B x PI 259747) F2-B2-B1-B1-B1-B1-B2 FDR 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

53 
ICGV 02266 (ICGV 94143 x ICGV 94136) F2-B1-B1-B1-B1-B1 DR DR 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

54 
ICGV 13189 

{ICGV 91114-P1 x [ICGV 91114-P1 x (ICGV 91114-P1 x GPBD 4-

P1_13-1)]} BC2F1P3-P1-B1-B1-B1 
DT DT 

ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

55 
ICGV 13207 

{TAG 24- P3 x [TAG 24-P3 x (TAG 24-P3 x GPBD 4-P1_27-1)]} 

BC2F1P2-P2-B2-B1-B1 
FDR 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

56 
ICGV 14421 (ICGV 91114-P1 x GPBD 4-P2-16-7) F2-P13-P29-B2-B2-B1-B1-B1 FDR 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

57 
ICGV 13219 

{JL 24- P1 x [JL 24- P1 x (JL 24-P1 x GPBD 4-P1_19-5)]} BC2F1P1-P6-

B1-B2-B1 
DT 

DT ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 
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Table 3.2. Continued. 

Serial 

number 
Genotype   Pedigree Trait 

 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

58 
GPBD 4 KRG 1 x ICGV 86855 FDR 

Unknown 
Karnataka, India 

Spanish 

bunch 
fastigiata Cultivar  

59 
ICGV 86031 (F 334 A-B-14 x NC Ac 2214) F2-B1-B3-B2-B3-B2-B3 MD 

MD ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

60 
ICGV 16686 

ICGV 06110 x (ICGV 06110 x Sun Oleic 95-R) F1P2-BC1F1P3-P9-P4-

P28-P2-B1-B1 
HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

61 
ICGV 16005 (ICGV 06420 × Sun Oleic 95R) F2P411-P2-P9-P29-B1-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

62 
ICGV 171013 

ICGV 07368 x (ICGV 07368 x Sun Oleic 95-R) F1P1-BC1F1P39-P3-P1-

P2-P5-P2-B1 
HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

63 
ICGV 171026 (ICGV 00350 x SO 95R)F2 SSD-SSD-SSD-SSD-P18-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

64 
ICGV 171039 

ICGV 06110x[ICGV 06110x{ICGV 06110x(ICGV 06110 x SO 95R)}]-

BC3F1P4-P17-P7-P1-B1-B1-B1 
HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

65 
ICGV 171046 

ICGV 06142x[ICGV 06142x{ICGV 06142x(ICGV 06142 x SO 95R)}]-

BC3F1P96-P14-P2-P3-B1-B1-B1 
HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

66 
ICGV 181017 ((ICGV 06142 x Sun Oleic 95R) x Sunoleic 95-R)-P4-P4-P1-P1-P1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

67 
ICGV 181063 (ICGV 02266 x ICGV 15059)-P2-P1-P1-P1-P1-P1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

68 
ICGV 98412 

[(ICGV 88361 x ICGV 88390)x(ICGV 88438 x ICG 5240)F1] F2-SSD-B3-

B1-B2-B1-B2-B1-B1 
CON 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata Cultivar  

69 
ICGV 181489 (ICGV 00351 x Sun Oleic 95R)-14-1-1-1-1-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

70 
ICGV 181490 (DH 86 x Sun Oleic 95R)-5-1-1-1-1-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Spanish 

bunch 
fastigiata ABL 

71 
ICGV 92054 [ICGV 87137 x (ICGS 21 x ICGS 50)F5] F2-B1-B1-B1VB-B2SB-B2-B1VB MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

72 
ICGV 93162 [ICGV 86187 x (JL 24 x Robut 33-1)] F2-B1-B1-B1-B2-B1-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

73 
ICGV 95111 (ICGV 88308 x ICGMS 42) F2-SSD-SSD-SSD-B2SB-B1-B2-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

74 
ICGV 96165 (CSMG 84-1 x ICGS 76) F2-SSD-SSD-SSD-B4-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

75 
ICGV 97115 (ICGV 88308 x CSMG 84-1) F2-SSD-B1-B1-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

76 
ICGV 98184 (ICGV 91061 x ICGV 86015) F2-SSD-SSD-B1NI-B1-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 
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Table 3.2. Continued. 

Serial 

number 
Genotype   Pedigree Trait 

 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

77 
ICGV 01491 [(ICGV 88414 x USA 63) x ICGV 95172] F2-SSD-B2-B1-P1-B1-B2-B1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

78 
ICGV 03287 (ICGV 99229 x ICGV 97245) F2-P21-P3-P1-B1 MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

79 
ICGV 05057 

{[ICGV 86015 x (B4 x ICGMS 2)] x (ICGV 92035 x ICGV 93128)} F2-

SSD-SSD-B1-B1-B1-B1-B1-B1-B1-B2 
MD MD 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

80 
ICGV 06175 (ICGV 99052 x ICGV 00241) F2-B1-SSD-P1-B1-B1-B1 FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

81 
ICGV 00064 

{[ICGV 88312 x (B4 x ICGV 86885)] x [(JL 24 x ICG(FDRS) 4) x JL 24]} 

F2-SSD-SSD-SSD-B1-B1-B2(VB) 
FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

82 
ICGV 00246 (ICGV 93222 x ICGV 92209) F2-P6-B1-B1-B2-B1-B1(VB) FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

83 

ICGV 97150 

{[([(JH 60 x PI 259747)-F2-B1-B1-B2-B2-B1-B1 x NC Ac 17133]F2-B2-

B2-B1-B1-B1 x J 11)x NC Ac 343]x ICGV 86003} F2-B1-B1-B1-B1-B1-

B1-B1-B1-B1 

FDR 

Unknown 
ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

84 
ICGV 98385 (91/57-2 x PI 270806) F2-P13-B1-B1-B2-B1-B2-B1 FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

85 
ICGV 96266 

(ICGV 86577 x ICGV 86594) F2-B1-B1-B2-B1-B2-B1-B1-B1-B1-B1-B1-

B1 
FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

86 
ICGV 14224 (ICGV 06184 x ICGV 07076) F2-SSD-SSD-P4-B1-B1 FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

87 
ICGV 14232 [(ICGV 00037 x ICGV 00038) x ICGV 06184] F2-SSD-SSD-P2-B1-B1 FDR 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

88 
ICGV 07262 

[(ICGV 92069 x ICGV 93184)SIL 4 x (ICGS 44 x ICGS 76)] F2-SSD-SSD-

P13-B1-B1-B1 
DT DT 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

89 
ICGV 07247 

[(ICGV 92069 x ICGV 93184)SIL 4 x (ICGS 44 x ICGS 76)] F2-SSD-SSD-

P12-B1-B1-B1 
DT DT 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

     Hydrabad     

90 

ICGV 10371 

{{[(ICGV 87121 x ICGV 87853) x ICGV 93023] x ICGV 99160}B1 x 

[ICGV 87846 x ( ICGV 87290 x ICGV 87846)]B1VB}} F2-SSD-SSD-P2-

B1-B1-B1-B1-B1-B1 

DT DT 
ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

91 

ICGV 10373 

{{[(ICGV 87121 x ICGV 87853) x ICGV 93023] x ICGV 99160}B1 x 

[ICGV 87846 x ( ICGV 87290 x ICGV 87846)]B1VB}} F2-SSD-SSD-P2-

B1-B2-B1-B1-B1-B1 

DT DT 
ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

92 
ICGV 10379 (ICGV 03115 x ICGV 91114) F2-SSD-SSD-P7-B1-B1-B1-B1-B1 DT DT 

ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

93 
ICGV 15094 (ICGV 06420 × Sun Oleic 95R)F1P8-BC1F1P28-P3-P6-P25-P10-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 
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Table 3.2. Continued. 

Serial 

number 
Genotype   Pedigree Trait 

 
Origin 

Market  

type 
Sub-species 

Breeding 

history  

         

94 
ICGV 87846 (CS 9 x ICGS 5) F2-B1-B2-B2-B1 DT 

DT ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea Cultivar  

95 
ICGV 86699 CS 29/1-B2-B1 FDR 

Unknown 
 

Virginia 

bunch 
hypogaea ABL 

96 
GG 20 GAUGG 10 x Robust 33-1 MD 

MD 
Gujarat, India 

Virginia 

bunch 
hypogaea Cultivar  

97 
ICGV 171007 

ICGV 06110 x (ICGV 06110 x Sun Oleic 95-R) F1P2-BC1F1P11-P7-P1-

P6-P2-P2-B1 
HOA 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

98 
ICGV 171027 (ICGV 03042 X SO 95R)F2 SSD-SSD-SSD-SSD-P8-B1 HOA 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

99 
ICGV 181006 ((ICGV 06420 x Sun Oleic 95R) x Sunoleic 95-R)-P1-P15-P1-P2-P1 HOA 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

100 
ICGV 181033 ((ICGV 03042 x Sun Oleic 95R) x ICGV 03042)-2-1-1-1-1 HOA 

Unknown ICRISAT, 

Hyderabad 

Virginia 

bunch 
hypogaea ABL 

DT = drought tolerant, Con = confectionery, FDR = foliar disease resistant, MD = medium maturity, EM = early maturity, MDR = multiple disease resistant, HO = high oil content, 

HOA = high oleic acid content, ABL = advanced breeding line 
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3.2.2. Data collection  

 

Data were collected on kernel and haulm yields from each plot and converted to tons per hectare 

(t ha-1). Oil yield in t ha-1 (OY = oil content in % x kernel yield in t ha-1), the contents of total oil 

(OC), total protein (PC), palmitic acid (PAC), stearic acid (SAC), oleic acid (OAC) and linoleic acid 

(LAC) of the kernels were estimated using near infrared spectroscopy-NIRS (XDS monochromator, 

FOSS Analytical AB, Sweden) (Deshmukh et al., 2020). Data on dry haulm yield was collected and 

expressed in t ha-1. Briefly, the haulm samples were collected at physiological maturity by cutting 

from above-ground at the soil surface followed by oven drying at 70 0C for three days. 

Subsequently, haulm weights were recorded and the samples were ground into powder for NIRS 

analysis. The haulm fodder quality analysis was conducted at the International Livestock 

Research Institute (ILRI) based at ICRISAT/India. Haulm fodder quality parameters including the 

contents of dry matter (DM), ash, neutral detergent fiber (NDFDM), acid detergent fiber 

(ADFDM), acid detergent lignin (ADLDM), and in vitro digestibility (IVOMD) and metabolizable 

energy (ME) were estimated using a NIRS using a FOSS Forage Analyzer 5000 with software 

package WinISI II (Kadim et al. 2005). Nitrogen was determined using the Kjeldahl method (Da 

Silva et al. 2016). 

 

3.2.3. Data analysis  

Data were subjected to analysis of variance using SAS version 9.3 Software (SAS Institute Inc., 

2011). Differences between treatment means were determined using the least significant 

difference (LSD) test at 5% significance level. Heritability in a broad-sense (H2) was calculated 

according to Allard (1960) using the following formulae:  

H2=
σ²g

σ²p
 𝑥 100% 

 

Where, δ²g and δ²p are genotypic variance and phenotypic variance, respectively.  

Stress tolerance index (STI) was calculated to select high kernel and haulm yielding genotypes 

under DS and NS conditions using the following formula (Fernandez, 1992):  

STI = (Yp ∗ Ys)/ (Yp) 2 

Where, Ys = yield of genotypes under DS condition; Yp = yield of genotypes under NS condition, 

and Yp = mean yield of test genotypes under NS condition.  
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Pearson correlation coefficients were performed using SAS software to determine the level of 

association among the assessed traits. Principal component (PC) analysis was performed using 

JMP software (SAS Institute Inc., Cary, NC, 1989-2019). PC bi-plots were constructed to determine 

association among traits and groundnut genotypes to aid simultaneous selection of genotypes 

with multiple traits. Hierarchical cluster analysis based on Ward method was computed using 

JMP Trail 15 version software to determine genetic groupings of the test genotypes. For sub-

species comparison, the mean values for the two sub-species were statistically compared using 

a t-test at 5% level of significance. Boxplots were constructed using the GGPUBR package in R 

version 4.0 (R Core Team, 2020).  

 

3.3. Results 

3.3.1. Effects of genotypes, water regimes and seasons on kernel and haulm yields, oil content 

and haulm quality parameters 

Combined analysis of variance revealed highly significant (p<0.05) genotype differences for 

kernel yield, oil content and fatty acids contents (Table 3.3). Significant genotype by water regime 

interaction effect was recorded for kernel yield and oil content. Genotype x year interaction 

effect was significant for all traits except stearic acid content, whereas genotype × water regime 

× year interaction effect was significant for all traits except palmitic acid content. Analysis of 

variance revealed highly significant (p<0.05) genotype differences for haulm yield and quality 

parameters. Also, significant genotype × water regime interaction effect was noted for nitrogen, 

neutral detergent fiber and acid detergent lignin. Genotype × year interaction effect was 

significant for ash, neutral detergent fiber, and acid detergent lignin, whereas genotype × water 

regime × year interaction effect was significant for haulm yield, ash, acid detergent lignin, in vitro 

organic matter digestibility and metabolizable energy. 
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Table 3.3. Mean squares and significant test among 100 groundnut genotypes evaluated for kernel yield, 

oil content and fatty acid compositions, and haulm yield and quality attributes across 2018/19 and 

2019/20 post-rainy seasons under drought-stressed and non-stressed conditions. 
  Kernel yield, oil content and fatty acid compositions 
Source of 
variation 

df KY OC  OY PC PAC SAC OAC LAC 

Year (Y) 1 74.55** 373.46** 14.20** 350.05** 0.041ns 85.02** 15.61ns 51.03ns 
Water regime 
(WR) 

1 
186.61** 

357.04** 
46.48** 

898.93** 11.06* 32.31** 1487.74** 2138.93** 

Genotype (G) 99 0.58** 21.02** 0.14** 10.68** 20.11** 0.61** 774.97** 547.64** 
Rep(Year) 2 2.01** 82.27** 0.69** 114.23** 5.61* 6.34** 60.65ns 266.49** 
Block(Year*Rep) 36 0.15ns 3.91ns 0.03ns 4.23ns 0.73ns 0.077ns 37.708ns 22.25ns 
G*WR 99 0.26* 6.78* 0.07* 3.17ns 0.81ns 0.15 35.13ns 24.22ns 
G*Y 99 0.30** 5.85* 0.07** 6.06* 1.46* 0.16ns 51.41* 36.01* 
G*WR*Y 100 0.44** 11.36** 0.17** 8.10** 0.95ns 0.30** 47.25* 37.31* 
Error 362 0.15 4.52 0.039 3.81 0.95 0.15 35.68 25.45 

Haulm yield and quality parameters 

Source df HY DM Ash  NC NDFDM ADFDM ADLDM IVOMD ME 

Year (Y) 1 174.03** 722.36** 208.75** 13.02** 3600.71** 56.56** 31.04** 708.05** 16.96** 

Water regime 

(WR) 

1 

678.03** 

4.08** 519.04** 6.04** 62.94** 112.34** 5.94** 282.77** 18.57** 

Genotype (G) 99 6.11** 0.14* 2.93** 0.06** 7.00* 5.49* 0.32* 3.33** 0.09** 

Rep(Year) 2 47.99** 0.79* 8.07* 0.10* 7.14ns 30.78* 1.01* 19.33** 0.65** 

Block(Year*Rep) 36 2.62* 0.05ns 2.03ns 0.03ns 5.01ns 5.09ns 0.28ns 2.23* 0.06* 

G*WR 99 1.62ns 0.08ns 2.50* 0.04* 6.69* 4.53ns 0.27* 1.85ns 0.05ns 

G*Y 99 1.68ns 0.10ns 2.13* 0.03ns 5.42* 4.07ns 0.29* 1.86ns 0.05ns 

G*WR*Y 100 5.17** 0.10ns 2.68** 0.02ns 4.33ns 4.92* 0.50** 2.17* 0.06* 

Error 362 1.52 0.09 1.54 0.02 4 3.54 0.2 1.52 0.2 

df  =  degrees of freedom, KY  =  kernel yield, OC  =  oil content, OY = oil yield, PC = protein content, PAC  =  palmitic acid content, 

SAC  =  stearic acid content, OAC  =  oleic acid content, LAC  =  linoleic acid content, HY = haulm yield, DM = dry matter, N = 

nitrogen, NDFDM = Neutral detergent fiber, ADFDM =  acid detergent fiber, ADLDM =  acid detergent lignin, IVOMD =  in vitro 

organic matter digestibility, ME =  metabolizable energy. * = significant at 5% level of significance, ** = significant at 1% level of 

significance, ns = non-significant.  

 

 

3.3.2. Performance of groundnut genotypes for kernel yield, oil content and fatty acids 

composition under non-stressed and drought-stressed conditions 

Mean performance of the assessed groundnut genotypes for kernel yield, oil content and fatty 

acid composition under DS and NS conditions in the 2018/19 and 2019/20 post-rainy seasons are 

presented in Table 3.4. Highly significant (p < 0.001) genotype differences were recorded for 

kernel yield under NS and DS conditions. Under DS condition, the highest kernel yield was 

recorded for ICGV 06040 (1.2 t ha-1), ICGV 7222 (1.17 t ha-1), ICGV 01260 (1.14 t ha-1), ICGV 10178 

(1.11 t ha-1), ICGV 06175 (1.1 t ha-1) and ICGV 10373 (1.07 tha-1). Genotypes, ICGV 10143, ICGV 

7222, ICGV 03042, ICGV 06039, ICGV 98412, ICGV 14001 and ICGV 06040, were high-yielding (˃2 

t ha-1) under NS condition.  
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For oil content, highly significant (p < 0.001) differences were recorded among the test genotypes 

under both conditions. Under DS condition, the highest oil content was recorded for, ICGV 10379 

(53.9%), ICGV 00064 (52.8%), ICGV 86699 (52.07%), ICGV 95111 (51.97%) and ICGV 96266 

(51.14%). Genotypes ICGV 98385, ICGV O1279, GPBD 4, and ICGV 00246, recorded high oil 

content of ˃ 50% under NS condition. Highly significant (p < 0.001) genotype differences were 

recorded for oil yield under both conditions. Under DS condition, the highest oil yield was 

recorded for, ICGV 6040 (0.58 t ha-1), ICGV 10178 (0.54 t ha-1), ICGV 01260 (0.54 t ha-1), ICGV 7222 

(0.53 t ha-1), ICGV 10373 (0.52 t ha-1) and ICGV 06175 (0.52 t ha-1). Genotypes ICGV 10143, ICGV 

06039, ICGV 7222, ICGV 03042, ICGV 14001 and ICGV 06040 recorded high oil yield (> 1.2 t ha-1) 

under NS condition. Significantly higher protein content (> 30%) was recorded in genotypes, ICGV 

11380, ICGV 171007, ICGV 181490 and ICGV 171046, under DS condition, whereas genotypes, 

ICGV 06146, ICGV 13219, ICGV 14030 and ICGV 10143, recorded high protein content (>28%) 

under NS condition.  

 

Palmitic acid content differed significantly among the assessed groundnut genotypes under both 

conditions. Under DS condition, the highest palmitic acid content was recorded for ICGV 00187 

(13.76%), ICGV 13254 (13.54%), ICGV 00213 (13.39%), ICGV 06040 (13.31%) and ICGV 96165 

(13.29%). Under NS condition, genotypes ICGV 00187, ICGV 96165 and ICGV 94118 had the 

highest contents of palmitic acid (> 14%). For stearic acid content, the highest value was recorded 

for ICGV 00213 (3.66%), ICGV 98412 (3.58%), ICGV 96174 (3.54%) and ICGV 00187 (3.5%) under 

DS condition, whereas genotypes ICGV 94118, ICGV 98412, GG 20 and ICGV 13254 recorded high 

concentrations (>3%) under NS condition. Highly significant (p<0.001) genotype differences were 

observed for oleic acid content under both conditions. The highest oleic acid content was 

recorded for ICGV 181026 (71.64%), ICGV 15019 (71.16%), ICGV 181017 (70.65%), ICGV 181063 

(69.68%) and ICGV 16667 (68.89%) under DS condition, whereas ICGV 181026, ICGV 181017, 

ICGV 171027, ICGV 16688 and ICGV 15074 recorded high oleic acid content (> 69%) under NS 

condition. Highly significant (p <0.001) genotype differences were observed for linoleic acid. 

Under DS condition, genotypes, ICGV 181026, ICGV 181017, ICGV 15019, ICGV 181063, ICGV 

16667, ICGV 171046 and ICGV 171026, expressed low linoleic acid content (< 13%) under NS 

condition. High broad-sense heritable values (>80%) were recorded for oleic, linoleic and palmitic 

acid contents under both water conditions. Low to medium H2 values were observed for oil and 

protein contents under both moisture conditions (Table 3.4). Medium heritability values at 49% 

and 51% were estimated for kernel yield under NS and DS conditions, in that order. 

 



89 
 

Table 3.4. Mean values for kernel yield, protein content and fatty acid compositions of 100 groundnut genotypes evaluated under drought-stressed 
(DS) and non-stressed (NS) conditions in 2018/19 and 2019/20 post-rainy seasons. 

Serial 

number 

Genotypes KY (t ha-1) OC (%) OY (t ha-1) PC (%) PAC (%) SAC (%) OAC (%) LAC (%) 

  DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

1 ICGV 16667 0.5 1.47 48.33 49.15 0.24 0.72 25.97 25.46 8.67 9.36 2.59 2.12 68.89 61.3 11.75 19.24 

2 ICGV 93128 0.37 1.73 46.28 47.04 0.17 0.81 29.31 26.65 12.53 12.39 2.76 2.57 48.01 46.69 28.63 30.61 

3 ICGV 95066 0.79 1.4 48.87 48.67 0.39 0.68 27.93 25.56 12.08 12.88 2.9 2.45 44.39 40.62 33.64 36.56 

4 ICGV 96174 0.41 1.23 45.55 48.27 0.19 0.59 28.47 24.19 11.79 12.57 3.54 3.07 47.12 41.06 28.98 35.32 

5 ICGV 97087 0.73 1.2 49.87 50.43 0.36 0.61 29.31 25.59 12.9 13.34 2.87 1.97 57.49 55.19 22.96 25.67 

6 ICGV 98077 0.37 1.29 47.56 49.04 0.18 0.63 26.29 25.08 12.66 12.99 2.85 2.28 39.57 37.61 37.79 40.23 

7 ICGV 01279 0.51 1.76 50.81 52.65 0.26 0.93 27.63 24.13 12.77 13 3.03 2.67 44.99 39.94 31.61 37.28 

8 ICGV 03042 0.94 2.52 47.79 49.59 0.45 1.25 25.96 24.45 12.65 13.33 2.66 2.18 42.39 35.77 34.85 41.12 

9 ICGV 06039 0.85 2.51 47.84 51.93 0.41 1.30 28.88 24.42 13.11 13.54 3.27 2.78 40.22 36.27 34.66 40.04 

10 ICGV 6040 1.2 2.36 48.63 51.99 0.58 1.23 27.8 26.87 13.31 13.33 2.99 2.76 40.61 37.68 35.52 38.87 

11 ICGV 07010 0.68 1.92 46.25 46.86 0.31 0.90 27.97 25.81 12.18 12.85 2.68 2.47 44.58 37.44 32.18 39.56 

12 ICGV 10143 1 2.89 45.41 49.19 0.45 1.42 30.16 28.27 12.22 12.99 2.89 2.45 44.53 37.65 32.11 39.28 

13 ICGV 11422 0.26 1.24 48.35 49.4 0.13 0.61 25.9 24.16 13.24 12.98 2.89 2.11 38.46 38.34 37.06 38.73 

14 ICGV 11396 0.37 2.1 49.93 49.42 0.18 1.04 27.34 25.02 12.99 12.64 3.05 2.21 41.4 38.01 34 39.04 

15 ICGV 11418 0.42 1.46 48.19 48.7 0.20 0.71 26.37 24.74 12.88 13.23 2.93 2.26 40.71 37.5 36.03 38.86 

16 ICGV 91223 0.41 1.51 45.01 46.68 0.18 0.70 28.8 25.23 11.6 11.8 3.04 2.46 46.64 42.95 31.06 35.74 

17 ICGV 94118 0.73 1.77 46.59 48.06 0.34 0.85 29.25 26.15 12.88 14 3.08 3.25 42.57 35.92 33.61 38.07 

18 ICGV 99019 0.75 1.99 47.47 47.68 0.36 0.95 27.12 26.14 13.21 13.61 3.18 2.65 41.05 38.19 34.7 37.92 

19 ICGV 00162 0.52 1.25 46.8 47.51 0.24 0.59 29 27.02 12.57 12.86 2.94 2.57 44.96 38.71 32.04 38.52 

20 ICGV 00211 0.64 1.95 49.48 49.69 0.32 0.97 27.5 24.97 12.73 12.58 2.76 2.43 40.27 39.11 36.87 39.11 

21 ICGV 00187 0.68 1.26 45.24 49.32 0.31 0.62 28.63 24.96 13.76 14.05 3.5 3.15 40.81 37.48 32.93 37.31 

22 ICGV 00213 0.59 1.71 45.82 47.69 0.27 0.82 28.19 26.56 13.39 13.82 3.66 3.02 42.27 35.61 32.73 38.73 

23 ICGV 06146 0.85 1.47 47.81 48.79 0.41 0.72 29.48 30.3 12.23 12.64 2.92 2.88 44.82 40.53 32.56 37.62 

24 ICGV 07120 0.84 1.32 48.04 47.93 0.40 0.63 26.84 26.89 12.63 13.2 3.06 2.52 40.86 41.04 35.67 35.57 

25 ICGV 10178 1.11 1.46 48.62 47.09 0.54 0.69 25.76 24.47 13.2 13.45 2.96 2.7 38.97 36.43 37.01 39.04 

26 ICGV 11380 0.91 2.16 47.22 51.42 0.43 1.11 31.87 26.34 12.31 12.08 3.01 2.66 46.36 42.2 31.43 37.03 

27 ICGV 14001 0.81 2.37 46.68 52.1 0.38 1.23 28.57 25.45 12.18 12.38 2.67 2.55 42.36 40.21 34.23 38.6 

28 ICGV 14030 0.52 2.15 48.7 49.64 0.25 1.07 28.96 28.55 12.33 12.19 2.98 2.61 44.66 40.41 32.93 37.7 

29 ICGV 86015 0.58 1.87 47.22 46.77 0.27 0.87 26.15 24.8 11.8 11.94 2.87 2.41 50.53 45.02 27.57 32.96 

30 ICGV 93260 0.57 2.28 43.14 46.12 0.25 1.05 28.6 25.11 11.56 12.03 2.63 2.75 48.04 43.57 29.91 34.23 

31 ICGV93261 0.71 1.88 41.66 41.78 0.30 0.79 29.62 27.13 10.96 12.04 2.72 2.08 50.8 44.81 27.13 32.44 

32 ICGV 92121 0.89 1.58 44.91 48.58 0.40 0.77 28.98 28.09 11.88 12.57 2.9 2.44 46.93 38.75 30.06 38.05 

33 ICGV 99241 0.91 1.76 48.99 51.59 0.45 0.91 24.43 23.01 12.78 12.82 2.93 2.59 40.51 36.52 36.08 41.1 

34 ICGV 00351 0.62 1.6 49.25 49.91 0.31 0.80 25.63 25.16 12.51 12.1 2.73 2.04 40.04 41.6 37.72 36.68 

35 ICGV 01260 1.14 1.72 47.31 47.12 0.54 0.81 27.75 26.46 12.39 12.72 3.04 2.81 44.61 42.35 32.58 35.16 

36 ICGV 01265 0.76 1.62 46.07 47.46 0.35 0.77 27.86 24.55 12.1 11.8 2.64 1.96 43.49 44.27 34.09 34.8 
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Table 3.4. Continued. 

Serial 

number 

Genotypes KY (t ha-1) OC (%)  OY (t ha-1) PC (%) PAC (%) SAC (%) OAC (%) LAC (%) 

DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

37 ICGV 13200 0.94 1.55 47.74 49.8 0.45 0.77 27.16 27.55 11.53 11.37 2.79 2.6 46.37 45.2 31.79 34.2 

38 ICGV 7220 0.3 2 46.65 48.85 0.14 0.98 29.61 27.01 12.95 12.76 2.97 2.59 42.07 38.84 33.73 37.84 

39 ICGV 7222 1.17 2.64 45.5 49.1 0.53 1.30 30.28 27.05 12.49 13.05 2.71 2.41 44.78 37.85 32.25 39.19 

40 ICGV 13317 0.75 2.35 47.75 50.36 0.36 1.18 27.85 25.93 12.94 13.71 2.69 2.69 41.16 35.52 34.62 40.31 

41 ICGV 13254 0.55 1.99 46.05 49 0.25 0.98 27.25 24.49 13.57 13.12 3.43 3.16 41.84 41.35 32.33 34.6 

42 ICGV 181026 0.53 1.74 47.35 50.08 0.25 0.87 27.95 26.26 8.32 6.68 2.18 1.92 71.64 76.03 10.11 7.62 

43 ICGV 15073 0.74 1.31 49.86 49.33 0.37 0.65 27.38 26.52 8.97 9.45 2.63 2.16 66.64 59.59 13.99 20.34 

44 ICGV 15074 0.67 1.97 47.84 50.65 0.32 1.00 27.2 26.63 9.22 8.28 2.63 2.28 64.24 69.09 15.42 12.93 

45 ICGV 15083 0.88 2.06 48.76 48.94 0.43 1.01 28.5 25.75 8.9 8.71 2.89 1.83 66.5 63.85 14.13 16.36 

46 ICGV 15019 0.82 1.68 43.84 44.25 0.36 0.74 29.76 25.42 7.86 7.84 2.11 1.51 71.16 68.46 10.62 13.46 

47 ICGV 6420 0.77 1.82 50.3 51.51 0.39 0.94 25.79 23.59 12.68 13.08 2.75 2.23 39.62 35.94 37.54 41.42 

48 ICGV 5155 0.6 1.83 49.12 51.78 0.29 0.95 27.38 24.43 12.41 11.85 2.89 2.27 41.48 41.87 35.34 37.4 

49 ICGV 16688 0.73 1.79 46.54 50.05 0.34 0.90 28.84 25.32 9.07 8.05 2.71 2.27 66.01 69.65 14.32 12.66 

50 ICGV 03043 0.71 1.9 48.64 49.55 0.35 0.94 27.4 25.46 12.87 13.14 2.71 2.2 38.58 35.81 38.07 41.73 

51 ICGV 00350 0.71 2.04 48.09 48.37 0.34 0.99 26.88 23.22 12.12 13.15 2.59 2.26 40.74 37.38 36.43 39.79 

52 ICGV 86590 0.76 1.49 45.04 46.36 0.34 0.69 27.98 26.14 11.6 12.18 3 2.7 43.47 38.51 34.58 39.94 

53 ICGV 02266 0.88 1.68 45.75 48.53 0.40 0.82 28.16 25.78 12.13 12.67 3 2.56 49.63 41.42 26.93 35.61 

54 ICGV 13189 0.78 2.02 46.66 47.62 0.36 0.96 29.11 26.85 11.88 11.76 2.63 2.23 46.77 44.54 31.35 34.53 

55 ICGV 13207 0.72 1.37 45.77 48.01 0.33 0.66 27.33 26.11 12.23 11.99 2.78 2.59 44.17 40.68 32.45 37.83 

56 ICGV 14421 0.96 2.19 45.65 50.87 0.44 1.11 28.06 25.98 11.77 12.61 2.18 2.39 43.94 39.64 34 39.05 

57 ICGV 13219 0.62 1.08 48.41 49.7 0.30 0.54 29.92 28.58 12.45 13.19 2.93 2.72 42.69 38.85 34.65 38.13 

58 GPBD 4 0.48 1.28 48.62 52.52 0.23 0.67 26.86 25.26 10.73 11.71 2.95 2.56 50.69 44.03 28.86 36.18 

59 ICGV 86031 0.52 1.4 48.44 48.71 0.25 0.68 26.74 26.25 13.23 13.45 2.53 2.27 36.7 36.15 39.52 39.81 

60 ICGV 16686 0.66 1.6 49.5 48.75 0.33 0.78 27.5 25.33 9.52 11.11 2.77 2.78 61.72 52.86 18.18 24.44 

61 ICGV 16005 0.52 1.56 47.18 49.41 0.25 0.77 27.41 23.97 8.44 7.72 2.36 2.24 67.56 68.47 13.06 14.65 

62 ICGV 171013 0.84 1.61 47.3 44.85 0.40 0.72 27.52 25.81 9.71 8.51 2.67 1.52 59.74 67.87 19.56 13.7 

63 ICGV 171026 0.76 1.26 46.93 47.49 0.36 0.60 27.86 24.84 8.5 8.94 2.8 2.31 67.76 64.5 12.79 16.17 

64 ICGV 171039 0.82 1.77 46.23 51.68 0.38 0.91 28.58 24.31 10.33 8.31 2.53 1.95 57.03 66.91 22.63 15.72 

65 ICGV 171046 0.99 1.4 46.25 51.01 0.46 0.71 30.44 26.6 8.61 8.39 2.89 2.86 67.91 64.82 12.38 16.65 

66 ICGV 181017 0.9 1.49 47.6 47.72 0.43 0.71 29.65 28.22 8.2 8 2.58 2.01 70.65 72.12 10.2 8.72 

67 ICGV 181063 0.52 0.8 45.84 45.97 0.24 0.37 29.32 26.57 8.13 8.47 2.99 2.4 69.68 66.5 10.76 14.67 

68 ICGV 98412 0.68 2.42 46.14 44.64 0.31 1.08 28.18 27.57 11.44 11.65 3.58 3.23 46.21 44.36 30.51 32 

69 ICGV 181489 0.45 0.88 49.88 48.97 0.22 0.43 25.67 25.91 8.57 8.49 2.52 2.02 65.42 66.62 15.95 14.57 

70 ICGV 181490 0.89 1.7 46.05 46.26 0.41 0.79 30.67 28.11 9.27 9.37 2.87 2.56 64.39 64.39 15.2 15.37 

71 ICGV 92054 0.58 1.02 48.8 48.82 0.28 0.50 27.21 24.87 11.57 11.7 2.89 2.37 43.19 45.35 33.99 33.21 

72 ICGV 93162 0.53 1.38 46.92 48.72 0.25 0.67 29.38 24.81 11.7 12.09 2.74 2.47 47.13 46.54 29.95 31.36 

73 ICGV 95111 0.82 1.07 51.97 50.99 0.43 0.55 28.49 26.75 11.35 12.7 2.63 2.25 66.11 57.03 16.27 25.23 
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Table 3.4. Continued  

Serial 

number 

 

Genotype  

KY (t ha-1) OC (%) OY ( t ha-1) PC (%) PAC (%) SAC (%) OAC (%) LAC (%) 

DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

74 ICGV 96165 0.61 1.24 48.05 48.9 0.29 0.61 26.52 25.46 13.29 14.04 2.08 1.77 51.72 45.6 26.87 32.43 

75 ICGV 97115 0.56 1.23 48.79 49.34 0.27 0.61 26.92 25.22 12.19 12.81 2.87 2.59 48.27 38 29.36 38.26 

76 ICGV 98184 0.65 1.33 49.27 49.13 0.32 0.65 26.89 23.8 12.6 12.84 3.02 2.14 44.19 43.48 34.08 35.8 

77 ICGV 01491 0.51 1.14 46.74 47.01 0.24 0.54 28.78 26.47 12.11 13.06 3.01 2.45 46.63 39.95 29.67 37.14 

78 ICGV 03287 0.63 1.47 48.51 49.19 0.31 0.72 26.73 25.33 12.71 13.47 2.91 2.43 42.85 37.53 34.26 39.34 

79 ICGV 05057 0.52 1.43 47.43 50.44 0.25 0.72 28.14 25.81 12.42 12.9 2.7 2.63 45.82 41.94 31.75 36.88 

80 ICGV 06175 1.1 2.09 46.87 50.45 0.52 1.05 28.34 24.27 12.56 12.95 2.47 2.22 45.25 38.23 32.41 39.17 

81 ICGV 00064 0.8 1.34 52.8 50.39 0.42 0.68 27.2 26.45 12.03 12.84 2.83 2.6 56.12 52.19 26.66 27.57 

82 ICGV 00246 0.63 1.32 47.67 52.11 0.30 0.69 28.33 23.94 12.75 13.11 2.93 2.67 42.36 40.1 34.02 37.53 

83 ICGV 97150 0.32 0.76 48.58 49.5 0.16 0.38 26.34 25.13 12.3 12.93 2.41 2.1 53.04 49.59 25.93 30.4 

84 ICGV 98385 0.29 1.07 50.11 52.83 0.15 0.57 26.04 23.88 12.53 12.76 2.56 2.34 53.56 49.95 25.95 31.44 

85 ICGV 96266 0.47 0.9 51.14 51.2 0.24 0.46 25.21 24.42 12.17 12.06 2.96 2.48 51.98 55.61 26.89 25.91 

86 ICGV 14224 0.73 1.92 48.15 50.27 0.35 0.97 29.6 26.25 12.88 12.6 2.72 2.93 44.26 40.61 33.74 36.95 

87 ICGV 14232 0.83 1.56 48.23 52 0.40 0.81 27.57 24.55 11.78 12.63 3.13 3.01 44.72 41.48 32.78 36.69 

88 ICGV 7262 0.6 1.58 46.9 48.14 0.28 0.76 30.15 27.84 11.88 13.17 2.94 2.18 43.88 43.75 33.58 33.49 

89 ICGV 7247 0.58 2 47.55 48.92 0.28 0.98 28.33 25.65 12.52 12.64 2.96 1.98 41.69 44.31 34.68 34.31 

90 ICGV 10371 0.62 1.46 49.73 50.31 0.31 0.73 26.88 24.64 12.65 11.8 2.47 2.44 42.56 48.51 35.25 30 

91 ICGV 10373 1.07 1.65 48.53 50.19 0.52 0.83 27.57 25.96 12.67 12.13 2.63 2.17 43.69 50.61 33.77 28.71 

92 ICGV 10379 0.76 1.94 53.9 49.16 0.41 0.95 26.02 23.99 10.62 12.81 2.89 2.37 56.41 41.27 23.46 35.81 

93 ICGV 15094 0.42 1.16 47.71 50.06 0.20 0.58 28.97 26.1 9.57 10.84 2.66 2.32 60.22 50.21 19.25 29.55 

94 ICGV 87846 0.67 1.88 49.59 51.41 0.33 0.97 25.42 25.52 12.83 12.88 3.01 3.08 42.27 41.84 34.98 35.9 

95 ICGV 86699 0.57 1.23 52.07 47.45 0.30 0.58 25.24 27.27 11.43 11.66 3.17 2.31 59.3 52.21 20.96 27.41 

96 GG 20 0.55 2.16 48.78 48.15 0.27 1.04 27.96 27 11.21 12.16 3.27 3.2 50.97 43.17 27.27 34.03 

97 ICGV 171007 0.42 1.31 45.41 47.75 0.19 0.63 31.12 28.01 10.45 10.13 2.92 2.65 57.87 57.56 20.01 22.38 

98 ICGV 171027 0.6 1.28 48.78 50.4 0.29 0.65 28.07 24.96 8.67 8.35 3.19 2.04 66.59 71.42 13.49 10.69 

99 ICGV 181006 0.41 1.42 47.88 50.94 0.20 0.72 28.32 25.31 10.13 9.55 2.54 2.03 58.36 64.17 20.69 17.75 

100 ICGV 181033 0.87 2.13 49.15 48.47 0.43 1.03 27.84 27.82 9.26 9.48 2.72 1.98 61.9 65.47 18.06 16.23 

Mean 0.68 1.65 47.75 49.09 0.33 0.81 27.9 25.78 11.62 11.86 2.84 2.43 49.57 46.84 28.39 3.66 

H2 (%) 51.37 49.28 57.17 67.21 48.8 48.69 43.87 23.9 80.1 86.6 51.04 53.13 89.1 92.42 89.57 92.28 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

SED 0.23 0.5 1.93 2.13 0.11 0.24 1.74 2.01 0.98 0.97 0.31 0.46 6.02 5.96 4.93 5.13 

LSD (5%) 0.32 0.69 2.68 2.96 0.15 0.33 2.43 2.8 1.36 1.35 0.43 0.63 8.4 8.31 6.87 7.15 

CV (%) 33 30 4.03 4.33 34.82 29.76 6.25 7.8 8.41 8.16 11.07 18.76 12.15 12.73 17.36 16.19 

KY = kernel yield, OC = oil content, OY = oil yield, PC = protein content, PAC = palmitic acid content, SAC = stearic acid content, OAC = oleic acid content, LAC = linoleic acid content, 

DS = drought-stressed, NS = non-stressed, H2 = heritability in the broad-sense, P = probability level, SED = Standard error of the mean differences, LSD = Least significant difference, 

CV = coefficient of variation. 



