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Chapter-I 

Introduction 

 The cultivated groundnut (Arachis hypogaea L.; Family Leguminosae, native 

to Brazil) one of the most important oilseed crops of the world is presently 

cultivated in more than 100 countries throughout tropical, subtropical and 

warm temperate regions (Janila et al., 2013a). It is an allotetraploid 

(2n=4x=40) with “A” and “B” genomes from two diploid progenitors, A. 

duranensis, and A. ipaensis, respectively (Kochert et al., 1996). Except the 

cultivated species (A. hypogaea) and A. monticola in section Arachis and certain 

species in section Rhizomatosae that are tetraploid, all the other species 

representing all the nine sections are diploid (2n=2x=20). A single hybridization 

event between the diploid progenitors followed by chromosome doubling lead 

to the origin of cultivated groundnut about 3,500 years ago. It is classified into 

two subspecies, subsp. fastigiata Waldron and subsp. hypogaea Krap. Rig. The 

subsp. fastigiata contains four (vulgaris, fastigiata, peruviana and aequatoriana), 

whereas subsp. hypogaea contains two botanical varieties (hypogaea and 

hirsuta) with different expression in plant, pod and seed characteristics 

(Krapovickas and Gregory, 1994). The natural distribution of all the Arachis 

species is confined to Argentina, Bolivia, Brazil, Paraguay and Uruguay 

(Krapovickas, 1973). 

 As per the statistics of Food and Agriculture Organization (FAOSTAT, 

2014), groundnut is cultivated nearly on 26.54 m hectare around the world with 

an annual production of 43.91 m tonnes and 1654 kg of nuts-in-shell 

productivity.  The major producers are China, India and the USA which 

together account for two-thirds of the world output. Developing countries 

account for 82% of total groundnut area and 79% of production of the world. 

India ranks first in the area and second after China in production. In India, 

groundnut is grown on 4.68 m hectare area with the production of 6.55 m 

tonnes. The productivity of groundnut in India is quite low (1399 kg/ha) in 

comparison to Israel (7389 kg/ha), USA (4397 kg/ha), China (3492 kg/ha) and 

Argentina (2848 kg/ha) (FAOSTAT, 2014). The trend of area, production and 
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productivity of groundnut in India during last decade showed that production of 

this crop widely fluctuates across years (Fig 1.1). 

 

Fig.1.1 Area, production, and productivity of groundnut in India from 
2000   to 2014 (FAOSTAT, 2014)  

A wide gap exists between the genetic potential of the cultivars and 

realized yield mainly due to several biotic/abiotic stresses and fragile climatic 

conditions. Among the biotic stresses, two widespread foliar fungal diseases 

viz., late leaf spot (LLS) (Phaeoisariopsis personata Berk and Curt) and leaf rust 

(Puccinia arachidis Speg.) are together responsible for the reduction of 50-70% 

yield (Subrahmanyam et al., 1984). Besides direct penalty for pod and seed 

yield through reduction in number of pods, pod and seed size, and weight, 

reduced in nutritional quality traits such as oil content and protein content are 

prominent under severe disease infection (Subrahmanyam et al., 1984; Gupta 

et al., 1987). Due to lack of resources and technical expertise required, 

farmers are not able to use the available methods of disease control 

(Subrahmanyam et al., 1984). Exploitation of host plant resistance involving 

introgression of disease resistance using conventional breeding has been 

successful but labour intensive and time consuming.  

Seed of groundnut contains about 35-54% oil, 21-36% protein and 6-

24% carbohydrate (Cobb and Johnson, 1973). Groundnut oil contains 45-50% 

monounsaturated fatty acids, 30-35% polyunsaturated fatty acids and 17-18% 

saturated fatty acids (Ory et al., 1992). For oil purpose, cultivars with high oil 

0

2

4

6

8

10

Area (mh) Production (mt) Productivity (000 kg)



3 
 

content and high O/L ratio are preferred, whereas, for confectionery purpose 

cultivars with low oil content, high O/L ratio and high protein content are 

preferred (Birthal et al., 2010).  

Many conventional breeding efforts have been made for improvement of 

complex polygenic traits such as yield, resistance/tolerance to stresses and 

nutritional quality, but the sufficient genetic gain couldn’t be achieved in 

groundnut due to narrow genetic base. Integration of genomics tools with 

conventional breeding has been successful but lagged behind in groundnut in 

terms of genetic and genomic resources. The successful application of marker-

assisted breeding in groundnut was conversion of  cultivar Tifguard into ‘high 

oleic Tifguard’ (Chu et al., 2011), introgression of QTLs resistance to rust and 

LLS (Janila et al., 2016a) and mutant alleles of ahFAD2 gene to improve the 

seed oil quality (Janila et al., 2016b). The genes encoding fatty acid 

desaturase 2 (the key enzyme responsible for converting oleic acid to linoleic 

acid) in groundnut have been cloned and designated as ahFAD2A and 

ahFAD2B located at the linkage group a09 and b09 in A and B-genome, 

respectively (Jung et al., 2000a & b). Therefore, it is important to screen 

breeding population for presence of both the mutant alleles of ahFAD2 gene 

that can be used to develop new high oleic lines. 

Genetics of rust resistance revealed recessive digenic inheritance 

(Vindhiyavarman et al., 1993) and dominant single gene resistance (Singh et 

al., 1984) whereas genetics of LLS resistance revealed its complex and 

polygenic nature (Dwivedi et al., 2002) with combination of both nuclear and 

maternal gene effect (Janila et al., 2013b). Complex nature of resistance to 

these diseases makes the identification of resistant and susceptible lines 

cumbersome through conventional screening techniques (Leal-Bertioli et al., 

2009). Incorporation of genomic tools in breeding program facilitates screening 

of large breeding populations and germplasm for desired genes and 

accelerates the rate of varietal development.  Recently, many DNA markers 

were found to be putatively linked with rust (Varma et al., 2005; Mace et al., 

2006; Khedikar et al., 2010 and Sujay et al., 2012) and LLS resistance gene 
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(Mace et al., 2006; Shoba et al., 2012b and Sujay et al., 2012), and nutritional 

quality traits (Sarvamangala et al., 2011). Validation of these markers will 

speed up the process of introgression of genes governing disease resistance 

and nutritional quality traits into preferred groundnut genotypes through its 

planned deployment in molecular breeding program (Sujay et al., 2012). 