92 
 

3.3.3. Performance of groundnut genotypes for haulm yield and quality parameters 

Mean performance of groundnut genotypes for haulm yield and quality parameters under DS 

and NS conditions are presented in Table 3.5. Significant genotype differences were observed 

among the test genotypes for haulm yield under both conditions. Appendix 3.1 shows the field 

performormance of test genotypes under DS and NS condition. Under DS condition, the highest 

haulm yield was recorded for ICGV 01260 (7.79 t ha-1), ICGV 96165 (7.29 t ha-1), ICGV 171027(6.88 

t ha-1), ICGV 96266 (6.71 t ha-1) and ICGV 14232 (6.51 t ha-1), whereas genotypes ICGV 01491, 

ICGV 181006, ICGV 00211 and ICGV 97115 recorded high haulm yield > 8.5 t ha-1) under NS 

condition.  

 

Higher broad-sense heritability value (70%) was recorded for haulm yield under NS condition, 

whereas low heritability value (36%) was recorded under DS condition. Under NS condition, 

higher nitrogen contents were recorded for genotypes, ICGV 93162 (2.94%), ICGV 171007 

(2.91%) and ICGV 99019 (2.84%), whereas genotypes, ICGV 01491, ICGV 171007, ICGV 171039 

and ICGV 05057, recorded high nitrogen contents of ˃ 3% under DS condition. Significantly 

(p<0.001) higher ash contents were recorded for ICGV 86015 (18.36%), ICGV 96165 (17.18%), 

ICGV 14232 (17.15%), ICGV 14421 (16.27%) and ICGV 7220 (15.95%) under DS condition. Highly 

significant (p<0.001) differences were recorded among groundnut genotypes for neutral 

detergent fiber under DS condition. Under DS condition, the lowest neutral detergent fiber was 

recoded for genotypes, ICGV 86015 (32.03%), ICGV 96165 (34.29%), ICGV 14232 (37.04%) and 

ICGV 00187 (37.23%). Significant (p <0.05) genotype differences were observed for acid 

detergent fiber and acid detergent lignin under DS condition. The highest acid detergent fiber 

was noted for ICGV 03043 (31.93%), ICGV 00211 (31.4%), ICGV 171013 (31.3%) and ICGV 16667 

(31.24%), whereas genotypes, ICGV 171039, ICGV 181033, ICGV 13200, ICGV 14030 and ICGV 

13219, recorded low acid detergent fiber contents of <27% under DS. High acid detergent lignin 

contents were recorded for ICGV 181489 (5.56%), ICGV 16667 (5.54%), ICGV 00211 (5.46%), ICGV 

03043 (5.43%) and ICGV 171013 (5.43%), whereas genotypes, ICGV 171039 (4.21%), ICGV 14030 

(4.24%), ICGV 181033 (4.36%), ICGV 171046 (4.38%) and ICGV 13219 (4.39%), recorded low acid 

detergent lignin of <5% under DS condition.  Groundnut genotypes differed significantly (P <0.05) 

for in vitro organic matter digestibility under DS condition. The highest in vitro organic matter 

digestibility was recorded for GG 20 (63.52%), ICGV 171007 (63.43%), ICGV 14030 (63.41%), ICGV 

86031 (63.23%) and ICGV 13219 (63.07%) under DS condition. Significant genotype differences 

were observed among the genotypes for metabolizable energy under both conditions. Under DS 

condition, high metabolizable energy values were recorded for GG 20 (63.52%), ICGV 171007 

(63.43%), ICGV 14030 (63.41%), CGV 86031(63.23%) and CGV 13219 (63.07%).
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Table 3.5. Mean values for haulm yield and fodder quality parameters of 100 groundnut genotypes evaluated under drought-stressed (DS) and non-stressed 
(NS) conditions in 2018/19 and 2019/20 post-rainy seasons.  

serial 

number 

Genotypes HY (t ha-1) DM (%) Ash (%) NC (%) NDFDM (%) ADFDM (%) ADLDM (%) IVOMD (%) ME (%) 

  DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

1 ICGV 16667 5.67 7.71 91.57 91.32 13.66 12.25 2.52 2.7 37.65 35.98 31.24 27.34 5.54 4.91 61.39 62.95 8.69 8.85 

2 ICGV 93128 5.4 6.2 91.35 91.05 14.46 11.84 2.99 2.67 33.76 36.33 27.40 27.46 4.71 4.83 61.61 63.02 8.47 8.92 

3 ICGV 95066 4.88 7.52 91.26 91.29 13.69 12.08 3 2.62 33.86 35.86 26.81 28.17 4.50 5.06 62.53 63.83 8.7 9.06 

4 ICGV 96174 4.66 7.88 91.46 91.49 13.20 11.81 2.61 2.62 38.85 36.84 30.92 27.97 5.26 4.87 60.47 62.72 8.45 8.85 

5 ICGV 97087 5.47 8.84 91.43 91.48 14.29 13.44 2.73 2.38 36.53 37.53 30.16 30.16 4.94 5.26 61.59 61.57 8.56 8.72 

6 ICGV 98077 6.14 7.6 91.84 91.65 15.02 12.31 2.96 2.72 36.33 36.03 29.41 27.83 5.03 4.87 59.98 62.76 8.18 8.81 

7 ICGV 01279 5.63 7.06 91.52 91.46 15.03 12.73 2.96 2.74 34.98 35.40 28.89 27.28 4.77 4.75 60.52 62.28 8.31 8.72 

8 ICGV 03042 5.17 6.31 91.39 91.48 13.49 12.58 2.7 2.46 39.19 37.25 30.96 29.39 5.42 5.35 59.95 61.72 8.33 8.68 

9 ICGV 06039 3.82 5.63 91.50 91.34 14.07 12.71 2.76 2.51 35.96 36.63 29.52 28.42 4.97 5.00 61.07 62.39 8.48 8.86 

10 ICGV 6040 5.59 6.29 91.39 91.30 13.58 12.79 2.81 2.61 36.05 35.51 27.66 27.05 4.54 4.47 61.02 62.44 8.5 8.78 

11 ICGV 07010 5.6 6.43 91.54 91.40 14.18 12.42 2.72 2.5 36.09 36.94 29.35 27.97 4.94 4.99 61.7 62.05 8.59 8.81 

12 ICGV 10143 4.45 6.42 91.44 91.42 15.07 12.80 2.65 2.54 36.13 36.68 30.17 29.61 5.04 5.30 59.52 62.52 8.26 8.87 

13 ICGV 11422 6 8.23 91.69 91.53 14.39 12.77 2.77 2.6 35.39 36.35 29.07 27.95 4.97 4.83 61.65 62.14 8.53 8.71 

14 ICGV 11396 5.54 7.45 91.48 91.48 15.16 12.16 2.67 2.5 35.11 38.05 29.15 29.02 4.76 5.18 61.56 61.11 8.51 8.61 

15 ICGV 11418 5.59 8.26 91.45 91.42 13.90 12.06 2.71 2.66 36.60 35.37 29.58 27.25 4.81 4.94 61.03 63.18 8.47 8.9 

16 ICGV 91223 3.8 6.7 91.35 91.31 13.98 11.55 2.85 2.53 35.67 37.30 28.99 28.42 4.99 5.05 61.47 62.68 8.56 8.92 

17 ICGV 94118 3.97 7.61 91.27 91.44 14.86 12.20 2.68 2.66 36.29 34.99 30.80 27.94 5.15 5.20 60.63 62.96 8.42 8.93 

18 ICGV 99019 5.68 7.79 91.47 91.40 12.88 12.58 2.76 2.84 36.37 33.82 28.02 25.67 4.77 4.37 60.81 63.8 8.49 8.95 

19 ICGV 00162 4.67 6.94 91.46 91.36 12.54 12.72 2.57 2.63 39.00 35.38 30.02 27.80 5.14 4.90 60.46 62.68 8.53 8.85 

20 ICGV 00211 4.66 8.61 91.44 91.44 14.19 12.95 2.63 2.48 37.69 37.75 31.40 29.59 5.46 5.35 59.92 60.69 8.33 8.56 

21 ICGV 00187 4.67 6.09 91.49 91.27 14.84 11.51 2.93 2.58 33.34 37.23 27.51 27.92 4.63 4.91 61.23 62.83 8.47 8.93 

22 ICGV 00213 4.6 6.69 91.35 91.46 13.57 12.12 2.91 2.64 34.77 34.63 27.32 26.65 4.68 4.84 61.09 63.42 8.53 9 

23 ICGV 06146 3.95 4.7 91.43 91.34 12.29 11.52 2.74 2.48 36.33 37.43 27.32 28.94 4.65 5.29 61.82 62.27 8.7 8.9 

24 ICGV 07120 5.89 6.1 91.56 91.51 13.88 12.07 2.74 2.69 37.35 36.41 29.63 26.95 4.88 4.64 60.6 62.9 8.42 8.87 

25 ICGV 10178 6.28 7.41 91.52 91.55 13.18 12.31 2.51 2.59 39.41 36.62 31.09 28.43 5.20 5.07 60.38 62.7 8.46 8.85 

26 ICGV 11380 3.54 5.55 91.39 91.35 13.07 12.01 2.79 2.63 36.05 37.12 28.32 28.58 4.62 5.03 61.79 62.39 8.64 8.85 

27 ICGV 14001 4.69 6.22 91.52 91.55 13.97 12.28 2.62 2.53 36.64 37.71 30.20 29.89 4.98 5.57 61.41 62.53 8.57 8.87 

28 ICGV 14030 3.76 5.47 91.28 91.43 12.78 11.93 2.9 2.41 34.58 38.66 26.68 30.05 4.24 5.40 63.41 61.77 8.89 8.83 

29 ICGV 86015 3.79 5.68 91.35 91.52 18.36 11.97 2.74 2.62 32.03 35.67 29.83 27.36 4.49 4.81 60.08 62.62 8.22 8.84 

30 ICGV 93260 3.09 6.51 91.43 91.42 15.45 12.26 2.91 2.6 34.31 37.15 28.50 28.50 4.56 5.02 61.14 62.72 8.42 8.89 

31 ICGV93261 3.9 5.08 91.42 91.43 13.26 12.50 2.87 2.67 36.32 35.33 27.97 27.38 4.82 4.82 62.11 62.64 8.64 8.81 
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Table 3.5. Continued. 

serial 

number 

 HY (t ha-1) DM (%) Ash (%) NC (%) NDFDM (%) ADFDM (%) ADLDM (%) IVOMD (%) ME (%) 

  DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

32 ICGV 92121 6.26 7.27 91.32 91.63 12.89 11.94 2.83 2.72 36.85 35.71 28.05 26.58 4.59 4.80 62.7 63.55 8.78 8.93 

33 ICGV 99241 6.35 8.28 91.58 91.27 12.47 12.19 2.78 2.57 35.63 36.58 26.78 28.60 4.39 5.27 62.88 63.07 8.78 8.99 

34 ICGV 00351 5.31 5.89 91.62 91.54 12.51 11.80 2.72 2.53 38.52 37.49 29.74 28.47 5.10 5.23 61.14 62.42 8.56 8.89 

35 ICGV 01260 7.79 7.66 91.74 91.55 12.50 12.26 2.57 2.62 38.80 35.49 30.24 27.08 5.19 4.74 60.26 62.65 8.46 8.81 

36 ICGV 01265 4.94 6.06 91.57 91.26 12.78 12.31 2.76 2.56 36.65 36.00 28.18 27.78 4.72 4.81 61.83 63.41 8.68 8.97 

37 ICGV 13200 4.15 4.3 91.37 91.34 14.54 12.49 2.85 2.68 33.53 35.27 26.63 27.35 4.40 4.82 62.2 62.68 8.65 8.81 

38 ICGV 7220 3.59 5.34 91.47 91.06 15.94 12.97 2.63 2.47 34.53 37.39 30.11 28.90 4.76 4.89 60.27 61.64 8.3 8.70 

39 ICGV 7222 5.08 5.04 91.76 91.31 13.43 13.86 2.71 2.62 36.27 34.61 28.15 27.23 4.84 4.46 60.85 61.77 8.5 8.59 

40 ICGV 13317 4.9 6.27 91.54 91.71 14.57 12.24 2.76 2.64 36.11 36.46 30.11 28.64 4.99 5.15 60.15 63.17 8.33 8.92 

41 ICGV 13254 4.8 7.95 91.40 91.41 13.41 11.52 2.88 2.52 34.47 37.59 27.27 28.79 4.72 5.30 61.18 62.9 8.53 8.97 

42 ICGV 181026 4.42 7.61 91.40 91.47 13.90 11.94 2.76 2.54 34.71 36.71 27.89 28.40 4.54 5.00 62.4 62.94 8.68 8.93 

43 ICGV 15073 4.93 7.48 91.34 91.40 13.42 12.86 2.86 2.58 36.78 36.38 28.61 28.35 4.69 5.01 61.46 62.44 8.52 8.76 

44 ICGV 15074 4.23 7.23 91.68 91.40 12.24 12.74 2.84 2.47 36.96 37.24 28.13 28.72 4.80 5.18 62.11 61.98 8.7 8.77 

45 ICGV 15083 4.92 7.98 91.67 91.81 13.83 10.24 2.65 2.46 37.46 38.36 29.90 28.94 5.05 5.73 60.79 62.29 8.48 8.94 

46 ICGV 15019 4.41 7.68 91.12 91.62 14.92 12.97 2.85 2.53 35.95 36.76 28.97 29.17 4.66 5.24 59.7 61.55 8.23 8.67 

47 ICGV 6420 5.05 7.95 91.69 91.37 12.73 12.64 2.75 2.60 38.30 34.93 29.42 27.27 5.11 4.70 61.52 62.82 8.59 8.87 

48 ICGV 5155 5.6 5.41 91.47 91.38 13.21 12.74 2.61 2.55 38.28 36.86 30.73 28.18 5.41 4.95 60.81 61.63 8.5 8.70 

49 ICGV 16688 5.7 7.77 91.70 91.61 13.27 12.15 2.76 2.50 36.55 37.58 28.73 28.85 4.67 5.16 61.68 62.62 8.58 8.86 

50 ICGV 03043 5.23 6.52 91.43 91.35 14.60 13.06 2.63 2.54 39.11 35.97 31.93 27.85 5.43 4.83 59.56 62.2 8.25 8.76 

51 ICGV 00350 4.61 7.08 91.70 91.20 13.98 12.65 2.80 2.58 37.18 35.28 29.72 26.83 4.92 4.55 61.45 63.39 8.53 8.97 

52 ICGV 86590 4.89 7.87 91.57 91.38 13.72 11.96 2.94 2.59 35.92 36.68 28.19 28.45 4.67 5.16 61.59 63.35 8.5 9.00 

53 ICGV 02266 3.99 6.66 91.74 91.45 14.28 12.16 2.92 2.64 34.97 36.52 27.79 27.64 5.01 4.84 61.26 62.85 8.47 8.86 

54 ICGV 13189 3.4 5.32 91.22 91.26 12.70 12.09 2.69 2.46 37.54 35.24 29.42 26.60 5.15 4.59 62.52 64.14 8.84 9.11 

55 ICGV 13207 2.66 3.54 91.44 91.35 14.16 13.49 2.58 2.52 35.32 35.90 29.45 28.66 4.99 5.06 60.94 61.9 8.6 8.76 

56 ICGV 14421 3.88 5.99 91.45 91.23 16.28 12.33 2.67 2.47 34.30 36.84 29.66 28.75 4.80 5.36 60.91 62.74 8.43 9.00 

57 ICGV 13219 3.72 4.32 91.37 91.18 13.38 12.45 2.74 2.46 34.47 36.65 26.74 27.82 4.39 5.15 63.07 62.21 8.86 8.85 

58 GPBD 4 3.47 6.15 91.51 91.43 14.43 11.99 2.83 2.55 34.40 37.49 27.45 28.04 4.44 4.92 62.3 62.55 8.6 8.85 

59 ICGV 86031 3.73 5.75 91.53 91.42 12.84 12.14 2.86 2.74 36.22 34.69 28.47 25.91 4.80 4.66 63.23 63.54 8.85 8.93 

60 ICGV 16686 5.81 7.45 91.44 91.41 13.30 12.03 2.76 2.58 36.80 36.07 28.79 27.91 4.68 4.97 61.21 63.38 8.5 8.96 

61 ICGV 16005 4.67 6.99 91.81 91.73 13.43 11.68 2.83 2.54 34.70 37.43 27.91 28.64 4.81 5.18 62.46 62.41 8.68 8.83 
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Table 3.5. Continued. 

  HY (t ha-1) DM (%) Ash (%) NC (%) NDFDM (%) ADFDM (%) ADLDM (%) IVOMD (%) ME (%) 

serial 

number 

 DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

62 ICGV 171013 4.69 4.61 91.46 91.20 13.74 12.83 2.70 2.61 38.55 35.97 31.30 28.38 5.43 4.87 60.58 62.74 8.47 8.90 

63 ICGV 171026 5.49 7.08 91.26 91.31 14.91 12.59 2.76 2.60 34.18 36.26 28.42 27.66 4.50 4.70 61.77 62.67 8.51 8.83 

64 ICGV 171039 4.34 6.22 91.36 91.44 14.04 12.26 3.07 2.55 34.12 37.89 26.05 28.43 4.21 4.88 62.28 61.78 8.6 8.69 

65 ICGV 171046 4.09 6.33 91.44 91.26 14.47 12.38 2.76 2.61 33.65 36.27 27.53 27.63 4.38 4.84 62.37 62.82 8.69 8.87 

66 ICGV 181017 5.51 8.5 91.50 91.49 11.88 12.26 2.68 2.55 37.70 36.89 28.98 28.97 4.86 5.24 62.49 63.02 8.81 8.93 

67 ICGV 181063 5.23 8.03 91.53 91.43 13.17 11.91 2.75 2.63 37.07 36.75 29.48 28.09 4.96 4.99 62.01 63.08 8.62 8.88 

68 ICGV 98412 5.75 6.8 91.37 91.48 12.93 12.70 2.88 2.51 36.47 36.50 28.14 29.01 4.63 5.37 61.74 61.74 8.55 8.75 

69 ICGV 181489 6.06 7.92 91.59 91.47 13.57 12.53 2.70 2.65 37.45 36.97 30.86 28.70 5.56 5.17 61.19 62.66 8.5 8.82 

70 ICGV 181490 4.51 5.49 91.45 91.23 13.13 13.43 2.84 2.45 37.16 35.98 29.13 27.85 4.96 4.77 61.3 62.4 8.54 8.83 

71 ICGV 92054 5.39 7.57 91.80 91.43 13.56 12.55 2.88 2.61 35.32 37.20 27.96 29.37 4.59 5.12 62.01 62.18 8.62 8.72 

72 ICGV 93162 6.47 7.38 91.97 91.46 13.16 11.81 2.73 2.94 38.51 36.29 30.85 26.34 5.34 4.64 61.1 63.58 8.5 8.92 

73 ICGV 95111 5.77 7.94 91.78 91.49 13.30 12.22 2.83 2.58 35.50 37.47 28.57 28.90 4.87 5.18 62.54 61.85 8.71 8.75 

74 ICGV 96165 7.29 6.88 92.06 91.55 17.18 13.23 2.77 2.72 32.86 34.29 29.68 27.03 4.76 4.83 60.48 62.66 8.29 8.80 

75 ICGV 97115 5.03 8.55 91.69 91.37 14.26 11.52 2.80 2.68 35.60 36.46 29.64 28.24 5.06 5.36 61.3 62.99 8.51 8.94 

76 ICGV 98184 6.11 6.49 92.05 91.11 15.73 12.35 2.65 2.51 35.20 38.55 30.70 29.56 4.93 5.24 61.04 61.24 8.44 8.69 

77 ICGV 01491 5.38 9.42 91.59 91.57 13.30 12.00 3.10 2.77 35.43 37.35 27.73 28.43 4.68 5.09 62.78 62.75 8.68 8.79 

78 ICGV 03287 5.02 6.85 91.86 91.58 14.37 12.33 2.75 2.53 36.98 38.36 29.79 29.41 5.13 5.32 59.98 62.12 8.27 8.77 

79 ICGV 05057 5.17 6.52 91.70 91.50 14.00 12.33 3.03 2.66 34.57 36.60 27.38 28.79 4.60 5.10 62.19 62.74 8.58 8.82 

80 ICGV 06175 5.09 6.92 91.66 91.58 13.34 11.41 2.69 2.54 36.90 38.83 29.61 29.31 5.11 5.21 60.80 60.87 8.53 8.59 

81 ICGV 00064 6.3 7.75 91.79 91.68 15.22 12.92 2.84 2.72 34.86 35.57 28.99 28.22 4.82 5.14 61.23 62.35 8.42 8.73 

82 ICGV 00246 5.28 6.81 91.58 91.46 12.51 12.69 2.63 2.61 36.73 36.38 28.70 28.77 4.87 5.07 61.64 62.62 8.66 8.79 

83 ICGV 97150 5.54 7.9 91.65 91.50 15.07 12.01 2.77 2.78 35.28 35.77 30.13 27.33 4.95 4.93 60.95 63.23 8.43 8.89 

84 ICGV 98385 5.49 8.23 91.58 91.39 13.41 12.24 2.85 2.71 36.41 36.00 29.32 28.54 4.93 5.18 61.72 62.92 8.59 8.89 

85 ICGV 96266 6.71 7.65 91.91 91.63 15.33 11.56 2.75 2.68 34.68 36.46 29.74 28.00 4.81 5.05 61.36 63.45 8.47 8.98 

86 ICGV 14224 5.83 7.23 91.71 91.28 14.46 11.80 2.70 2.66 36.51 36.85 30.57 28.17 4.97 5.01 60.22 61.53 8.35 8.69 

87 ICGV 14232 6.51 6.66 91.87 91.33 17.15 12.75 2.64 2.67 33.18 37.04 30.81 28.70 4.93 4.95 59.90 61.83 8.21 8.69 

88 ICGV 7262 5.07 6.1 91.52 91.39 13.97 12.79 2.67 2.54 35.83 36.34 29.30 28.72 4.92 5.20 60.71 60.91 8.49 8.60 

89 ICGV 7247 4.6 7.2 91.74 91.33 14.38 12.30 2.84 2.61 35.03 37.39 28.04 29.44 4.69 5.25 61.31 62.38 8.48 8.86 

90 ICGV 10371 4.88 6.8 91.83 91.35 13.31 11.60 2.79 2.6 36.77 38.66 29.49 29.21 5.25 5.33 60.64 61.96 8.46 8.75 

91 ICGV 10373 5.83 7.11 91.96 91.51 12.80 12.29 2.65 2.63 38.54 37.95 30.37 30.29 5.34 5.67 60.37 61.21 8.42 8.65 

92 ICGV 10379 5.73 8.03 91.93 91.60 14.49 11.68 2.83 2.62 35.79 37.82 29.13 29.06 4.90 5.23 61.56 62.27 8.51 8.79 

93 ICGV 15094 5.27 7.79 91.74 91.40 12.43 11.32 2.85 2.66 36.56 38.31 28.54 29.48 4.98 5.32 62.42 62.52 8.73 8.90 
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Table 3.5. Continued. 

  HY (t ha-1) DM (%) Ash (%) NC (%) NDFDM (%) ADFDM (%) ADLDM (%) IVOMD (%) ME (%) 

serial 

number 

 DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS DS NS 

94 ICGV 87846 5.26 8.1 91.63 91.33 13.49 12.08 2.82 2.57 35.52 37.92 28.25 29.16 4.71 5.15 61.44 62.08 8.53 8.80 

95 ICGV 86699 5.53 7.09 91.65 91.49 14.58 12.20 2.79 2.7 34.59 36.98 29.24 28.34 4.74 5.08 62.00 63.35 8.62 8.93 

96 GG 20 6.02 7.43 91.82 91.53 12.24 12.14 2.87 2.75 35.52 35.10 27.25 26.95 4.50 4.92 63.52 63.76 8.88 8.99 

97 ICGV 171007 4.89 6.81 91.92 91.57 13.98 12.45 3.09 2.91 33.86 34.10 27.06 26.25 4.40 4.44 63.43 64.51 8.77 9.04 

98 ICGV 171027 6.88 7.36 91.60 91.49 13.84 11.49 2.78 2.52 35.91 39.12 28.33 29.27 4.60 5.26 61.59 61.49 8.52 8.68 

99 ICGV 181006 5.18 8.95 91.81 91.58 13.00 11.79 2.67 2.72 38.85 36.63 31.09 28.89 5.34 5.28 60.45 63.81 8.44 8.99 

100 ICGV 181033 5.62 7.73 91.82 91.44 13.60 12.24 2.93 2.68 34.14 36.39 26.23 28.16 4.36 5.06 61.96 63.08 8.6 8.88 

Mean 5.08 6.92 91.57 91.42 13.89 12.28 2.78 2.6 36.04 36.5 28.99 28.24 4.86 5.03 61.37 62.56 8.53 8.84 

H2 (%) 69.7

2 

36.4

1 

15.38 5.03 35.89 7.93 44.44 35.5 32.61 10.65 22.78 8.91 21.42 14.29 46.1 41.18 50 41.41 

P-value  <0.0

01 

<0.0

01 

0.06 0.29 <0.00

1 

0.19 <0.00

1 

<0.00

1 

<0.001 0.11 0.003 0.16 0.012 0.06 0.002 0..008 <0.001 0.001 

SED 1.09 1.49 0.34 0.25 1.44 0.93 0.16 0.15 2.16 1.88 2.11 1.67 0.47 0.42 1.41 1.16 0.22 0.18 

LSD (5%) 1.53 2.08 0.48 0.35 2.09 1.3 0.22 0.2 3.01 2.62 2.94 2.33 0.67 0.59 1.96 1.62 0.3 0.24 

CV (%) 21.6

2 

21.5

8 

0.37 0.28 10.42 7.61 5.93 5.62 5.99 5.13 7.27 5.93 9.84 8.45 2.29 1.85 2.59 2.06 

HY = haulm yield, DM = dry matter, NC = nitrogen, NDFDM = neutral detergent fiber, ADFDM = acid detergent fiber, ADLDM = acid detergent lignin, IVOMD = in vitro organic matter 

digestibility, ME = metabolizable energy,   DS = drought-stressed, NS = non-stressed, H2 = heritability in the broad-sense, SED = Standard error of the mean differences, LSD = Least 

significant difference, CV = coefficient of variation.  
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3.3.4. Comparison of groundnut (Arachis) sub-species for kernel and haulm yields, and quality 

parameters  

 

Comparison of groundnut (Arachis) sub-species (i.e., fastigiata and hypogaea) for kernel and 

haulm yields, and kernel and fodder quality under DS and NS conditions are presented in Figure 

3.1. Significant (p<0.05) differences were recorded between the two sub-species for kernel yield 

with fastigiata recoding higher kernel yield. Under both conditions, significant differences were 

observed between the two sub-species for oil content. Sub-species hypogaea recorded high 

mean oil content of 48.87% and 49.75% under DS and NS conditions compared to sub-species 

fastigiata. There were non-significant differences between the two sub-species for protein, 

palmitic acid, stearic acid, oleic acid and linoleic acid contents under both conditions. Significantly 

(p<0.001) higher haulm yields were recorded for sub-species hypogaea under DS (mean = 5.64 t 

ha-1) and NS (mean = 7.44 t ha-1) compared to sub-species fastigiata. Sub-species hypogaea 

recorded significantly higher dry matter content of 91.77% than sub-species fastigiata under DS 

condition. Ash content showed non-significant differences between the two Arachis sub-species 

under both conditions. Under NS condition, significant (p<0.05) differences were recorded 

between the two sub-species for nitrogen content with sub-species hypogaea recording higher 

mean nitrogen content of 2.80%. For neutral detergent fiber and acid detergent fiber, non-

significant sub-species differences in mean values were observed under both water conditions. 

Sub-species hypogaea had high mean value for acid detergent lignin (5.12%) compared to a lower 

value of 4.99% for sub-species fastigiata under NS condition. For in vitro organic matter 

digestibility and metabolizable energy, non-significant differences were detected between the 

two sub-species under both water conditions.  
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Table 3.6. Stress tolerance index (STI) of 100 groundnut genotypes based on kernel yield (KY) and haulm 

yield (HY) evaluated under drought-stressed and non-stressed conditions in 2018/19 and 2019/20 post-

rainy seasons. 

Serial 

number 

Genotypes               STI Serial 

number 

Genotypes           STI 

KY  HY KY  HY  

1 ICGV 16667 0.27 0.91 51 ICGV 00350 0.53 0.68 

2 ICGV 93128 0.24 0.70 52 ICGV 86590 0.42 0.80 

3 ICGV 95066 0.41 0.77 53 ICGV 02266 0.54 0.55 

4 ICGV 96174 0.19 0.77 54 ICGV 13189 0.58 0.38 

5 ICGV 97087 0.32 1.01 55 ICGV 13207 0.36 0.20 

6 ICGV 98077 0.18 0.97 56 ICGV 14421 0.77 0.49 

7 ICGV 01279 0.33 0.83 57 ICGV 13219 0.25 0.34 

8 ICGV 03042 0.87 0.68 58 GPBD 4 0.23 0.45 

9 ICGV 06039 0.78 0.45 59 ICGV 86031 0.27 0.45 

10 ICGV 6040 1.04 0.73 60 ICGV 16686 0.39 0.90 

11 ICGV 07010 0.48 0.75 61 ICGV 16005 0.30 0.68 

12 ICGV 10143 1.06 0.60 62 ICGV 171013 0.50 0.45 

13 ICGV 11422 0.12 1.03 63 ICGV 171026 0.35 0.81 

14 ICGV 11396 0.29 0.86 64 ICGV 171039 0.53 0.56 

15 ICGV 11418 0.23 0.96 65 ICGV 171046 0.51 0.54 

16 ICGV 91223 0.23 0.53 66 ICGV 181017 0.49 0.98 

17 ICGV 94118 0.48 0.63 67 ICGV 181063 0.15 0.88 

18 ICGV 99019 0.55 0.92 68 ICGV 98412 0.61 0.82 

19 ICGV 00162 0.24 0.68 69 ICGV 181489 0.15 1.00 

20 ICGV 00211 0.46 0.84 70 ICGV 181490 0.56 0.52 

21 ICGV 00187 0.32 0.59 71 ICGV 92054 0.22 0.85 

22 ICGV 00213 0.37 0.64 72 ICGV 93162 0.27 1.00 

23 ICGV 06146 0.46 0.39 73 ICGV 95111 0.32 0.96 

24 ICGV 07120 0.41 0.75 74 ICGV 96165 0.28 1.05 

25 ICGV 10178 0.60 0.97 75 ICGV 97115 0.25 0.90 

26 ICGV 11380 0.72 0.41 76 ICGV 98184 0.32 0.83 

27 ICGV 14001 0.71 0.61 77 ICGV 01491 0.21 1.06 

28 ICGV 14030 0.41 0.43 78 ICGV 03287 0.34 0.72 

29 ICGV 86015 0.40 0.45 79 ICGV 05057 0.27 0.70 

30 ICGV 93260 0.48 0.42 80 ICGV 06175 0.85 0.74 

31 ICGV93261 0.49 0.41 81 ICGV 00064 0.39 1.02 

32 ICGV 92121 0.52 0.95 82 ICGV 00246 0.31 0.75 

33 ICGV 99241 0.59 1.10 83 ICGV 97150 0.09 0.91 

34 ICGV 00351 0.36 0.65 84 ICGV 98385 0.11 0.94 

35 ICGV 01260 0.72 1.25 85 ICGV 96266 0.16 1.07 

36 ICGV 01265 0.45 0.63 86 ICGV 14224 0.52 0.88 

37 ICGV 13200 0.54 0.37 87 ICGV 14232 0.48 0.91 

38 ICGV 7220 0.22 0.40 88 ICGV 7262 0.35 0.65 

39 ICGV 7222 1.14 0.53 89 ICGV 7247 0.43 0.69 

40 ICGV 13317 0.65 0.64 90 ICGV 10371 0.33 0.69 

41 ICGV 13254 0.40 0.80 91 ICGV 10373 0.65 0.87 

42 ICGV 181026 0.34 0.70 92 ICGV 10379 0.54 0.96 

43 ICGV 15073 0.36 0.77 93 ICGV 15094 0.18 0.86 

44 ICGV 15074 0.49 0.64 94 ICGV 87846 0.46 0.89 

45 ICGV 15083 0.67 0.82 95 ICGV 86699 0.26 0.82 
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Table 3.6. Continued  

               STI            STI  

Sr. No. Genotypes   KY  HY Sr. No. Genotypes   KY  HY  

46 ICGV 15019 0.51 0.71 96 GG 20 0.44 0.93 

47 ICGV 6420 0.52 0.84 97 ICGV 171007 0.20 0.70 

48 ICGV 5155 0.40 0.63 98 ICGV 171027 0.28 1.06 

49 ICGV 16688 0.48 0.92 99 ICGV 181006 0.21 0.97 

50 ICGV 03043 0.50 0.71 100 ICGV 181033 0.68 0.91 

 

 

3.3.6. Relationships between kernel and haulm yields, and oil and haulm quality parameters 

under non-stressed and drought-stressed conditions  

 

Pearson correlation coefficients showing relationships among kernel yield and haulm yields, and 

kernel and haulm quality parameters among the 100 groundnut genotypes evaluated under 

drought-stressed (DS) and non-stressed (NS) conditions are presented in Tables 3.7. Under DS 

condition, kernel yield was positively correlated (p<0.001) with oil yield (r = 0.99) and negatively 

and significantly correlated (P < 0.05) with stearic acid content (r = 0.63). Oil content exhibited 

positive and significant correlations with oil yield (r = 0.12), oleic acid content (r = 0.12). Kernel 

yield poorly and positively correlated with haulm yield (r = 0.14), but negatively correlated with 

dry matter (r = 0.76), nitrogen content (r = 0.53), in vitro organic matter digestibility (r = 0.37) 

and metabolizable energy (r = 0.33). Contrastingly, kernel yield positively and significantly 

correlated with ash content (r = 0.32), neutral detergent fiber (r = 0.54), acid detergent fiber (r = 

0.18) and acid detergent lignin (r = 0.46). Haulm yield was positively correlated with oil yield (r = 

0.15) and negatively correlated with nitrogen content (r = 0.20), in vitro organic matter 

digestibility (r = 0.13) and metabolizable energy (0.12), and positive correlation with neutral 

detergent fiber (r = 0.19), acid detergent fiber (r = 0.18), and acid detergent lignin (r = 0.17). 

 

Under NS condition, kernel yield exhibited positive correlations with oil yield (r = 0.98), protein 

content (r = 0.11) and linoleic acid content (r = 0.15). Oil content exhibited low and positive 

correlation with oil yield (r = 0.14), stearic acid content (0.19) and linoleic acid content (0.18). 