Therefore, identification of significant marker-traits association that can deploy 

in marker assisted breeding and assessment of molecular diversity for disease 

resistance and nutritional quality traits is important to develop new cultivars 

with improved disease resistance and nutritional quality.  

Phenotyping of disease resistance and oil quality traits is cumbersome, 

time-consuming, high resource demanding and also most of the biochemical 

analysis used to quantify nutritional quality parameters are destructive 

methods and not suitable to evaluate individuals of segregating generations. 

Near-infrared spectroscopy (NIRS) can overcome this but it requires high 

investment in terms of money and technical resource. Therefore, it is 

necessary to go for easy and accurate method that helps to identify genotypes 

with these traits in early generation. Genomic selection (GS) is an emerging 

approach to increase selection intensity, accuracy and genetic gains in 

breeding program for improving complex polygenic traits through increasing 

frequency of favorable alleles in advance generation with the help of genomics 

estimated breeding value (GEBV) predicted using whole genome marker 

profile data and multi-environmental phenotypic data (Meuwissen et al., 2001). 

To implement GS, multilocation phenotypic and genome-wide markers data on 

diverse population (genomic selection panel) are used to train a prediction 

model which is applied to a new set of selection candidates that have been 

genotyped with genome-wide markers. GS using only molecular information 

prior to phenotyping will be useful for increasing the rate of genetic gain by 

reducing the breeding cycle time, increasing the selection intensity and 

accuracy. 

There are many factors that affect the accuracy of GS include the 

heritability of the trait, marker density, number of individuals in the training 
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population, phenotypic and molecular diversity, and allelic richness in the 

genomic selection panel for desirable traits to capture each and every small 

effect QTLs involved in the expression of particular phenotype and proportion 

of genotype x environment interaction (GEI) (Daetwyler et al., 2010). 

Considering GEI in construction of GS prediction model additionally, helps to 

identify wider adaptable end product at early generations. Looking towards the 

low heritability and bottlenecks associated in improvement of complex 

polygenic traits through conventional breeding methods, GS in groundnut for 

improving disease resistance, yield and nutritional quality would become a 

tractable and powerful approach facilitating selection of promising lines and 

parents on the basis of GEBVs.  To implement GS approach, a comprehensive 

knowledge on presence of phenotypic and molecular diversity, and allelic 

richness in genomic selection panel for important agronomic and nutritional 

quality traits, their heritability, association among them and GEI for different 

traits are of paramount importance before construction of GS prediction model. 

Keeping these facts in view, the present investigation is aimed with following 

objectives: 

1. Multi-location phenotyping of genomic selection panel for resistance to LLS 

and rust 

2. Multi-location phenotyping of genomic selection panel for nutritional quality 

and yield parameters 

3. To assess the association among the major observed traits 

4. To evaluate genetic diversity and stability in the genomic selection panel for 

disease resistance, nutritional quality and yield components 

5. To evaluate molecular diversity and allelic richness for rust, LLS and 

nutritional quality traits in GSP using SSR markers and analyze marker-trait 

association for validation of SSR markers 
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  Chapter-II 

 Review of literature  

 Improvement of complex polygenic traits through conventional breeding has 

been difficult due to the involvement of multiple genes and their interaction with 

the environment. Advance genomic tools help to identify and incorporate 

quantitative trait loci (QTLs) of economically important traits to cultivated 

varieties. Presence of diversity among germplasm at both genetic and 

molecular level is crucial to identify suitable genotypes for use in breeding 

programs or for molecular studies aimed at identifying markers linked to 

QTLs/genes of interest. Focus on trait specific breeding has led to the 

development of genotypes that are suitable for one or few traits, but their 

overall assessment for other economically important traits is lacking. An 

assessment of diversity among germplasm and breeding lines for resistance to 

late leaf spot (LLS) and rust along with yield and nutritional quality traits across 

environments is critical to developing genomic selection prediction model. 

Therefore, the present study was aimed to evaluate genotypes of Genomic 

Selection Panel (GSP) for resistance to rust and LLS along with yield and 

nutritional quality traits across environments; to assess allelic richness for 

resistance to foliar fungal diseases and nutritional quality traits; and to identify 

potential marker-trait association that can deploy in marker-assisted breeding. 

The literature relevant to the objectives of the present study is reviewed in this 

chapter. 

2.1 Groundnut 

 Groundnut is one of the most important oilseeds and food crop of the world. 

Various studies have shown that the cultivated groundnut originated by a 

single hybridization event between two wild diploid species with distinct 

genome giving rise to a sterile hybrid followed by a spontaneous duplication of 

chromosomes producing fertile tetraploid (groundnut) that remain 

reproductively isolated from its diploid wild ancestors (Kocher et al., 1991; 

Jung et al., 2003; Seijo et al., 2004). Both pre and post zygotic hybridization 
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barriers have been shown to restrict crossing between cultivated groundnut 

and wild Arachis species (Halward and Stalker, 1987). 

2.1.1 Origin and Distribution 

 Genus Arachis was originated in South America and widely distributed in 

Argentina, Brazil, Paraguay and Uruguay. The cultivated groundnut (A. 

hypogaea) probably originated in the region of southern Bolivia and northern 

Argentina, as its progenitor A. monticola, the only wild allotetraploid species 

which is cross-compatible with A. hypogaea is found in this area (Krapovickas, 

1969). The diploid species A. duranensis and A. ipaensis considered to be the 

most likely donors of A and B genomes of cultivated groundnut are restricted 

to northwest Argentina and southeast Bolivia (Krapovickas and Gregory, 1994 

& 2007). Archeological evidence suggests that groundnut has been cultivated 

for over 3,500 years. The genus Arachis contains 81 identified species divided 

into nine taxonomic sections (Arachis, Trierectoides, Erectoides, 

Extranervosae, Triseminatae, Heteranthae, Caulorrhizae, Procumbentes, and 

Rhizomatosae) based on plant morphology, cross-compatibility and 

geographic origin/ distribution. Among these nine sections, Arachis has the 

largest number of species (32) including the cultivated groundnut (A. 

hypogaea) (Krapovickas and Gregory, 1994). Most of these species in this 

section are diploid with 2n=2x=20 and 2n=2x=18 whereas A. hypogaea 

(cultivated groundnut) and A. monticola in section Arachis are allotetraploid 

with 2n=4x=40 chromosome (Upadhyaya et al., 2011a). 

2.1.2 Major production constraints and target trait in groundnut   

The main goal of groundnut breeding program is to develop new 

varieties that fulfill the requirements of farmers, consumers and traders. In Asia 

(India and China) and Africa, groundnut is predominantly used for oil extraction 

whereas in American and European markets it is used for making confections 

and butter. Groundnut suffers from several biotic and abiotic stresses that can 

cause serious damage to the crop and limit the productivity (Nigam, 2000). 

Groundnut is attacked by several foliar fungal diseases. Among them, late leaf 

spot caused by Phaeoisariopsis personata (Berk. & Curt.) Van Arx, early leaf 
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spot (ELS) caused by Cercospora arachidicola Hori and rust caused by 

Puccinia arachidis Spegazzini are the major foliar fungal diseases cause 

severe yield loss worldwide. Aflatoxins are potent carcinogens produced by 

Aspergillus flavus and A. parasiticus in seed forcing several countries to have 

strict regimes on permissible levels of aflatoxins in their imports (Janila et al., 

2013a). Stem and pod rot, caused by Sclerotium rolfsii, is a potential threat to 

groundnut production in many warm, humid areas, especially where irrigated 

groundnut cultivation is expanding. Bacterial wilt caused by Ralstonia 

solanacearum is predominant among bacterial diseases of groundnut in South-

East Asia, particularly China. Groundnut is also a host to several viral 

diseases, but only a few of them are economically important groundnut viz., 

rosette disease in Africa, peanut bud necrosis disease in India, tomato spotted 

wilt virus in the USA, peanut stripe potyvirus in East and South East Asia, 

peanut stem necrosis disease in pockets in Southern India (Nigam et al., 

2012). Fresh seed dormancy is important especially in Spanish bunch types 

which are prone to pre-harvest sprouting. Pre-harvest sprouting can cause 10-

20% yield loss (Nautiyal et al., 2001) and predisposes the produce to the 

attack of fungus and microbes. A short period of dormancy of about 10–15 

days is desirable (Janila et al., 2013a). 

Drought and heat are the most important abiotic stresses widespread in 

groundnut-growing areas. About 80% of the total groundnut area in the country 

is under rainfed condition. Development of water use efficient cultivars has 

been an important target trait. Breeding for short duration groundnut is an 

escape mechanism to avoid end of season moisture stress. Breeding for heat 

resilient crops has been gaining wide attention as heat tolerant genotypes can 

sustain production in heat stress environments that are expected to increase 

as a consequence of climate change. It is possible that moisture and 

temperature stress together may have adverse effects on productivity of 

groundnut in its semi-arid production environment (Janila et al., 2013a). 

Drought during end of the season helps pre-harvest Aspergillus infection in the 

field that affects quality of produce (Janila et al., 2013a).  
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The root knot nematodes, Meloidogyne spp. and the lesion nematodes, 

Pratylenchus spp. are important in groundnut (Sharma and McDonald, 1990). 

Aphids (Aphis craccivora Koch), several species of thrips (Frankliniella 

schultzei, Thrips palmi, and F. fusca), leaf miner (Aproaerema modicella), red 

hairy caterpillar (Amsacta albistriga), jassids (Empoasca kerri and E. fabae), 

and Spodoptera are important foliar insect pests and cause localized damage 

to groundnut during different growth stages (Wightman and Amin, 1988). 

Aphids and thrips are also vectors of important virus diseases. Termites, white 

grubs, and storage pests also cause damage to groundnuts. Among storage 

pests, groundnut borer or weevil (Caryedon serratus) and rust-red flour beetle 

(Tribolium castaneum) are important. 

Groundnut based food products are now widely used in feeding 

programs to treat malnutrition and therefore, improving nutritional quality traits 

is gaining importance. In the case of roasted groundnut the flavor is an 

essential characteristic influencing consumer acceptance, and enhancing 

roasted groundnut flavor is an important target trait. The quality attributes 

preferred for confectionery grade varieties include high protein and sugar, low 

oil and aflatoxin contamination, attractive seed size and shape, pink or tan 

seed color, and ease of blanching and high oleic/linoleic fatty acid (O/L) ratio 

(Dwivedi and Nigam, 2005). High oleic trait is important for consumers' health 

and for food industry. For fodder purpose, the nitrogen content, metabolizable 

energy, and organic matter digestibility of haulms are important quality traits 

(Janila et al., 2013a).  

2.2 Variability, heritability and genetic advance 

 An estimate of nature and magnitude of genetic variability is a prerequisite 

for any crop improvement program. The variability observed in any population 

could be due to the genotype, environment, and genotype × environment 

interaction (G × E). The genetic and environmental components of variation 

were discussed by Johansen (1909) who attributed the variation in a 

segregating population to heritable and non-heritable factors, while the 

variation within pure lines was attributed to environmental factors. This was 

later confirmed by Nelson-Ehle (1909) and East (1916). The genetic variance 
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is partitioned from total variance using the estimates of total variance in non-

segregating population (Powers, 1942). The heritable variation was further 

divided into additive and non-additive variance, where non-additive fraction 

includes both dominant and inter-allelic interactions (Falconer, 1981). The 

broad sense heritability is the ratio of genotypic variance to the total variance 

in non-segregating population (Lush, 1945 and Hanson et al., 1956). The 

genotypic variance also includes non-additive component which is not 

transmitted to the next generation. Hence, high heritability coupled with high 

genetic advance was reported to be more useful for making an effective 

selection in a population (Johnson et al., 1955). 