Haulm yield exhibited positive correlation with oil content (0.31), dry matter content (r = 0.54), 

ash content (r = 0.4), nitrogen content (r = 0.4), metabolizable energy (r = 0.4) and in vitro organic 

matter digestibility (r = 0.43). Positive correlations were recorded between nitrogen content and 

in vitro organic matter digestibility (r = 0.67), nitrogen content and metabolizable energy (r = r = 

0.51) and in vitro organic matter digestibility and metabolizable energy (r = 0.94). Positive 

correlations were observed between nitrogen content and in vitro organic matter digestibility (r 

= 0.72), nitrogen content and metabolizable energy (r = 0.56) and in vitro organic matter 
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digestibility and metabolizable energy (r = 0.95). Positive correlation were recoded between 

neutral detergent fiber and acid detergent fiber (r = 0.62), neutral detergent fiber and acid 

detergent lignin (r = 0.84) and acid detergent fiber and acid detergent lignin (r = 0.79). Positive 

correlation were observed between neutral detergent fiber and acid detergent fiber (r = 0.5), 

neutral detergent fiber and acid detergent lignin (r = 0.5) and acid detergent fiber and acid 

detergent lignin (r = 0.85). 
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Table 3.7. Pearson correlation coefficients among kernel and haulm yields, kernel and fodder quality parameters in 100 groundnut genotypes 

evaluated under drought-stressed (upper diagonal) and non-stressed (lower diagonal) conditions in 2018/19 and 2019/20 post-rainy seasons. 
Traits KY OC OY PC PAC SAC OAC LAC HY DM Ash  NC NDFDM ADFDM ADLDM IVOMD ME 

KY  0.04ns 0.99** 0.03ns -0.02ns -0.63** -0.05ns 0.13* 0.14* -0.76** 0.32** -0.53** 0.54** 0.18* 0.46** -0.37** -0.32** 

OC -0.03ns  0.12* -0.48** -0.03ns -0.04ns 0.12* -0 05ns 0.24** -0.02ns 0.07ns -0.14* 0.10* 0.13* 0.13* -0.08ns -0.09ns 

OY 0.98** 0.14*  -0.01ns -0.03ns -0.62** -0.04ns 0.13* 0.15* -0.76** 0.33** -0.54** 0.54** 0.19* 0.46** -0.37** -0.33** 

PC 0.11* -0.62** 0.01  -0.07ns 0.11* 0.07ns -0.10* -0.21** 0.01ns -0.02ns 0 06ns -0.05ns -0 06ns -0.11* 0.05ns 0 04ns 

PAC 0.08ns 0.06ns 0.09 -0.08ns  0.13* -0.89** 0.87** 0.02ns 0.03ns 0.08ns -0.04ns -0.02ns 0.06ns 0.04* -0.14* -0.13* 

SAC -0.04ns 0.19* -0 01 0.04ns 0 28**  -0.13* 0.02ns -0.08ns 0.68** -0.30** 0.44** -4.08 -0 22** -0.49** 0.31** 0 28** 

OAC -0.15* -0.11* -0.17 0.16* -0.89** -0.32**  -0 98** 0.02ns 0.04ns -0.04ns 0.10ns -0.07ns -0 07ns -0.09ns 0.18* 0.15* 

LAC 0.15* 0.18* 0.18 -0.21** 0 86** 0.24** -0.99**  -0.01ns -0.12* 0.08ns -0.16* 0.13* 0.10* 0.15* -0.22** -0.18* 

HY -0.02ns 0.33** 0.04 -0.44** -0.07ns 0.03ns 0.05ns -0 04ns  0.01ns 0.03ns -0.20** 0.19* 0.18* 0.17* -0.13* -0.12* 

DM -0.23** 0.46** -0.15 -0.49** -0.04ns 0.30** -0.04ns 0.05ns 0.54**  -0.40** 0 53** -0.58** -0.16* -0.45** 0.40** 0 39** 

Ash 0.03ns -0.17* 0.0002 0.18** 0 05ns -0.07ns -0.01ns 0.01ns -0.19** -0.26**  -0.33** -0.08ns 0.33** 0.13* -0.53** -0.71** 

NC -0.23** 0.24** -0.18 -0.27** 0 04ns 0.23** -0.03ns 0.02ns 0.40** 0.56** -0.09ns  -0.70** -0.72** -0.73** 0.67** 0 51** 

NDFDM 0.17* -0 31** 0.11 0.34** -0.05ns -0.26** 0.09ns -0 08ns -0.40** -0.69** -0.15** -0.76**  0.62** 0.84** -0.57** -0.39** 

ADFDM -0.07ns 0.01ns -0 07 0.04ns -0.06ns 0.04ns 0.07ns -0 07ns -0.04ns 0.06ns -0.05ns -0.49** 0.50**  0.79** -0.74** -0.63** 

ADLDM -0.03ns -0 01ns -0 03 0.06ns -0.04ns 0.001ns 0.06ns -0 05ns -0.01ns 0.03ns -0.28** -0.46** 0.50** 0.85**  -0.66** -0.49** 

IVOMD 
-0.2* 0.3** -0.13 -0.4** -0.03ns 0.2** -0.004ns -0 003ns 0.43** 0.63** -0.26** 0.72** -0.78** -0.41** -0.39**  0 94** 

ME -0.15** 0.30** -0 09 -0.35** -0.03ns 0.25** -0.02ns 0.01ns 0.40** 0.63** -0.40** 0 56** -0.67** -0 27** -0.20** 0.95**  

KY = Kernel yield, OC = Oil content, OY = oil yield, PC = protein content, PAC  =  palmitic acid content, SAC  =  stearic acid content, OAC  =  oleic acid content, LAC  =  linoleic acid 

content, HY =  haulm yield, DM = dry matter, NC = nitrogen, NDFDM = neutral detergent fiber, ADFDM = acid detergent fiber, ADLDM = acid detergent lignin, IVOMD =  in vitro 

organic matter digestibility, ME =  metabolizable energy. 
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3.3.7. Principal component and bi-plot analyses 

Principal component analysis for the assessed traits among 100 groundnut genotypes revealed 

five and six principal components (PCs) with Eigen values greater than one under DS and NS 

condition, respectively. The principal component accounted for 79.4% and 82.5% of the total 

phenotypic variation under drought-stressed and non-stressed conditions, respectively (Table 

3.8). Under DS condition, PC1 positively correlated with acid detergent fiber, acid detergent lignin 

and neutral detergent fiber and negatively correlated with in vitro organic matter digestibility 

and metabolizable energy which accounted for 25.7% of total variation. Oleic acid content 

positively correlated with PC2, whereas palmitic acid content, linoleic acid content and stearic 

acid content negatively correlated with PC2 which accounted for 17.4% of total variation. Kernel 

yield, oil yield and protein content positively correlated with PC3 which accounted for 14.1% of 

total variation. Oil content and haulm yield positively correlated with PC4 which accounted for 

12% of total variation. Kernel yield and oil yield positively correlated with PC5 which accounted 

for 10.2% of total variation. 

Under NS condition, neutral detergent fiber, acid detergent fiber and acid detergent lignin 

positively correlated with PC1 whereas nitrogen content negatively correlated with PC1 which 

accounted for 24.4% of total variation. Kernel yield, oil yield, palmitic acid content, stearic acid 

content and linoleic acid content positively correlated with PC2, whereas oleic acid content 

negatively correlated with PC2 which accounted for 21.7% of total variation. PC3 positively 

correlated with haulm yield and negatively correlated with protein content and ash content and 

both traits accounted for 13% of total variation. PC4 positively correlated with metabolizable 

energy which accounted for 9.7% of total variation. PC5 positively correlated with dry matter 

which accounted for 7.6% of total variation. PC6 positively correlated with dry matter content 

and negatively correlated with oil content which accounted for 6.1% of total variation. 

The relationship between groundnut genotypes and assessed traits based on principal 

component bi-plots under drought-stressed and non-stressed conditions are presented in Figure 

3.2. Smaller angles between dimension vectors in the same direction indicated high correlation 

of the variables in terms of discriminating genotypes. Genotypes that are good in a particular 

trait were plotted closer and furthest to the vector line. Under DS condition, genotypes, ICGV 

93162, ICGV 10373, ICGV 01260, ICGV 10379, ICGV 10178, ICGV 05155, ICGV 03042 and ICGV 

96174, were grouped based on high neutral detergent fiber, acid detergent fiber, acid detergent 

lignin and dry matter, high haulm, oil yield and kernel yields (Figure 3.2 A). Genotypes, ICGV 

181017, ICGV 01491, ICGV 15019, ICGV 181026, ICGV 16005 and ICGV 181063 excelled with high 

oleic acid content. Genotypes ICGV 171007, ICGV 181063, ICGV 171039, ICGV 181039, ICGV 

93261, GPBD 4, and ICGV 13219, were grouped and possessed high metabolizable energy, in vitro 

organic matter digestibility, nitrogen and protein contents. 
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Under NS condition, genotypes, ICGV 7220, ICGV 06039, ICGV 05155, ICGV 03287, ICGV 06175, 

ICGV 14001, ICGV 00211 and ICGV 11396, were grouped recording high kernel yield, oil yield and 

oil content (Figure 3.2B). Genotypes, ICGV 181017, ICGV 181026, ICGV 181063, ICGV 181489, 

ICGV 181006, ICGV 16005 and ICGV 15083, were grouped based on high dry matter content, 

haulm yield and oleic acid content. Genotypes, ICGV 171007, ICGV 13189, ICGV 99019, ICGV 

86031 and ICGV 86590, ICGV 86699, were excelling in nitrogen content, metabolizable energy, in 

vitro organic matter digestibility and protein content. 
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Table 3.8.  Principal component scores, Eigen values, variances of kernel yield, oil and haulm fodder quality 

parameters among 100 groundnut genotypes evaluated under drought-stressed and non-stressed  

conditions in the 2018/19 and 2019/20 post-rainy seasons. 
                                           Drought-stressed                             Non-stressed  

Traits  PC1 PC2 PC3 PC4 PC5  PC1 PC2 PC3 PC4 PC5 PC6 

KY 0.11 0.16 0.75 0.02 0.62  0.07 0.63 -0.35 0.52 0.43 0.06 

OC 0.22 0.13 -0.44 0.55 0.31  0.24 0.23 0.36 -0.10 0.30 -0.52 

OY 0.14 0.17 0.70 0.10 0.67  0.11 0.65 -0.29 0.49 0.47 -0.02 

PC -0.37 0.05 0.49 -0.40 -0.18  -0.14 -0.05 -0.49 0.29 -0.43 0.45 

PAC 0.48 -0.80 0.09 0.19 0.01  -0.41 0.72 0.41 -0.19 -0.11 0.14 

SAC 0.00 -0.48 0.10 0.17 -0.09  -0.37 0.42 0.25 0.25 -0.26 0.01 

OAC -0.48 0.81 -0.20 -0.18 0.09  0.42 -0.80 -0.34 0.07 0.11 -0.10 

LAC 0.49 -0.79 0.19 0.20 -0.06  -0.39 0.81 0.35 -0.09 -0.10 0.07 

HY 0.32 0.24 -0.35 0.45 0.36  0.15 -0.40 0.58 -0.05 0.34 0.15 

DM 0.24 0.13 -0.47 0.37 0.29  0.19 -0.29 0.39 0.10 0.43 0.59 

Ash 0.22 -0.24 -0.47 -0.67 0.38  -0.13 0.27 -0.58 -0.54 0.18 0.08 

NC -0.66 -0.34 -0.24 0.02 0.13  -0.63 -0.36 0.29 -0.16 0.23 0.18 

NDFDM 0.54 0.44 0.38 0.36 -0.39  0.86 0.10 0.26 0.12 -0.22 -0.10 

ADFDM 0.85 0.35 -0.07 -0.15 -0.21  0.89 0.20 0.14 0.05 -0.15 0.05 

ADLDM 0.78 0.38 0.04 0.07 -0.35  0.78 0.09 0.33 0.26 -0.18 0.17 

IVOMD -0.83 -0.04 -0.01 0.45 -0.10  -0.73 -0.45 0.16 0.39 0.03 -0.12 

ME -0.70 0.07 0.22 0.54 -0.23  -0.54 -0.35 0.18 0.61 -0.16 -0.22 

Eigenvalue 4.37 2.95 2.39 2.04 1.74  4.14 3.69 2.21 1.66 1.30 1.03 

Proportion variance (%) 25.71 17.36 14.08 12.00 10.22  24.38 21.68 13.02 9.74 7.64 6.09 

Cumulative variance (%)   25.71 43.06 57.14 69.13 79.35  24.38 46.06 59.07 68.81 76.45 82.54 

KY = Kernel yield (t ha-1), OC = Oil content, OY =  oil yield (t ha-1), PC = protein content, PAC  =  palmitic acid content, SAC  =  stearic acid content, 

OAC  =  oleic acid content, LAC  =  linoleic acid content, HY =  haulm yield, DM = dry matter, NC = nitrogen, NDFDM = neutral detergent fiber, 

ADFDM = acid detergent fiber, ADLDM = acid detergent lignin, VOMD =  in vitro organic matter digestibility, ME =  metabolizable energy. 
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3.3.8. Cluster analysis among groundnut genotypes based on kernel and haulm yields, and kernel 

and fodder quality parameters 

Cluster analysis showing the grouping of 100 groundnut genotypes based on kernel and haulm 

yields, and kernel and fodder quality traits are summarized in Table 3.9 and Figure 3.3. The test 

genotypes were allocated into 12 genetic groups. Cluster 11 and 12 comprised of high kernel and 

oil yielding genotypes with a mean of 1.72 t ha-1 and 0.84 t ha-1. Genotypes with high oil content 

(˃ 49.5%) were grouped in clusters 8 and 12. Clusters 1 and 2 comprised of high oleic groundnut 

genotypes with mean values of 65.57 and 66%, respectively. Conversely, clusters 1 and 2 

consisted of genotypes with lower linoleic acid contents of < 16%.  Genotypes with high nitrogen 

content, in vitro organic matter digestibility and metabolizable energy were grouped in clusters 

4 and 5. Genotypes with higher haulm yield possessing good haulm fodder qualities were 

grouped in cluster 6. In this cluster, genotypes, ICGV 01490, ICGV 96266, ICGV 93162, ICGV 

98077, ICGV 11422 and ICGV 11418,  recorded the highest mean haulm yield (≥ 6.5 t ha-1), 

nitrogen content (≥ 2.75%), in vitro organic matter digestibility (≥ 62%) and metabolizable energy 

(> 8.5%).   
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Figure 3.3. Hierarchical clustering using Ward’s method showing groupings of 100 groundnut genotypes 

assessed based on kernel and haulm yields, and kernel and fodder quality parameters under drought-

stressed and non-stressed conditions when genotypes were assessed in the 2018/19 and 2019/20 post-

rainy seasons at the International Crops Research Institute for the Semi-Arid Tropics, India. See code of 

genotypes in Table 3.2. C = stand for cluster number 
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Table 3.9. Grouping of 100 groundnut genotypes evaluated under drought-stressed and non-stressed 

conditions across 2018/19 and 2019/20 post-rainy seasons. 

Cluster  Number of  genotypes  Name/designation of  genotypes  

1 14 ICGV 16667, ICGV 181026, ICGV 15073, ICGV 15074, ICGV 15083, ICGV 16688 
ICGV 16686, ICGV 16005, ICGV 181017, ICGV 181063, ICGV 181489, ICGV 15094 
ICGV 171027, ICGV 181006 

2 3 ICGV 15019, ICGV 171013, ICGV 181490 

3 4 ICGV 171026, ICGV 171039, ICGV 171046, ICGV 181033 

4 13 ICGV 93128, ICGV 95066, ICGV 99019, ICGV 00187, ICGV 00213, ICGV 93260 

ICGV93261, ICGV 92121, ICGV 01265, ICGV 13200, ICGV 86590, ICGV 86031,  

GG 20 

5 1 ICGV 171007 

6 12 ICGV 98077, ICGV 11422, ICGV 11418, ICGV 92054, ICGV 93162, ICGV 95111 
ICGV 97115, ICGV 01491, ICGV 97150, ICGV 98385, ICGV 96266, ICGV 86699 

7 12 ICGV 07010, ICGV 07120, ICGV 99241, ICGV 13254, ICGV 6420, ICGV 00350 
ICGV 02266, GPBD 4, ICGV 05057, ICGV 00246, ICGV 7247, ICGV 87846 

8 5 ICGV 01279, ICGV 86015, ICGV 96165, ICGV 00064, ICGV 14232 

9 8 ICGV 96174, ICGV 91223, ICGV 94118, ICGV 00162, ICGV 7220, ICGV 13207 
ICGV 98412, ICGV 7262 

10 5 ICGV 06146, ICGV 11380, ICGV 14030, ICGV 13189, ICGV 13219 

11 7 ICGV 06039, ICGV 6040, ICGV 10143, ICGV 14001, ICGV 7222, ICGV 13317 
ICGV 14421 

12 16 ICGV 97087, ICGV 03042, ICGV 11396, ICGV 00211, ICGV 10178, ICGV 00351 
ICGV 01260, ICGV 5155, ICGV 03043, ICGV 98184, ICGV 03287, ICGV 06175 
ICGV 14224, ICGV 10371, ICGV 10373, ICGV 10379 

 

3.4. Discussion  

Groundnut is a key legume crop for food and feed in crop-livestock farming systems. : It is one of 

the main sources of cash for small-holder farmers in arid and semi-arid parts of sub-Saharan 

Africa and Asia. Despite the multiple uses of groundnut, breeding for drought tolerance, high 

kernel and haulm yields, and quality traits have been largely ignored in groundnut improvement 

programmes. As a result, genotypic variation of groundnut germplasm for kernel and haulm 

yields, and kernel and haulm quality parameters remain largely unknown, limiting selection and 

development of dual-purpose groundnut cultivars for kernel and haulm production in 

smallholder crop-livestock systems.  

 

The present study found significant variations in kernel and haulm yields, kernel and fodder 

quality parameters and drought tolerance among genetically distinctive groundnut genotypes 

(Table 3.3). The significant genotype differences observed among the studied groundnut 

genotypes for kernel and haulm yields, and quality traits allowed selection of suitable dual-

purpose genotypes (Table 3.3). Also, genotype x water regime x year interaction effect was 

significant for kernel and haulm yields, indicating that the performance of the assessed 

genotypes varied across seasons and water conditions (Table 3.3). Groundnut genotypes, ICGV 
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7222, ICGV 10143, ICVG 06040, ICGV 03042, and ICGV 06175, were selected with marked drought 

tolerance and possessing high stress tolerance index values for kernel yield (Table 3.6). Also, 

genotypes, ICGV 01260, ICGV 99241, ICGV 96266, ICGV 171027 and ICGV 01491, recorded high 

STI values for haulm yield. The stable yield performance of these genotypes in the two 

environments suggests that these genotypes can be used in groundnut breeding to exploit their 

drought tolerance and yield potentials. 

 

Agronomic traits such as kernel and haulm yields are key attributes for selection and 

development of dual-purpose groundnut cultivars (Pande et al. 2005). In the present study, 

genotypes, ICGV 10143, ICGV 7222, ICGV 6040, ICGV 03042 and ICGV 06039, were high kernel 

and oil yielders (Table 3.4). Also, genotypes, ICGV 01490, ICGV 96266, ICGV 93162, ICGV 98077, 

ICGV 11422 and ICGV 11418, were the highest haulm yielders and possessed better fodder 

quality traits such as nitrogen content, in vitro organic matter digestibility and metabolizable 

energy (Table 3.5). Moreover, genotypes such as ICGV 10178, ICGV 01260, ICGV 06175 and ICGV 

10379 produced both high kernel and haulm yields and therefore making them ideal candidates 

for production in mixed crop-livestock farming systems (Tables 3.4 and  3.5). In addition, kernel 

and haulm quality traits such as high oil, protein and oleic acid contents, reduced neutral 

detergent fiber, acid detergent fiber, acid detergent lignin and higher nitrogen content, in vitro 

organic matter digestibility and metabolizable energy are distinguishing traits for selection of 

groundnut genotypes for production (Samireddypalle et al. 2017; Nigam, 2014). Genotypes, ICGV 

06146, ICGV 11380, ICGV 14030, ICGV 13189 and ICGV 7222, recorded high protein contents 

(Table 3.4). Genotypes, ICGV 1279, ICGV 6420, ICGV 5155, ICGV 97087 and ICGV 99241, were 

best performers with high oil content, whereas CGV 181017, ICGV 01491, ICGV 15019, ICGV 

181026, ICGV 16005 and ICGV 181063 were identified as high oleic acid genotypes (Table 3.4). 

All the test genotypes that recorded higher oleic acid content under both conditions showed 

lower linoleic acid content (<13%). Low oleic to linoleic ratio enhances the stability and shelf-life 

of groundnut oil and other groundnut derived products (Achola et al. 2017).  Genotypes, ICGV 

92121, ICGV 86590, ICGV 93161, ICGV GG 20 and ICGV 171007, had high nitrogen content, in 

vitro organic matter digestibility, metabolizable energy and the lowest mean neural detergent 

fiber, acid detergent fiber and acid detergent lignin under both drought-stressed and non-

stressed conditions. The present study identified divergent parental lines for groundnut breeding 

for enhanced kernel and haulm yields, and kernel and fodder quality. Genotypes, ICGV 7222, 

ICGV 10143, ICGV 6040, ICGV 03042, ICGV 06175, ICGV 01260, ICGV 99241, ICGV 96266, ICGV 

171027 and ICGV 01491, possessing drought tolerance are recommended for cultivar 

development under drought stress environments (Table 3.6). 

 
Comparison across sub-species for kernel and haulm yields, and quality traits revealed that the 

Virginia bunch (sub-species hypogaea) recorded slightly higher values for several traits including 
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oil content, oleic acid content, haulm yields, dry matter, nitrogen content, acid detergent fiber 

and acid detergent lignin (Figure 3.1). These allowed identification of genotypes with desirable 

kernel quality, haulm yield and fodder quality. The Spanish bunch groundnuts have higher oil 

content than other types of groundnuts including Virginia bunch groundnut (Nigam, 2014). The 

highest mean oil content recorded for Virginia sub-species (Figure 3.1) is probably due to the long 

intercrosses between the two sub-species. Therefore, groundnut genotypes belonging to the 

Virginia bunch types are useful genetic resources for the development of high oil groundnut 

cultivars. Also, Virginia bunch groundnuts are late maturing than Spanish bunch groundnuts 

(Krapovickas and Gregory, 1994). The high haulm yields recorded by the Virginia sub-species may 

offer opportunity to improve biomass production. Despite a lack of statistical significance 

difference, Virginia sub-species comprised of genotypes with high oleic acid content but low 

linoleic acid content compared to the Spanish sub-species. These imply that the variability within 

the Virginia sub-species for majority of the assessed traits can be exploited through selection for 

developing high oleic groundnut cultivars.  

 

Associations of kernel and haulm yields, and quality is key to designing breeding strategies for 

development of dual-purpose groundnut genotypes. Under DS condition, oil content exhibited 

low and positive correlation with oil yield, oleic acid content, suggesting selection for higher oil 

content result in improved oil yield and oleic acid content. Haulm yield exhibited positive and 

significant correlation with oil yield and oil content under drought-stressed and non-stressed 

conditions, suggesting that these traits can be simultaneously improved via selection. Haulm 

quality traits such as nitrogen content, in vitro organic matter digestibility and metabolizable 

energy exhibited negative relationships with haulm yield under drought-stressed condition 

(Table 3.7). Contrastingly, these traits showed positive correlations with haulm yield under non-

stressed condition, underlying the causal role of water deficit contributing to the trade-off 

between haulm quality traits and haulm yield (Table 3.7). This limits simultaneous selection and 

improvement of the of haulm yield and quality traits under drought-stressed condition. Drought 

stress affects the symbiotic nitrogen fixation capacity of the crop, and consequently leads to 

reduced nitrogen content, haulm digestibility and this results in low metabolizable energy 

(Blümmel et al. 2012).  

 

In the present study, positive and significant correlations were exhibited between nitrogen 

content and in vitro organic matter digestibility, nitrogen content and metabolizable energy, and 

in vitro organic matter digestibility and metabolizable energy under both water conditions (Table 

3.7). Further, these traits influence haulm quality. Negative and significant correlations were 

detected with the indigestible haulm quality traits such as neutral detergent fiber, acid detergent 

fiber and acid detergent lignin under both conditions. This suggests that nitrogen content, in vitro 

organic matter digestibility and metabolizable energy can be simultaneously improved through 
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selection. Nitrogen content is an important haulm quality trait which influences kernel yield due 

remobilization of nitrogen resources to pods (Blümmel et al. 2012). Under DS condition, negative 

correlations displayed between nitrogen content with kernel and haulm yields suggests the effect 

of drought on groundnut biomass and kernel yield production with consequences on the source-

sink relationship for nitrogen. 

 

Selecting of genotypes based on multiple traits enables enhancing genetic gains. Under DS 

condition, the principal component analysis indicated high contribution and strong association 

of neutral detergent fiber, acid detergent fiber, acid detergent lignin and haulm yield to the first 

principal component (Table 3.8 and Figure 3.2). Oleic acid content and metabolizable energy 

correlated with the second principal component, suggesting these traits have much influence 

during selection and can be simultaneously selected and improved. Under NS condition, neutral 

detergent fiber, acid detergent fiber, acid detergent lignin, oil content, kernel yield, oleic acid 

content were main contributors in the first principal component (Table 3.7 and Figure 3.2). These 

traits can also be simultaneously selected for breeding. 

 

3.5. Conclusions  

Well-characterized groundnut germplasm collection is essential to select unique genotypes with 

drought-tolerance, high kernel, oil and haulm yield and quality. The study revealed the presence 

of marked genetic variability among the tested groundnut genotypes for the measured traits 

which can be exploited in groundnut breeding. Kernel and haulm yields were not inversely 

related. Low correlation between kernel yield and haulm yield under drought-stressed and non-

stressed condition, suggests independent selection and improvement of the two traits. Strong 

correlations among the haulm quality traits in both moisture conditions provide an opportunity 

for breeding of these traits in parallel and developing high haulm fodder quality under drought-

stressed and non-stressed conditions. The following genotypes: ICGV 10178, ICGV 01260, ICGV 

06175 and ICGV 10379 expressed high kernel and haulm yields, and CGV 181017, ICGV 01491, 

ICGV 15019, ICGV 181026, ICGV 16005 and ICGV 181063 had higher oleic acid content. Further, 

genotypes, ICGV 7222, ICGV 10143, ICGV 6040, ICGV 03042, ICGV 06175, ICGV 01260, ICGV 

99241, ICGV 96266, ICGV 171027 and ICGV 01491, were relatively drought tolerant.  The above 

genotypes are recommended for production or breeding drought-stress tolerant groundnut 

varieties with high kernel and fodder yields and quality attributes.  
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Chapter 4 

Assessment of the genetic diversity and population structure of groundnut germplasm collections 

using phenotypic traits and SNP markers: implications for drought tolerance breeding 

_____________________________________________________________________________ 

Abstract  

Profiling the genetic composition and relationships among groundnut germplasm collections are 

essential for breeding of new cultivars. The objectives of this study were to assess the genetic 

diversity and population structure among 100 groundnut genotypes using agronomic traits and 

high density single nucleotide polymorphism (SNP) markers. The genotypes were evaluated for 

agronomic traits and drought tolerance at the International Crop Research Institute for the Semi-

Arid Tropics (ICRISAT)/India across two seasons. Ninety-nine of the test genotypes were profiled 

with 16, 363 SNP markers. Pod yield per plant (PY), seed yield per plant (SY) and harvest index 

(HI) were significantly (p < 0.05) affected by genotype × environment interaction effects. 

Genotypes, ICGV 07222, ICGV 06040, ICGV 01260, ICGV 15083, ICGV 10143, ICGV 03042, ICGV 

06039, ICGV 14001, ICGV 11380 and ICGV 13200, exhibited higher pod yield under both drought-

stressed and non-stressed conditions. PY exhibited significant (p < 0.05) correlation with SY, HI 

and total biomass (TBM) under both test conditions. Twelve and 18% of the test genotypes 

attained physiological maturity at 100 and 110 days after sowing, respectively. These early 

maturing genotypes can be selected for drought tolerance breeding. In the principal component 

analysis, PY, SY, HSW, SHP and HI were contributed maximum variability for yield under the two 

water regimes. Hence, selection of these traits could be successful for screening of groundnut 

genotypes under drought-stressed and non-stressed conditions. Model-based population 

structure analysis grouped the studied genotypes into three sub-populations. However, cluster 

analysis resolved the collections into 5 clusters based on pedigree, selection history, and market 

type. Cluster III and Cluster V consisted of the Spanish bunch types, late leaf spot (Phaeoisariopsis 

personata) and rust (Puccinia arachidis) resistant, and drought-tolerant genotypes. Analysis of 

molecular variance revealed that 98% of the total genetic variation was attributed to among 

individuals, while only 2% of the total variance was due to variation among the subspecies. The 

genetic distance between the Spanish bunch and Virginia bunch types ranged from 0.11 to 0.52. 

Genotypes, ICGV 13189, ICGV 95111, ICGV 14421, and ICGV 171007, were selected for further 

breeding based on their wide genetic divergence. Data presented in this study will guide 

groundnut cultivar development emphasizing economic traits and adaptation to water-limited 

agro-ecologies including in Ethiopia. 

 

Key words: Arachis hypogaea; population genetics; genetic diversity, single nucleotide polymorphisms  
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4.1. Introduction 

Groundnut (Arachis hypogaea L., AABB, 2n = 4x = 40) is an important oilseed legume crop 

providing various products worldwide. Groundnut is a self-pollinated allotetraploid crop derived 

from natural hybridization involving two diploid species, A. duranensis (A genome), and A. 

ipaensis (B genome) followed by polyploidization (Bertioli et al. 2016). Cultivated groundnut is 

classified into two subspecies viz. hypogaea (without floral axes on the main stem) and fastigiata 

(with floral axes arising from the main stem) (Zhang et al. 2017). Subspecies hypogaea has 

spreading growth habit with side branches procumbent to decumbent and a long growth cycle. 

In contrast, subspecies fastigiata has a more erect growth habit with side branches erect to 

procumbent and has a shorter growth cycle (Krapovickas and Gregory 1994). There are four 

market types of the cultivated groundnut viz., Virginia (A. hypogaea subsp. hypogaea var. 

hypogaea), runner (A. hypogaea subsp. hypogea var. hirstu), Spanish (A.hypogaea subsp. 

fastigiata var. vulgaris), and Valencia (A.hypogaea subsp. fastigiata var. fastigaita) (Nigam, 2014; 

Janila et al. 2016). Virginia type of groundnuts have the largest kernels and account for most of 

the groundnuts roasted and processed. Runners have uniform kernel sizes and are mostly used 

for groundnut butter. Spanish groundnuts have smaller kernels covered with reddish-brown skin 

and have a higher oil content than the other types of groundnuts. Valencia types of groundnuts 

usually have three or more small kernels in a pod and are covered in a bright-red skin. Valencia 

types are sweet and are generally preferred for fresh use as boiled groundnuts (Nigam SN. 2014). 

Groundnut kernels are rich sources of oil, protein, carbohydrate, minerals (e.g. P, Ca, Mg, and K), 

and vitamins (E, K, and B) (Gulluolu et al. 2016). Groundnut kernels with high oleic acid increase 

oil stability and confer health benefits (Gangadhara and Nadaf 2016). Groundnut haulm is used 

for animal feed. Also, groundnut improves soil fertility through nitrogen fixation.  

 

In Ethiopia, groundnut has been used for food, edible oil extraction, and animal feed. The national 

mean yield is 1.796 ton/ha, and the total area under groundnut production is 80,841.57 ha (CSA 

2018). In the last decade, groundnut production and yield have increased by two‐fold in the 

country (FAOSTAT, 2018). Local demand for groundnut is increasing due to the emerging 

groundnut processing factories. Currently, smallholder farmers account for the bulk of production 

under rainfed conditions in the lowland and drought‐prone areas of the country. Drought stress 

occurring during the flowering stage is a leading constraint to groundnut production in these 

production areas (Abady et al. 2019). The yield reduction due to drought stress is highly variable 

depending on genotype, timing, intensity, and duration (Falke et al. 2019). Drought stress during 

the reproductive phase can drastically reduce groundnut yield (Pereira et al. 2016). Terminal 

drought can cause 33% pod yield loss in groundnut (Carvalho et al. 2017). Although several 

introduced groundnut varieties have been released for cultivation in the country, none of them 



123 
 

are well-adapted or drought tolerant. This has rendered low production and productivity of 

groundnut in sub-Sharan Africa including Ethiopia.  

 

Breeding groundnut for drought tolerance is an effective strategy to alleviate the impact of 

drought stress. Groundnut improvement for drought tolerance has achieved significant 

milestones (Pande et al. 2005; Vindhiyavarman et al. 2014). For example, ICGV 00351, a cross 

derivative from ICGV 87290 x ICGV 87846, was developed and released for cultivation in drought-

prone areas of India (Vindhiyavarman et al. 2014). Similarly, ICGV 91114, an early maturing and 

drought tolerant cultivar, derived from a cross between ICGV 86055 x ICGV 86533 using the bulk 

pedigree method was developed at ICRISAT, India. Though conventional breeding played an 

important role in the release of drought-tolerant groundnut varieties, the breeding progress is 

slow (Janila et al. 2016). This is due to the narrow genetic base among the cultivated groundnuts 

(Nigam 2014). Introgression of genes from wild species into the cultivated groundnut is difficult 

due to the ploidy differences. In addition, the negative effects of linkage drag associated with 

genes from wild relatives often present a challenge to yield gain (Oteng-Frimpong et al. 2019; 

Janila et al. 2016). Yield and yield-related traits, including pod weight, shelling percentage, 

hundred seed weight, and the proportion of matured pods, are the most widely used traits in 

groundnut improvement (Janila et al. 2016; Wang et al. 2018). Ravi et al. (2011) confirmed the 

complex and quantitative nature of drought tolerance in groundnut. Other  traits such as  specific 

leaf area, chlorophyll content, biomass production, and harvest index have been used as 

surrogate traits for drought tolerance in groundnut (Nigam et al. 2005; Jongrungklang et al. 2008; 

Vadez and Ratnakumar 2016; Oteng-Frimpong et al. 2019).  

 

Based on cross-compatibility, groundnut genetic resources are classified into four gene pools. 

The primary gene pool, includes landraces, cultivars, and wild A. monticola which is cross-

compatible with A. hypogaea. The secondary gene pool consists of diploid species from the genus 

Arachis, which have cross-compatibility with A. hypogaea. The tertiary gene pool includes section 

Procumbentes, which are cross-compatible with diploid Arachis species. The quaternary gene 

pool includes Arachis species, which are partially cross-compatible with section Arachis (Nigam 

2014; Singh and Nigam 2016). Previous findings indicated that the primary gene pool in the 

groundnut could be considered as the main source of genes for drought tolerance (Dutra et al. 

2018; Desmae et al. 2017; Janila et al. 2016; Varshney et al. 2009).  

 

Profiling the genetic composition and relationships among groundnut germplasm collections are 

essential for breeding of new cultivars. Earlier studies used phenotypic traits and marker 

technologies to analyze genetic diversity and population structure in cultivated groundnut (Zheng 

et al. 2018). SSR markers have been extensively used for assessing the genetic diversity of 

groundnut germplasm (Pandey et al. 2012; Wang et al. 2018). For example, 146 polymorphic 



124 
 

simple sequence repeat (SSR) revealed five heterotic groups among 196 groundnut cultivars (Ren 

et al. 2014). However, SSR markers cannot sufficiently explain the polymorphism in groundnut 

germplasm due to their extensive repetitive genomic content (Zheng et al. 2018). The single 

nucleotide polymorphisms (SNP) are increasingly becoming popular markers of choice due to 

their high genome abundance, ease of discovery, and the extremely high-throughput genotyping 

at a low cost per data point, with lower genotyping error rates (Singh and Singh, 2015; You et al. 

2018; Adu et al. 2018). An Affymetrix SNP array with 58,000 SNP positions has been developed 

and deployed to study genetic diversity and population structure in groundnut (Otyama et al. 

2019). Studies on genetic diversity of improved groundnut germplasm are needed to aid drought 

tolerance breeding for Ethiopia or genetic analysis.  There is a lack of information regarding the 

local groundnut diversity to guide the regional breeding program. Consequently, production, 

utilization, and improvement of the crop are highly restricted. Thus, the objectives of this study 

were to assess the genetic diversity and population structure among improved groundnut 

genotypes using phenotypic traits and high density single nucleotide polymorphism (SNP) 

markers. 

 

 

4.2. Material and Methods 

4.2.1. Plant materials and study site  

The study evaluated 100 improved groundnut genotypes comprising of diverse advanced 

breeding lines acquired from the International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT) in India (Chapter 3, Table 3.2). The 100 genotypes were evaluated during  2018/19, 

2019, 2019/20 post-rainy and rainy seasons at the International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT), Patancheru, India. Weather data for 2018/19 and 2019/20 post-rainy 

seasons’ field trails were presented in Chapter 3.  Tables 3.1 and 4.1 summarizes weather data 

during field trial in 2019. 

4.2.2. Experimental design 

One hundred genotypes were evaluated at ICRISAT/India during 2018/19 and 2019/20 under 

drought-stressed (DS) and non-stressed (NS) conditions using a 10 x 10 alpha lattice design with 

two replications as described in Chapter 3 under section 3.2.1. The 100 genotypes were also 

evaluated under field condition at ICRISAT/India in 2019 rainy season using alpha lattice design 

with 10 blocks each containing 10 entries. Seeds of each genotype were sown in two rows of 

four meters. Five plants were harvested from each genotype at 100, 110, 120 and 130 days 
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after sowing to determine the maturity duration of the test genotypes. Pod maturity can be 

determined either by the sound produced by the pods when they are pressed or by observing 

the inner pod wall which will turn blackish in mature pods.(Hamidou et al. 2012).  