2.2.1 Yield and its contributing traits  

 Groundnut a crop of narrow genetic base struggles for natural variability 

because of tetraploid and highly self-pollinated nature. High magnitude of 

genotypic and phenotypic coefficient of variation (GCV and PCV) coupled with 

moderate to high heritability and genetic advance as percent of mean (GAM) 

for pod and kernel yield, hundred seed weight, percent sound mature kernels, 

number of primary branches per plant, days to maturity, shelling percent, 

haulm yield per plant and harvest index indicate the role of additive gene 

action for these traits (Manoharan et al., 1990; Reddi et al., 1991; Senapathi 

and Roy, 1991; Bansal et al., 1992; Reddy and Gupta 1992; Pathirana, 1993; 

Reddy, 1994; Gowda et al., 1996; Reddy et al., 2001; Makhanlal et al., 2003; 

Suneetha et al., 2004; John et al., 2005a; Shoba et al., 2009; John et al., 2009; 

Korat et al., 2010; Padmaja et al., 2013; Shridevi, 2014). However, moderate 

GCV and PCV with high heritability were observed for number of mature pods, 

plant height, hundred seed weight, pod yield per plant and harvest index 

(Ganeshan and Sudhakar, 1995; Islam and Rasul, 1998; Kavani et al., 2004) 

and low for shelling percent, mature kernel percent and days to maturity 

(Gowda et al., 1996; Azaharudheen and Gowda, 2013). High heritability for 

shelling percent and hundred seed weight; moderate for days to first flowering 

and low for pod yield per plant was reported by Upadhyaya et al. (2005) 

whereas, Swamy Rao (1979) reported low heritability and GAM for shelling 

percent and days to maturity. High heritability coupled with low GAM for 
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shelling percent and sound matured kernel percent suggested that 

improvement of these traits is not possible by simple phenotypic selection 

(Uddin et al., 1995; Hariprasanna et al., 2008; Kavera 2009; Channayya et al., 

2011).  

 2.2.2 Foliar disease resistance 

High GCV and PCV values coupled with high heritability and GAM were 

reported for LLS and rust in groundnut (Padmaja et al., 2013; Khedikar, 2008; 

Kavani et al., 2004, Venkataravana and Kumar, 2008; Ashis et al., 2014) 

indicating the role of additive gene action (Venkataravana and Kumar, 2008; 

Ashis et al., 2014). The inheritance of rust and LLS is controlled by several 

genomic regions with an additive effect on phenotype (Anderson et al., 1986a; 

Singh et al., 1984; Janila et al., 2013b). Thus, identification of stable source of 

resistance followed by crossing and selection in early generations would be 

useful in developing resistant varieties (Narasimhulu et al., 2013). Moderate 

GCV and PCV coupled with high heritability and moderate to high GAM for 

LLS and rust were reported by Vishnuvardhan et al. (2012).  

2.2.3 Nutritional quality traits  

Nutritional quality parameters such as oil content, protein content and 

fatty acids like oleic, linoleic, palmitic and stearic acid are important target traits 

in breeding programs. Genetic studies on these traits have reported high (Bovi 

et al., 1983; Norden et al., 1987; Vaddoria and Patel, 1990; Mishra et al., 1992; 

Dwivedi et al., 1994; Venkataraman et al., 2001; Sarvamangala et al., 2010) to 

low (Nadaf and Habib, 1987; Dwivedi et al., 1993; Prakash et al., 2000; 

Azharudheen, 2010; Channayya et al., 2011) GCV and PCV values coupled 

with high heritability and low to moderate GAM. High heritability coupled with 

low GAM for oil content was also reported by Uddin et al. (1995) and Kavera 

(2009) and for protein content by Channayya et al. (2011). Low variability for 

these traits indicates the role of non-additive gene action in inheritance and the 

need to explore diversity among germplasm collection or wild species.  
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2.3 Trait associations 

The genotypic correlation between traits may exist due to pleiotropy 

and/or association of loci governing variability for different traits located on the 

same chromosome. Knowledge on nature and extent of association between 

traits could be helpful in improving multiple traits and to formulate selection 

strategies in a breeding program. 

2.3.1 Association among yield and its contributing traits 

 The economic yield of any crop depends on many component characters 

that can influence yield either jointly or singly and either directly or indirectly 

through other related characters. Selection for yield on the basis of per se 

performance alone may not be effective as that is based on the component 

characters associated with it, which is determined by correlation coefficient 

and path analysis. Pod and kernel yield had positive association with each 

other and other yield attributing traits such as number of pods per plant, 

number of mature pods per plant, hundred pod and seed weight, shelling out-

turn, sound mature kernel percent, haulm yield and harvest index at genotypic 

and phenotypic levels (Tekale et al., 1988; Patra and Mohanty, 1987; Alam et 

al., 1985; Deshmukh et al., 1986; Manoharan et al., 1990; Vaddoria and Patel, 

1990; Reddi et al., 1991; Reddy and Gupta, 1992; Pushkaran and Nair; 1993; 

Sharma and Varshney, 1995; Moinuddin, 1997; Vasanthi et al., 1998; 

Venkataravana et al., 2000; Roy et al., 2003; Kalmeshwar et al., 2006; 

Channayya et al., 2011; Shoba et al., 2012a; Alam, 2014; Prabhu et al., 2014; 

Gupta et al., 2015a; Rasheed et al., 2015; Vasanthi et al., 2015). Shelling 

percentage and hundred kernel weight had negative significant association 

(Alam et al., 1985). Genotypic correlation coefficients were reported higher 

than their corresponding phenotypic correlations indicating strong inherent 

association among the traits (Korat et al., 2009). 

 Significant positive association of pod yield with kernel yield, test weight, 

plant height, number of pegs, number of matured pods and oil yield was also 

evident from findings of Kavani et al. (2004); Suvarna et al. (2004); 

Lakshmidevamma et al. (2004); Golakia et al. (2005) and Parmeshwarappa et 

al. (2008). A positive association was also observed between days to 50% 
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flowering and days to maturity (John et al., 2005b; John et al., 2009; 

Choudhary et al., 2013). 