 
Table 4.1. Monthly weather data during the field trial at ICRISAT/India in 2019 

Year  Month  Rainfall (mm) Tmax (0C) Tmin (0C) RHmax (%) RHmin (%) 

2019  June  36 34.12 23.08 88.2 55.6 

 July  79.5 31.88 22.78 86.42 62.16 

 August  193.4 29.91 22.11 89.26 70.22 

 September  294 29.67 21.59 94.3 81 

 October  55.4 30.53 20.87 94.3 79.81 

Mean   131.66 31.222 22.086 90.496 69.758 

Tmax = average maximum temperature, Tmin = average minimum temperature, RHmax = average maximum relative humidity, 

RH min = average minimum relative humidity 

4.2.3. Data collected  

The following phenotypic traits were described in Chapter 3, were considered for this study. Days 

to 50% flowering (DF) were recorded by counting the number of days from sowing to the time 

when 50% of the total plant stand had reached flowering. Soil plant analysis development (SPAD) 

chlorophyll meter reading (SCMR) was recorded at 80 days after sowing from three trifoliates of 

each plant between 8:00 to 9:30 am. The SCMRs were recoded using Minolta SCMR-502 m 

(Tokyo, Japan) and the reading was taken as described by Nageswara Rao et al. (2001). Leaf area 

was measured using leaf area scanner and leaves were oven-dried at 80 0C for 48 hours.  Specific 

leaf area (SLA) was calculated based on the formula suggested by Rao et al. (2001) as follows: 

 
SLA = Leaf area (cm2)/Leaf dry weight (g) 

Leaflets of five plants were collected and stored in sealed plastic bags and transport to the 

laboratory for fresh weight measurement. After the fresh weight measurements, the samples 

were soaked in distilled water for 8 hours and accordingly saturated weights were recorded.  Leaf 

relative water content (LRWC) was calculated according to the formula given by Gonzalez and 

Gonzalez, 2001: 

LRWC = fresh weight-dry weight    X   100 

           Saturated weight-dry weight 

 

Plant height (PH, expressed in cm) was measured from ten randomly sampled and tagged plants 

from the soil surface to the tip of the main stem. Number of primary branches (PB) was recorded 

as the average number of primary branches from the ten plants. Pod yield per plant (PY, 

expressed in g plant-1) was recoded as the average pod weight of ten sample plants. Shelling 
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percentage (SHP, expressed in %) for each genotype was calculated from a random sample of 

pods weighing 200 g, as the proportion of shelled seed weight to the total weight of the unshelled 

pods. Seed yield per plant (SY, expressed in g plant-1) was estimated as the product of pod yield 

per plant and shelling percentage. Total biomass per plant (TBM, expressed in g plant-1) was 

recorded as the mean total biomass weight of ten sample plants during physiological maturity of 

the crop. Harvest index (HI) was computed as a ratio of pod weight to total biomass (Mukhtar et 

al. 2013). 

The following phenotypic data were collected to determine the maturity duration of the test 

genotypes: total number of pod per plant, number of matured pods per plant and subsequently 

percentage of mature pods per plant were calculated at 100, 110 and 120 days after sowing. 

4.2.4. Phenotypic data analysis 

Analysis of variance was performed using SAS version 9.3 Software. Phenotypic and genotypic 

coefficients of variation were computed as per the methods suggested by Burton and Devane 

(1953):  

Genotypic variance (σ2
g) =  

(𝑚𝑠𝑔−mse)

𝑟
 ; Environmental variance (σ2 

e) = mse,  

Where, msg and mse are the mean sum of squares for the genotypes and error in the analysis of 

variance, respectively; r is the number of replications.  

 

The phenotypic variance was estimated as the sum of the genotypic and environmental 

variances: 

σ2
ph = σ2

g + σ2
e  

 

Genotypic coefficients of variability (GCV) and phenotypic coefficients of variability (PCV) were 

calculated according to the formulae of Singh and Chaundary (1977): 

 

GCV = (σg/grand mean) x 100; PCV = (σph /grand mean) x 100  

 

Where, σg and σph are genotypic and phenotypic standard deviations, respectively. 

 

 Heritability in a broad sense (H2) was calculated as per the following formula (Allard 1960):  

 

H2 = 
σ2g

σ2p
 𝑥 100 

 

The genetic advance for selection intensity (k) at 5% (2.06) was estimated by the following 

formula (Johnson et al. 1955):  
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EGA = k * σph * hb
2  

 

Where, EGA represents the expected genetic advance under selection; σph is the phenotypic 

standard deviation; hb
2 is heritability in broad sense and k is selection intensity.  

 

The genetic advance as percent of population mean was estimated following the procedure of 

Johnson et al. (1955): 

 GAM = (EGA/grand mean) * 100.  

 

Decision for maturity duration was made based on the increase in pod yield per plant and 

percentage of matured pods per plant >70% (Janila and Nigam 2013). Pearson correlation was 

computed using SAS software. Principal component analysis was carried out using JMP Version 

15.1 Software with mean observation of all the traits.  

 

4.2.5. Genotyping  

The genotypes were grown under field conditions at ICRISAT, Hyderabad, India. The genomic DNA 

was extracted from leaves of three weeks old seedlings at the Center of Excellence in Genomics 

and Systems Biology at ICRISAT. The DNA was extracted using the modified cetyl trimethyl 

ammonium bromide (CTAB) method (Mace et al. 2003). DNA was quantified by loading 1 ml on 

the 0.8% agarose gel containing 10 ml ethidium bromide (10 mg/ml) and run at 80 V for 30-45 

min. The agarose gel was documented under UV transilluminator. The DNA quality and 

concentration were estimated using NanoDrop Spectrometry (UV 160 A, Japan). Haplotype-

based genotyping using 48 k SNP Array was conducted at the University of Georgia, Tifton, United 

States (Clevenger et al. 2018). 

4.2.6. Data analysis 

The SNP data were analyzed using the Axiom analysis suite (Thermo Fisher Scientific Inc, 2018). 

SNP markers with more than 20% of missing data and the minor allele frequencies lower than 

0.05 were eliminated, resulting in 16,363 SNP markers, which were used for further analysis 

(Mathew et al. 2019). Ninty-nine genotypes were used after the data imputation. The genotype 

data filtering was performed using TASSEL version 5.2.61 Software (Bradbury et al. 2007). Genetic 

dissimilarity, minor allele frequency (MAF), observed gene diversity, polymorphic information 

content (PIC), and inbreeding coefficients were determined using GenALEx Version 6.5 Software 

(Peakall and Smouse 2012). Analysis of molecular variance was performed using GenALEx version 

6.5 Software to estimate fixation (FST) values and to partition molecular variance within sub-
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species and among subspecies of cultivated groundnut. The genetic differentiation parameter 

(PhiPT) was used to measure the similarity of pairwise genotypes from the entire collection. 

Phi’PT represents the proportion of PhiPT relative to the maximum variability proportion 

attainable PhiPTmax calculated as PhiPT/PhiPTmax (Nadia et al. 2019). The genetic relationship 

among the genotypes was constructed based on the unweighted paired group method with 

arithmetic mean (UPGMA) using TASSEL Software. The pairwise genetic distance matrix between 

99 genotypes was analyzed using TASSEL Software. Kinship matrix and 3D-principal component 

analysis were generated using the GAPIT program in R software (Lipka et al. 2012). The pattern 

of population structure and detection of admixture were inferred using a Bayesian model-based 

clustering algorithm implemented in STRUCTURE version 2.3.4 (Pritchard et al. 2000). The length 

of the burn-in period and Markov Chain Monte Carlo (MCMC) were set at 10,000 iterations 

(Evanno et al. 2005). The K value was set between 1 and 10 to generate the number of 

subpopulations in the genotypes. Twenty runs were performed for each K-value, to obtain an 

accurate estimation of the number of populations. Delta K values were calculated, and the 

appropriate K value was determined by the Evanno et al. (2005) method using the STRUCTURE 

Harvester program (Earl and von Holdt 2012). 

 

4.3. Results  

4.3.1. Analysis of variance 

Analysis of variance for 13 phenotypic traits of 100 groundnut genotypes evaluated under 

drought-stress and non-stressed conditions are presented in Table 4.2. Under drought-stressed 

condition, the ANOVA revealed significant (p<0.05) difference among genotypes for plant height 

(cm), SCMR, specific leaf area (cm 2 g-1) and shelling percentage, and highly significant (p<0.001) 

for days to 50% flowering, number of primary branch, leaf relative water content, haulm weight 

(g plant-1), hundred seed weight (g), pod weight (g plant-1), total biomass weight (g plant-1) and 

harvest index (%). Under non-stressed condition, the result revealed non-significant differences 

for SCMR and SLA; significant (p<0.05) difference for number of primary branches and highly 

significant difference for the rest of the tested traits. Non-significant difference for genotype by 

year interaction was recorded for SCMR and SLA under both moisture stress conditions. 

  

4.3.2. Genetic variation among groundnut genotypes 

All the measured traits showed a wider range of values under both moisture conditions except 

days to 50% flowering (48-53) (Table 4.3). The highest pod yield per plant under drought-stressed 
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condition was recorded by ICGV 01260 (8.57g), ICGV 06040 (8g), ICGV 06175 (7.51g), ICGV 07222 

(7.2g) and ICGV 10178 (7.12g) (Appendix 4.1.), whereas ICGV 98412 (16.21g), ICGV 07222 

(15.93g) and ICGV 10143 (15.49g) were under non-stressed condition. (Appendix 4.2). Phenotypic 

coefficient of variation (PCV) values was higher than genotypic coefficient of variation (GCV) for 

all the measured traits (Table 4.3). Under drought-stressed condition, the highest GCV and PCV 

were observed for PY (32.93% and 42.71%) followed by HI (31.97% and 38.48%) and TBM (27.49% 

and 31.62%), while SHP (22.33% and 24.91%), HSW (17.37% and 20.61%) and HI (26.28% and 

31.54%) were recorded under non-stressed condition. The highest heritability in abroad sense 

(H2) was observed for TBM (75.6%) followed by HI (69.15%) and PDW (59.43%) under drought-

stressed condition. Under non-stressed condition, high H2 values were recorded for SHP (80%), 

HSW (71.04%) and HI (69%). Genetic advance as percent of mean (GAM) ranged from 0.65% to 

70% under drought-stressed condition and 0.33% to 45% under non-stressed condition. 

4.3.3. Maturity determination of groundnut genotypes  

In the present study, 12, 18, 45 and 25% of the test genotypes attained physiological maturity at 

100, 110, 120 and 130 days after sowing (DAS) in that order (Appendix 4.3). The lowest maturity 

duration (100 DAS) was exhibited by Spanish bunch groundnut genotypes. Among the genotypes 

which recorded 110 DAS, 93% of the genotypes belongs to Spanish bunch type. The results 

indicate that Virginia bunch type groundnuts are late maturing compared to the Spanish bunch 

type. 

4.3.4. Association of traits 

Pearson correlation among the studied traits is summarized in Table 4.4. The correlation result 

revealed that harvest index and total biomass per plant were positively and significantly 

associated with pod yield per plant under both drought-stressed and non-stressed condition. 

Under drought-stressed condition, PY showed significant (p < 0.05) correlation with SY (r = 0.97), 

HI (r = 0.92), TBM (r = 0.55) and SHP (r = 0.38), HSW (r = 0.36), LRWC (r = 0.26) and SLA (r =  0.13), 

while under non-stressed condition, PY exhibited significant (p < 0.05) correlation with SY (r = 

0.93), HI (r = 0.81) and TBM (r =  0.35). The following traits revealed significant (p < 0.05) 

correlations: SHP and HSW (r = 0.48), PH and SHP (r = 0.36), LRWC and HSW (r = 0.47) under 

drought-stressed and DF and PB (r = 0.45), DF and HLM (r = 0.24) under non-stressed condition. 

4.3.5. Principal component (PC)  

The first five PCs with Eigen value greater than one accounted for 75.59% and 77.70% of the total 

phenotypic variability exhibited by the studied traits under drought-stressed and non-stressed 

conditions, respectively (Table 4.5). DF, PH and HI were the main contributing traits in PC1 under 
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both moisture conditions and; HLM and TBM in PC2 under drought stress condition and PY and 

TBM under non-stressed condition. PY was one of the main contributing traits in PC1 under 

drought-stressed condition and in PC2 under non-stressed condition.  
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Table 4.2. Analysis of variance showing mean square values due to year, replications (Rep), blocks (Blk), genotypes (Geno), and genotype for year 

and error 13 phenotypic traits among 100 groundnut genotypes across two seasons evaluated under drought-stressed and non-stressed 

conditions. 

Mean squares 

Drought-stressed   Non-stressed 

traits Year Rep(year) Blk(year*Rep) Geno Geno*year Error   Year Rep(year) Blk(year*rep) Geno Geno*year Error 

DF 10826.40** 9.03* 1.17ns 3.48** 2.20** 1.01   14137** 20.29** 2.60* 3.37** 2.45* 253.82 

PH 11509** 9.95NS 7.63* 7.13* 5.49NS 4.27   21744** 192.66** 6.31NS 26.07** 12.77* 7.92 

PB 42.45** 9.52* 3.28* 4.77** 1.7NS 1.68   244** 10.23NS 2.39NS 7.84* 4.12NS 4.46 

SCMR 2218.02** 112.58NS 109.22NS 124.42* 106.43NS 87.57   2.13NS 120.27* 19.42NS 35.55NS 15.45NS 14.62 

LRWC 11391** 45.39NS 209.80ns 146.58** 125.66NS 214.4   11392** 709.52** 98.31NS 239.03** 224.79** 67.15 

SLA 1647.28* 200.18NS 209.98ns 206.51* 173.13NS 164.2   1647* 1145* 114NS 228NS 236NS 241.29 

Hualm 117.84* 165.59** 30.06** 38.08** 21.23* 11.48   6275** 566** 32.51NS 57.55** 32.36NS 26.89 

PY 3586** 29.57** 1.50NS 6.48** 4.46** 1.65   1114** 107** 11.97NS 21.78** 14.32* 8.27 

SHP 4043.68** 146.34NS 36.58ns 45.28* 40.52NS 48.33   4044** 9.20NS 11.64NS 103.31** 100.26** 11.25 

SY 1120.52** 4.00* 0.75ns 2.23** 1.48** 0.68   126.93** 33.33** 4.55 NS 9.1** 6.05** 3.07 

HSW 1228** 23.18NS 16.89ns 26.23** 24.18NS 19.3   1228** 96.59** 10.08NS 52.68** 52.32** 8.92 

TBM 5950** 161.52** 32.85* 98.17** 76.14** 13.64   2102** 1043** 65.72NS 65.37* 58.39ns 49.35 

HI 38776** 340.56** 19.22NS 89.52** 41.60** 16.33   17532** 165.81* 33.31NS 155.52** 56.41** 28.08 

Rep = replications, Blk = no of blocks, trt =  number of treatment, DF = days to 50% flowering, PH = plant height (cm), PB =  number of primary branches per plant, SCMR =  SPAD 

chlorophyll meter reading, LRWC =  leaf relative water content, SLA = specific leaf area (cm2 g-1), Hualm =  haulm weight (g plant-1), PY = pod yield (g plant-1), SHP = shelling 

percentage, SY =  seed yield (g/ plant, HSW =  hundred seed weight (g),  TBM = Total biomass (g plant-1), HI = harvest index (%), NS =  non-significant,  *, ** significant at the 5% 

and 1% probability level, respectively   
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Table 4.3. Genetic parameters for 13 phenotypic traits evaluated across two seasons evaluated under drought-stressed and non-stressed 

conditions. 

Traits  WR Gmean SE Ve Vg Vp H2 GVC PCV EGA GAM 

DF DS 50.23 1 1.01 1.24 2.25 55.01 2.21 2.98 169.8 3.38 

  NS 50.51 1.25 1.56 0.91 2.47 36.71 1.88 3.11 118.74 2.35 

PH DS 14.14 2.06 4.27 1.54 5.81 26.55 8.79 17.05 131.85 9.32 

  NS 18.73 2.81 7.92 9.08 16.99 53.41 16.08 22.01 453.56 24.22 

PB DS 8.01 1.29 1.68 1.54 3.23 47.82 15.51 22.43 176.96 22.09 

  NS 8.87 2.11 4.46 1.69 6.15 27.51 14.66 27.96 140.51 15.84 

SCMR DS 47.83 9.35 87.57 18.43 105.99 17.38 8.97 21.52 368.7 7.71 

  NS 47.94 3.82 14.62 10.46 25.09 41.72 6.75 10.45 430.42 8.98 

LRWC DS 56.34 14.64 214.4 16.09 230.49 6.98 7.12 26.95 218.33 3.88 

  NS 69.12 8.19 67.15 85.94 153.09 56.14 13.41 17.89 1430.86 20.69 

SLA DS 124.18 12.81 164.24 21.13 185.38 11.4 3.7 10.96 319.76 2.57 

  NS 130.51 15.53 241.29 3.31 244.6 1.35 1.39 11.98 43.57 0.33 

HAULM DS 18.61 3.38 11.48 13.3 24.78 53.67 19.6 26.75 550.41 29.58 

  NS 36.14 5.18 26.89 15.33 42.22 36.3 10.83 17.98 485.92 13.45 

PY DS 4.72 1.28 1.65 2.42 4.06 59.43 32.93 42.71 246.82 52.29 

  NS 10.78 2.87 8.27 6.75 15.03 44.94 24.11 35.96 358.84 33.29 

SHP DS 50.77 6.95 14.88 0.63 15.51 4.05 1.56 7.76 32.89 0.65 

  NS 56.21 3.35 11.25 46.03 57.28 80.36 12.07 13.46 1252.88 22.29 

SY DS 2.5 0.82 0.68 0.72 1.4 51.43 33.94 47.33 175 70.00 

 NS 6.04 1.75 3.07 3.02 6.09 49.59 28.77 40.85 251.48 41.64 

HSW DS 22.93 4.39 2.93 3.47 6.4 54.2 8.12 11.03 282.41 12.32 

  NS 26.93 2.98 8.92 21.88 30.8 71.04 17.37 20.61 812.17 30.16 

TBM DS 23.65 3.69 13.64 42.27 55.91 75.6 27.49 31.62 1164.46 49.24 

  NS 36.14 7.02 49.35 8.01 57.36 13.96 7.83 20.96 217.87 6.03 

HI DS 18.92 4.04 16.33 36.6 52.92 69.15 31.97 38.45 1036.29 54.77 

  NS 30.38 5.29 28.08 63.72 91.8 69.41 26.28 31.54 1370 45.1 

DF = days to 50% flowering, PH = plant height (cm), PB =  number of primary branches per plant, SCMR =  SPAD chlorophyll meter reading, LRWC =  leaf relative water content, 

SLA = specific leaf area (cm2 g-1), Hualm =  haulm weight (g plant-1), PY = pod yield (g plant-1), SHP = shelling percentage, SY =  seed yield (g/ plant, HSW =  hundred seed weight 

(g),  TBM = Total biomass (g plant-1), HI = harvest index (%), WR = water regime.  
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Table 4.4. Pearson’ s correlation coefficient (r) showing association of 13 phenotypic traits of 100 groundnut genotypes evaluated across two 

seasons under drought-stresses (upper diagonal ) and non-stressed (lower diagonal) conditions. 

  DF PH PB SCMR HLM PY TBM HI SHP HSW LRWC SLA SY 

DF 1 -0.88** -0.12* 0.21** -0.01ns -0.81** -0.41** -0.81** -0.43** -0.35** -0.36** -0.12* -0.11ns 
PH 0.09ns 1 0.17* -0.24** 0.12* 0.78** 0.43** 0.77** 0.36** 0.31** 0.32** 0.19* 0.0002ns 
PB 0.47** 0.31* 1 -0.03ns 0.15* 0.15* 0.19* 0.11* -0.01ns 0.04ns 0.06ns -0.07ns -0.19ns 
SCMR  0.09ns -0.09ns -0.16ns  1 -0.001ns -0.2** -0.08ns -0.21** -0.07ns -0.027ns -0.07ns -0.041ns -0.12ns 
Haulm  0.24* 0.38** 0.39**  -0.06ns  1 0.14* 0.67** -0.17* 0.02ns -0.005ns 0.01ns 0.1ns -0.009 
PY  -0.2* -0.08ns -0.08ns  0.05ns  -0.22* 1 0.55** 0.92** 0.38** 0.36** 0.28** 0.13* 0.97** 
TBM  0.12ns 0.32* 0.34*  -0.03ns  0.84**  0.35*  1 0.25** 0.22** 0.12* 0.21** 0.10* 0.34* 
HI  -0.31* -0.29* -0.31*  0.01ns  -0.72**  0.81**  -0.24*  1 0.37** 0.37** 0.29** 0.12* 0.78** 
SHP  0.17ns -0.11ns 0.01ns  0.09ns  -0.3*  0.18ns  -0.19ns  0.25*  1 0.48** 0.48** 0.17* 0.54** 
HSW  0.14ns -0.1ns 0.10ns  -0.09ns  -0.06ns  0.17ns  0.04ns  0.17ns  -0.07ns  1 0.47** 0.36** 0.3* 
LRWC  -0.03ns -0.0005ns -0.01ns  -0.09ns  -0.05ns  -0.05ns  -0.07ns  0.008ns  -0.05ns  0.36*  1 0.19* -0.03ns 
SLA  0.001ns -0.03ns  -0.1ns  -0.10ns  -0.07ns  0.025ns  -0.05ns  0.1ns  0.14ns  0.05ns  -0.07ns 1 -0.05ns 
SY -0.11ns -0.09ns -0.05ns 0.06ns -0.3* 0.93** 0.24* 0.79** 0.52** 0.21*   0.3* 0.09ns 1 

DF = days to 50% flowering, PH = plant height (cm), PB =  number of primary branches per palnt, SCMR =  SPAD chlorophyll meter reading, Haulm =  haulm weight (g plant-1), PY = 

pod yield (g plant-1), TBM = Total biomass (g plant-1), HI = harvest index (%), SHP = shelling percentage, SLA = specific leaf area (cm2 g-1), LRWC =  leaf relative water content HSW 

=  hundred seed weight (g), SY = seed yield (g plant-1), NS =  non-significant,  *, ** significant at the 5% and 1% probability level, respectively 
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Table 4.5.  Principal component scores, Eigen values, variances of 13 phenotypic traits among 100 groundnut genotypes evaluated under 

drought-stressed and non-stressed conditions across two seasons. 

Drought-stressed  Non-stressed 

Traits  PC1 PC2 PC3 PC4 PC5  PC1 PC2 PC3 PC4 PC5 

DF -0.40 0.41 0.04 0.53 -0.24  -0.30 0.49 -0.34 0.14 -0.42 

PH -0.11 0.18 -0.06 -0.50 -0.22  -0.40 0.36 0.18 -0.13 0.07 

PB -0.44 0.31 0.02 0.49 0.06  -0.40 0.60 -0.03 0.05 -0.42 

SCMR -0.24 0.06 -0.24 0.11 0.83  0.12 -0.11 0.02 0.80 0.46 

LRWC 0.10 -0.13 0.68 0.38 0.04  0.31 0.53 -0.48 -0.01 0.13 

SLA -0.12 0.23 0.57 -0.58 0.08  0.20 0.18 -0.30 -0.59 0.52 

HAULM -0.49 0.81 0.07 -0.06 -0.03  -0.75 0.45 0.30 0.02 0.26 

PY 0.78 0.56 -0.19 -0.03 0.09  0.70 0.32 0.62 -0.02 -0.05 

SHP 0.62 0.06 0.24 0.27 -0.31  0.54 0.46 -0.48 0.21 0.00 

SY 0.84 0.52 -0.12 0.04 0.01  0.81 0.45 0.36 0.05 -0.05 

HSW 0.42 0.08 0.69 0.00 0.34  0.24 0.50 -0.45 0.03 0.18 

TBM -0.17 0.94 0.00 -0.07 0.01  -0.33 0.62 0.64 0.01 0.22 

HI 0.91 -0.01 -0.23 0.08 0.08  0.91 -0.07 0.27 -0.10 -0.18 

Eigenvalue 3.42 2.52 1.50 1.36 1.03  3.57 2.41 1.99 1.09 1.04 

Proportion variance (%) 26.34 19.36 11.53 10.44 7.92  27.45 18.51 15.33 8.38 8.03 

Cumulative variance (%)   26.34 45.70 57.23 67.67 75.59  27.45 45.96 61.29 69.67 77.70 

DF = days to 50% flowering, PH = plant height (cm), PB =  number of primary branches per plant , SCMR =  SPAD chlorophyll meter reading, LRWC =  leaf relative water content, 

SLA = specific leaf area (cm2 g-1), Hualm =  haulm weight (g plant-1), PY = pod yield (g plant-1), SHP = shelling percentage, SY =  seed yield (g/ plant, HSW =  hundred seed weight 

(g),  TBM = Total biomass (g plant-1), HI = harvest index (%), PC = principal component. 
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4.3.6. Genetic variability of 99 groundnut genotypes using SNP markers 

Table 4.6 summarizes the diversity indices of 99 groundnut genotypes. The genetic dissimilarity 

(diversity) (GD) ranged from 0 to 0.5, with a mean of 0.1. The polymorphic information content 

(PIC) value varied from 0 to 0.38, with a mean of 0.08 per locus. The minor allele frequency 

ranged from 0 to 0.5, with a mean of 0.08. The lowest and highest observed gene diversity 

recorded were 0.02 and 0.11, respectively. The inbreeding coefficient (F) ranged from -0.09 to 

0.77, with a mean of 0.39. 

Table 4.6. Diversity indices statistics of the 99 groundnut genotypes based on 16 363 SNP markers.  

Statistics 

Genetic parameters  

GD PIC MAF Ho F 

Minimum  0 0 0 0.02 -0.09 

Maximum  0.5 0.38  0.5 0.11 0.77 

Mean  0.1 0.08 0.08 0.06 0.39 

GD = genetic dissimilarity, PIC = polymorphic information content, MAF = minor allele frequency, Ho = observed gene diversity, F 

= inbreeding coefficient 

 

 

4.3.7. Cluster analysis of 99 groundnut genotypes 

The UPGMA clustering method grouped the 99 groundnut genotypes into five clusters based on 

pedigree, selection history and market type (Figure 4.1, Table 4.7). A detailed description of the 

genotypes used in this study is presented in Table 3.2. Cluster I consisted of 53 genotypes which 

are high oleic acid and drought-tolerant genotypes. Cluster III consisted of seven genotypes. 

These genotypes have foliar disease resistance, and all except ICGV 93261 and ICGV 93260 are 

descendants to the variety GPBD 4. Groundnut variety except ICGV 93261 and ICGV 93260. The 

last two genotypes are full-sib lines derived from a cross between ICGS 11 and ICG 4728. Cluster 

V consisting of five genotypes, including ICGV 99241, ICGV 00350, ICGV 00351, and ICGV 181489. 

These genotypes are drought tolerant advanced breeding lines. In cluster V the following 

genotypes were allocated: ICGV 03042 and ICGV 05155 which are high oil content genotypes, 

with the same half-sib family selection history and having a common ancestor, ICGV 99160 and 

half-sib lines grouped. Similarly, full-sib lines, including ICGV 7222 and ICGV 7220; ICGV 93260 

and ICGV 93261 and; ancestor, ICGV 99160, and half-sib line grouping in Cluster I, cluster III and 

cluster IV, respectively (Figure 4.1). 
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Figure 4.1. Unweighted pair group method with arithmetic mean (UPGMA) showing the genetic 

relationship among 99 groundnut genotypes using 16 363 SNP markers. 
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Cluster III 
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Table 4.7. Summary of unweighted pair group method with arithmetic mean clustering method 

providing five clusters among 99 groundnut genotypes using SNP markers.  

Cluster No of genotypes Genotype percentage 

I 53 53.53 

II 18 18.12 

III 7 7.07 

IV 17 17.17 

V 4 4.04 

 

4.3.8. Genetic relationship among the 99 groundnut genotypes 

The genetic distance (GD) ranged from 0.11 to 0.52, with a grand mean of 0.34 (Figure 4.2). 

Twenty percent of the test genotypes had GD that ranged between 0.4 to 0.52, while 71% had a 

GD that ranged from 0.21 to 0.39 (Figure 4.2). The GD within the two subspecies, vulgaris and 

hypogaea, were similar. The lowest GD (0.11) was observed between ICGV 10371 and ICGV 

10373. These two genotypes are categorized under Virginia (var. vulgaris subspecies hypogaea), 

and they have good resistance to late leaf spot and rust. The pedigree of these two genotypes 

revealed common parentage involving ICGV 87846, and with similar selection history. The highest 

GD (0.52) was observed between ICGV 95111 and ICGV 13189. These genotypes were derived 

from different genetic backgrounds. ICGV 95111 is a medium maturing genotype and belongs to 

the Virginia bunch market class and was derived from a cross between ICGV 88308 x ICGSMS 42, 

whereas ICGV 13189 is a drought-tolerant genotype which belongs to the Spanish (var. fastigiata 

subspecies vulgaris) market class. It was derived from a cross between ICGV 91114 x GPBD-4.  
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Figure 4.3.  Population structure analysis of 99 groundnut genotypes; (a) Delta K showing the number of 

populations; (b) Bar plot of population sorted by kinship matrix. 

 

Table 4.8. Allele frequency divergence among sub-populations and expected heterozygosity (average 

distance) between genotypes within the same subpopulations. 

 Allele frequency divergence among subpopulations 

 I II III 

I  0.0508 0.0566 

II   0.052 

 Expected heterozygosity within subpopulations 

 I II III 

 0.052 0.08 0.01 

I = subpopulation 1, II = subpopulation 2 and III = subpopulation 3 

 Subpopulation I     Subpopulation II      Subpopulation III 

a 

b 
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Figure 4.4. Principal component and Kinship analysis of 99 groundnut genotypes based on 16 363 SNPs 

with minor allele frequency >0.05 using the first three principal components. Note: (A) The first three 

principal components accounting for 32% of the variation, as indicated in the scree plot, (B) The 3D-

principle components stratifying the genotypes into five distinct clusters and (C) the kinship matrix 

showing the relationship among the genotypes. The kinship matrix is displayed as a heat map, where red 

indicates the highest correlation between pairs of individuals, and yellow indicates the lowest correlation. 

The kinship matrix shows two main clusters and five sub-clusters.  

A 
B 

C 
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4.3.10. Genetic differentiation  

The analysis of molecular variance (AMOVA) revealed that 98% of the total genetic variation was 

attributed to among individuals, while only 2% of the total variance was due to variation among 

the subspecies (Table 4.9). The overall PhiPT value was 0.016 (with a PhiPT max of 0.887 and 

Phi’PT of 0.018) with an associated permutation P-value <0.05.  

 

Table 4.9. Analysis of molecular variance based on two subspecies using 16,363 SNP markers in 99 

groundnut genotypes. 

Source df SS MS Est. Var. % 

Among sub-species 1 1547.995 1547.995 14.799 2% 

Within sub-species 97 90123.419 929.107 929.107 98% 

Total 98 91671.414   943.907 100% 
Note: df = degrees of freedom, SS = sum of square, MS = mean square, Est. Var. = estimated variance. 

 

4.4. Discussion  

4.4.1. Genotypic variation and performance of test genotypes for phenotypic traits 

This study evaluated the genetic diversity presented among 100 diverse genotypes of groundnut 

using phenotypic traits and SNP markers as a preliminary step to identify suitable parental lines 

for drought tolerance breeding. Analysis of variance revealed significant differences among the 

genotypes for all the measured traits under drought-stressed and non-stressed conditions except 

SCMR and SLA under non-stressed condition, indicating the presence of genetic variability for 

most of the traits among the tested genotypes. Similar findings were reported by Zongo et al. 

(2017), Zaman et al. (2011) and Ratnakumar and Vadez (2011). PY, SY and HI were affected by 

genotype x season interaction under both moisture conditions. In this study, drought stress 

reduced PY, SY, HI by 44%, 40% and 63%, respectively. Pereira et al. (2016) reported 32%, 41% 

and 31% losses in that order.    

 

The knowledge of existing variability and degree of association between yield contributing 

characters and their relative contribution in yield is essential for developing high yielding 

genotypes in groundnut (Zaman et al. 2011). A wide range of variation was recorded for most of 

the traits. Estimation of GCV and PCV revealed high values for PY, SY, HI, TBM, SHP and HSW 

under both moisture stress conditions, suggesting the presence of considerable variation among 

the tested genotypes. High H2 coupled with high GAM indicates variation is attributed to high 
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degree of additive effect and selection would be more effective (Johnson et al. 1955). High H2 

and GAM values were recorded for TBM, PY, SY, HI, SHP and HSW under the two water regimes. 

The study selected genotypes, ICGV 07222, ICGV 06040, ICGV 01260, ICGV 15083, ICGV 10143, 

ICGV 03042, ICGV 06039, ICGV 14001, ICGV 11380 and ICGV 13200, with high PY under drought 

stressed and non-stressed condition.  

 

Identification of early maturing groundnut genotypes is one most common breeding strategy to 

avoid late season droughts. Early maturity is a relative term and its range vary from country to 

country (Nigam et al. 2014).  For example, In Ethiopia a groundnut variety which, can attain 

physiological maturity up to 120 days duration, after sowing can be considered as early maturing 

variety. In the present, 75% of the test genotypes attain physiological maturity between 100 and 

120 days after sowing (DAS), of which 12 and 18% of the genotypes attain maturity at 100 and 

110 DAS in that order. These early maturing genotypes can be selected for drought tolerance 

breeding. 

 

4.4.2. Association studies  

Positive and strong association between SY, HI, TBM, HSW and SHP with pod yield revealed the 

importance of these characters in determining yield under drought-stress environment. DF 

showed negative and strong correlation with PY and other economic traits such as HI and HSW 

under drought-stressed condition, suggesting early flowering provides a promising strategy for 

the development of drought-adapted groundnut cultivars. Similar finds were reported by Zongo 

et al. 2017. Linear regression reveals contribution of independent variable to the total variation 

in response traits such as seed yield per plant (Paul et al. 2018). The results identified PY, HI and 

SHP as main contributors to the total variation in SY under both moisture conditions, suggesting 

these traits could be considered for the development of high yielding groundnut cultivars under 

drought stress and non-stressed condition. PCA used to identify large contributing traits to the 

total variation in a population under given environment. PY, SY, HSW, SHP and HI were 

contributed maximum variability for yield under the two water regimes. Hence, selection of these 

traits will be successful for screening of groundnut genotypes under drought-stressed and non-

stressed conditions.  

4.4.3. Genetic diversity estimates based on the SNP markers 

Information on genetic diversity and genetic relationships helps to minimize the risk of using 

closely related parents which may lead to genetic ‘bottlenecks’ in improvement programs (Suvi 

et al. 2019). The current study utilized 16,363 SNP markers to elucidate the genetic diversity of 
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99 groundnut genotypes. Genetic dissimilarity was adopted to measure the genetic divergence 

among genotypes (Silva et al. 2016). In this study, genetic dissimilarity ranged from 0 to 0.5, with 

an average of 0.1. Similarly, low genetic diversity (0.11) was reported by Ren et al. (2014). 

Moretzsohn et al. (2004) reported that cultivated groundnut presents a relatively low genetic 

variation when using random amplified polymorphic DNAs (RAPDs), amplified fragment length 

polymorphisms (AFLPs) and restriction fragment length polymorphisms (RFLPs) marker system. 

The polymorphism information content (PIC) value is used to measure a genetic marker‘s 

usefulness for linkage analysis (Elston 2005). In this study, PIC value varied from 0 to 0.38, with 

an average of 0.08. This value was relatively lower than a previously reported PIC value of 0.70 

when using SSR markers (Varshney et al 2009). This may be attributed to the smaller number of 

accessions used in the present study (99) than the earlier study (189 accessions) or the difference 

the markers used.   

 

The inbreeding coefficient (F) measures the probability that two alleles at any locus within an 

individual are identical by descent from the common ancestor(s) of the two parents (Otyama et 

al. 2019). If the F value is zero (i.e. as in a random mating system), the genotype frequencies are 

expected to be at Hardy–Weinberg equilibrium. On the other hand, if the F value is 1, this 

indicates complete inbreeding with the frequency of heterozygotes being zero (Oteng-Frimpong 

et al. 2019). A negative F value indicates the presence of excess heterozygotes. This may be due 

to high outcrossing or mutation event at a specific locus. In this study, the F value ranged from -

0.09 to 0.77, with an average of 0.39 which is a moderate value for groundnut, a self-pollinating 

crop. Otyama et al. (2019) reported negative inbreeding coefficients in groundnut.  

 

4.4.4. Cluster analysis 

The molecular genetic diversity study included 99 genotypes, of which 30 and 69 were Virginia 

bunch and Spanish bunch, respectively. The UPGMA clustering classified the genotypes into five 

groups based on pedigree, selection history and market type. Cluster I comprised of 94% 

advanced breeding lines and 6% cultivars. Cluster II, cluster III, cluster IV, and cluster V consisted 

of 6%, 43%, 12%, and 25% cultivars, respectively. Most of the Virginia bunch class genotypes 

grouped in cluster I. In addition, cluster II and cluster IV comprised 27% and 16% Virginia bunch, 

respectively. On the contrary, cluster III and cluster V entirely consisted of Spanish bunch 

groundnut genotypes. Cluster III included foliar disease-resistant genotypes. The majority (71%) 

of the genotypes have a common ancestor, GPBD-4 cultivar. This cultivar is resistant to late leaf 

spot (Phaeoisariopsis personata) and rust (Puccinia arachidis) (Gowda et al. 2002). Cluster V 

consisted of four drought-tolerant genotypes, of which ICGV 00350, ICGV 00351, and ICGV 99241 

were derived from a cross between ICGV 87290 and 87846, while ICGV 181489 has a common 

ancestor, ICGV 00351. CO 7 (ICGV 00351) is a high yielding variety developed at ICRISAT for 



144 
 

cultivation in drought-prone areas (Vindhiyavarma et al. 2014). The clustering result showed 

partial clustering of accessions based on the two botanical types, Spanish bunch and Virginia 

bunch. Similar findings were reported by Varshney et al. (2009) and Otyama et al. (2019). 

 

A pairwise genetic distance is used to measure genetic variation in a population (Shpak et al. 

2017). The genetic distance estimates ranged from 0.4 to 0.52 for the 25% of test genotypes and 

0.1 to 0.2 for 3%.  The former genetic distance range indicated that the genotypes under this 

category are relatively distant, or with limited common parentage. The genetic distance between 

var. vulgaris and var. fastigiata ranged from 0.11 to 0.52, showing a wide population 

differentiation between the two species. In contrast, low genetic distances of 0.073 and 0.083 

were reported for the two subspecies, in that order (Zheng et al. 2018). Ren et al. (2014) reported 

the highest genetic distance (0.4) between groundnut genotypes. This result agrees with the 

current findings. The lowest genetic distance among the cultivars was recorded between ICGV 

93260 (Vijetha) and ICGV 93261 (Ajeya). The highest genetic distance (0.4) was observed 

between Vijetha and GPBG 4. As expected, a relatively wider range of genetic distance was 

observed in the advanced breeding lines than cultivars. The most genetically distant genotypes 

identified in the present study should be used as potential parents in the groundnut breeding 

program to enhance the genetic base of the available genetic resources and hasten groundnut 

improvement. In general, the results indicated the availability of considerable genetic diversity 

among the tested genotypes in the present study. 

 

The genetic population structure reveals the presence of genetically distinct subgroups that 

result from shared ancestry within a large population (Sloan et al. 2009). The population structure 

analysis showed three main-subpopulations and most genotypes (68%) had a high membership 

coefficient to their respective subpopulations, this corroborates with the findings reported by 

Daudi et al. (2020). Genotypes with similar genetic backgrounds tended to cluster in the same 

sub-group, indicating the effectiveness of SNP markers used in this study in assigning the tested 

genotypes into homogenous groups (Adu et al. 2019). Allele frequency divergence measures the 

magnitude of differentiation between sub-populations. The highest allele frequency divergence 

was recorded between sub-populations 1 and 3. In contrast, the lowest was recorded between 

sub-populations 1 and 2, indicating sub-populations 1 and 3 being the more divergent than sub-

populations 1 and 2. The lower levels of heterozygosity among the tested genotypes within the 

three sub-population indicate that the SNP markers were effective in constructing homogenous 

subpopulations (Adu et al. 2019). The expected heterozygosity values indicate that sub-

population 2 (0.08) had the highest genetic diversity, followed by sub-population 1 (0.05) and 

sub-population 3 (0.01). Low allele frequency divergence between the two sub-populations 

representing the sub-species is a consequence of intercrossing between the two subspecies in 

the groundnut breeding program.  Zheng et al. (2018) reported lower nucleotide diversity or 
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expected heterozygosity than found in the current study among three sub-populations with 

values of 0.048 (C1), 0.035 (C2), and 0.012 (C3).  Hence, the test genotypes used in this study 

exhibited relatively wider genetic diversity for selection.  

 

4.5. Conclusions  

This study revealed the presence of considerable genetic variation in yield and yield-related 

components among the tested genotypes evaluated under drought-stressed and non-stressed 

conditions. The correlation and regression results exhibited PY, HI, HSW and SHP are positively 

and strongly associated with SY under the two water regimes, suggesting these traits can be used 

for  indirect selection during the development of high yielding and drought tolerant cultivar. The 

negative and strong association between DF and yield and; yield-related components under 

drought-stressed, indicating early flowering has an advantage of drought escape during the 

critical growth stage. The study selected genotypes, ICGV 07222, ICGV 06040, ICGV 01260, ICGV 

15083, ICGV 10143, ICGV 03042, ICGV 06039, ICGV 14001, ICGV 11380 and ICGV 13200, with high 

PY under drought stressed and non-stressed condition. This provides opportunity for their 

selection as divergent parental lines in groundnut breeding for enhanced pod yield. 

 

Clustering based on the Bayesian method and 3D PCA grouped the genotypes into three 

subpopulations. UPGMA and Kinship matrix further stratified the genotypes into five groups. The 

UPGMA clustering grouped the studied 99 genotypes based on pedigree, selection history, and 

botanical types. The information generated in this study provides detailed understanding of the 

genetic relationships among the tested genotypes. High genetic distance among paired 

genotypes revealed the uniqueness of the studied genotypes and the existence of substantial 

genetic variability to be exploited in groundnut breeding. Overall, the study selected the 

following genetically divergent genotypes: ICGV 13189, ICGV 95111, ICGV 14421, and ICGV 

171007 useful for develop breeding populations in groundnut improvement programs.  
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Appendix 4.1. Mean values for 13 quantitative traits of 100 groundnut genotypes evaluated under drought-stressed condition in 2018/19 and 

2019/20 post-rainy seasons. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

1 ICGV 16667 50.00 16.70 8.15 49.64 56.49 121.80 20.79 3.74 24.53 14.67 48.01 18.79 1.79 

2 ICGV 93128 50.25 11.90 7.38 49.40 54.22 107.55 19.80 2.88 22.68 11.97 48.71 21.44 1.40 

3 ICGV 95066 50.25 13.73 6.65 47.68 57.51 123.73 17.88 5.64 23.51 21.71 44.73 24.70 2.52 

4 ICGV 96174 48.75 14.53 7.95 46.63 54.18 122.37 17.08 2.97 20.02 12.01 51.59 20.70 1.53 

5 ICGV 97087 50.00 15.43 7.15 43.19 70.87 129.17 20.03 4.79 24.82 16.63 50.45 24.89 2.42 

6 ICGV 98077 49.50 13.30 7.55 46.44 44.67 136.63 22.50 3.18 25.68 11.90 48.73 20.87 1.55 

7 ICGV 01279 49.75 13.80 8.65 46.94 59.27 128.87 20.62 3.25 23.87 12.79 54.89 24.06 1.78 

8 ICGV 03042 49.50 13.78 8.93 45.90 58.49 118.84 18.94 5.86 24.80 22.48 54.84 22.49 3.21 

9 ICGV 06039 51.00 12.18 7.23 47.35 55.70 117.72 13.98 5.69 19.67 26.44 50.98 20.45 2.90 

10 ICGV 06040 50.50 15.98 8.28 52.70 54.86 123.83 20.49 8.03 28.53 25.66 52.41 24.84 4.21 

11 ICGV 07010 49.25 13.95 8.45 45.93 50.41 138.04 20.51 4.92 25.43 16.49 45.99 23.47 2.26 

12 ICGV 10143 49.00 12.90 7.88 47.11 60.73 136.04 16.31 6.21 22.52 25.04 61.28 25.64 3.81 

13 ICGV 11422 50.25 13.03 8.45 48.08 48.51 115.07 21.99 2.30 24.29 10.03 43.80 19.35 1.01 

14 ICGV 11396 49.00 12.05 7.13 49.61 57.12 138.15 20.29 2.83 23.12 12.85 45.21 18.77 1.28 

15 ICGV 11418 50.50 14.03 7.23 46.48 56.92 126.52 20.49 2.88 23.37 11.55 51.65 20.74 1.49 

16 ICGV 91223 49.75 15.15 7.48 48.55 62.33 125.64 13.91 2.97 16.89 16.68 49.50 23.36 1.47 

17 ICGV 94118 49.75 15.45 6.60 43.99 60.48 115.79 14.55 4.96 19.51 21.88 52.34 23.67 2.60 

18 ICGV 99019 50.50 15.00 8.35 50.23 48.08 117.11 20.83 5.74 26.57 20.60 47.62 20.59 2.74 

19 ICGV 00162 49.50 16.18 8.23 43.60 47.33 120.30 17.12 3.86 20.98 17.77 50.21 21.34 1.94 

20 ICGV 00211 50.00 15.08 8.05 47.32 51.99 141.77 17.09 4.37 21.47 18.33 51.18 27.85 2.24 

21 ICGV 00187 49.25 14.50 7.33 53.56 63.82 113.56 17.10 4.97 22.06 22.65 46.24 19.47 2.30 

22 ICGV 00213 49.75 14.68 6.05 55.21 48.30 115.70 16.84 4.70 21.54 20.61 47.30 19.60 2.22 

23 ICGV 06146 50.50 15.88 7.75 40.87 57.57 115.01 14.48 5.51 19.99 24.83 54.96 23.06 3.03 

24 ICGV 07120 50.50 12.88 7.85 44.89 50.07 135.78 21.60 6.46 28.05 22.27 46.52 25.29 3.00 

25 ICGV 10178 49.75 15.68 7.53 43.12 48.50 129.83 23.01 7.12 30.13 22.04 55.99 24.03 3.99 

26 ICGV 11380 50.75 14.08 8.70 44.67 58.16 113.68 12.98 6.22 19.20 28.96 54.49 24.83 3.39 

27 ICGV 14001 50.50 14.98 7.68 42.56 57.87 115.47 17.17 5.40 22.57 21.83 52.71 21.21 2.85 

28 ICGV 14030 50.00 12.78 8.05 45.97 58.85 116.17 13.77 3.45 17.22 19.03 54.09 20.63 1.87 

29 ICGV 86015 50.00 11.35 8.25 49.26 56.82 120.28 13.90 3.87 17.77 20.51 53.48 25.29 2.07 

30 ICGV 93260 49.25 16.43 8.43 44.68 62.92 125.35 11.33 4.14 15.47 27.07 51.35 26.01 2.13 

31 ICGV 93261 49.00 13.65 7.43 47.17 48.35 114.21 14.30 5.28 19.58 27.24 49.53 19.55 2.61 

32 ICGV 92121 49.75 14.30 7.30 46.46 52.30 116.31 22.95 5.57 28.52 17.07 55.01 20.44 3.06 

33 ICGV 99241 49.50 15.23 8.30 45.45 52.05 135.45 23.26 6.50 29.76 20.78 52.47 22.96 3.41 
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Appendix 4.1. Continued. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

34 ICGV 00351 50.25 16.70 6.98 43.61 54.47 129.18 19.44 4.14 23.58 16.21 53.80 21.00 2.23 

35 ICGV 01260 50.50 13.45 6.70 50.17 52.65 121.62 28.56 8.57 37.13 20.74 48.68 26.04 4.17 

36 ICGV 01265 49.75 13.55 7.38 50.90 58.21 121.24 18.09 5.50 23.59 19.77 50.61 25.02 2.78 

37 ICGV 13200 50.25 14.88 6.45 44.30 58.16 121.13 15.19 7.04 22.22 26.74 49.59 20.78 3.49 

38 ICGV 07220 50.50 12.48 9.18 45.76 54.65 121.35 13.16 2.35 15.51 13.00 46.47 22.57 1.09 

39 ICGV 07222 50.00 12.25 7.85 45.13 61.16 124.53 18.61 7.19 25.80 25.21 54.49 26.51 3.92 

40 ICGV 13317 50.25 11.63 7.88 46.87 58.74 119.32 17.95 4.65 22.60 20.78 55.55 24.88 2.58 

41 ICGV 13254 48.75 13.23 7.75 52.38 54.34 119.00 17.60 3.87 21.47 17.49 50.14 19.79 1.94 

42 ICGV 181026 50.75 12.75 7.65 49.39 47.98 130.97 16.21 3.77 19.98 16.98 50.46 20.46 1.90 

43 ICGV 15073 48.75 16.33 8.75 47.85 53.43 112.82 18.07 5.05 23.12 19.86 52.34 20.73 2.64 

44 ICGV 15074 50.00 14.98 8.50 49.73 53.74 116.71 15.50 5.20 20.70 22.67 49.04 20.02 2.55 

45 ICGV 15083 50.25 15.93 9.60 47.15 55.14 118.43 18.03 6.74 24.77 25.66 48.91 22.83 3.30 

46 ICGV 15019 49.50 13.75 7.50 46.00 45.22 124.05 16.16 5.73 21.90 23.14 51.04 23.09 2.93 

47 ICGV 06420 51.50 14.28 8.05 47.75 74.07 141.75 18.51 4.50 23.01 18.69 56.58 28.06 2.54 

48 ICGV 05155 50.50 13.85 8.73 48.48 45.62 126.23 20.51 4.45 24.96 18.26 46.85 18.18 2.08 

49 ICGV 16688 48.75 15.23 8.75 49.25 60.98 140.61 20.87 4.80 25.67 17.36 51.51 24.67 2.47 

50 ICGV 03043 50.50 14.23 8.25 44.34 59.82 125.91 19.17 4.64 23.81 18.57 54.22 24.10 2.52 

51 ICGV 00350 47.75 13.13 7.35 42.03 53.10 129.92 16.89 4.60 21.49 19.37 52.59 25.50 2.42 

52 ICGV 86590 50.00 14.10 5.68 46.01 67.49 126.04 17.93 4.61 22.54 17.26 53.75 24.23 2.48 

53 ICGV 02266 49.25 13.53 7.55 50.30 58.12 134.38 14.61 6.13 20.74 27.01 48.77 32.53 2.99 

54 ICGV 13189 49.50 13.85 5.18 43.48 58.23 129.67 12.47 5.11 17.58 26.76 57.48 27.03 2.94 

55 ICGV 13207 49.50 11.25 8.58 46.65 59.73 110.68 9.74 4.98 14.72 29.87 52.43 23.30 2.61 

56 ICGV 14421 49.50 11.95 6.43 43.88 62.35 118.59 14.21 6.35 20.56 28.96 54.92 24.08 3.49 

57 ICGV 13219 48.75 13.08 4.70 43.65 59.10 128.94 13.62 4.26 17.88 21.35 52.76 23.76 2.25 

58 GPBD 4 49.25 13.50 6.28 41.91 46.18 125.53 12.73 3.68 16.40 19.67 48.31 18.99 1.78 

59 ICGV 86031 49.50 14.78 7.40 50.05 52.58 108.92 13.66 3.70 17.36 20.11 50.57 20.89 1.87 

60 ICGV 16686 50.75 16.30 7.38 50.65 47.06 131.13 21.28 4.94 26.22 16.56 47.08 18.76 2.33 

61 ICGV 16005 50.00 13.85 6.03 49.20 56.60 122.12 17.10 3.73 20.83 17.58 50.69 20.57 1.89 

62 ICGV 171013 49.00 13.45 7.60 54.28 59.28 121.61 17.17 5.50 22.67 22.33 55.23 24.45 3.04 

63 ICGV 171026 49.75 12.28 7.78 49.30 53.86 122.64 20.13 5.13 25.27 18.32 53.30 21.17 2.74 

64 ICGV 171039 48.25 15.53 7.28 51.32 61.48 118.64 15.89 5.81 21.71 23.18 49.36 22.71 2.87 

65 ICGV 171046 50.25 13.78 8.03 45.68 55.41 117.42 14.97 6.75 21.72 26.64 52.16 29.16 3.52 

66 ICGV 181017 50.00 12.15 7.98 40.73 65.06 115.73 20.20 5.88 26.08 19.78 51.08 26.20 3.00 

67 ICGV 181063 49.00 14.50 8.60 48.97 67.87 123.98 19.15 3.56 22.71 14.12 49.18 26.92 1.75 
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Appendix 4.1. Continued. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

68 ICGV 98412 49.25 17.98 7.95 52.31 48.01 133.98 21.08 5.56 26.64 17.53 46.65 26.22 2.59 

69 ICGV 181489 50.25 15.38 7.85 42.57 57.89 136.94 22.21 3.63 25.84 12.58 44.74 23.11 1.62 

70 ICGV 181490 50.25 14.00 6.65 50.26 71.68 129.11 16.51 5.42 21.93 20.91 60.85 26.99 3.30 

71 ICGV 92054 51.75 14.55 8.03 48.64 58.43 122.08 19.73 3.88 23.62 16.78 51.33 22.40 1.99 

72 ICGV 93162 51.00 15.83 9.10 44.86 51.48 133.84 23.72 3.96 27.68 14.48 47.34 26.55 1.88 

73 ICGV 95111 52.00 13.78 9.45 46.68 45.78 123.14 21.15 5.27 23.92 21.20 50.12 21.43 2.64 

74 ICGV 96165 51.50 11.50 9.83 45.93 71.47 107.41 26.72 4.06 30.78 12.55 50.95 21.28 2.07 

75 ICGV 97115 51.75 13.18 8.13 51.31 57.86 129.50 18.44 4.05 22.49 16.83 48.84 22.35 1.98 

76 ICGV 98184 50.25 13.25 7.33 45.73 56.56 127.76 22.37 4.61 26.98 17.24 48.53 23.43 2.24 

77 ICGV 01491 51.00 16.95 7.83 47.98 48.08 124.03 19.72 3.40 23.12 15.20 51.01 20.23 1.74 

78 ICGV 03287 51.50 15.50 9.30 48.00 51.81 125.78 18.41 4.20 22.61 17.21 48.07 18.73 2.02 

79 ICGV 05057 51.75 11.93 10.38 53.45 55.29 118.34 18.94 3.79 22.74 17.30 48.26 24.07 1.83 

80 ICGV 06175 50.00 14.35 8.18 47.10 54.32 130.16 18.66 7.51 26.17 27.76 52.78 25.24 3.96 

81 ICGV 00064 51.50 13.40 6.85 42.99 54.35 133.74 23.07 5.17 28.25 16.61 51.91 21.36 2.69 

82 ICGV 00246 51.00 15.70 8.00 45.17 65.42 130.07 19.36 4.58 23.94 18.37 48.45 22.21 2.22 

83 ICGV 97150 51.00 14.10 9.40 48.80 58.82 130.11 20.29 2.51 22.79 10.62 45.70 25.42 1.15 

84 ICGV 98385 51.50 15.63 9.95 47.40 61.53 124.64 20.11 2.23 22.33 10.18 45.73 21.62 1.02 

85 ICGV 96266 51.50 13.63 9.73 51.19 66.40 125.92 24.59 3.27 27.86 11.83 48.86 22.28 1.60 

86 ICGV 14224 50.25 12.65 8.98 54.17 51.29 126.27 21.35 5.02 26.37 18.64 49.26 23.00 2.47 

87 ICGV 14232 51.25 14.88 8.23 49.18 51.71 127.97 23.85 5.29 29.14 17.02 52.40 21.76 2.77 

88 ICGV 07262 51.00 15.38 9.35 45.63 61.03 120.27 18.59 4.25 22.84 18.84 50.42 22.73 2.14 

89 ICGV 07247 51.25 11.98 7.93 47.01 56.55 120.97 16.84 3.93 20.77 16.90 49.45 23.92 1.94 

90 ICGV 10371 50.25 15.40 7.93 46.82 53.04 129.02 17.90 4.41 22.31 19.28 49.01 22.32 2.16 

91 ICGV 10373 52.50 13.73 8.98 47.87 45.10 117.89 21.37 6.57 27.93 21.64 60.11 17.98 3.95 

92 ICGV 10379 51.50 13.73 9.03 49.20 59.72 122.93 21.01 5.08 26.08 19.46 49.60 19.52 2.52 

93 ICGV 15094 52.00 17.15 8.50 48.62 65.42 133.51 19.30 2.90 22.20 12.63 47.97 20.07 1.39 

94 ICGV 87846 51.75 15.73 10.05 50.86 59.50 123.57 19.27 4.71 23.98 18.70 48.82 23.63 2.30 

95 ICGV 86699 50.50 13.58 8.35 46.36 52.63 117.17 20.25 4.15 24.40 16.90 45.04 25.83 1.87 

96 GG 20 52.25 12.43 9.10 49.53 62.35 125.74 22.05 3.74 25.80 14.27 50.89 24.24 1.91 

97 ICGV 171007 49.75 13.70 8.95 51.42 57.24 126.25 17.93 2.95 20.88 13.83 48.67 27.08 1.44 

98 ICGV 171027 51.50 15.38 9.25 43.65 59.78 117.09 25.21 4.24 29.45 14.46 50.88 20.14 2.16 

99 ICGV 181006 51.25 13.30 10.05 45.80 53.94 125.30 18.97 2.74 21.71 12.68 54.57 23.39 1.49 

100 ICGV 181033 51.25 13.63 10.58 45.98 52.38 125.89 20.61 6.24 26.85 20.96 51.85 23.30 3.24 
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Appendix 4.1. Continued. 

 DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

CV (%) 1.99 14.61 16.19 19.56 25.98 10.31 18.20 27.17 15.61 21.35 7.59 19.15 33.70 

SE 1.00 2.06 1.29 9.35 14.64 12.81 3.38 1.28 3.69 4.04 6.95 4.39 0.84 

LSD (5%) 1.40 2.88 1.81 13.06 20.44 17.89 4.73 1.79 5.15 5.64 9.70 6.13 1.17 

DF = days to 50% flowering, PH = plant height, PB = number of primary branches per plant, SCMR = SPAD chlorophyll meter reading, LRWC = leaf relative water content, SLA = 

specific leaf area (cm2 g-1), HAULM = haulm weight (g plant-1), SHP = shelling percentage, HSW = hundred seed weight(g), PY = pod yield (g plant-1 ), HI = harvest index (%), TBM = 

total biomass production ( g plant-1 ) (g), SY = seed (g plant-1). 
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Appendix 4.2. Mean values for 13 phenotypic traits of 100 groundnut genotypes evaluated under non-stressed condition in 2018/19 and 

2019/20 post-rainy seasons. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

1 ICGV 16667 50.75 17.55 8.15 49.45 61.05 129.64 28.23 11.14 39.37 28.76 48.03 21.88 5.35 

2 ICGV 93128 50.25 13.85 6.15 51.64 65.88 137.97 22.71 10.44 33.15 31.97 60.85 27.69 6.36 

3 ICGV 95066 50.25 20.4 8.6 48.27 66.23 117.22 27.55 10.84 38.40 28.70 47.88 21.98 5.19 

4 ICGV 96174 48.75 20.45 8.05 46.10 64.08 124.81 28.86 8.34 37.20 23.57 55.03 28.43 4.59 

5 ICGV 97087 50.25 18.8 9.85 42.48 59.67 132.27 32.39 9.34 41.73 24.20 48.61 29.23 4.54 

6 ICGV 98077 50.5 16.9 8.05 49.46 72.66 135.84 27.86 8.25 36.11 23.30 56.95 31.49 4.70 

7 ICGV 01279 51 16.45 9.75 47.60 68.35 132.09 25.88 10.66 36.54 29.72 60.63 31.65 6.46 

8 ICGV 03042 50.25 17.5 7.95 50.04 71.71 133.75 23.13 14.64 37.77 38.71 62.36 30.77 9.13 

9 ICGV 06039 52 20.05 7.55 46.63 67.19 120.43 20.62 14.95 35.57 42.76 60.64 27.96 9.07 

10 ICGV 06040 49.25 17.15 10.1 50.57 70.70 127.52 23.06 14.13 37.19 38.02 58.88 25.86 8.32 

11 ICGV 07010 50 21.15 10.1 45.28 68.00 140.56 23.56 12.86 36.42 36.02 54.29 32.45 6.98 

12 ICGV 10143 49.75 20.2 9.65 45.93 81.11 142.00 23.53 15.49 39.03 40.45 67.88 29.37 10.52 

13 ICGV 11422 49.75 19.15 9.05 46.40 63.88 131.65 30.17 8.74 38.91 22.69 52.21 27.18 4.56 

14 ICGV 11396 51 19.25 8.2 50.70 77.07 138.28 27.28 13.20 40.48 33.55 56.94 24.78 7.52 

15 ICGV 11418 50.75 19.4 8.9 46.49 53.57 136.75 30.26 10.61 40.87 27.51 50.71 26.73 5.38 

16 ICGV 91223 51 20.95 9.35 39.20 77.14 155.83 24.55 9.51 34.06 30.34 57.10 28.89 5.43 

17 ICGV 94118 49.5 17.9 8.3 49.30 61.85 109.38 27.90 13.05 40.94 30.54 50.99 21.93 6.65 

18 ICGV 99019 50.25 18.45 7.45 50.95 80.61 127.29 28.53 11.50 40.04 28.64 62.39 27.89 7.18 

19 ICGV 00162 50.25 23 9.5 46.97 53.02 138.52 25.43 9.00 34.43 25.85 53.79 22.50 4.84 

20 ICGV 00211 50 17.05 7.55 44.40 75.86 142.81 31.56 12.69 44.25 30.86 55.96 24.11 7.10 

21 ICGV 00187 49.5 18.7 5.9 52.89 65.34 119.65 22.30 8.80 31.10 28.30 52.97 26.15 4.66 

22 ICGV 00213 49.25 19.2 7.2 50.85 75.84 130.65 24.51 11.11 35.63 33.72 56.70 22.18 6.30 

23 ICGV 06146 49.75 20.45 9.45 43.04 66.14 123.16 17.22 10.25 27.48 37.88 52.39 29.47 5.37 

24 ICGV 07120 52.25 13.85 9.1 50.02 66.45 142.82 22.35 8.52 30.86 27.86 57.19 36.09 4.87 

25 ICGV 10178 49.75 19.95 10.1 46.18 53.11 127.15 27.13 10.79 37.92 30.88 49.32 26.65 5.32 

26 ICGV 11380 52 21.95 7.65 46.57 68.77 123.36 20.33 13.08 33.41 39.78 61.62 24.14 8.06 

27 ICGV 14001 50.25 18.75 8.8 43.10 63.57 119.75 22.78 15.09 37.87 42.56 56.12 22.35 8.47 

28 ICGV 14030 50.5 19.8 9.6 47.34 72.07 139.04 20.06 12.26 32.32 38.12 64.24 30.25 7.88 

29 ICGV 86015 48.75 17.2 7.5 49.25 61.78 123.44 20.81 12.59 33.40 38.78 55.51 23.38 6.99 

30 ICGV 93260 50 15.85 8.75 45.77 73.75 128.73 23.85 14.11 37.96 36.82 59.10 26.85 8.34 

31 ICGV 93261 49.5 19.05 7.3 51.04 57.68 118.61 18.63 14.00 32.63 41.69 52.03 23.15 7.28 

32 ICGV 92121 50 18.65 8.7 43.73 71.18 127.75 26.65 11.05 37.70 28.47 52.11 26.99 5.76 

33 ICGV 99241 51 19.85 9.25 42.40 69.91 130.85 30.33 11.94 42.26 28.68 56.17 29.55 6.71 
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Appendix 4.2. Continued. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

34 ICGV 00351 50.25 20.3 6.05 42.57 73.93 151.97 21.58 10.47 32.05 33.93 56.12 29.25 5.88 

35 ICGV 01260 50.75 17.65 7.5 48.30 65.36 147.81 28.07 11.68 39.75 29.65 54.45 36.10 6.36 

36 ICGV 01265 50.5 16.55 8.15 54.26 64.66 116.20 22.20 9.35 31.55 30.17 64.06 34.29 5.99 

37 ICGV 13200 49.5 18.9 8.6 43.80 57.95 128.37 15.77 11.50 27.27 40.87 53.46 20.51 6.15 

38 ICGV 07220 51 15.65 11.4 47.13 79.73 144.16 19.55 12.37 31.92 38.30 58.17 25.75 7.20 

39 ICGV 07222 50.75 14.5 10.85 43.46 75.88 130.05 18.45 15.93 34.38 47.21 60.90 29.88 9.70 

40 ICGV 13317 50.5 15.2 8.55 46.66 74.91 129.26 22.97 13.38 36.35 37.14 64.25 32.71 8.59 

41 ICGV 13254 50.25 19.45 7.75 52.09 69.98 128.96 29.13 14.39 43.52 31.78 53.37 22.73 7.68 

42 ICGV 181026 50.5 18.95 9.35 44.48 70.96 130.00 27.89 12.34 40.23 30.82 53.09 24.94 6.55 

43 ICGV 15073 50 17.2 9.9 46.88 57.38 130.70 27.40 9.94 37.34 26.77 49.82 27.05 4.95 

44 ICGV 15074 50.25 22.3 9.55 48.21 64.70 132.53 26.50 13.03 39.52 32.52 55.28 27.10 7.20 

45 ICGV 15083 50.75 19.55 9.2 51.10 55.26 127.24 29.24 14.69 43.93 33.79 51.79 28.09 7.61 

46 ICGV 15019 49.25 19.55 8.7 49.39 80.59 132.09 28.13 10.11 38.25 27.94 60.35 27.78 6.10 

47 ICGV 06420 49.75 20.15 8.85 53.56 74.95 130.72 29.14 12.50 41.64 30.56 53.03 22.68 6.63 

48 ICGV 05155 51.25 16.8 8.6 50.60 73.72 136.39 19.81 10.76 30.57 34.12 65.26 24.03 7.02 

49 ICGV 16688 49.25 21.8 8.6 49.65 66.72 126.86 28.48 12.44 40.92 30.99 53.83 25.28 6.70 

50 ICGV 03043 50 19.2 10 48.79 81.17 133.15 23.89 12.59 36.47 34.61 55.13 30.22 6.94 

51 ICGV 00350 49.25 19.35 6.55 48.16 55.98 136.44 25.93 14.68 40.61 35.91 52.65 26.04 7.73 

52 ICGV 86590 50.75 19.35 8.5 48.65 66.20 124.94 28.84 9.69 38.53 25.37 55.07 27.13 5.34 

53 ICGV 02266 50.5 17.25 9 47.37 62.48 132.10 24.41 12.76 37.16 35.59 49.16 27.73 6.27 

54 ICGV 13189 50.25 16.5 6.55 49.12 69.79 136.07 19.49 12.33 31.82 41.08 60.91 26.80 7.51 

55 ICGV 13207 50.25 12.35 6.1 45.07 58.95 131.33 12.97 10.43 23.41 44.40 54.10 19.70 5.65 

56 ICGV 14421 48 14.2 6.4 44.83 80.53 132.28 21.94 12.26 34.20 38.31 66.31 26.15 8.13 

57 ICGV 13219 49.5 12.95 4.7 46.53 71.32 128.95 15.82 7.64 23.46 34.00 52.81 24.43 4.03 

58 GPBD 4 50 19.1 6.7 44.63 81.34 134.39 22.53 7.30 29.84 25.45 63.78 28.92 4.66 

59 ICGV 86031 50 20.65 5.75 52.34 62.42 131.66 21.08 8.75 29.83 29.25 59.62 24.62 5.21 

60 ICGV 16686 49.75 20.75 8 49.03 76.50 133.21 27.29 10.42 37.72 29.20 54.54 23.60 5.68 

61 ICGV 16005 48.75 15 7.1 52.01 57.90 134.56 25.63 11.85 37.47 32.14 49.13 21.69 5.82 

62 ICGV 171013 50.5 13.2 7.1 57.39 75.93 143.11 16.90 10.29 27.18 40.80 57.48 35.70 5.91 

63 ICGV 171026 50.25 14.2 8 51.60 61.28 128.54 25.93 10.07 36.00 28.15 46.83 21.41 4.72 

64 ICGV 171039 49.75 22.75 8 49.57 75.33 138.81 22.78 11.62 34.40 34.43 56.36 29.03 6.55 

65 ICGV 171046 50.25 17.45 8.8 46.05 65.27 130.15 23.19 10.12 33.31 31.03 50.66 27.35 5.13 

66 ICGV 181017 51 20.25 9.5 41.29 77.99 121.57 31.13 10.74 41.87 26.75 50.95 23.80 5.47 

67 ICGV 181063 50.5 26.2 8.45 48.47 63.05 144.04 29.41 6.97 36.37 18.91 42.94 26.05 2.99 
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Appendix 4.2. Continued. 

Serial number Genotype DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

68 ICGV 98412 50.75 24.1 10.75 51.08 72.96 137.41 24.92 16.21 41.13 40.79 55.70 36.22 9.03 

69 ICGV 181489 52 18.9 10.2 41.47 61.23 131.67 29.03 6.75 35.78 19.24 47.53 22.25 3.21 

70 ICGV 181490 49.5 18.95 8.85 47.62 70.17 128.60 20.12 10.43 30.56 34.77 60.54 29.34 6.32 

71 ICGV 92054 51 18.1 9.6 51.78 50.75 132.45 27.74 8.03 35.77 22.48 46.88 23.68 3.76 

72 ICGV 93162 50 20.35 9.55 44.73 73.16 133.94 27.06 8.47 35.53 24.46 59.28 28.66 5.02 

73 ICGV 95111 51.75 16.45 10.25 50.99 61.91 127.88 29.10 7.12 36.22 19.04 54.78 24.89 3.90 

74 ICGV 96165 50.75 15.4 7.95 50.99 80.45 137.85 25.20 7.68 32.88 23.89 59.04 30.31 4.53 

75 ICGV 97115 52.75 15.4 9.35 41.78 70.85 129.67 31.34 9.19 40.52 23.56 49.60 23.62 4.56 

76 ICGV 98184 51 16.2 9.95 49.32 78.45 125.48 23.78 7.87 31.65 24.77 61.95 30.21 4.88 

77 ICGV 01491 51.25 22.9 9 47.07 63.06 121.55 34.51 8.59 43.09 19.67 50.56 23.70 4.34 

78 ICGV 03287 51.5 22.7 9.25 50.19 76.84 124.12 25.12 8.52 33.64 24.69 64.10 26.22 5.46 

79 ICGV 05057 51 17.75 9.25 44.47 59.81 120.72 23.87 9.63 33.50 29.21 55.03 25.65 5.30 

80 ICGV 06175 50.75 20.8 10.85 49.63 78.37 132.57 25.35 12.18 37.53 32.15 62.90 25.25 7.66 

81 ICGV 00064 50.75 16.2 9.05 46.43 61.09 130.39 28.38 8.53 36.91 24.44 57.31 21.38 4.89 

82 ICGV 00246 50.5 23.35 8.15 48.27 76.87 125.89 24.94 8.23 33.17 24.45 57.01 23.88 4.69 

83 ICGV 97150 50.5 19.85 10.85 48.00 65.43 120.56 28.94 6.09 35.03 17.00 45.51 23.56 2.77 

84 ICGV 98385 50.75 19.8 13.15 45.33 78.78 131.08 30.16 6.57 36.73 18.48 58.08 28.68 3.81 

85 ICGV 96266 49.75 21.5 8.4 47.35 63.16 124.65 28.01 6.78 34.79 20.97 49.59 21.89 3.36 

86 ICGV 14224 51 17.1 10.3 49.66 71.93 129.14 26.48 10.46 36.94 26.77 65.74 28.27 6.88 

87 ICGV 14232 51.25 19.05 11.35 50.76 68.93 126.40 24.40 10.94 35.35 30.89 53.39 28.80 5.84 

88 ICGV 07262 52.25 17.2 8.5 47.01 85.62 125.87 22.34 8.96 31.31 27.94 64.38 32.34 5.77 

89 ICGV 07247 51.5 15.05 10.55 49.39 60.32 117.10 26.39 14.81 41.20 35.58 51.56 26.16 7.64 

90 ICGV 10371 51.25 18.05 9.5 47.49 79.83 128.32 24.93 8.87 33.80 25.63 61.09 25.38 5.42 

91 ICGV 10373 52 20 9.9 50.02 67.16 129.11 26.04 11.51 37.56 30.74 54.10 23.89 6.23 

92 ICGV 10379 52.25 19.55 9.7 50.21 79.26 132.60 29.43 10.90 40.33 27.04 65.63 27.17 7.15 

93 ICGV 15094 52.25 22.75 11.35 49.38 54.44 125.58 28.56 8.08 36.64 21.87 55.82 29.94 4.51 

94 ICGV 87846 52.25 24.1 11.5 46.34 81.84 122.90 29.66 11.23 40.89 27.17 61.55 37.64 6.91 

95 ICGV 86699 50 19.45 10.35 49.46 70.56 117.92 25.99 8.63 34.62 24.86 52.73 23.20 4.55 

96 GG 20 51 17.15 8.6 48.23 79.98 128.37 27.24 12.96 40.19 28.17 63.34 28.44 8.21 

97 ICGV 171007 50 19.9 9.75 53.33 62.59 125.56 24.95 8.64 33.58 25.02 56.24 29.62 4.86 

98 ICGV 171027 53 20.2 11 44.73 80.32 127.42 26.96 7.41 34.37 21.33 63.16 30.14 4.68 

99 ICGV 181006 52.25 22.55 12.4 48.07 67.79 131.27 32.78 8.53 41.31 20.36 58.45 24.03 4.98 

100 ICGV 181033 51.25 19.85 10.45 50.50 83.37 139.14 28.34 11.79 40.12 29.17 65.38 31.06 7.71 
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Appendix 4.2. Continued. 

 DF PH PB SCMR LRWC SLA HAULM POD TBM HI SHP HSW SY 

CV (%) 2.47 15 23.77 7.97 11.85 11.9 20.45 26.66 17.44 19.43 5.96 11.08 30.3 

SE 1.25 2.81 2.11 3.82 8.19 15.53 5.18 2.87 5.29 7.02 3.35 2.98 1.82 

LSD (5%) 1.74 3.92 2.94 5.33 11.44 21.24 7.24 4.01 7.39 9.8 4.68 4.17 2.54 

DF = days to 50% flowering, PH = plant height, PB = number of primary branches per plant, SCMR = SPAD chlorophyll meter reading, LRWC = leaf relative water content, SLA = 

specific leaf area (cm2 g-1), HAULM = haulm weight (g plant-1), SHP = shelling percentage, HSW = hundred seed weight(g), PY = pod yield (g plant-1 ), HI = harvest index (%), TBM = 

total biomass production ( g plant-1 ) (g), SY = seed (g plant-1). 
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Appendix 4.3. Percentage of mature pods per plant and mean pod yield per plant at 100, 110 and 120 

days after sowing (DAS) for 100 groundnut genotypes evaluated in 2019 rainy season. 