2.3.2 Association among disease severity and yield traits 

Disease severity score of LLS and rust showed a significant negative 

association with pod and seed yield, days to 50% flowering, days to maturity 

and haulm weight per plant indicating its negative impact on yield and its 

contributing traits (Iroume and Kanuft, 1987; Vasanthi et al., 1998; 

Parmeshwarappa et al., 2008; Vishnuvardhan et al., 2012; Narasimhulu et al., 

2013; Alam, 2014). A positive association (0.48 to 0.60) among resistance to 

LLS and rust indicating that resistance to all three diseases can be 

incorporated into a single background by a single breeding effort (Anderson et 

al., 1990; Vasanthi and Naidu, 1998). A significant positive relationship among 

LLS and rust scores along with their negative effect on pod and seed yield was 

also reported by Prabhu et al. (2014 & 2015). 

2.3.3 Association among nutritional quality traits 

Negative association of oil content with protein content (Yashoda, 2005; 

Kaveri et al., 2008; Sarvamangala et al., 2010; Ajay et al., 2012), oil content 

with oleic acid content (Emeroglu and Mortuary, 1984; Kavera, 2009; Ajay et 

al., 2012) and oleic acid with palmitic and linoleic acid (Bovi, 1983; Sekhon et 

al., 1980; Bandyopadhyay and Desai 2000; Kaveri et al., 2008; Sarvamangala 

et al., 2010; Azharudheen and Gowda, 2013) was observed in several studies. 

A negative significant correlation between oil and protein content could be 

advantageous while developing cultivars for confectionery purpose where low 

oil and high protein is preferred (Sarvamangala et al., 2010). In contradiction to 

many previous reports, a significant positive association between oil and 

protein content was reported by Kale et al. (1998); Parmer et al. (2002) and 

Azharudheen et al. (2013) indicating that simultaneous genetic improvement of 

both the nutrients might be effective. Genetic nature of fatty acid profile 

coupled with strong negative correlation between oleic and linoleic acids 

suggests that it is possible to obtain varieties with high oleic and low linoleic 

acid to increase their O/L ratio and oil stability which eventually leads to 
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industrial acceptance (Hammonds et al., 1997; Anderson et al., 1998; Kavera, 

2009).  

2.3.4 Association among nutritional quality and yield traits 

Oil yield was positively associated with number of pods per plant, 

hundred seed weight, seed yield per plant, number of primary branches per 

plant and number of seeds per pod (Bhagat et al., 1986; Venkataravana et al., 

2000). However, a significant negative correlation of oil content with pod yield 

per plant, test weight, shelling percent and sound mature kernels and a 

positive significant correlation of oil yield with days to maturity and days to 

initiation of flowering was reported by Swamy et al. (2006). Pod yield was 

positively associated with 100-seed weight, oil and protein contents (Alam, 

2014). 

2.3.5 Association among nutritional quality and disease severity 

Significant negative association of rust severity with protein and oil 

content was observed indicating their favourable association with rust 

resistance (Sarvamangla, 2009; Azaharuddin and Gowda, 2013). This also 

indicates that incidence of rust diseases will not only reduce pod yield, but also 

affect nutritional quality of groundnut kernels and selection for resistance may 

result in indirect improvement of these traits. In contrast, there was lack of 

association of all the nutritional quality traits with LLS (Azaharuddin and 

Gowda, 2013). Reduction in oil recovery, oil quality, protein and sugar due to 

disease severity of LLS and rust was also reported in earlier studies (Dwivedi 

et al., 1993; Ghosh and Biswas, 1995; Motagi et al., 2000a). Protein content 

was reduced from 16 to 12% due to foliar fungal diseases and also causes 

substantial losses in haulm yield and can affect the quality of fodder (Salako 

and Adu, 1990). 

2.4 Diversity in groundnut  

 Based on compatibility features and genetic variability the genus Arachis 

was classified into four gene pools (Singh and Simpson, 1994). The first 

includes two tetraploid species (A. hypogaea and A. monticola) from section 

Arachis; II includes the remaining diploid species of section Arachis that shows 
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strong cross-compatibility with A. hypogaea; III includes species from section 

Procumbentes, with weak cross-compatibility or incompatibility with A. 

hypogaea; and prescribes the most distantly related wild relatives to A. 

hypogaea and includes all species from the remaining seven sections of the 

genus Arachis. Despite the availability of broad genetic variations among 

species of the tertiary and quaternary (fourth) gene pools, the breeding 

community has been unable to exploit them because of incompatibility 

problems; thus, efforts need to be undertaken in finding efficient allele sharing 

methodologies for further improvement of cultivated groundnut. The origin of 

cultivated groundnut which is allotetraploid, followed by reproductive isolation 

with diploid wild relatives of further sections during domestication, left 

groundnut’s primary gene pool with very limited genetic diversity. Earlier, 

genetic diversity studies using a range of molecular markers reported a very 

low level of diversity in the primary gene pool (Kochert et al., 1996; 

Subramaninan et al., 2000; Herselman et al., 2003). Nevertheless, in the few 

other studies where large germplasm sets were used reported low levels of 

diversity in primary gene pools, while better genetic diversity still exists within 

the wild relatives (Varshney et al., 2009a; Bera et al., 2010; Upadhyaya et al., 

2011b; Khera et al., 2013). 