Serial 

numb

er 

 

 

 

Genotype 

Percentage of mature pods per 

plant recorded at 

 Mean Pod yield (g plant-1)  

recorded at 

 

 

Days to 

maturity 100 DAS 110 DAS 120 DAS 

 

100 DAS 110 DAS 120 DAS 

1 ICGV 16667 39 56 71  9.6 16.4 13.2 120 

2 ICGV 93128 64 55 89  13.2 16 15.6 120 

3 ICGV 95066 26 79 75  12.8 14 10.4 110 

4 ICGV 96174 63 49 78  14 14 17.6 120 

5 ICGV 97087 69 45 64  16 1.6 14 100 

6 ICGV 98077 75 55 79  9.2 12.4 8 100 

7 ICGV 01279 35 44 83  12 7.6 7.6 130 

8 ICGV 03042 42 56 75  19.2 18 10.4 130 

9 ICGV 06039 86 50 63  7.2 13.2 12.8 130 

10 ICGV 06040 42 41 84  18.8 25.2 18.4 130 

11 ICGV 07010 85 60 72  16 18.4 15.6 100 

12 ICGV 10143 57 37 85  14.8 3.2 14 130 

13 ICGV 11422 25 65 60  8.4 16.4 12.8 130 

14 ICGV 11396 39 50 83  12 8 7.2 120 

15 ICGV 11418 26 53 65  6 6.8 11.6 130 

16 ICGV 91223 37 58 84  8 12.8 16.4 120 

17 ICGV 94118 51 51 83  12.4 12 15.2 120 

18 ICGV 99019 43 77 79  9.2 6.8 14 110 

19 ICGV 00162 57 56 83  8 10 10 120 

20 ICGV 00211 66 83 74  6.8 9.2 13.6 120 

21 ICGV 00187 68 52 70  17.2 7.2 20.4 120 

22 ICGV 00213 50 82 92  12.8 10.8 12.4 110 

23 ICGV 06146 49 69 47  14.8 17.2 15.6 110 

24 ICGV 07120 48 77 56  16 16 16 110 

25 ICGV 10178 32 50 82  7.2 21.6 15.2 120 

26 ICGV 11380 69 81 86  10 8 8.4 110 

27 ICGV 14001 40 53 66  10.4 9.2 15.6 130 

28 ICGV 14030 40 70 88  8.8 3.2 14.8 110 

29 ICGV 86015 66 56 73  6.4 7.2 10.4 120 

30 ICGV 93260 79 61 70  10.8 24 17.2 100 

31 ICGV 93261 65 64 83  14 20 22.8 120 

32 ICGV 92121 55 71 84  6.4 7.6 9.2 110 

33 ICGV 99241 56 66 89  17.2 16.8 24 120 

34 ICGV 00351 38 61 71  16.8 14.8 22 120 

35 ICGV 01260 51 63 43  8 11.6 17.6 130 

36 ICGV 01265 59 67 80  6 11.2 11.6 120 

37 ICGV 13200 88 41 83  10 15.2 20 120 

38 ICGV 07220 71 53 59  8.8 10.8 17.2 130 

39 ICGV 07222 52 58 73  11.2 7.6 14.4 120 

40 ICGV 13317 36 50 71  12.4 22.4 18 120 

41 ICGV 13254 53 69 71  12.8 11.2 21.6 120 

42 ICGV 181026 51 71 86  13.6 8.4 14.4 110 

43 ICGV 15073 65 61 83  14 31.6 20.8 120 

44 ICGV 15074 73 75 88  15.2 16 16 100 



161 
 

Appendix 4.3. Continued. 

Serial 

numb

er Genotypes  

Percentage of mature pods 

recorded at 

 Pod yield per plant 

recorded at Days to 

maturity   100 DAS 110 DAS 120 DAS  100 DAS 110 DAS 120 DAS 

45 ICGV 15083 47 74 83  19.2 13.2 20.4 110 

46 ICGV 15019 76 94 88  5.2 8.4 12 100 

47 ICGV 06420 36 65 77  12 16.4 14 120 

48 ICGV 05155 63 79 65  14.8 13.2 16.8 110 

49 ICGV 16688 42 48 64  15.6 16 19.6 130 

50 ICGV 03043 86 61 86  12 15.2 14.4 100 

51 ICGV 00350 50 77 74  9.2 9.2 15.2 110 

52 ICGV 86590 57 53 62  9.2 11.6 16 130 

53 ICGV 02266 40 54 84  12 16.4 13.6 120 

54 ICGV 13189 82 68 93  14.4 11.2 14.4 100 

55 ICGV 13207 56 50 92  10 14 12.8 120 

56 ICGV 14421 62 50 85  14.8 11.6 16 120 

57 ICGV 13219 69 77 86  17.2 26.8 18 110 

58 GPBD 4 47 44 66  14.4 18.8 18 130 

59 ICGV 86031 70 69 75  11.2 10 11.6 100 

60 ICGV 16686 43 50 80  5.20 11.2 10.4 120 

61 ICGV 16005 83 61 77  14.4 10.4 12.4 100 

62 ICGV 171013 74 80 89  12.8 8.8 11.6 100 

63 ICGV 171026 35 44 50  9.2 12.3 14.3 130 

64 ICGV 171039 75 58 72  11.2 10 16 100 

65 ICGV 171046 52 63 83  4.8 11.2 9.2 120 

66 ICGV 181017 40 64 81  8 6.8 13.6 120 

67 ICGV 181063 27 57 70  6.4 12.4 15.2 120 

68 ICGV 98412 44 62 59  20 22.8 16.4 130 

69 ICGV 181489 15 35 73  9.6 14 22 120 

70 ICGV 181490 81 55 69  8.4 8.4 13.2 120 

71 ICGV 92054 52 60 48  7.6 10 11.6 130 

72 ICGV 93162 42 77 77  6.8 10 10.4 110 

73 ICGV 95111 37 67 54  3.6 14.4 11.2 130 

74 ICGV 96165 44 71 60  4.4 8 11.2 110 

75 ICGV 97115 50 72 91  6.4 7.2 10.4 110 

76 ICGV 98184 60 49 75  8.8 11.6 20 120 

77 ICGV 01491 10 51 50  2 16.8 15.2 130 

78 ICGV 03287 49 71 86  9.2 9.6 24.8 120 

79 ICGV 05057 38 51 72  11.2 12 19.2 120 

80 ICGV 06175 59 72 81  12 17.6 16 110 

81 ICGV 00064 41 54 86  8.8 8 12.4 120 

82 ICGV 00246 48 68 78  9.3 12.2 15.6 120 

83 ICGV 97150 34 55 50  5.2 22 9.2 130 

84 ICGV 98385 25 49 95  12.8 14.6 17.8 120 

85 ICGV 96266 64 69 89  5.6 16.4 17.2 120 

86 ICGV 14224 59 66 58  20.8 24.8 27.3 130 

87 ICGV 14232 30 48 59  19.2 25.6 32.4 130 

88 ICGV 07262  41 43 77  9.2 15.6 14.4 120 

89 ICGV 07247 40 63 66  9.2 17.6 11.2 120 

90 ICGV 10371 70 49 82  8.4 15.6 19.2 120 

91 ICGV 10373 55 62 75  7.2 8.8 17.2 120 
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Appendix 4.3. Continued. 

Serial 

numb

er Genotypes  

Percentage of mature pods 

recorded at 

 Pod yield per plant 

recorded at Days to 

maturity 100 DAS 110 DAS 120 DAS  100 DAS 110 DAS 120 DAS 

92 ICGV 10379 52 63 73  10 5.2 12.4 120 

93 ICGV 15094 63 67 80  10.4 16 17.2 120 

94 ICGV 87846 39 74 69  15.2 11.6 15.6 110 

95 ICGV 86699 41 35 70  4.4 5.6 6.8 120 

96 GG 20 80 44 67  7.2 11.2 16.8 120 

97 ICGV 171007 47 68 61  7.6 8.4 8.8 130 

98 ICGV 171027 33 46 60  6.4 8.8 11.6 130 

99 ICGV 181006 46 61 63  6 7.2 10.8 130 

100 ICGV 181033 78 68 59  8.4 3.2 19.6 130 
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Appendix 4.4. Inferred ancestry of individuals and degree of admixture among 99 groundnut 

genotypes. 
Serial number Genotype Market  type     Inferred ancestry of individuals Inferred cluster  

1 ICGV94118 Spanish bunch 0.194 0.806 0 CL2 

2 ICGV11422 Spanish bunch 0.925 0.075 0 CL1 

3 ICGV06040 Spanish bunch 0.502 0 0.498 ADMIX 

4 ICGV10373 Virginia bunch 0.57 0.362 0.068 ADMIX 

5 ICGV13254 Spanish bunch 0.16 0.84 0 CL2 

6 ICGV99241 Spanish bunch 0.257 0.598 0.144 ADMIX 

7 ICGV181489 Spanish bunch 0.245 0.346 0.409 ADMIX 

8 ICGV13219 Spanish bunch 0.002 0.131 0.867 CL3 

9 ICGV171013 Spanish bunch 0.001 0 0.999 CL3 

10 ICGV14030 Spanish bunch 0.926 0.001 0.073 CL1 

11 ICGV91223 Spanish bunch 0.073 0.833 0.094 CL2 

12 ICGV16688 Spanish bunch 0.372 0.627 0 ADMIX 

13 ICGV00187 Spanish bunch 0.163 0.837 0 CL2 

14 ICGV06146 Spanish bunch 1 0 0 CL1 

15 ICGV01265 Spanish bunch 0.001 0 0.999 CL3 

16 ICGV16686 Spanish bunch 0.294 0.705 0 CL2 

17 ICGV15073 Spanish bunch 0.352 0.648 0 ADMIX 

18 ICGV97087 Spanish bunch 0.002 0.973 0.026 CL2 

19 ICGV13200 Spanish bunch 0.964 0 0.036 CL1 

20 ICGV01279 Spanish bunch 0.983 0.003 0.015 CL1 

21 ICGV15074 Spanish bunch 0.344 0.656 0 ADMIX 

22 ICGV181063 Spanish bunch 0.024 0.701 0.275 CL2 

23 ICGV10178 Spanish bunch 0.717 0.283 0 CL1 

24 ICGV11418 Spanish bunch 0.928 0.072 0 CL1 

25 ICGV86031 Spanish bunch 0.002 0 0.998 CL3 

26 ICGV07222 Spanish bunch 1 0 0 CL1 

27 ICGV93260 Spanish bunch 0.001 0 0.999 CL3 

28 ICGV98412 Spanish bunch 0.001 0 0.998 CL3 

29 ICGV93261 Spanish bunch 0.001 0 0.999 CL3 

30 ICGV07220 Spanish bunch 1 0 0 CL1 

31 ICGV07010 Spanish bunch 0.254 0.015 0.731 CL3 

32 ICGV171046 Spanish bunch 0.92 0.001 0.079 CL1 

33 ICGV92121 Spanish bunch 0.012 0 0.988 CL3 

34 ICGV13207 Spanish bunch 0.012 0.236 0.752 CL3 

35 ICGV171026 Spanish bunch 0.721 0.001 0.278 CL1 

36 ICGV93128 Spanish bunch 0.106 0 0.894 CL3 

37 ICGV15019 Spanish bunch 0.209 0.006 0.785 CL3 

38 ICGV00350 Spanish bunch 0.119 0.702 0.179 CL2 

39 ICGV01260 Spanish bunch 0.2 0 0.799 CL3 

40 ICGV13317 Spanish bunch 0.547 0 0.453 ADMIX 

41 ICGV02266 Spanish bunch 0.232 0.333 0.435 ADMIX 

42 ICGV07120 Spanish bunch 0.001 0.948 0.051 CL2 

43 ICGV00351 Spanish bunch 0.184 0.567 0.249 ADMIX 

44 ICGV181017 Spanish bunch 0.906 0 0.094 CL1 

45 ICGV96174 Spanish bunch 0.001 0.995 0.004 CL2 

46 ICGV10143 Spanish bunch 0.997 0.002 0.001 CL1 

47 ICGV181026 Spanish bunch 0.868 0 0.132 CL1 
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Appendix 4.4. Continued. 

Serial number Genotypes  Market type Inferred ancestry of individuals Inferred cluster 

48 ICGV14001 Spanish bunch 1 0 0 CL1 

49 GPBD4 Spanish bunch 0.023 0.393 0.585 ADMIX 

50 ICGV98077 Spanish bunch 0.667 0.257 0.076 ADMIX 

51 ICGV16667 Spanish bunch 0.328 0.672 0 ADMIX 

52 ICGV15083 Spanish bunch 0.432 0.568 0 ADMIX 

53 ICGV00162 Spanish bunch 0.13 0.869 0 CL2 

54 ICGV00211 Spanish bunch 0.597 0.401 0.002 ADMIX 

55 ICGV11380 Spanish bunch 0.906 0.003 0.091 CL1 

56 ICGV14421 Spanish bunch 0.059 0.25 0.692 CL3 

57 ICGV16005 Spanish bunch 0.292 0.415 0.293 ADMIX 

58 ICGV95066 Spanish bunch 0.031 0 0.969 CL3 

59 ICGV86590 Spanish bunch 0.003 0.001 0.996 CL3 

60 ICGV171039 Spanish bunch 0.348 0.553 0.099 ADMIX 

61 ICGV99019 Spanish bunch 0.122 0.878 0 CL2 

62 ICGV11396 Spanish bunch 1 0 0 CL1 

63 ICGV181490 Spanish bunch 0.004 0 0.996 CL2 

64 ICGV86015 Spanish bunch 0.001 0.4 0.599 ADMIX 

65 ICGV13189 Spanish bunch 0.006 0.034 0.959 CL3 

66 ICGV00213 Spanish bunch 0.091 0.909 0 CL2 

67 ICGV06039 Spanish bunch 0.545 0 0.454 ADMIX 

68 ICGV03043 Spanish bunch 1 0 0 CL1 

69 ICGV14224 Virginia bunch 0.37 0.323 0.308 ADMIX 

70 ICGV171007 Virginia bunch 0.088 0.001 0.912 CL3 

71 ICGV171027 Virginia bunch 0.402 0 0.597 ADMIX 

72 ICGV10379 Virginia bunch 0.48 0.52 0 ADMIX 

73 ICGV181006 Virginia bunch 0.523 0.374 0.103 ADMIX 

74 ICGV181033 Virginia bunch 0.893 0 0.107 CL1 

75 ICGV06175 Virginia bunch 0.116 0.884 0 CL2 

76 ICGV96165 Virginia bunch 0.44 0.56 0 ADMIX 

77 ICGV00246 Virginia bunch 0.116 0.884 0 CL2 

78 ICGV00064 Virginia bunch 0.129 0.798 0.073 CL2 

79 ICGV07247 Virginia bunch 1 0 0 CL1 

80 ICGV97150 Virginia bunch 0.001 0.999 0 CL2 

81 ICGV87846 Virginia bunch 0.072 0.928 0 CL2 

82 ICGV03287 Virginia bunch 1 0 0 CL1 

83 ICGV07262 Virginia bunch 1 0 0 CL2 

84 GG20 Virginia bunch 0.136 0.022 0.842 CL3 

85 ICGV95111 Virginia bunch 0.392 0.306 0.302 ADMIX 

86 ICGV96266 Virginia bunch 0.009 0.606 0.384 ADMIX 

87 ICGV97115 Virginia bunch 0.06 0.275 0.665 ADMIX 

88 ICGV10371 Virginia bunch 0.572 0.362 0.066 ADMIX 

89 ICGV93162 Virginia bunch 0.001 0.072 0.927 CL3 

90 ICGV98385 Virginia bunch 0.001 0.999 0 CL2 

91 ICGV14232 Virginia bunch 0.36 0.332 0.309 ADMIX 

92 ICGV05057 Virginia bunch 0.436 0.21 0.355 ADMIX 

93 ICGV92054 Virginia bunch 0.146 0.18 0.674 ADMIX 

94 ICGV15094 Virginia bunch 0.641 0.3 0.058 ADMIX 

95 ICGV98184 Virginia bunch 1 0 0 CL1 

96 ICGV86699 Virginia bunch 0.001 0.999 0 CL2 
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Appendix 4.4. Continued. 

Serial number Genotypes  Market type Inferred ancestry of individuals Inferred cluster 

97 ICGV01491 Virginia bunch 0.003 0 0.997 CL3 

98 ICGV05155 Spanish bunch 0.83 0.17 0 CL1 

99 ICGV03042 Spanish bunch 0.999 0.001 0 CL1 

CL = cluster, ADMIX = admixture 
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Chapter-5 

Combining ability analysis of groundnut (Arachis hypogaea L.) genotypes for 

yield and related traits under drought-stressed and non-stressed conditions 

______________________________________________________________________________ 

Abstract  

Genetic advancement and gains in yield and related traits are dependent on selection of best 

combiner parents and progenies under the prevailing growing conditions. The objective of this 

study was to determine the combining ability effects of eight selected drought tolerant 

groundnut parental lines and their F2 families under drought-stressed (DS) and non-stressed (NS) 

conditions to select best performing parents and families for drought tolerance breeding. The 

eight genotypes selected for their high yields, biomass production and drought tolerance were 

crossed using a half-diallel mating design and 28 progenies were generated. Parents and 

progenies were evaluated under DS and NS and field (NS) conditions using an alpha lattice 

experimental design with 2 replications. Experiments were conducted at the International Crops 

Research Institute for the Semi-Arid Tropics (ICRISAT) in India during 2020. The following 

agronomic data were collected: days to 50% flowering (DF), number of primary branches (PB), 

plant height (PH) (cm), chlorophyll meter reading (SCMR), specific leaf area (SLA) (cm2/g), pod 

yield (PY) (g plant-1), shelling percentage (SHP) (%), kernel yield (KY) (g plant-1 ), total biomass 

(TBM) (g plant-1) and harvest index (HI) (%). The general combining ability (GCA) effects of parents 

were significant (P<0.05) for all assessed traits under all testing conditions except for PB under 

DS and NS conditions in the glasshouse. The specific combining ability (SCA) effects of progenies 

were significant (P<0.05) for all traits except for PH across all testing environments and PB under 

field condition. Genotype ICGV 10178 was the best general combiner with positive contribution 

to SCMR, PY, SHP, KY, TBM and HI and reduced SLA. Crosses, ICGV 10178 X ICGV 11369, ICGV 

10373 x ICGV 15083, ICGV 98412 x ICGV 15094 and ICGV 10178 X ICGV 98412, were the best 

specific combiners for enhanced pod yield and drought tolerance. Higher GCA: SCA rations were 

recoded for PY, KY and TBM across all the testing environments suggesting the predominant role 

of additive genes conditioning the inheritance of these traits. Therefore, the above new families 

are recommended for genetic advancement through single seed descent selection methods to 

develop improved pure line groundnut varieties with high pod yield and drought tolerance. 

Keywords:  Arachis hypogaea; drought tolerance, general combining ability effect; groundnut 

breeding, specific combining ability  
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5.1. Introduction  

Groundnut, (Arachis hypogaea L., 2n = 4x = 40), is a nutrient-rich food legume and oilseed crop, 

cultivated mainly in the semi-arid tropics where recurrent drought is common. Groundnut is 

predominantly self-pollinating crop with about 5% cross-pollination depending on season and 

genotype. For example, during post rainy season higher outcrossing rate was reported compared 

with the rainy season and the Spanish type of groundnut shows higher outcrossing level than the 

Virginia type (Reddy et al. 1993). Climate change studies predicted increased rainfall variability, 

which is likely to affect crop production and productivity under water-limited environments 

(Watson et al. 2015).  

 

Groundnut yield is affected by drought stress at different growth stages (Nageswara Rao et al. 

1985). Meisner and Karnok (1992) reported 49% and 37% unshelled yield reduction in groundnut 

due to drought stress during flowering and early pod-filling stages, respectively. Thus, breeding 

groundnut genotypes with high pod yield potential along with drought-tolerant and desirable 

agronomic traits is an overriding consideration to sustain groundnut production and productivity. 

Most breeding programs in groundnut have been using yield and surrogate traits for drought 

tolerance such as specific leaf area, chlorophyll content, biomass production, and harvest index 

(Nigam et al. 2005). However, the inheritance of traits associated with drought adaptation is 

likely to be genetically complex and governed by polygenes. Further, drought tolerance is subject 

to genotype x environment interaction (Ravi et al. 2011). 

 
Genetic advancement and selection response for yield and related traits are dependent on the 

combining ability of parents and families when assessed under the target production conditions. 

Knowledge of combining ability effects and mode of gene action responsible for the regulation 

of expression of different traits is a prerequisite in planning appropriate breeding strategies for 

biotic and abiotic stress tolerance (Kiani et al. 2007; Kokeeto et al. 2020). The diallel mating design 

is the most widely used method to determine the combining ability effect and the nature of gene 

action involved in yield and yield-influencing traits (Falconer and Mackay, 1996). Sprague and 

Tatum (1942) introduced the concept of general combining ability (GCA) and specific combining 

ability (SCA) effects. GCA of parents is associated with additive gene effects, while the SCA effect 

of progenies is attributed to dominance and epistasis gene actions (Rojas and Sprague, 1952). 

Combining ability analysis enables selection of best parents and progenies with desirable GCA 

and SCA effects, in that order, in plant breeding programs. The magnitude of GCA and SCA ratios 

for various traits are computed using Baker’s ratio (Baker 1978) to deduce the type of gene action 

and subsequently to design appropriate breeding strategy. Significantly higher GCA effects are 

attributed to polygenes with minor gene effect hence pure line, recurrent or single seed descent 

selection methods can be effective for enhanced response to selection. Conversely, significantly 



168 
 

higher SCA effect reveals the predominance of non-additive gene action and in this case heterosis 

breeding is more rewarding in sexually reproducing crops if cost-effective and efficient 

hybridization techniques are available. If the estimated values of GCA and SCA effects for a trait 

becomes equal, this suggests an equal contribution of additive and non-additive genetic variance 

hence population improvement can be adopted to develop superior genotypes (Singh and 

Narayanan, 2017; Ngaboyisonga et al. 2019). In groundnut breeding for drought tolerance, 

Sanogo et al. (2020) reported a significant GCA effect on pod yield, harvest index, biomass 

production and shelling percentage, while a  significant SCA effect was found on chlorophyll 

meter reading based on soil plant analysis development (SPAD) under both drought-stressed and 

non-stressed conditions. Oppong-Sekyere et al. (2019) reported the importance of additive gene 

action in inheritance of pod, seed and biomass yields.  

 
In Ethiopia, groundnut is one of the most important food and oil crops grown under rainfed 

condition. In these agro-ecologies water stress due to erratic rain distribution is the major 

impediment to crop production. A limited number of introduced groundnut varieties were 

released for cultivation in the country (MoANRs, 2016). However, these varieties are late 

maturing and low yielding and were not bred for drought tolerance. Therefore, there is a need 

to develop groundnut varieties with high yielding and drought stress tolerance that are adapted 

for cultivation under rainfed and drought-affected agro-ecologies. In an attempt to develop high 

yielding and drought tolerant groundnut cultivars, information on combining ability and mode of 

gene action responsible for drought tolerance is indispensable. There is a dearth of information 

on combining ability effects and genetic analysis of groundnut to guide selection and cultivar 

development in Ethiopia. Consequently, 100 groundnut genotypes were phenotyped under field 

condition and genotyped with high density single nucleotide polymorphism (SNP) markers at 

ICRISAT/India to select drought tolerant and genetically superior parents for breeding. 

Accordingly, some complementary lines were selected based on their yield potential, biomass 

production, early maturity and drought tolerance. The selected lines should be bred to develop 

drought tolerant and locally adapted cultivars under Ethiopian condition or similar agro-

ecologies. Therefore, the objective of this study was to determine the combining ability effects 

of eight selected drought tolerant, agronomical superior and complementary groundnut parental 

lines and their F2 families under drought-stressed and non-stressed conditions to select best 

performing parents and families for drought tolerance breeding. 
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5.2. Material and methods  

5.2.1. Study site, plant materials, crosses and mating design  

The experiments were conducted at the International Crops Research Institute for the Semi-Arid 

Tropics (ICRISAT), Patancheru in India. ICRISAT is situated at a latitude of 17.510N and a longitude 

of 78.270 E with an altitude of 545 m above sea level. 

 

Eight parents were selected for crosses. The details of groundnut parents used for crosses are 

presented in Table 5.1. The eight parents consisted of five Spanish bunch type (such as genotypes 

ICGV 15083, ICGV 10178, ICGV 98412, ICGV 96174 and ICGV 11396) and three Virginia bunch type 

(ICGV 06175, ICGV 10373 and ICGV 15094). Parent ICGV 98412 is high yielding genotype with 

medium maturity period which was released for cultivation in Ghana and Ethiopia (Abady et al. 

2019). Parent ICGV 15083 has high oleic acid content and released in India (ICRISAT, 2020). All 

the remaining genotypes are advanced breeding lines acquired from ICRISAT/India. The selected 

parents showed varied maturity duration. Genotypes, ICGV 06175 and ICGV 15083, attain 

physiological maturity at 110 days after sowing (DAS) making them early maturing genotypes for 

drought tolerance breeding. Genotypes, ICGV 10373, ICGV 10178, ICGV 96174, ICGV 11396 and 

ICGV 15094, attain maturity at 120 DAS, while ICGV 98412 mature in 130 DAS. The genotypes 

were selected based on field phenotypic evaluations and SNP genotyping aiming at yield 

potential, biomass production, early maturity, drought tolerance and genetic diversity.  

 
Table 5.1. Description of groundnut parents used for crosses.   

No Genotype Market type  
Breeding 
history    

Seed 
shape 

Seed 
size  

Pod  
constriction  

Maturity 
class  

Drought tolerance 
Phenotype 

1 ICGV  06175 Virginia bunch ABL Round  Small  Moderate  Early  Tolerant  
2 ICVG 10373 Virginia bunch ABL Round  Medium  Slight  Medium  Tolerant  
3 ICGV 15083 Spanish bunch Cultivar  Elongated  Large Moderate  Early  Tolerant  
4 ICGV 10178 Spanish bunch ABL Flat  Large Slight  Medium  Tolerant  
5 ICGV 98412 Spanish bunch Cultivar  Elongated  Large  Moderate  Medium  Semi-tolerant  
6 ICGV 96174 Spanish bunch ABL Round  Large  Slight  Medium  Semi-tolerant  
7 ICGV 11396 Spanish bunch ABL  Flat  Medium  Slight  Medium  Semi-tolerant  
8 ICGV 15094 Virginia bunch ABL Round  Medium  Moderate    Medium  Semi-tolerant  

ABL = advanced breeding line 

 
The parents were grown in poly-house under controlled temperatures and light conditions at 

ICRISAT during 2019. Growing media were prepared with a mixture of red soil, sandy soil and 

farmyard manure with a ratio of 4:3:1, respectively. The media were autoclaved at 200 C0 for two 

hours in two batches to ensure soil health.  Crosses were made during June to October 2019 using 

a half-diallel mating design without reciprocals to obtain 28 F1 families. Each parent was grown 
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in five plastic pots and three seeds were sown in each pot and staggered planted. Hand 

emasculation and pollination were carried out according to the technique developed by Nigam 

et al. (1990). Emasculation was carried out from buds of female parents between 13:30-16:30 

hours. After emasculation, buds were marked with a thread of different color to identify the 

emasculated buds for next day pollination. Pollination was carried out between 06:00 and 08:00 

hours. Calyx, standard, and wing petals were detached from flower buds of male parents to make 

ready the sticky pollen mass for pollination. The lumps of pollens were deposited on the tip of 

the stigma of the emasculated flowers. The success of pollinations was checked based on the 

emergency of pegs from the axil of the leaf just below the colored thread 4-6 days after 

fertilization. True F1 hybridity was confirmed based on morphological characteristics of both 

parents including growth habit, pod and seed features as described by Nigam et al. (2004). The 

F1 seeds of all crosses were multiplied to harvest enough seeds for glasshouse and field 

evaluations in F2 generation.  

 

5.2.2. Growing parents and the F2 families  

The genotypes were evaluated under drought-stressed (DS) and non-stressed (NS) conditions in 

a controlled environment (glasshouse condition) and under non-stressed field condition during 

2019 and 2020. The experiments involved 28 F2 families and eight parents. The experiments were 

conducted using a 4 x 9 alpha lattice design with two replications. Growing media for the 

glasshouse experiment were prepared as described above. Under glasshouse condition, the 

genotypes were grown in plastic pots and evaluated under DS and NS conditions. The pots were 

maintained with regular irrigation until flowering for both treatments. Stress was imposed at the 

flowering stage by withholding water until wilting symptoms appeared (Vaidya et al. 2016). For 

the NS treatment, sufficient irrigation was supplied until physiological maturity. Under field 

condition, seeds of each genotype were sown in single row of 4-meter-long, with 30 cm between 

rows and 10 cm between plants. Weather data during field trial is presented in Table 5.2. The 

mean annual rainfall during 2020 was 43.9mm. The field experiment was conducted with 

supplementary irrigation to evaluate genotypes under optimal condition. The mean minimum 

and mean maximum temperatures during the experimental period were 22.70 and 30.96 0C, 

respectively.  
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Table 5.2 Monthly weather data during the field trial at ICRISAT/India in 2020. 

Month  Rainfall (mm) Tmax (0C) Tmin (0C) RHmax (%) RHmin (%) 

June  6.37 33.45 24.05 87.8 63.9 
July 7.37 31.35 23.05 90.61 71.25 
August  9.69 28.92 22.65 91.87 79.32 
September 8.38 30.77 22.59 93.43 76.83 
October  12.09 30.33 21.14 93.52 73.35 

Tmax = average maximum temperature, Tmin = average minimum temperature, RHmax = average maximum relative humidity, 

RH min = average minimum relative humidity 

 

5.2.3. Data collected 

Data were collected on days to 50% flowering (DF), chlorophyll meter reading (SCMR), Plant 

height (PH, expressed in cm), number of primary branches (PB), pod yield per plant (PY, expressed 

in g plant-1), shelling percentage (SHP, expressed in %), kernel yield per plant (KY, expressed in g 

plant-1), total biomass per plant (TBM, expressed in g plant-1) and harvest index (HI) (%). 

Descriptions on data collection are summarized in Chapter 4, section 4.2.3. 

 

5.2.4. Data analysis  

5.2.4.1. Analysis of variance 

 

The data collected were subjected to analysis of variance using SAS version 9.3 Software (SAS 

Institute Inc., 2011). Treatment means were separated using the least significant difference (LSD) 

test at the 5% significance level. 

 

5.2.4.2. Combining ability analysis 

Data were subjected to combining ability analysis using a half-diallel approach according to 

Griffing (1956) with Model I and Method II. The linear mathematical model used for the half-

diallel per experiment was as follows: 

Yij  =   μ +  gi  +  gj  +  sij +  
1

𝑏𝑐
∑∑𝑒𝑖𝑗𝑘𝑙 

Where; 

Yij = the value of a character measured on cross of ith and jth parents; 
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μ = the population mean; 

gi =  the general combining ability effect of the ith parent; 

gj =  the general combining ability effect of the jth parent; 

sij =  the specific combining ability effect of the cross between Ith and jth parents such that sij = sji 

and  

eijk =  the environmental effect associated with ijkth observation; 

b and c =  number of blocks and sample plants, respectively. 

 

The GCA and SCA effects were computed using the AGD-R (Analysis of Genetic Designs in R) 

software version 5.0 (Francisco et al. 2015) and SAS version 9.0 Software. The relative importance 

of the GCA and SCA effects was computed according to the formula proposed by Baker (1978).  

GCA: SCA = (2MSGCA)/ (2MSGCA + MSSCA) 

Where MSGCA is GCA mean square, MSSCA is SCA mean square. 

The GCA to SCA ratio close to unity indicates the importance of additive genetic effects and the 

ratio less than unity suggests the predominant of non-additive gene effects conditioning trait 

inheritance (Baker 1978).  

 

5.3. Results 

5.3.1. Analysis of variance  

Analysis of variance revealed significant (p<0.05) difference among parents and F2 families for all 

assessed traits except PB under both drought-stressed (DS) and non-stressed (NS) conditions in 

the glasshouse and PH under NS in the field condition (Table 5.3). Under all testing environments, 

the GCA effects of the parents showed significant differences for all the traits except PB under 

DS condition. Furthermore, significant SCA effects were noted for DF, SCMR, PY, SHP, KY, TBM 

and HI under DS condition and for DF, PY, SHP and KY under NS in the glasshouse. The relative 

importance of GCA and SCA effects ranged from 0.56 for DF to 0.94 for KY under DS condition 

and 0.61 for DF to 0.96 for PY. Under field condition, significant SCA effects were recorded for 

DF, PB, PY, SHP and KY. 
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5.3.2. Mean performance  

The analysis of variance revealed significant (p<0.05) genotype differences for PH, SLA, DF, SCMR, 

PY, SHP, KY, TBM and HI under the DS condition (Table 5.4). Under the NS condition in the 

glasshouse, there was significant (p<0.05) genotype differences for PH, SCMR, SLA, HI, DF, PY, 

SHP, KY and TBM (Table 5.5) while under field condition, significant (p<0.05) genotype differences 

were recorded for SHP, DF, PY and KY (Table 5.6).  

Under the DS condition in the glasshouse, the lowest DF was recorded for ICGV 15094 (29 days) 

and crosses, ICGV 15083 x ICGV 11396 (29 days), ICGV 06175 x ICGV 96174 (30 days), ICGV 15083 

x ICGV 98412 (30 days) and ICGV 06175 x ICGV 15083 (30 days). Whereas, under NS condition in 

the glasshouse, the lowest DF was recorded for the parents ICGV 15094 (30 days), ICGV 96174 

(32 days) and ICGV 98412 (32 days) and the crosses ICGV 06175 x ICGV 96174 (31 days), ICGV 

96174 x ICGV 15094 (32 days), ICGV 10178 x ICGV 15094 (32 days), ICGV 98412 x ICGV 96174 (32 

days) and ICGV 06175 x ICGV 10178 (32 days). During field studies, early flowering genotypes 

were ICGV 15094 (33 days) and crosses ICGV 06175 x ICGV 96174 (33), ICGV 96174 x ICGV 15094 

(34 days) and ICGV 06175 x ICGV 10178 (34 days). 

During the field study the highest number of primary branches per plant were recorded for the 

parent ICGV 11396 (12 branches per plant) and crosses ICGV 10373 x ICGV 15096 (16), ICGV 

96174 x ICGV 15094 (12), ICGV 10373 x ICGV 11396 (12), ICGV 15083 x ICGV 96174 (12) and ICGV 

06175 x ICGV 98412 (12). Under the NS glasshouse condition, the highest mean value for plant 

height was recorded for the parent ICGV 06175 (30.50 cm) and crosses ICGV 10178 x ICGV 96174 

(34.00 cm), ICGV 15083 x ICGV 11396 (31.25 cm) and ICGV 15083 x ICGV 98412 (31.25 cm). 

The highest SCMR values were recorded for the parents ICGV 98412 (51.75) and ICGV 10178 

(48.25) and crosses ICGV 10373 x ICGV 98412 (53.65) and ICGV 10178 x ICGV 15094 (52.2), ICGV 

10178 x ICGV 98412 (51.35), ICGV 06175 x ICGV 11396 (51.3) and ICGV 10373 x ICGV 10178 

(51.20) under DS condition. In the glasshouse studies under NS condition, higher SCMR values 

were recorded for the parents ICGV 06175 (58.1) and ICGV 10178 (57.75) and, crosses ICGV 

10178 x ICGV 98412 (59.45), ICGV 15083 x ICGV 98412 (55.05), and ICGV 98412 x ICGV 11396 

(55.05). 

The lowest SLA values were recorded for the parents ICGV 10373 (121.18 cm2 g-1) and ICGV 10178 

(164.36 cm2 g-1) and, crosses ICGV 10178 x ICGV 96174 (131.96 cm2 g-1), ICGV 06175 x ICGV 10178 

(132.96 cm2 g-1) and ICGV 15083 x ICGV 10178 (145.43 cm2 g-1) under DS condition. Under NS 

condition in the glasshouse, the highest SLA values were recorded for the parent ICGV 98412 

(224.41 cm2 g-1) and crosses ICGV 15083 x ICGV 98412 (226.28 cm2 g-1), ICGV 15083 x ICGV 96174 

(224.3 cm2 g-1) and ICGV 96174 x ICGV 15094 (218.98 cm2 g-1). 
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During DS condition, the highest PY were recorded for the parents, ICGV 10178 (18.15 g plant-1) 

and ICGV 15083 (15.7 g plant-1) and crosses, ICGV 15083 x ICGV 10178 (28.65 g plant-1), ICGV 

10373 x ICGV 15083 (23.40 g plant-1), ICGV 10178 x ICGV 98412 (22.65 g plant-1) and ICGV 10178 

x ICGV 11396 (21.35 g plant-1). Under NS condition in the glasshouse, the highest PY were 

recorded for the parents ICGV 10178 (25.37 g plant-1), ICGV 98412 (23.75 g plant-1) and ICGV 

15083 (22.9 g plant-1) and crosses ICGV 10178 x ICGV 98412 (34.2 g plant-1), ICGV 15083 x ICGV 

10178 (31.05 g plant-1) and ICGV 15083 x ICGV 98412 (31.05). Under field condition, the highest 

PY were recorded for parents ICGV 10178 (15.00 g plant-1) and ICGV 15083 (12.80 g plant-1) and 

crosses ICGV 15083 x ICGV 98412 (23.21 g plant-1), ICGV 98412 x ICGV 11396 (23.20 g plant-1) and 

ICGV 98412 x ICGV 96174 (23.16 g plant-1). 

Under DS condition in the glasshouse study, the highest SHP values were recorded for the parents 

ICGV 06175 (66.36%), ICGV 96174 (65.79%) and ICGV 10178 (61.10%) and, crosses ICGV 10178 x 

ICGV 98412 (67.32%), ICGV 10373 x 15083 (65.99%) and ICGV 178 x ICGV 11396 (65.81%) in a 

desirable direction. Under NS condition in the glasshouse, the highest SHP were recorded for the 

parents ICGV 06175 (63.97%) and ICGV 96174 (63.60%) and, crosses ICGV 15083 x ICGV 96174 

(64.83%), ICGV 10373 x ICGV 96174 (64.22%) and ICGV 15083 x ICGV 98412 (64.30%). Under field 

condition, the highest SHP values were recorded for the parents ICGV 10373 (69.18%) and ICGV 

11396 (60.73%) and, crosses ICGV 15083 x ICGV 98412 (61.70%), ICGV 98412 x ICGV 11396 

(60.50%) and ICGV 15083 x ICGV 10178 (60.30%).  

 

The highest KY values were noted for ICGV 10178 (11.05 g plant-1) and ICGV 15083 (9.35 g plant-

1) and crosses ICGV 10373 x ICGV 15083 (15.45 g plant-1), ICGV 10178 x ICGV 98412 (15.25 g plant-

1), ICGV 15083 x ICGV 10178 (14.15) and ICGV 10178 x ICGV 11396 (14 g plant-1) under DS 

condition in the glasshouse study. Under NS condition in the glasshouse, the highest KY were 

recorded for parents ICGV 98412 (14.10 g plant-1), ICGV 10178 (13.70 g plant-1) and ICGV 15083 

(12.60 g plant-1) and crosses ICGV 10178 x ICGV 98412 (20.75 g plant-1), ICGV 15083 x ICGV 98412 

(20.00 g plant-1) and ICGV 15083 x ICGV 10178 (18.10 g plant-1). During the field study, the highest 

KY were recorded for the parents, ICGV 10178 (8.76 g plant-1) and ICGV 15083 (7.14 g plant-1) and 

crosses, ICGV 15083 x ICGV 98412 (14.32 g plant-1), ICGV 98412 x ICGV 11396 (14.04 g plant-1) 

and ICGV 98412 x ICGV 96174 (13.35 g plant-1).  