2.4.1 Diversity for yield and its contributing traits:  

Several studies in the past quantified variability for morpho-agronomic 

traits (Vaddoria and Patel 1990; Reddy and Gupta, 1992; Pathirana, 1993; 

Senapati and Roy, 1998; Singh and Chaubey, 2003; Swamy et al., 2003; John 

et al., 2006; Kotzamanidis et al., 2006; Sumathi and Muralidharan, 2007; Korat 

et al., 2009; Sumathi et al., 2009; Sadeghi et al., 2011; Vekariya et al., 2011; 

Nautiyal et al., 2012).  The two groups, subsp. fastigiata and hypogaea differed 

significantly for most of the morpho-agronomic traits with the hypogaea 

accessions having significantly greater mean pod length, pod width, seed 

length, seed width, yield per plant and 100-seed weight whereas fastigiata 

accessions showed higher plant height, leaflet length, leaflet width and shelling 

percentage (Upadhyaya, 2003). Evaluation of ICRISAT groundnut mini core 

(182 accessions) and Asia-specific groundnut core collection (504 accessions) 
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for 20 agronomic traits showed sufficient variability for most of the traits 

(Madhura et al., 2011; Swamy et al., 2003; Upadhyaya et al., 2005). Cluster 

analysis indicated no relationship between clustering pattern and subspecies 

among genotypes (Badigannavar et al., 2002).  

Genetic diversity studies using 21 to 184 genotypes reported three to 15 

clusters based Mahalanobis D2 statistic and PCA (Upadhyaya et al., 2003; 

2005 & 2006; Suneetha et al., 2013; Nadaf et al., 2014; Bhakal and Lal, 2015 

and Gupta et al., 2015b). Genetic diversity using principal component analysis 

(PCA) suggested that first two principal components explained most of 

variation present in the population (Upadhyaya, 2003; Upadhyaya et al., 2006). 

The maximum contribution towards diversity was by hundred seed weight, 

harvest index, days to emergence and length of main axis and minimum 

contribution was by number of mature pods per plant, oil and protein content 

(Venkateswarlu, 2011; Vivekananda et al., 2015). The diversity among the 

genotypes measured by intra-cluster and inter-cluster distance was sufficient 

for improvement of groundnut by hybridization and selection (Bhakal and Lal, 

2015).  

2.4.2 Foliar disease resistance  

2.4.2.1 Late leaf spot (LLS) 

LLS damage the crop by causing lesion formation, reduction in 

photosynthetic area and premature leaflet abscission. Leaf spot lesions can be 

seen on leaves, petioles, stems and peg, thus causing direct deterioration of 

developing pods (Reys and Romasata, 1940) and responsible for 10-50% 

reduction in pod yield (McDonald et al., 1985). Depending upon weather 

conditions and cropping history, leaf spot symptoms usually appear between 

45 to 60 days after planting. Symptoms of LLS appear as brown or black, 

circular spots up to 10 mm diameter lacking or with a less pronounced yellow 

halo on the upper leaf surface. Affected leaves turn pale green to yellow, 

wither and fall off the plant. Infection of LLS produces hormonal changes in the 

leaf that cause leaf drop. Defoliation usually occurs first on lower leaves, then 
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progresses upward. When defoliation is severe, lesions appear on stems, 

petioles, and pegs as dark brown to black, oval-shaped blotches.  

Inheritance of LLS resistance 

Genetic studies to know inheritance of resistance to LLS were initiated 

as early as by Kornegay et al. (1980). Both, simple and complex inheritance of 

resistance to LLS is reported in the literature. Substantial additive genetic 

effects have been found for LLS among early generation progenies (Anderson 

et al., 1986a). Tiwari et al. (1984) and Motagi et al. (2000b) reported a 

duplicate complementary recessive genes action whereas Nevill (1982) 

speculated a 5-gene model with significant non-additive gene action for 

resistance to LLS in groundnut. Both additive and dominance gene actions 

along with additive × additive type of epistasis contributed significantly to the 

inheritance of LLS resistance (Jogloy et al., 1987 & 1999; Wambi et al., 2014). 

Resistance to LLS is controlled by a combination of both, nuclear and maternal 

gene effects (Anderson et al., 1986b). Among nuclear gene effects, additive 

effect controlled majority of the variation (Coffelt and Porter, 1986 and Janila et 

al., 2013b). They also reported significant role of additive × dominance type of 

digenic epistatic effects. Additive and dominance maternal effects also 

contributed to the variation in the crosses indicated that the use of resistance 

donor as a female parent would be effective to tap maternal effects of 

resistance to LLS (Janila et al., 2013b).  

Host plant resistance for Phaeoisariopsis personata 

 Beside the complex nature of inheritance of LLS, several sources of 

resistance have been reported (Hassan and Beute 1977; Melouk et al., 1984; 

Subrahmanyam et al., 1985a; Gorbet et al., 1990). High level of resistance to 

LLS has been found in wild species of groundnut (Stalker and Simpson, 1995). 

Among the wild Arachis species screened for LLS resistance, A. chacoense 

(PI 276325); A. cardenasii (PI 262141) and A. stenosperma (PI 338280) in 

section Arachis showed either an immune or a highly resistant reaction to the 

LLS (Subrahmanyam et al., 1985b). However, cultivated groundnut was 

reported with moderate to high level of resistance to the major foliar fungal 



18 
 

diseases (rust and LLS) with stable disease reaction across the environments 

(Subrahmanyam et al., 1985b).  

Sources of resistance to LLS have also been identified in cultivated 

groundnut (Chiteka et al., 1988; Anderson et al., 1993; Holbrook and Islebi, 

2001) and used to develop breeding lines with resistance (Melouk et al., 1984; 

Wells et al., 1994; Xue and Holbrook, 1998 & 1999). Extensive screening of 

13,000 accessions at ICRISAT identified 69 genotypes (20 from var. 

peruviana) as resistant against LLS (Subrahmanyam et al., 1989; Mehan et al., 

1996). Resistance to LLS in groundnut has generally been associated with late 

maturity and undesirable pod and seed features (Nigam, 2000). Although, 

some breeding lines that had early maturity and tolerance to LLS have been 

documented (Branch and Culbreath, 1995 and Motagi et al., 1996). Until the 

release of 'Southern Runner' in 1984, no commercial cultivars were available 

with promising resistance to LLS (Gorbet et al., 1999). Successful examples of 

introgression of LLS resistance from wild into cultivated groundnut were the 

development of resistant varieties GPBD 4 and Mutant 28-2 (Gowda et al., 

2002a & b) and tolerant like Dh 8, K134, and ICGV 86590 (Gowda et al., 

1996). All other popular varieties like TMV2, JL 24, KRG1, R 8808, R9251, 

Dh40, Dh3-30, Dh43, TAG 24, S206 and S230 were reported to be susceptible 

(Reddy, 1988).  