 

In the glasshouse study and under DS condition, the highest TBM were recorded for the parents 

ICGV 10178 (54.70 g plant-1) and ICGV 15083 (48.05 g plant-1) and crosses, ICGV 15083 x ICGV 

10178 (70.05 g plant-1), ICGV 10178 x ICGV 98412 (67.10 g plant-1) and ICGV 15083 x ICGV 98412 

(64.55 g plant-1). Under NS condition in the glasshouse, the highest TBM were noted for parents, 

ICGV 10178 (61.70 g plant-1) and ICGV 15083 (61.20 g plant-1) and, crosses, ICGV 10178 x ICGV 
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98412 (71.3 g plant-1), ICGV 15083 x ICGV 98412 (67.75 g plant-1) and ICGV 10178 x ICGV 11396 

(63.40 g plant-1). 

 

Under DS condition in the glasshouse, the highest HI values were recorded for the parents, ICGV 

10178 (49.64%) and ICGV 15083 (48.54%) and, crosses, ICGV 15083 x ICGV 10178 (69.84%), ICGV 

10373 x ICGV 15083 (58.42%) and ICGV 10178 x ICGV 11396 (54.19%). Under NS condition in the 

glasshouse, the highest HI values were recorded for the parents, ICGV 98412 (59.05%) and ICGV 

10178 (41.07%) and, crosses, ICGV 15083 x ICGV 96174 (50.38%), ICGV 10178 x ICGV 98412 

(48.95%), ICGV 98412 x ICGV 96174 (48.51%) and ICGV 98412 x ICGV 96174 (48.51%). 
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Table 5.3. Analysis of variance showing mean square values due to replications (REP), general combining ability (GCA) effects of the parents, 

specific combining ability (SCA) effects of crosses and GCA:SCA ratios for the nine phenotypic traits and chlorophyll meter reading (SCMR) 

evaluated in the glasshouse (drought-stressed and non-stressed conditions) and non-stressed field conditions. 

Traits  
Env. REP 

(df = 1) 
Genotypes 
(df = 35)  

  GCA 
(df = 7) 

  SCA 
(df = 28) 

Residual 
(df = 29) 

GCA:SCA 

DF DS 0.12** 4.66** 3.24** 5.02** 0.18 0.56 
DF NS 0.47* 3.56** 3.04** 3.82** 0.3 0.61 
DF NSF 0.68ns 6.65** 6.54** 6.68** 0.37 0.66 
PB DS 0.11ns 1.68ns 2.54ns 1.46ns 1.84 0.78 
PB NS 1.95* 1.55ns 2.94ns 1.30ns 1.52 0.82 
PB NSF 0.13** 9.35* 9.18* 9.39* 3.75 0.66 
PH DS 19.51* 28.11* 42.27* 25.98ns 14.88 0.76 
PH NS 38.51** 21.41* 32.05* 19.61ns 11.08 0.77 
PH NSF 16.06* 62.17ns 161.11* 37.43ns 48 0.90 
SCMR DS 37.77** 18.53** 50.40** 10.62* 4.5 0.90 
SCMR NS 2.01ns 24.01* 53.23* 14.74ns 11.35 0.88 
SLA DS 1152.60ns 2475.78* 5795.99* 1645.73ns 1044.24 0.88 
SLA NS 98.26ns 2275.92* 3664.74* 1928.72* 704.73 0.79 
PY DS 15.74** 70.00** 234.65** 33.51** 2.37 0.93 
PY NS 107.80** 79.70** 289.93** 27.14* 9.73 0.96 
PY NSF 4.92ns 48.85** 83.57** 40.17* 13.86 0.81 
SHP DS 2.23** 110.33** 187.89** 90.94** 11.39 0.81 
SHP NS 118.42* 67.94** 120.98** 54.68* 19.05 0.82 
SHP NSF 37.75** 95.32* 171.99* 76.44* 40.17 0.82 
KY DS 2.00* 27.80** 97.31** 13.05** 0.92 0.94 
KY NS 57.78* 35.13** 113.27** 15.59* 4.65 0.94 
KY NSF 0.02** 19.95** 32.34** 16.85** 3.52 0.79 
TBM DS 179.24ns 258.36** 802.65** 122.29* 45.91 0.93 
TBM NS 699.38** 231.37** 744.84** 103.01ns 58.06 0.94 
HI DS 35.17* 332.68** 916.14** 217.68** 32.98 0.89 
HI NS 1.38ns 127.17* 352.66** 76.96ns 56.84 0.9 

Env., Environments; DS, drought-stressed; NS, non-stressed; NSF, non-stressed at field condition; DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant 

height (cm); SLA, specific leaf area (cm2 g-1); PY, pod yield per plant (g); SHP, shelling percentage (%); KY, kernel yield per plant (g); TBM, total biomass yield per plant (g); HI, harvest 

index (%); ns, non-significant; * significant at 5% level of significance, ** significant at 1% level of significance. 
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Table 5.4.  Mean values for the nine phenotypic traits and chlorophyll meter reading (SCMR) among eight groundnut parents and 28 F2 families 

under drought-stressed glasshouse condition. 

Entry DF PB PH SCMR SLA POD SHP KY TBM HI 

Parents              

ICGV 06175 33 8 31.5 45.3 231.87 10.7 66.36 7.10 46.00 30.31 
ICGV 10373 31 7.5 24.875 47.4 121.18 8.60 53.53 4.60 37.35 29.67 
ICGV 15083 33 7.25 33 46.95 181.35 15.70 59.47 9.35 48.05 48.54 
ICGV 10178 35 6.25 35.25 48.25 164.36 18.15 61.10 11.06 54.70 49.64 
ICGV 98412 32 6.5 33.25 51.75 245.96 9.80 50.98 5.00 35.85 38.13 
ICGV 96174 32 6.5 27 44.3 262.88 5.45 65.79 3.60 25.80 29.91 
ICGV 11396 34 7.5 25.5 47.85 194.46 10.80 56.95 6.15 45.50 31.33 
ICGV 15094 29 8.5 26 47.3 237.34 2.95 42.73 1.30 29.05 10.65 

Mean 32.38 7.25 29.55 47.39 204.8 10.27 57.11 6.02 40.29 33.52 

Crosses           

ICGV 06175 X ICGV 15094 33 6.75 34 43.55 251.84 12.65 46.31 5.85 46.95 36.93 
ICGV 10373 X ICGV 15094 35 8.25 26.25 48.2 181.23 8.40 59.03 4.90 39.90 26.68 
ICGV 15083 X ICGV 15094 33 8 32.5 49.7 188.96 6.80 60.29 4.10 57.80 13.33 
ICGV 10178 X ICGV 15094 32 9.25 22.75 52.2 177.55 17.35 64.73 11.25 54.95 46.32 
ICGV 98412 X ICGV 15094 34 7 28.75 50.8 169.71 13.85 53.85 7.40 41.90 49.31 
ICGV 96174 X ICGV 15094 32 6.25 23.75 39.85 245.95 8.15 42.83 3.50 33.35 36.33 
ICGV 11396 X ICGV 15094 32 8.25 31.25 46.85 164.68 9.60 51.94 5.10 48.00 24.85 
ICGV 06175 X ICGV 11396 33 7.25 28.25 51.3 194.86 11.85 55.94 6.65 38.35 45.40 
ICGV 10373 X ICGV 11396 32 8.25 25 49 196.11 8.85 59.33 5.25 37.35 31.51 
ICGV 15083 X ICGV 11396 29 9.25 26.25 47.75 159.24 8.15 50.24 4.10 43.45 23.12 
ICGV 10178 X ICGV 11396 31 7.25 25.75 48.45 156.86 21.35 65.81 14.05 60.75 54.19 
ICGV 98412 X ICGV 11396 33 6.25 25.75 49.3 147.95 10.95 46.54 5.10 42.50 34.70 
ICGV 96174 X ICGV 11396 32 6.5 24.25 46.75 215.22 3.50 51.62 1.80 32.00 11.99 
ICGV 06175 X ICGV 96174 30 6.25 19.75 45.7 190.91 13.10 50.02 6.55 48.55 37.26 
ICGV 10373 X ICGV 96174 32 7.25 24.75 42 166.18 12.40 62.41 7.70 40.10 44.35 
ICGV 15083 X ICGV 96174 33 8.25 29.5 42.05 167.51 8.00 61.33 4.90 46.25 22.47 
ICGV 10178 X ICGV 96174 34 7.5 24.5 47.65 131.96 20.90 63.99 13.4 62.30 50.91 
ICGV 98412 X ICGV 96174 33 8.25 26.5 45.3 195.91 12.10 54.55 6.60 42.45 40.15 
ICGV 06175 X ICGV 98412 31 6.5 26 47.2 201.56 11.30 49.19 5.60 43.90 34.17 
ICGV 10373 X ICGV 98412 33 7.25 24 53.65 200.16 11.85 63.79 7.55 40.45 41.97 
ICGV 15083 X ICGV 98412 30 6 22 49.9 176.9 20.70 43.35 8.95 64.55 47.36 
ICGV 10178 X ICGV 98412 33 6.25 33 51.35 180.93 22.65 67.32 15.25 67.10 51.32 
ICGV 06175 X ICGV 10178 32 8 29 44.55 132.96 20.20 61.72 12.45 56.90 55.06 
ICGV 10373 X ICGV 10178 34 7.75 27.5 51.2 166.68 20.40 61.98 12.60 62.30 48.65 
ICGV 15083 X ICGV 10178 32 7 27.25 45.8 145.43 28.65 49.34 14.15 70.05 69.84 
ICGV 06175 X ICGV 15083 30 9 33.5 47.4 214.28 17.50 62.61 10.95 55.75 45.80 
ICGV 10373 X ICGV 15083 34 7.5 25.5 48.45 146.26 23.40 65.99 15.45 63.45 58.42 
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Table 5.4. Continued.           

Entry  DF PB PH SCMR SLA POD SHP KY TBM HI 

ICGV 06175 X ICGV 10373 32 8.5 23.75 45.55 194.41 9.15 62.39 5.70 35.55 35.38 

Mean 32.29 7.49 26.82 47.55 180.79 14.06 56.73 8.10 49.18 39.92 

Grand mean 32.43 7.43 27 47.51 186.12 13.22 56.81 7.64 47.20 38.49 
CV (%) 1.34 18.24 14.23 4.46 18.04 11.62 5.98 12.53 15.18 14.87 
LSD (5%) 0.88 2.77 7.98 4.34 68.68 3.14 6.95 1.95 14.66 11.71 
F test ** ns ns * * ** ** ** ** ** 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (cm2 g-1); POD, pod yield per plant (g); SHP, shelling percentage 

(%); KY,  kernel yield per plant (g);  TBM, total biomass yield per plant (g); HI, harvest index (%), CV (%); percentage of coefficient of variation; LSD, Least significant difference; F, 

Fisher’s, ns, non-significant; * significant at 5% level of significance, ** significant at 1% level of significance.  
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Table 5.5. Mean values for the nine phenotypic traits and chlorophyll meter reading (SCMR) among eight groundnut parents and 28 F2 families 

under non-stressed glasshouse condition.  

Entry DF PB PH SCMR SLA POD SHP KY TBM HI 

Parents            

ICGV 06175 33.5 8 30.5 58.1 140.27 14.75 63.67 9.35 44.8 33.44 
ICGV 10373 33 6.5 24 53.4 129.57 12.2 59.83 7.45 34.45 35.73 
ICGV 15083 34 7.5 28.5 51.7 194 22.9 55.01 12.60 61.20 37.43 
ICGV 10178 35 5.75 28 57.75 220.38 25.35 54.07 13.70 61.70 41.07 
ICGV 98412 32 6.5 27.25 54.25 224.41 23.75 59.49 14.10 41.00 59.05 
ICGV 96174 32 5 29.25 52.15 148.31 14.3 63.60 9.10 54.95 26.03 
ICGV 11396 35 7.5 24.75 48.2 124.97 14 43.09 6.05 46.15 30.57 
ICGV 15094 30 7 21 50.4 167.15 12.5 52.19 6.55 49.85 25.52 

Mean 33.06 6.72 26.66 53.24 168.63 17.47 56.37 9.86 49.26 36.10 

Crosses           

ICGV 06175 X ICGV 15094 36 7.25 27.5 53.75 138.47 17.65 59.84 10.75 55.75 31.73 
ICGV 10373 X ICGV 15094 35 6.75 23 52 181.7 9.6 47.99 4.60 32.75 30.44 
ICGV 15083 X ICGV 15094 33.5 8.25 27 55.2 119.32 19.1 56.81 10.85 55.10 34.68 
ICGV 10178 X ICGV 15094 32 7.25 28.75 55.25 151.59 23.5 59.07 13.85 63.10 37.21 
ICGV 98412 X ICGV 15094 35 6.25 27 52.4 145.1 16.6 55.93 9.30 56.65 29.52 
ICGV 96174 X ICGV 15094 32 6 26.75 50.3 218.98 11.85 57.82 6.90 36.05 41.62 
ICGV 11396 X ICGV 15094 33 7.75 31 46.05 128.6 16.8 44.53 7.55 53.75 31.26 
ICGV 06175 X ICGV 11396 34.5 7 32 54.1 197.15 17.3 50.87 8.80 53.90 32.10 
ICGV 10373 X ICGV 11396 32.5 6.25 25.75 52.25 147.68 16.45 57.37 10.00 40.30 40.31 
ICGV 15083 X ICGV 11396 34 9 31.25 53.25 148.54 21.9 66.54 14.60 54.50 40.77 
ICGV 10178 X ICGV 11396 32.5 6.75 30.25 54.75 154.71 21.6 58.00 12.50 63.40 34.04 
ICGV 98412 X ICGV 11396 33 7 30 55.05 155.35 19.7 60.91 12.00 42.50 46.35 

 

 

 

 

 



180 
 

Table 5.5. Continued.           

Entry  DF PB PH SCMR SLA POD SHP KY TBM HI 

ICGV 96174 X ICGV 11396 33.5 6.25 31 53 168.89 16.9 52.02 8.85 53.90 31.42 
ICGV 06175 X ICGV 96174 31 4.75 24.25 51.3 159.67 13.85 59.72 8.35 40.6 34.37 
ICGV 10373 X ICGV 96174 34 6 27.25 53.35 189.43 13.25 64.26 8.50 34.65 38.19 
ICGV 15083 X ICGV 96174 33 6.25 24.5 52.4 224.3 25.3 64.83 16.40 50.6 50.38 
ICGV 10178 X ICGV 96174 35.5 8.25 34 55.8 169.96 25.6 63.88 16.35 61.85 41.39 
ICGV 98412 X ICGV 96174 32 6.25 21.75 51.05 158.25 24.05 61.29 14.75 49.6 48.51 
ICGV 06175 X ICGV 98412 32.5 7.75 19.5 53.8 183.2 14.6 50.95 7.50 37.15 38.23 
ICGV 10373 X ICGV 98412 33 6.75 23.5 48.6 186.47 16.25 62.37 10.40 42.45 36.52 
ICGV 15083 X ICGV 98412 32.5 6.75 31.25 55.05 226.28 31.05 64.30 20.00 67.75 45.84 
ICGV 10178 X ICGV 98412 34 6.5 29 59.45 207.7 34.2 60.66 20.75 71.3 48.95 
ICGV 06175 X ICGV 10178 32 6.5 30.5 54.85 117.56 22.75 56.62 12.85 51.15 44.44 
ICGV 10373 X ICGV 10178 35 6.5 26.75 50.7 190.2 18.9 62.66 11.85 50.15 37.69 
ICGV 15083 X ICGV 10178 34 6.25 25.75 65.05 163.05 31.05 58.41 18.10 71.15 43.57 
ICGV 06175 X ICGV 15083 32.5 6.25 26.75 54.25 91.02 12.1 52.33 6.35 47.35 25.35 
ICGV 10373 X ICGV 15083 35 7 24.25 55.8 177.23 9.35 49.14 4.60 33.65 26.42 
ICGV 06175 X ICGV 10373 32.5 5.25 27.25 52.75 166.49 9.25 54.84 5.15 42.35 21.84 

Mean 33.39 6.74 27.41 53.63 166.67 18.95 57.64 11.16 50.48 37.26 

Grand mean  33.31 6.73 27.24 53.54 167.1 18.61 57.35 10.87 50.2 36.99 
CV (%) 1.64 18.49 12.16 6.33 16.52 16.87 8.18 20.55 15.72 20.69 
LSD (5%) 1.12 2.54 6.77 6.94 56.47 6.42 9.59 4.56 16.15 15.66 
F test ** ns * * * ** * ** * * 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (cm2 g-1); POD, pod yield per plant (g); SHP, shelling percentage 

(%); KY, kernel yield per plant (g); TBM, total biomass yield (g); HI, harvest index (%);CV (%); percentage of coefficient of variation; LSD, Least significant difference; F, Fisher’s, ns, 

non-significant; * significant at 5% level of significance, ** significant at 1% level of significance. 
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Table 5.6. Mean values for the six phenotypic traits among eight groundnut parents and 28 F2 families 

under non-stressed field condition. 

Entry  DF PH PB PY SHP KY 

Parents        
ICGV 06175 35.5 59 7 11.62 46.32 5.288 
ICGV 10373 37 54.5 7 8.10 69.18 5.278 
ICGV 15083 36 57 9 12.80 55.85 7.14 
ICGV 10178 39 67 9 15.00 58.35 8.757 
ICGV 98412 34 48.5 6 9.76 49.06 4.802 
ICGV 96174 35 57 8 11.00 57.49 6.345 
ICGV 11396 39 59 12 4.74 60.37 2.794 
ICGV 15094 33 55.5 9.5 9.29 57.00 5.291 

 Mean 36.06 57.19 8.44 10.29 56.70 5.712 

Crosses       

ICGV 06175 X ICGV 15094 40 59 8.5 14.4 44.36 6.39 
ICGV 10373 X ICGV 15094 39 55 16.5 10.02 48.66 4.88 
ICGV 15083 X ICGV 15094 36 51 11.5 8.78 56.19 4.96 
ICGV 10178 X ICGV 15094 36.5 65 9 16.25 57.75 9.39 
ICGV 98412 X ICGV 15094 39 59 8 14.68 57.62 8.47 
ICGV 96174 X ICGV 15094 34 58.5 12 9.77 46.91 4.52 
ICGV 11396 X ICGV 15094 35.5 56.5 10.5 8.27 47.67 3.93 
ICGV 06175 X ICGV 11396 36.5 65.5 9.5 11.66 49.51 5.61 
ICGV 10373 X ICGV 11396 37 50.5 11.5 5.21 50.80 2.63 
ICGV 15083 X ICGV 11396 36 60 7 9.08 46.79 4.28 
ICGV 10178 X ICGV 11396 35.5 75 8.5 16.40 52.28 8.58 
ICGV 98412 X ICGV 11396 35.5 58 6.5 23.20 60.50 14.04 
ICGV 96174 X ICGV 11396 35.5 55.5 8 8.32 54.22 4.58 
ICGV 06175 X ICGV 96174 33 60 9.5 10.73 32.15 2.73 
ICGV 10373 X ICGV 96174 35.5 58 7.5 15.79 53.05 8.39 
ICGV 15083 X ICGV 96174 35.5 58 11.5 20.82 53.81 11.21 
ICGV 10178 X ICGV 96174 39.5 65 10.5 10.48 47.13 4.98 
ICGV 98412 X ICGV 96174 37 53 11 23.16 57.85 13.35 
ICGV 06175 X ICGV 98412 36 55.5 11.5 13.48 45.44 6.06 
ICGV 10373 X ICGV 98412 36 53 9.5 17.98 52.20 9.38 
ICGV 15083 X ICGV 98412 35 61.5 5.5 23.21 61.70 14.32 
ICGV 10178 X ICGV 98412 37 64 9 14.16 44.77 6.27 
ICGV 06175 X ICGV 10178 34 65 8.5 14.47 50.01 7.22 
ICGV 10373 X ICGV 10178 39 60 7 12.96 55.06 7.11 
ICGV 15083 X ICGV 10178 35.5 51 7 18.80 60.30 11.35 
ICGV 06175 X ICGV 15083 36 51 9 7.54 41.50 3.17 
ICGV 10373 X ICGV 15083 39 50.5 8.5 6.48 53.93 3.38 
ICGV 06175 X ICGV 10373 36 55.5 10.5 8.66 48.90 3.96 

Means 36.42 58.20 9.39 13.38 51.11 6.97 

Mean 36.34 57.97 9.18 12.69 52.39 6.69 
CV (%) 1.69 11.49 21.03 30.35 12.39 27.74 
LSD (5%) 1.25 13.62 3.95 7.88 2.04 3.79 
F test ** ns * * * ** 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); PY, pod yield per plant (g); SHP, 

shelling percentage (%); KY, kernel yield per plant (g);  ; CV (%); percentage of coefficient of variation; LSD, Least significant 

difference; F, Fisher’s, ns, non-significant; * significant at 5% level of significance, ** significant at 1% level of significance. 
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5.3.3. General combining ability effect of groundnut parents  

The parental line ICGV 06175 exhibited significant negative GCA effect for DF under DS condition 

in the glasshouse and NS field conditions in a desirable direction (Table 5.7). ICGV 10373 

exhibited significant (p<0.05) positive GCA effect for SHP and negative GCA for SLA under DS 

condition.  ICGV 15083 exhibited significant negative GCA effect for DF under DS condition and 

positive GCA effects for PY, KY and TBM under both DS and NS conditions in the glasshouse. ICGV 

10178 showed significant positive GCA effects for PY and KY in all environments and, positive 

GCA effect for SCMR and negative GCA effect for SLA under DS condition. In addition, ICGV 10178 

exhibited significant positive GCA effect for DF under DS condition in the glasshouse and NS field 

condition. ICGV 98412 exhibited significant negative GCA effect for DF and positive GCA effects 

for PY and KY under NS condition in the glasshouse and NS field condition. In addition, ICGV 98412 

exhibited significant positive GCA effects for HI under both DS and NS conditions in the 

glasshouse. ICGV 96174 showed significant negative GCA effect for DF and positive GCA effect 

for SHP under DS condition in the glasshouse. ICGV 15095 exhibited significant negative GCA 

effect for DF under DS and NS conditions in the glasshouse. Due to desirable GCA effects for PY, 

KY and HI the parental line, s ICGV 10178, ICGV 15083 and ICGV 98412, were selected for future 

groundnut breeding programs.  
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Table 5.7. General combining ability effects for the nine phenotypic traits and chlorophyll meter reading 

(SCMR) of eight parental genotypes of groundnut evaluated in the glasshouse (drought-stressed and 

non-stressed conditions) and non-stressed field conditions. 
Traits Env. Parents 

ICGV 
06175 

ICGV 
10373 

ICGV 
15083 

ICGV 
10178 

ICGV 
98412 

ICGV 96174 ICGV 11396 ICGV 15094 

DF DS -0.39* 0.41* -0.44* 0.71ns 0.11ns -0.14ns 0.01ns -0.29* 
DF NS -0.19ns 0.31* 0.26ns 0.51* -0.39* -0.49* 0.31* -0.34* 
DF NSF -0.46* 0.84** -0.21ns 0.79** -0.36* -0.71* 0.24ns -0.11ns 
PB DS 0.13ns 0.28ns 0.26ns -0.14ns -0.64ns -0.37ns 0.10ns 0.38ns 
PB NS 0.01ns -0.31ns 0.41ns -0.11ns -0.04ns -0.69ns 0.44ns 0.29ns 
PB NSF -0.16ns 0.24ns -0.46ns -0.51ns -0.96* 0.34ns 0.29ns 1.24* 
PH DS 1.04ns -2.03** 1.57ns 1.34ns 0.57ns -1.98* -0.93ns 0.44ns 
PH NS 0.36ns -1.94* 0.26ns 1.58ns -0.87ns 0.28ns 1.56ns -1.22ns 
PH NSF 0.78ns -3.03ns -2.48ns 5.73* -2.08ns 0.03ns 1.73ns -0.65ns 
SCMR DS 0.91ns -0.96ns 1.25ns 2.95* 0.20ns -1.04ns -1.70* -1.61ns 
SCMR NS -1.18* 0.52ns -0.27ns 1.01ns 2.34* -2.97** 0.75ns -0.19ns 
SLA DS 11.21ns -34.04* -7.20ns -4.01ns 3.46ns 17.77* -5.13ns 17.95* 
SLA NS -17.0* -19.3 12.3ns 13.5* 11.0ns 8.2ns -9.9ns 1.2ns 
POD DS -0.18ns -0.73ns 2.56** 6.88** 0.4ns -2.99** -2.31** -3.63** 
POD NS -3.06* -5.01** 2.81* 6.07** 3.64* -0.82ns -0.89ns -2.75* 
POD NSF -1.01ns -2.10* 0.60ns 1.92* 3.51* 0.68ns -2.26* -1.35ns 
SHP DS 0.96ns 3.06* 0.08ns 4.58** -3.08* 0.7ns -1.6ns -37.52 
SHP NS -0.37ns 0.21ns 0.61ns 1.12ns 1.92ns 3.48* -3.98* -2.99* 
SHP NSF -6.67* 2.98ns 1.47ns 1.28ns 0.70ns -1.11ns 1.14ns 0.2ns 
KY DS -0.08ns -0.04ns 1.25** 4.65** -0.23ns -1.71** -1.44** -2.41** 
KY NS -1.94* -2.78* 1.83* 3.58** 2.51* 0.05ns -1.14* -2.09* 
KY NSF -1.45* -0.99* 0.67ns 1.22* 2.13* 0.22ns -1.10* -0.71ns 
TBM DS -0.69ns -3.1ns 7.26* 11.90** -1.03ns -6.82* -3.14ns -4.39* 
TBM NS -3.40ns -10.67* 5.06* 10.36** -0.25ns -1.47ns 0.27ns 0.10ns 
HI DS 0.41ns -0.02ns 3.09* 12.91** 2.88* -4.32* -5.81* -9.14** 
HI NS -3.81* -3.01ns 0.89ns 3.64ns 7.90* 0.49ns -1.56ns -4.55* 

Env., environments; DS, drought-stressed; NS, non-stressed; NSF, non-stressed at field condition; DF, days to 50% flowering; PB, 

number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (cm2 g-1); Pod, pod yield per plant (g); SHP, 

shelling percentage (%); KY, kernel yield per plant (g); TBM, total biomass yield per plant(g); HI, harvest index (%); GCA values of 

parents in a row followed by ns are non-significant; * significant at 5% level of significance, ** significant at 1% level of 

significance. 

 

5.3.4. Specific combining ability effect of crosses  

During the glasshouse study under DS condition, higher and significantly negative SCA effects in 

a desirable direction were detected for DF by the families, ICGV 15083 x ICGV 11396 (-3.01), ICGV 

10178 x ICGV 11396 (-1.66) and ICGV 06175 x ICGV 15083 (-1.61) (Table 5.8). Under NS condition 

in the glasshouse, ICGV 10178 x ICGV 96174 (4.89) and ICGV 15083 x ICGV 98412 (4.62) exhibited 

significant positive SCA effects for PH which is desirable for breeding groundnut genotypes for 

increased plant height (Table 5.9). Crosses ICGV 10373 x ICGV 15094 and ICGV 06175 x ICGV 

98412 showed significantly positive SCA effects for PB under field condition at 5.84 and 3.44, in 

that order (Table 5.10). These are desirable families for enhanced biomass yield in groundnut. 

Families, ICGV 06175 x ICGV 11396 (4.22), ICGV 10178 x ICGV 15094(3.87) and ICGV 10373 x ICGV 

98412 (3.28), displayed significant positive SCA effect for SCMR under DS condition which is 
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desirable for breeding groundnut genotypes with enhanced photosynthetic capacity and 

productivity in drought stress environments. Under NS condition in glasshouse, ICGV 15083 x 

ICGV 98412 exhibited significant positive SCA effect (7.31 cm2 g-1) for SCMR. Under DS condition, 

significant negative SCA effect for SLA was recorded for ICGV 06175 x ICGV 96174 (-54.54 cm2 g-

1), whereas significant positive SCA for SLA were recorded for ICGV 15083 x ICGV 96174 (68.26 

cm2 g-1), ICGV 15083 x ICGV 98412 (44.45 cm2 g-1), ICGV 96174 x ICGV 15094 (42.48 cm2 g-1) and 

ICGV 10178 x ICGV 98412 (39.57 cm2 g-1) under NS condition in the glasshouse. Families with 

significant and negative SCA effects for SLA under DS condition and positive SCA effects for the 

same trait under NS condition are ideal candidates for breeding groundnut genotypes with 

enhanced water use efficiency and photosynthetic capacity in that order. 

Under DS condition, crosses ICGV 10373 x ICGV 15083 (8.35 g plant-1), ICGV 15083 x ICGV 10178 

(5.99 g plant-1), ICGV 15083 x ICGV 98412 (4.52 g plant-1), ICGV 98412 x ICGV 15094 (3.86 g plant-

1), CGV 10178 x ICGV 96174 (3.79 g plant-1) and ICGV 10178 x ICGV 11396 (3.56g plant-1), 

exhibited significant positive SCA effects for PY. Under NS condition in glasshouse, crosses ICGV 

15083 x ICGV 98412 (5.98 g plant-1), ICGV 10178 x 98412 (5.87 g plant-1), ICGV 06175 x ICGV 

15094 (4.83 g plant-1) and ICGV 15083 x ICGV 96174 (4.69 g plant-1), displayed significant positive 

SCA effects for PY. Under field condition, crosses, ICGV 98412 x ICGV 11396 (9.26 g plant-1), ICGV 

15083 x ICGV 96174 (6.84 g plant-1), ICGV 98412 x ICGV 96174 (6.27 g plant-1) and ICGV 15083 x 

ICGV 98412 (6.40 g plant-1), displayed significant positive SCA effects for PY. Hence the above 

selected families are ideal candidates to develop groundnut lines with enhanced pod yield.  

Under DS condition, desirable and significant positive SCA effects for SHP were recorded for ICGV 

10178 x ICGV 98412 (9.01%), ICGV 15083 x ICGV 15094 (8.08%), ICGV 10178 x ICGV 15094 (8.03%) 

ICGV x ICGV 98412 (6.99%) and ICGV 10373 x ICGV 15083 (6.04%). Under NS condition in the 

glasshouse, ICGV 15083 x ICGV 11396 and ICGV 06175 x ICGV 15094 exhibited significant positive 

SCA effects for SHP at 12.54% and 5.84%, in that order. Under DS condition, crosses such as ICGV 

10373 x ICGV 10178, ICGV 10178 x ICGV 15094, ICGV 10178 x ICGV 96174, ICGV 10178 x ICGV 

11396 and ICGV 06175 x ICGV 10178 exhibited significant positive SCA effects for KY with values 

of 6.60, 3.30, 3.19, 2.82 and 2.14 g plant-1, respectively. Under NS condition in the glasshouse, 

ICGV 15083 x ICGV 98412, ICGV 06175 x ICGV 15094, ICGV 10178 x ICGV 98412, ICGV 15083 x 

ICGV 96174 and ICGV 10373 x ICGV 11396 exhibited significant positive SCA effects for KY with 

values of 4.8, 3.91, 3.79, 3.66 and 3.06 g plant-1, respectively. Under field condition families ICGV 

98412 x ICGV 11396, ICGV 15083 x ICGV 98412, ICGV 98412 x ICGV 96174, ICGV 15083 x ICGV 

96174 and ICGV 15083 x ICGV 10178 expressed significant positive SCA effects for KY at 6.32, 

4.83, 4.31, 3.63 and 2.76 g plant-1, in that order. This suggests that the aforementioned selected 

families can be used to improve groundnut yield under drought-stressed and non-stressed 

environments. 
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Crosses ICGV 10373 x ICGV 10178, ICGV 15083 x ICGV 96174 and ICGV 10178 x ICGV 11396 

exhibited significant positive SCA effects for TBM at 12.09, 11.12 and 10.03 g plant-1, respectively 

under DS condition. Whereas ICGV 15083 x ICGV 98412 (12.73 g plant-1) and ICGV 10178 x ICGV 

98412 (10.98 g plant-1) displayed significant positive SCA effects for TBM under NS condition in 

the glasshouse. Under DS condition, ICGV 98412 x ICGV 15094 (17.08%), ICGV 10373 x ICGV 

15083 (16.85%), ICGV 15083 x ICGV 10178 (15.33%), ICGV 06175 x ICGV 11396 (12.29%), ICGV 

96174 x ICGV 15094 (11.29) and ICGV 10373 x ICGV 96174 (10.19%) exhibited significant positive 

SCA effects for HI in a desirable direction. Significant positive SCA effect for HI was recorded for 

ICGV 15083 x ICGV 96174 (12.00%) under NS condition in the glasshouse. Therefore, the selected 

crosses such as ICGV 10373 x ICGV 10178, ICGV 15083 x ICGV 96174 and ICGV 10178 x ICGV 

11396 are ideal candidates to improve biomass production and ICGV 98412 x ICGV 15094, ICGV 

10373 x ICGV 15083, ICGV 15083 x ICGV 10178, ICGV 06175 x ICGV 11396, ICGV 96174 x ICGV 

15094 and ICGV 10373 x ICGV 96174 to enhance harvest index and yield gains in groundnut under 

drought stress environments. 
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Table 5.8. Specific combining ability effects for the nine phenotypic traits and chlorophyll meter reading (SCMR) of 28F2 groundnut families 

under drought-stressed condition in the glasshouse. 
 Traits 

Crosses DF PB PH SCMR SLA PY SHP KY TBM HI 

ICGV 06175 X ICGV 15094 1.24** -1.20ns 5.09ns -2.60ns 2.65ns 3.24* -6.77* 0.53ns -5.03ns 7.16ns 

ICGV 10373 X ICGV 15094 2.44** 0.15ns 0.42ns 0.35ns 19.12ns -0.46ns 3.84ns -0.91ns -3.61ns -2.66ns 

ICGV 15083 X ICGV 15094 1.29** -0.08ns 3.07ns 2.64ns -14.55ns -5.35** 8.09* -3.35** -7.87ns -152.96 

ICGV 10178 X ICGV 15094 -0.86* 1.58ns -6.46* 3.87* 9.91ns 0.88ns 8.03* 3.20** 4.79ns 4.06ns 

ICGV 98412 X ICGV 15094 1.74** -0.18ns 0.32ns 1.14ns -36.51ns 3.86* 4.80* -0.87ns -0.54ns 17.08** 

ICGV 96174 X ICGV 15094 -0.01ns -1.2 -2.13ns -4.50* 16.45ns 1.55ns -10.00** -2.69** -5.24ns 11.29* 

ICGV 11396 X ICGV 15094 -0.16ns 0.33 4.32ns -1.22ns 18.60ns 2.32* 1.42ns 1.39* 4.58ns 1.30ns 

ICGV 06175 X ICGV 11396 1.44** -0.43ns 0.72ns 4.22* -24.20ns 1.13ns -0.23ns 0.70ns 8.86ns 12.29* 

ICGV 10373 X ICGV 11396 -0.86* 0.43ns 0.54ns 0.22ns -33.71ns -1.32ns 1.05ns 1.81* 2.82ns -1.16ns 

ICGV 15083 X ICGV 11396 -3.01** 1.45ns -1.81ns -0.24ns -29.19ns -5.32** -5.05* -2.28* -1.39ns -12.66* 

ICGV 10178 X ICGV 11396 -1.66** -0.15ns -2.08ns -0.82ns -24.43ns 3.56* 6.02* 2.82** 10.03* 8.59* 

ICGV 98412 X ICGV 11396 0.44ns -0.65ns -1.31ns -1.30ns -11.44ns -0.36ns -5.60* 0.90ns 3.09ns -0.86ns 

ICGV 96174 X ICGV 11396 -0.31ns -0.68ns -0.26ns 1.46ns 41.21* -35.28 -4.29ns -0.62ns -7.76* -16.38** 

ICGV 06175 X ICGV 96174 -1.91ns -0.95ns -6.73* 2.34ns -54.54* 3.06* -8.45* -1.73* -1.59ns 2.67ns 

ICGV 10373 X ICGV 96174 -0.71* -0.10ns 1.34ns -3.06* 14.58ns 2.91* 1.83ns 0.18ns -2.62ns 10.19* 

ICGV 15083 X ICGV 96174 1.14** 0.93ns 2.49ns -2.22ns -5.48ns -4.79** 3.74ns 0.29ns 11.12* -14.80** 

ICGV 10178 X ICGV 96174 0.99* 0.58ns -2.28ns 2.10ns 9.63ns 3.79* 1.91ns 3.19** 9.03* 3.82ns 

ICGV 98412 X ICGV 96174 1.09** 1.83* 0.49ns -1.58ns 52.91* 1.47ns 0.11ns -2.18** -9.30* 3.10ns 

ICGV 06175 X ICGV 98412 -0.66* -0.43ns -3.03ns -1.47ns -13.75ns -2.14* -5.50* 0.24ns -1.51ns -7.61* 

ICGV 10373 X ICGV 98412 0.04ns 0.18ns -1.96ns 3.28* 18.61ns -1.04ns 6.99* 0.35ns 6.31ns 0.61ns 

ICGV 15083 X ICGV 98412 -2.11** -1.05ns -7.56* 0.32ns -12.92ns 4.52** -10.46** 0.60ns 3.69ns 2.89ns 

ICGV 10178 X ICGV 98412 -0.26ns -0.40ns 3.67ns 0.49ns 3.14ns 2.15* 9.01** -5.88** -16.29** -2.96ns 

ICGV 06175 X ICGV 10178 -0.76* 0.58ns -0.81ns -2.79* 24.15ns 0.28ns -0.62ns 2.14* 1.98ns 3.24ns 

ICGV 10373 X ICGV 10178 0.94* 0.18ns 0.77ns 2.16ns 26.65ns 1.03ns -2.47ns 6.60** 12.09* -2.73ns 

ICGV 15083 X ICGV 10178 -0.71* -0.55ns -3.08ns -2.45ns 25.39ns 5.99** -12.13** -0.80ns -13.67* 15.33** 

ICGV 06175 X ICGV 15083 -1.61** 1.18ns 3.47ns 1.33ns 1.08ns 1.90ns 4.77* -1.82* -7.87ns 3.79ns 

ICGV 10373 X ICGV 15083 2.09** -0.48ns -1.46ns 0.68ns -30.34ns 8.35** 6.04* -2.96** -3.65ns 16.85* 

ICGV 06175 X ICGV 10373 -0.46ns 0.65ns -2.68ns -1.31ns 22.32ns -3.15* 1.55ns -0.38ns 0.17ns -3.51ns 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SCMR, chlorophyll meter reading; SLA, specific leaf area (cm2 g-1); PY, pod yield per 

plant (g); SHP, shelling percentage (%); KY =  kernel yield per plant (g); TBM, total biomass yield per plant (g); HI, harvest index (%); SCA values of traits in a column followed by ns 

are ns, non-significant; * significant at p  <0.05% and ** significant at p <0.01 among crosses..  
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Table 5.9. Specific combining ability effects for the nine phenotypic traits and chlorophyll meter reading (SCMR) of 28F2 groundnut families 

under non-stressed glasshouse condition.  

Traits 

Crosses DF PB PH SCMR SLA POD SHP KY TBM HI 

ICGV 06175 X ICGV 15094 3.21** 0.21ns 1.12ns 1.35ns -12.83ns 4.83* 5.84* 3.91* 8.85ns 3.09ns 
ICGV 10373 X ICGV 15094 1.71** 0.04ns -1.08ns 1.37ns 1.09ns -1.26ns -6.59* -1.39ns -6.89ns 1.00ns 
ICGV 15083 X ICGV 15094 0.26ns 0.81ns 0.72ns 0.16ns -29.69ns 0.42ns 1.82ns 0.25ns -0.27ns 1.34ns 
ICGV 10178 X ICGV 15094 -1.49** 0.34ns 1.14ns -0.04ns -6.77ns 1.55ns 3.58ns 1.49ns 2.43ns 1.11ns 
ICGV 98412 X ICGV 15094 2.41** -0.74ns 1.84ns 3.01ns -34.13ns -2.91ns -0.36ns -1.98ns 6.59ns -10.83* 
ICGV 96174 X ICGV 15094 -0.49ns -0.34ns 0.44ns 2.20ns 42.48* -3.21ns -0.03ns -1.92ns -12.78* 8.68ns 
ICGV 11396 X ICGV 15094 -0.29ns 0.29ns 3.42ns -1.94ns -30.18ns 1.82ns -5.86* -0.08ns 3.18ns 0.36ns 
ICGV 06175 X ICGV 11396 1.06* -0.19ns 2.84ns -2.12ns 33.49ns 2.63ns -2.14ns 1.01ns 6.83ns 0.46ns 
ICGV 10373 X ICGV 11396 -1.44** -0.61ns -1.11ns 1.81ns -45.28* 3.73ns 3.79ns 3.06* 0.49ns 7.89ns 
ICGV 15083 X ICGV 11396 0.11ns 1.41ns 2.19ns -1.36ns -12.83ns 1.36ns 12.54** 3.05* -1.04ns 4.44ns 
ICGV 10178 X ICGV 11396 -1.64** -0.31ns -0.13ns 0.35ns -16.01ns -2.20ns 3.50ns -0.81ns 2.56ns -5.04ns 
ICGV 98412 X ICGV 11396 -0.24ns -0.14ns 2.07ns -1.66ns -36.25* -1.67ns 5.62ns -0.23ns -7.73ns 3.01ns 
ICGV 96174 X ICGV 11396 0.36ns -0.24ns 1.92ns 0.68ns -19.97ns -0.01ns -4.84ns -0.92ns 4.90ns -4.51ns 
ICGV 06175 X ICGV 96174 -1.64** -1.31ns -3.63ns -0.86ns 1.33ns -0.90ns -0.75ns -0.63ns -4.73ns 0.68ns 
ICGV 10373 X ICGV 96174 0.86* 0.26ns 1.67ns -4.18ns 1.78ns 0.46ns 3.21ns 0.37ns -3.42ns 3.71ns 
ICGV 15083 X ICGV 96174 -0.09ns -0.21ns -3.28ns 0.05ns 68.26* 4.69* 3.37ns 3.66* -3.20ns 12.00* 
ICGV 10178 X ICGV 96174 2.16** 2.31* 4.89* 2.76ns 4.57ns 1.72ns 1.93ns 1.85ns 2.75ns 0.25ns 
ICGV 98412 X ICGV 96174 -0.44ns 0.24ns -4.91* 0.30ns -28.02ns 2.61ns -1.46ns 1.33ns 1.11ns 3.12ns 
ICGV 06175 X ICGV 98412 -0.24ns 1.04ns -7.23* -2.55ns 22.13ns -4.60* -7.95* -3.94* -9.41ns -2.86ns 
ICGV 10373 X ICGV 98412 -0.24ns 0.36ns -0.93ns -4.83* -3.91ns -1.00ns 2.89ns -0.19ns 3.16ns -5.37ns 
ICGV 15083 X ICGV 98412 -0.69ns -0.36ns 4.62* 7.31* 44.45* 5.98* 4.41ns 4.80* 12.73* 0.05ns 
ICGV 10178 X ICGV 98412 0.56ns -0.09ns 1.04ns -1.69ns 39.57* 5.87* 0.27ns 3.79* 10.98* 0.40ns 
ICGV 06175 X ICGV 10178 -1.64** -0.14ns 1.32ns -1.46ns -22.63ns 1.11ns -1.49ns 0.34ns -6.02ns 7.60ns 
ICGV 10373 X ICGV 10178 0.86* 0.19ns -0.13ns 1.97ns 20.70ns -0.78ns 3.97ns 0.18ns 0.25ns 0.06ns 
ICGV 15083 X ICGV 10178 -0.09ns -0.79ns -3.33ns -4.35* 25.15ns 3.55ns -0.69ns 1.82ns 5.52ns 2.04ns 
ICGV 06175 X ICGV 15083 -0.89* -0.91ns -1.11ns -0.74ns -39.82* -6.27* -5.27ns -4.41* -4.52ns -8.73ns 
ICGV 10373 X ICGV 15083 1.11* 0.16ns -1.31ns 1.78ns 17.08ns -7.07* -9.04* -5.31* -10.95* -8.45ns 
ICGV 06175 X ICGV 10373 -0.94* -1.19ns 1.59ns 2.73ns 4.05ns -1.30ns -2.35ns -1.00ns 6.21ns -8.34ns 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SCMR, chlorophyll meter reading; SLA, specific leaf area (cm2 g-1); POD, pod yield per 

plant (g); SHP, shelling percentage (%); KY =  kernel yield per plant (g); TBM, total biomass yield per plant (g); HI, harvest index (%); SCA values of traits in a column followed by ns 

are ns, non-significant; * significant at p  <0.05% and ** significant at p <0.01 among crosses.  
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Table 5.10. Specific combining ability effects for the six phenotypic traits of 28F2   groundnut families under non-stressed field condition.  

Traits 

Crosses  DF PB PH POD SHP KY 

ICGV 06175 X ICGV 15094 4.23** -1.76ns 0.93ns 4.07ns -1.53ns 1.86ns 
ICGV 10373 X ICGV 15094 1.93** 5.84** 0.73ns 0.77ns -6.87ns -0.11ns 
ICGV 15083 X ICGV 15094 -0.02ns 1.54ns -3.82ns -3.17ns 2.16ns -1.70ns 
ICGV 10178 X ICGV 15094 -0.52ns -0.91ns 1.98ns 2.98ns 3.92ns 2.19ns 
ICGV 98412 X ICGV 15094 3.13** -1.46ns 3.78ns -0.17ns 4.37ns 0.36ns 
ICGV 96174 X ICGV 15094 -1.52* 1.24ns 1.18ns -2.25ns -4.54ns -1.68ns 
ICGV 11396 X ICGV 15094 -0.97* -0.21ns -2.52ns -0.81ns -6.01ns -0.96ns 
ICGV 06175 X ICGV 11396 0.38ns 0.19ns 5.03ns 2.24ns 2.69ns 1.47ns 
ICGV 10373 X ICGV 11396 -0.42ns 1.79ns -6.17ns -3.12ns -5.66ns -1.97ns 
ICGV 15083 X ICGV 11396 -0.37ns -2.01ns 2.78ns -1.96ns -8.17ns -1.98ns 
ICGV 10178 X ICGV 11396 -1.87** -0.46ns 9.58ns 4.04ns -2.49ns 1.76ns 
ICGV 98412 X ICGV 11396 -0.72ns -2.01ns 0.38ns 9.26* 6.31ns 6.32** 
ICGV 96174 X ICGV 11396 -0.37ns -1.81ns -4.22ns -2.79ns 1.84ns -1.24ns 
ICGV 06175 X ICGV 96174 -2.17** 0.14ns 1.23ns -1.64ns -12.43* -2.73* 
ICGV 10373 X ICGV 96174 -0.97* -2.26ns 3.03ns 4.51ns -1.17ns 2.46* 
ICGV 15083 X ICGV 96174 0.08ns 2.44ns 2.48ns 6.84* 1.09ns 3.63* 
ICGV 10178 X ICGV 96174 3.08** 1.49ns 1.28ns -4.82ns -5.40ns -3.15* 
ICGV 98412 X ICGV 96174 1.73** 2.44ns -2.92ns 6.27* 5.90ns 4.31* 
ICGV 06175 X ICGV 98412 0.48ns 3.44* -1.17ns -1.72ns -0.95ns -1.31ns 
ICGV 10373 X ICGV 98412 -0.82* 1.04ns 0.13ns 3.87ns -3.84ns 1.56ns 
ICGV 15083 X ICGV 98412 -0.77ns -2.26ns 8.08ns 6.40* 7.17ns 4.82** 
ICGV 10178 X ICGV 98412 0.23ns 1.29ns 2.38ns -3.98ns -9.57* -3.77* 
ICGV 06175 X ICGV 10178 -2.67** -0.01ns 0.53ns 0.86ns 3.04ns 0.75ns 
ICGV 10373 X ICGV 10178 1.03* -1.91ns -0.67ns 0.43ns -1.55ns 0.19ns 
ICGV 15083 X ICGV 10178 -1.42* -1.21ns -10.22* 3.57ns 5.19ns 2.76* 
ICGV 06175 X ICGV 15083 0.33ns 0.44ns -5.27ns -4.75ns -5.66ns -2.74* 
ICGV 10373 X ICGV 15083 2.03** -0.46ns -1.97ns -4.73ns -2.88ns -2.99* 
ICGV 06175 X ICGV 10373 -0.72ns 1.24ns -0.22ns -0.93ns 0.23ns -0.29ns 

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); POD, pod yield per plant (g); SHP, shelling percentage (%); KY =  kernel yield per plant 

(g); SCA values of traits in a column followed by ns are ns, non-significant; * significant at p  <0.05% and ** significant at p <0.01 among crosses.  
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5.4. Discussion   

5.4.1. Analysis of variance  

Development of promising groundnut genotypes with high yield potential and drought tolerance 

would enhance production and productivity of the crop under dry-land conditions. The analysis 

of variance (Table 5.3) revealed significant differences among test parents and crosses for most 

of the assessed traits across all test environments. This indicates that parents and the new 

crosses exhibited considerable variability for most of the studied traits. Similar trends were 

reported in previous findings (Zongo et al. 2017; Chavadhari et al. 2017).  

 

5.4.2. Mean responses of parents and crosses for agronomic parameters  

In the present study, the mean PH for the test genotypes under DS was shorter than under NS 

condition in glasshouse and field conditions (Tables 5.5 and 5.6). These results agree with the 

findings of Arruda et al. (2015) who pointed out that 34% of PH reduction in groundnut is due to 

mid-season moisture stress.The highest mean PH were recorded for the parent ICGV 06175 (30.5 

cm) and crosses ICGV 10178 x ICGV 96174 (34.00 cm), ICGV 06175 x ICGV 11396 (32.00 cm), ICGV 

15083 x ICGV 11396 (31.25 cm) and ICGV 15083 x ICGV 98412 (31.25 cm) under NS glasshouse 

condition (Table 5.5). In groundnut, strong positive associations between HI and POD under 

optimum environments were reported by Zongo et al. (2017) and Kamdar et al. (2020). Taller 

plants have better radiation interception and TBM productivity than shorter plants (Mathew et 

al. 2019). Groundnut genotypes with the capability to maintain high chlorophyll content and 

biomass yield under drought-stressed condition could show better tolerance to drought 

(Oppong-Sekyere et al. 2019; Songsri et al. 2008). The mean values of TBM for crosses were 

higher than their parents under both DS and NS conditions in the glasshouse (Tables 5.4 and 5.5). 

Under DS condition, the highest TBM was recorded for the parents, ICGV 10178 (54.70 g plant-1) 

and ICGV 15083 (48.05 g plant-1) and, crosses, ICGV 15083 x ICGV 10178 (70.05 g plant-1), ICGV 

10178 x ICGV 98412 (67.10 g plant-1) and ICGV 15083 x ICGV 98412(64.55 g plant-1). These 

genotypes can be used in groundnut breeding programs to enhance biomass production under 

stress environments such as in Ethiopia. Under NS condition in the glasshouse, the highest TBM 

was recorded for the parents ICGV 10178 (61.70 g plant-1), ICGV 15083 (61.20 g plant-1) and 

crosses ICGV 10178 x ICGV 98412 (71.3 g plant-1), ICGV 15083 x ICGV 10178 (71.15 g plant-1) and 

ICGV 15083 x ICGV 98412 (67.75 g plant-1). Genotypes with higher TBM were recommended for 

production under intermittent drought in groundnut (Ratnakumar et al. 2009). Higher TBM 

production under drought-stressed conditions associates with the root system of the genotypes 
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to mobilize water from the soil for stem elongation and biomass accumulation. This refers to 

transpiration efficiency of the genotypes. 

 
The highest pod yields were recorded for crosses ICGV 15083 x ICGV 10178, ICGV 10373 x ICGV 

15083, ICGV 10178 x ICGV 98412 and ICGV 10178 x ICGV 11396 under DS and ICGV 10178 x ICGV 

98412, ICGV 15083 x ICGV 10178 and ICGV 15083 x ICGV 98412.  This suggests that ICGV 10178 

was the best parent for increasing POD under both moisture conditions. Identification of 

genotypes with high and stable yield performance under drought-stressed and non-stressed 

environments is pertinent to ensure production and productivity of groundnut (Shrief et al. 

2020). 

 

Drought stress during flowering and grain filling stage can drastically cause POD reduction in 

groundnut. This is associated with a reduction in SHP, as expressed by the decrease in weight 

ratio of the seeds and the pods (Ratnakumar and Vadez, 2011). This suggests that selection of 

genotypes with high SHP and/ or seed yield could help to sustain groundnut production in 

drought stress and non-stressed environments. The following crosses were selected with high 

SHP: ICGV 10178 x ICGV 98412, ICGV 10373 x 15083 and ICGV 178 x ICGV 11396 under DS 

condition in the glasshouse and, ICGV 15083 x ICGV 96174, ICGV 10373 x ICGV 96174 and ICGV 

15083 x ICGV 98412 under NS condition in the glasshouse and crosses ICGV 15083 x ICGV 98412, 

ICGV 98412 x ICGV 11396 and ICGV 15083 x ICGV 10178, under field conditions. Sanogo et al. 

(2020) reported the importance of additive genetic effect on SHP in groundnut. Thus, the 

selected crosses could offset groundnut yield reduction which occurs due to the SHP reduction. 

 

HI is a proportion of total biomass partitioned into grain (Suriharn et al 2005). Strong and positive 

associations between HI and POD in groundnut have been reported in previous findings (Sanogo 

et al. 2019; Oppong-Sekyere et al. 2019). HI is a useful trait to improve pod yield in groundnut. 

The present study identified the following crosses with high HI values:  ICGV 15083 x ICGV 10178, 

ICGV 10373 x ICGV 15083 and ICGV 10178 x ICGV 11396 under DS condition in the glasshouse 

and, ICGV 15083 x ICGV 96174, ICGV 10178 x ICGV 98412, ICGV 98412 x ICGV 96174 and ICGV 

98412 x ICGV 96174 under NS condition in the glasshouse. The above selected crosses with 

enhanced harvest index under both drought-stressed and non-stressed environments are 

suitable candidates for future variety development and release. 

 

5.4.3. Mean responses of parents and crosses for physiological parameters  

SCMR is used to measure leaf chlorophyll concentration. It is a useful trait to identify drought 

tolerant genotypes in groundnut (Sheshshayee et al. 2006). Under DS condition, the SCMR 

readings varied from 44.3 for parent ICGV 96174 to 51.75 for parent ICGV 15083 (Table 5.4). 
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Among the assessed crosses, the SCMR values ranged from 42 for ICGV 10373 x ICGV 96174 to 

53.65 for ICGV 10373 x ICGV 98412 (Table 5.4). Under NS glasshouse condition, SCMR values 

varied from 50.4 for the parent ICGV 15094  to 57.75  for parent ICGV 10178 and from 48.6 for 

the parent ICGV 10373 x ICGV 98412 to 65 for ICGV 15083 X ICGV 10178 (Table 5.5). Regarding 

the SCMR values, a wider range was recoded for crosses than their parents under both DS and 

NS conditions in the glasshouse (Tables 5.4 and 5.5). This presents an opportunity to select 

genotypes with higher chlorophyll content which would enable to maintain high photosynthetic 

capacity and productivity under drought stress environments.  

 
Groundnut genotypes that maintain higher SCMR and lower SLA values under drought stress 

should be more tolerant to drought, and hence maintain higher WUE under severe drought 

conditions (Songsri et al. 2009). Reduced SLA is facilitated by increasing leaf thickness, which 

results in thicker cell wall to prevent water loss by evaporation and to achieve higher water use 

efficiency .(Zhou et al. 2020). Under DS condition, low SLA was recorded for the parents ICGV 

10373 and ICGV 10178, and crosses ICGV 10178 x ICGV 96174 and ICGV 06175 x ICGV 10178 at 

121.18, 164.36, 131.96 and 132.96 cm2 g-1, respectively. Under NS glasshouse condition, the 

highest SLA values were recorded for the parent ICGV 98412 (224.41 cm2 g-1) and crosses ICGV 

15083 x ICGV 98412 (226.28 cm2 g-1) and ICGV 15083 x ICGV 96174 (224.30 cm2 g-1). Genotypes 

with higher SLA values were recommended for areas where sufficient moisture is available. Zhou 

et al. (2020) that selection of plants with higher SLA helps to enhance photosynthetic capacity 

and productivity in maize. Sheshshayee et al. (2006) reported strong relation between SLA and 

SCMR under well-watered conditions in groundnut. This suggests that selection of genotypes 

with higher SLA under optimum condition could help to enhance the photosynthetic capacity and 

productivity in groundnut. 

 

 

5.4.4. General combining ability effect of parents  

Information on GCA effects of parents helps to estimate the genetic potential of breeding 

material for traits of interest (Amelework et al. 2015). Parental line ICGV 10178 exhibited 

significant positive GCA effects for SCMR, PY, SHP, KY, TBM and HI under DS condition and 

significant positive GCA effect for SLA under NS glasshouse condition (Table 5.7). This suggests 

the predominant role of additive gene effect in controlling the inheritance of these traits. 

Kokeeto et al. (2020) reported the importance of additive gene effect in the inheritance of SCMR 

and HI in groundnut. SLA, TBM production and HI have been used as surrogate traits for breeding 

drought tolerant genotypes in groundnut (Nigam et al. 2005; Jongrungklang et al. 2008; Janila et 

al. 2015; Kokeeto et al. 2020). ICGV 15083, ICGV 06175 and ICGV 15094 were best combiner 
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genotypes for breeding early flowering genotypes. In this study early flowering was observed in 

both hypogaea (ICGV 15094 [33 days]) and fastigiata (ICGV 96174 [32 days])) parents and their 

respective progenies (ICGV 06175 x ICGV 96174; ICGV 96174 x ICGV 15094 (34 days). This 

suggests the variability for early flowering in both species for selection and development of 

cultivars with early flowering for drought scape during the critical growth stage. Early maturity is 

a novel drought escape mechanism which would otherwise occur during flowering and pod filling 

stages. Rantakumar and Vadez (2011) reported that water stress during flowering and pod filling 

stages reduced pod initiation and thereby reduced HI in groundnut. ICGV 98412 exhibited 

significant positive GCA effect for HI under both DS and NS conditions in the glasshouse (Table 

5.7). Under DS condition, significant negative GCA effect for SLA was recorded for ICGV 10373 (-

34.04 cm2 g-1), whereas significant positive GCA effect for SLA was recorded for ICGV 10178 (13.50 

cm2 g-1) under NS condition. This result suggests that the two genotypes can enhance water use 

efficiency in groundnut under drought-stressed environment with effective photosynthetic 

capacity of the crop under optimum condition (Upadhyaya et al. 2011).  

 

5.4.5. Specific combining ability effects of crosses 

Information on SCA effects of crosses is useful to identify best specific combiners for economic 

traits. Under DS condition, significant negative SCA effects for PH were recorded for ICGV 06175 

x ICGV 96174 (-6.73) and ICGV 10178 x ICGV 15094 (-6.46). Under NS condition in the glasshouse, 

ICGV 10178 x ICGV 96174 and ICGV 15083 x ICGV 98412 exhibited significant positive SCA for PH. 

In an earlier report by John and Reddy (2018), positive correlations were recorded between PH 

and PY under non-stress condition, while Arruda et al. (2015) reported significant negative 

association between PH and PY under drought-stressed condition. Hence selection of crosses 

with short PH is probably a good strategy under drought-stressed condition to enhance 

productivity. 

Crosses ICGV 06175 x ICGV 11396 (4.22), ICGV 10178 x ICGV 15094 (3.87) and ICGV 10373 x ICGV 

98412 (3.28) showed significant positive SCA effects for SCMR under DS and CGV 15083 x ICGV 

98412 (7.31) under NS condition in the glasshouse. This suggests that the parents of these crosses 

had complementary traits for high SCMR values and this would be useful for transgressive 

breeding. A strong and positive association between SCMR and water use efficiency was reported 

by Sheshshayee et al. (2006) and Janila et al. (2015). Arunyanark et al. (2008) suggested SCMR as 

a surrogate trait for breeding drought tolerance in groundnut.  Selection of genotypes with high 

SCMR and best combiners enable to enhance drought tolerance in groundnut breeding.  
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Under DS condition, ICGV 06175 x ICGV 96174 exhibited significant negative SCA effects for SLA 

at -54.54 cm2 g-1 (Table 5.8). Under NS condition in the glasshouse, the crosses ICGV 15083 x ICGV 

96174 (68.26 cm2 g-1), ICGV 15083 x ICGV 98412 (44.45 cm2 g-1), ICGV 96174 x ICGV 15094 (42.48 

cm2 g-1) and ICGV 10178 x ICGV 98412 (39.57 cm2 g-1) showed significant positive effects for SLA. 

This indicates that these crosses have reduced SLA under drought-stressed condition which 

contributes to water use efficiency to enhance photosynthetic capacity and yield gains. 

 

Under DS, crosses, ICGV 10373 x ICGV 15083 and ICGV 98412 x ICGV 15094, exhibited significant 

positive SCA effects for POD, SHP and HI. Passiour et al. (1986) reported that HI is directly related 

with water use efficiency under stress condition. Thus, these crosses could be selected for high 

pod yield and HI under drought stress environments. The present study identified ICGV 10178 x 

ICGV 98412 with significant SCA effects for SLA, PY, KY and TBM and, ICGV 15083 x ICGV 96174 

with significant positive SCA effects for SLA, PY, KY and HI and, ICGV 15083 x ICGV 98412 with 

significant positive SCA effects for PH, SCMR, SLA, PY, KY and TBM. These crosses were selected 

for genetic advancement and to breed promising groundnut genotypes with improved yield and 

yield components under drought-stressed environments. 

 

5.4.6. The ratio of GCA to SCA effects   

The ratio of GCA to SCA effects ranged from 0.56 for DF to 0.94 for KY under DS condition and 

0.61 for DF to 0.96 for PY under NS glasshouse condition (Table 5.3). The closer the GCA to SCA 

ratio to unity is, the greater would be the magnitude of additive genetic effects, while the ratio 

much less than unity suggests a predominant role of non-additive gene effects conditioning trait 

inheritance (Baker 1978). Nigam (2014) reported additive and non-additive gene actions 

controlling the inheritance of PH, PB, SCMR, SLA, PY, SHP, KY, TBM and HI in groundnut. In the 

present study the GCA: SCA ratio for all assessed traits under DS condition ranged from 0.56 to 

0.94 (under NS glasshouse) and 0.61 to 0.96 (field condition). This suggests that additive gene 

effects are more important than non-additive gene effects in conditioning trait inheritance.  The 

higher magnitude of additive genetic effect indicates that single seed descent selection methods 

would be effective in developing improved pure line groundnut varieties with high pod yield and 

drought tolerance. 
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5.5. Conclusions  

The present study determined the combining ability effects of eight selected drought tolerant 

groundnut parental lines and 28 F2 families under drought-stressed (DS) and non-stressed (NS) 

conditions. ICGV 10178 was the best general combiner with positive contribution to SCMR, PY, 

SHP, KY, TBM and HI. Crosses ICGV 10178 X ICGV 11369, ICGV 10373 x ICGV 15083, ICGV 98412 

x ICGV 15094 and ICGV 10178 X ICGV 98412, were the best specific combiners for enhanced pod 

yield and drought tolerance. Higher GCA: SCA rations were recoded for PY, KY and TBM across all 

the testing environments suggesting the predominant role of additive genes conditioning the 

inheritance of these traits. Therefore, the above new families are recommended for genetic 

advancement through single seed descent selection methods to develop improved pure line 

groundnut varieties with high pod yield and drought tolerance. 
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General overview and implications of the study 

______________________________________________________________________________ 

Introduction and objectives of the study 

Groundnut (Arachis hypogaea L.) is an important food and feed crop grown in the world. 

Groundnut production is constrained by several biotic and abiotic factors. Recurrent drought is 

the major yield and quality limiting factor in groundnut production globally. In Ethiopia, 

groundnut is commonly grown by smallholder farmers under rainfed production conditions. In 

the country, farmers grow unimproved groundnut varieties that are highly susceptible to drought 

stress, diseases and insect pests. Therefore, there is need to develop drought tolerant, locally 

adapted and high yielding groundnut varieties for sustainable production of the crop in the 

country.  Breeding groundnut for drought tolerance requires relatively cheap, reproducible and 

high throughput screening systems. Understanding of the agro-morphological, physiological and 

molecular bases of drought tolerance aid in the development and release of new varieties with 

drought tolerance. This chapter summarizes the research objectives and highlights the major 

findings and implications of the study.   

 

The objectives of this study were: 

1. To assess farmers’ perceived production constraints, variety choice, and preferred traits 

of groundnut in eastern Ethiopia to guide future groundnut variety development and 

release. 

2. To determine drought tolerance, kernel and fodder yield and quality amongst diverse 

groundnut genotypes for direct production or breeding. 

3. To assess the genetic diversity and population structure among 100 groundnut genotypes 

using agronomic traits and high density single nucleotide polymorphism (SNP) markers. 

4. To determine the combining ability effects of eight selected drought tolerant groundnut 

parental lines and their F2 families under drought-stressed (DS) and non-stressed (NS) 

conditions to select best performing parents and families for drought tolerance breeding. 

Research hypothesis 

V. Farmer’s perception and their indigenous knowledge on drought copping mechanism have 

great implication for breeding groundnut varieties with better performance. 

VI. There are high heritability and positively correlated drought tolerant traits that can be used 

for effective selection in drought tolerant variety development. 

VII. There is valuable genetic diversity in the test groundnut genotypes for breeding for drought 

tolerance and earliness. 
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VIII. The selected groundnut parents and crosses exhibit good combining ability for drought 

tolerance, yield and yield-related traits under drought-stressed and non-stressed conditions 

for genetic advancement. 

Major findings of the study  

Farmers’ perceived constraints to groundnut production, their variety choice and preferred 

traits in eastern Ethiopia: implications for drought-tolerance breeding 

Participatory rural appraisal studies were conducted in two major groundnut-producing districts 

(Babile and Fedis) in eastern Ethiopia. Data were collected through a semi-structured 

questionnaire, transect walks, and focus group discussions. The main outcomes were as follows: 

 

 The major constraints affecting groundnut production in the study areas included drought 

stress, poor soil fertility, lack of access to improved seed, pre-harvest diseases and use of 

low yielding varieties as reported by 99%, 88%, 67%, 59.5% and 52.5% respondent 

farmers, in that order. 

 Inadequate access to extension services (reported by 41.5% of respondents), limited 

access to credit (21.5%), and limited availability of improved varieties (18.5%) were other 

groundnut production constraints in the study areas.  

 Respondent farmers described the following preferred traits in a groundnut variety such 

as high shelled yield (reported by 27.67% of respondents), early maturity (16.84%), 

tolerance to drought stress (13.67%), market value (11.17%), good grain quality (10%), 

adaptability to local growing conditions (5.8%), and resistance to diseases (5.17%).  

 The aforementioned production constraints and farmer-preferred traits are key drivers 

that need to be integrated in groundnut breeding and variety development programs in 

eastern Ethiopia. 

 

Assessment of the diversity of groundnut (Arachis hypogaea L.) genotypes for kernel yield, 

and oil and haulm quantity and quality under moisture stress conditions 

One hundred groundnut genotypes were field evaluated at the International Crops Research 

Institute for the Semi-Arid Tropics (ICRISAT)/India during 2018/19 and 2019/20 under drought-

stressed (DS) and non-stressed (NS) conditions using a 10 x 10 alpha lattice design with two 

replications. Data were collected on kernel yield (KY), oil content (OC), oil yield (OY), protein 

content (PC), palmitic acid content (PAC), stearic acid content (SAC), oleic acid content (OAC) and 

linoleic acid content (LAC), haulm yield (HY) and fodder quality parameters such as the contents 

of dry matter (DM), ash, nitrogen  (NC), neutral detergent fiber (NDFDM), acid detergent fiber 
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(ADFDM), acid detergent lignin (ADLDM), in vitro digestibility (IVOMD) and metabolizable energy 

(ME). Data were subjected to parametric and non-parametric statistical analyses. The main 

findings of this study were:  

 Combined analysis of variance revealed significant (P< 0.05) genotype differences for all 

assessed traits allowing genotype selection for breeding.  

 Genotype × water regime interaction effects were significant for kernel yield, oil content, 

ash content, nitrogen content, neutral acid detergent fiber and acid detergent lignin.  

 Kernel yield positively and significantly (P<0.05) correlated with oil yield (r = 0.99), linoleic 

acid content (r = 0.13), ash (r = 0.32), neutral acid detergent fiber (r = 0.54) under DS 

condition.  

 Haulm yield was positively and significantly (P<0.05) correlated with oil content (r = 0.24), 

neutral detergent fiber (r = 0.19), acid detergent fiber (r = 0.18) and acid detergent lignin 

(r = 0.17) under DS condition.  

 The study identified genotypes, ICGV 10178, ICGV 01260, ICGV 06175 and ICGV 10379 

with high kernel and haulm yields, and CGV 181017, ICGV 01491, ICGV 15019, ICGV 

181026, ICGV 16005 and ICGV 181063, with high oleic acid content.  

 Further, genotypes, ICGV 7222, ICGV 10143, ICGV 6040, ICGV 03042, ICGV 06175, ICGV 

01260, ICGV 99241, ICGV 96266, ICGV 171027 and ICGV 01491, were selected with 

relatively better drought tolerance.  

 The selected genotypes are recommended for further breeding and variety release under 

drought stressed environments. 

 

Assessment of the genetic diversity and population structure of groundnut germplasm 

collections using phenotypic traits and SNP markers: implications for drought tolerance 

breeding 

The 99 genotypes (except genotype ICGV 06420) were profiled with 16,363 SNPs markers. The 

SNP data set and the phenotypic data collected above were subjected to genetic diversity and 

model based population structure analyses to infer genetic relationships of the test genotypes 

for breeding. The main findings were as follows: 

 Pod yield exhibited significant (p < 0.05) correlation with seed yield, harvest index, and 

total biomass under both test conditions.  

 In the principal component analysis, pod yield, seed yield, hundred seed weight, shelling 

percentage and harvest index were contributed maximum variability for yield under the 

two water regimes.  
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 Model-based population structure analysis grouped the studied genotypes into three sub-

populations. Whereas cluster analysis resolved the collections into 5 clusters based on 

pedigree, selection history, and market type. 

 Cluster III and Cluster V consisted of the Spanish bunch types, late leaf spot 

(Phaeoisariopsis personata) and rust (Puccinia arachidis) resistant, and drought-tolerant 

genotypes.  

 Analysis of molecular variance revealed that 98% of the total genetic variation was 

attributed to among individuals, while only 2% of the total variance was due to variation 

among the subspecies.  

 The genetic distance between the Spanish bunch and Virginia bunch types ranged from 

0.11 to 0.52. 

 The genotypes, ICGV 13189, ICGV 95111, ICGV 14421, and ICGV 171007, were selected 

for further breeding based on their wide genetic divergence.  

 Data presented in this study will guide groundnut cultivar development emphasizing 

economic traits and adaptation to water-limited agro-ecologies including in Ethiopia. 

 

Combining ability analysis of groundnut (Arachis hypogaea L.) genotypes for yield and related 

traits under drought-stressed and non-stressed conditions 

 

The combining ability effects of eight selected agronomically promising and drought tolerant 

groundnut parental lines and their F2 populations were evaluated under drought-stressed (DS) 

and non-stressed (NS) conditions under glasshouse and field conditions at ICRISAT in 2020 rainy 

season. Data were collected on days to 50% flowering (DF), number of primary branches (PB), 

plant height (PH) (cm), SPAD chlorophyll meter reading (SCMR), specific leaf area (SLA) (cm2 g-1), 

pod yield (PY) (g plant-1), shelling percentage (SHP) (%), kernel yield (KY) (g plant-1 ), total biomass 

(TBM) (g plant-1) and harvest index (HI) (%). The main outcomes were as follows: 

 The general combining ability (GCA) effects of parents were significant (P<0.05) for all 

assessed traits under all testing conditions except for PB under DS and NS conditions in 

the glasshouse. 

 The specific combining ability (SCA) effects of progenies were significant (P<0.05) for all 

traits except for PH across all testing environments and PB under field condition.  

 The genotype ICGV 10178 was the best general combiner with positive contribution to 

SCMR, PY, SHP, KY, TBM, HI and reduced SLA.  

 Crosses, ICGV 10178 X ICGV 11369, ICGV 10373 x ICGV 15083, ICGV 98412 x ICGV 15094 

and ICGV 10178 X ICGV 98412, were the best specific combiners for enhanced pod yield 

and drought tolerance.  
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 Higher GCA: SCA rations were recoded for PY, KY and TBM across all the testing 

environments suggesting the predominant role of additive genes conditioning the 

inheritance of these traits.  

 The above new families are recommended for genetic advancement through single seed 

descent selection methods to develop improved pure line groundnut varieties with high 

pod yield and drought tolerance. 

 

Implications of the research findings to breeding groundnut for higher yield and 

drought tolerance 

 

 Groundnut production constraints and farmer-preferred traits identified during the 

participatory varietal selection will be considered during the variety development of 

improved varieties. This would enhance the adoption rate of improved varieties, 

production and productivity of groundnut in eastern Ethiopia. 

 There is considerable genetic variability for high yielding and drought tolerance in the test 

genotypes to be exploited in groundnut breeding. 

 The SNP markers identified genetically divergent groundnut genotypes such as ICGV 

13189, ICGV 95111, ICGV 14421, and ICGV 171007. The selected lines are useful to 

develop breeding population.  

 Positive and strong correlations were noted between KY and PY, HI, HSW and SHP, 

suggesting that these traits can be used as indirect selection criteria during the 

development of high yielding and drought tolerant cultivar. 

 The study selected genotypes, ICGV 07222, ICGV 06040, ICGV 01260, ICGV 15083, ICGV 

10143, ICGV 03042, ICGV 06039, ICGV 14001, ICGV 11380 and ICGV 13200, with high PY 

under drought stressed and non-stressed condition. The divergent parental lines are 

useful in groundnut breeding for enhanced pod yield. 

 Additive genes were involved influencing the inheritance of pod yield, kernel yield, total 

biomass and other important agronomic traits across the testing environments. Hence 

genetic gain could be realized through single seed descent or recurrent selection 

programs to develop improved groundnut varieties with high pod yield and drought 

tolerance. 

 Genotype ICGV 10178 was the best general combiner with positive contribution to SCMR, 

PY, SHP, KY, TBM and HI and reduced SLA.  

 New families, ICGV 10178 x ICGV 98412, ICGV 10373 x 15083 and ICGV 178 x ICGV 11396, 

were best specific combiners for improving shelling percentage.  
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 Crosses, ICGV 10178 X ICGV 11369, ICGV 10373 x ICGV 15083, ICGV 98412 x ICGV 15094 

and ICGV 10178 X ICGV 98412, were the best specific combiners for enhanced pod yield 

and drought tolerance.  

 Therefore, the above new families are recommended for genetic advancement through 

single seed descent selection method to develop improved pure line groundnut varieties 

with high pod yield and drought tolerance for cultivar release and cultivation in Ethiopia. 

The remaining breeding activities such as testing of groundnut genotypes across various 

agro-ecological zones of Ethiopia and variety verification trials will be implemented 

through the National Groundnut Breeding Program of Ethiopia based at Haramaya 

University.  

 It is important to identify groundnut production constraints and farmer-preferred traits 

during a participatory varietal selection appraisal as was done in this study and to include 

then in variety development of improved varieties in breeding programs. 