Evaluation of a mini core subset for LLS and rust at ICRISAT showed 

some accessions with moderate to highly resistant reaction against LLS and 

rust (Kusuma et al., 2007; Sujay et al., 2008; Sudani et al., 2015) suggested 

that mini core collection can be used to improve the efficiency of identifying 

desirable traits and gene of interest in groundnut (Holbrook and Dong, 2005; 

Holbrook and Anderson, 1995).  

2.4.2.2 Leaf rust in groundnut 

Leaf rust disease has considerable economic importance in many 

groundnut growing regions of the world. Rust causes serious damage to the 

crop with pod yield losses up to 70% (Harrison, 1973; Subrahmanyam and 

McDonald, 1987). In India, many areas in Maharashtra, Andhra Pradesh and 
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Telangana, rust has been reported to cause 40-55% losses in pod yield in 

commonly grown susceptible cultivars (Ghuge et al., 1981; Mayee, 1987; 

Subrahmanyam and McDonald, 1987). The disease can be particularly severe 

when it occurs together with LLS or it affects the crop early.  

Symptoms of groundnut rust start from 8-10 days after infection with the 

occurrence of whitish flecks on the lower surface. A day later, yellowish flecks 

appear on the upper leaf surface and orange/brown colored pustules (uredinia) 

begin to form on the lower surface of the leaves. The pustules/uredinia are 

usually circular to elliptical, raised, and range from 0.3 to 2.0 mm in diameter. 

The pustules rupture after about 2 days of appearance to expose circular or 

oval uredospores which are dark orange at first but become cinnamon brown 

with maturity (Savary et al., 1989). Necrosis develops in the area surrounding 

the pustules. Rust-damaged leaves become necrotic and dry up but remain 

attached to the plant. In the case of severe damage, plants have a burnt 

appearance. 

Inheritance of rust resistance 

Genetic basis of rust resistance in groundnut mainly depends on the 

genetic background and sources of resistance. Rust resistance is controlled by 

single recessive (Paramasivam et al., 1990) or duplicate recessive genes 

(Bromfield and Bailey, 1972; Knauft and Norden, 1983; Knauft, 1987; Varman 

et al., 1993) or by partially dominant gene (Middleton and Shorter, 1987). 

Genetic analysis of rust also revealed predominance of non-additive, additive × 

additive, and additive × dominance gene effects (Tiwari et al., 1984; Reddy et 

al., 1987 and Varman et al., 1991).  Additive gene effects and additive types of 

epistasis have also been found for rust resistance in groundnut (Singh et al., 

1984). In some diploid wild Arachis species, inheritance of rust resistance was 

reported as partially dominant (Singh et al., 1984; Mondal et al., 2007). 

Monogenic recessive mode of inheritance for rust resistance was also reported 

by Jakkeral et al. (2013). 
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Host plant resistance for Puccinia arachidis  

There have been concerted efforts made to exploit genetic resistance to 

rust in groundnut (Wynne et al., 1991 and Subrahmanyam et al., 1985b & 

1989). Effective screening of over 13,000 groundnut accessions at ICRISAT, 

India identified 160 genotypes with resistance to rust (Subrahmanyam et al., 

1982; 1983a & 1995; Mehan et al., 1996; Singh et al., 1997; Pensuk et al., 

2003). Most of these resistant genotypes were stable and belong to Valencia 

market type originating predominantly from Peru (Subrahmanyam et al., 1989; 

Singh et al., 1997). High levels of resistance, and in some cases, immunity 

have also been reported in many wild Arachis species (Subrahmanyam et al., 

1983a and Singh et al., 1987). Several interspecific hybrids of diverse 

botanical backgrounds possess high levels of rust resistance and good 

agronomic potential (Singh et al., 1997). Among the wild species, A. batizocoi 

(PI 298639, PI 338312), A. duranensis (PI 219823), A. cardenasii (PI 262141), 

A. chacoense (PI 276235), A. pusilla (PI 338449), A. villosa (PI 210554), and 

A. correntina (PI 331194) were found to be immune to rust (Subrahmanyam et 

al., 1982).  Several rust resistant cultivars i.e., FDRS 10, ICGV’s 86590, 93207 

(Sylvia) and 87853 (Venus) bred at ICRISAT, have been released for 

cultivation in rust affected areas of India and Malesia (Nigam et al., 1998; 

Nigam and Dwivedi, 2000). An extensive screening of 2000 genotypes under 

natural and artificial infection with P. arachidis reported 20 genotypes as 

resistant with disease severity score ranged from 2.0 to 3.0 on a 9 point scale 

(Singh et al., 1997). Evaluation of a mini core collection (188 accessions) for 

foliar disease resistance also identified some accessions highly resistant to 

rust with better yield potential (Sujay et al., 2008 and Sudini et al., 2015).  

Besides the complex inheritance and presence of environment, 

genotype × environment interactions and background effects of donor 

genotype on expression of QTLs governing resistance to rust and LLS, six 

best introgression lines have been developed namely ICGV’s 13192, 13193, 

13200, 13206, 13228 and 13229 with 39–79% higher mean pod yield and 25-

89% higher mean haulm yield over their respective recurrent parents (Janila et 

al., 2016a). Rust resistance in groundnut is of the slow rusting type, 
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characterized by increased incubation period, reduced infection frequency, 

lesion diameter, spore germinability and low sporulation index 

(Subrahmanyam et al., 1983b; Subrahmanyam et al., 1993; Mehan et al., 

1994). These component characters can be used as a selection criterion to 

identify lines with resistance to rust. 

2.4.3 Nutritional quality traits of groundnut 

2.4.3.1 Oil content and fatty acid composition 

Groundnut oil with high oleic and low linoleic acid are strongly preferred 

and demanded by consumers and traders due to its property of improving oil 

stability and health benefits. Thus, breeding groundnut variety with high O/L 

ratio has become one of the major goals of groundnut improvement. Oleic acid 

a monounsaturated fatty acid and linoleic a polyunsaturated fatty acid account 

for 75 to 80% of the total fatty acids in groundnut oil (Cobb and Johnson, 1973; 

Bruner et al., 2001; Lopez et al., 2001). Among the saturated fatty acids, which 

comprise the remaining 20% of the total fatty acids, palmitic acid (10%) has 

the largest proportion. Palmitic acid is considered to be a major contributor to 

increased levels of total blood cholesterol, especially low-density lipoprotein 

(LDL) (Worthington and Hammons, 1971; Groff et al., 1996; Lukange et al., 

2007). Consumption of oils with reduced palmitic acid content is desirable to 

reduce the health risks of coronary diseases and breast, colon and prostate 

cancer properties associated with this fatty acid (Henderson, 1991; Willet, 

1994). Linoleic acid is considered an unstable component and is responsible 

for poor flavour and undesirable oil odor, particularly in oils that are heated 

during use (Dutton et al., 1951; Smous, 1979; Mounts et al., 1988). Genotypes 

with reduced linoleic acid content have been developed which could enhance 

shelf-life and acceptability of groundnut and soybean oil (Wilcox et al., 1984; 

Takagi et al., 1990; Wilson, 1991; Byrum et al., 1997). 

About 80% of total groundnut produced in India is crushed for the 

extraction of oil. Hence, improvement in oil yield and quality is of interest to 

plant breeders (Motagi et al., 2000a). The oil content of groundnut has been 

reported to range from 35.8 to 54.2% with an average of 45% (Pancholy et al., 
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1978; Jambunathan et al., 1985; Dwivedi et al., 1990). Bhagat et al. (1984) 

reported high oil content in Spanish bunch (48.8%) compared to Virginia bunch 

(46.6%). Significant variability in oil content (41.7 to 61.3%) was identified 

among wild groundnut species. Arachis magna contained a significantly more 

oil (61%) than cultivated groundnut (50%) (Wang et al., 2010). Among the 

botanical varieties of cultivated groundnut, var. hypogaea contained a higher 

amount of oil than hirsuta (Wang et al., 2009). The Virginia types had higher 

oleic acid, protein content and O/L ratio with lower linoleic acid content than 

Spanish and Valencia types (Sekhon et al., 1980; Norden et al., 1987; Dwivedi 

et al., 1993 Bansal et al., 1993; Wang et al., 2009; Mukri, 2012).  

Significant difference among the genotypes with narrow variability for oil 

content was observed by Rajgopal et al. (2000); Manivel et al. (2000); Hassan 

and Ahmed (2012). Genotypes with large kernel size had low oil content and 

high protein content compared to those with small seed size (Prathiba and 

Uma, 1994; Sadhana and Snehalatha, 1998). Groundnut cultivars S 206, S 

230, Dh 3-30, KRG1, Dh 8, GPBD 4 (Gowda et al., 2002a), Mutant 28-2 

(Gowda et al., 2002b), TAG 24 (Kale et al., 2000) were reported high oil 

contenting genotypes. Hammond et al. (1997) reported a wider range of 

performance of genotypes for palmitic acid (8.20 to 15.10%), stearic acid (1.10 

to 7.20%), oleic acid (31.5 to 60.20%), linoleic acid (19.90 to 45.40%), 

arachidic acid (0.8 to 3.20%), eicosenoic acid (0.6 to 2.60%), behenic acid 

(1.80 to 5.40%) and lignoceric acid (0.50 to 2.50%).  

The majority of groundnut cultivars reported having 45 to 50% oleic acid 

and 30 to 35% linoleic acid (Knauft et al., 1993). In India, early maturing 

Spanish bunch varieties cover major area (about 70%) but they have poor oil 

quality with O/L ratio of ~1.0 to 1.2 (Raheja et al., 1987; Bandyopadhyay and 

Desai, 2000). Two closely related natural mutant lines (435-2-1 and 435-2-2) 

had 80% oleic and 2% linoleic acid, with O/L ratio of 40:1 and iodine value of 

74, one of them occurs commonly in groundnut germplasm (Norden et al., 

1987).  
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2.4.3.2 Protein content 

The groundnut is an important source of edible oil and vegetable protein 

(Lusas, 1979). The development of nutritionally balanced foods is a promising 

approach to address the problem of dietary protein deficiency for growing 

population. The evaluation and screening of germplasm and wild species 

collections in the United States have indicated low genetic variability for oil and 

protein content and fatty acid composition (Hammonds et al., 1997). An 

extensive study of over 8000 germplasm accessions at ICRISAT revealed a 

great variation for protein ranged from 16 to 34% (Dwivedi et al., 1993). The 

wide range of protein content (15.5 to 32.9%) was reported by Rajgopal et al. 

(2000); Manivel et al. (2000); Mohan, (2002); Yashoda, (2005) and Yugandhar, 

(2005). Liao and Lei, (2004) released a black seed coat groundnut cultivar 

(Zhonghua 9) which contains 28.3% protein. Eighteen out of 184 accessions 

with higher nutritional traits such as protein content, oil content, oleic acid, and 

oleic to linoleic acid ratio with superior agronomic traits were identified by 

Upadhyaya et al. (2012). Seed width and protein content had the least 

contribution towards the total variation explained by first five PCs indicated low 

genetic variation for these traits (Upadhyaya et al., 2003). Evaluation of mini 

core collection reported low-level of genetic variation for nutritional quality traits 

(Mukri et al., 2014).  

2.5 Genotype by Environment Interaction (GEI) 

Breeders usually test a diverse array of genotypes under different 

environmental conditions, which implies genotype × environment interaction 

(GEI). According to Haldane (1947), GEI is important only if genotypes ranks 

differ from one environment to another. Since the 1970s, various attempts 

have been made to jointly capture the effects of G and GE interaction. Several 

methods have been developed to analyze GEI and to select genotypes that 

perform consistently across many environments (Becker and Leon, 1988; 

Kang, 1990; Kang and Gauch, 1996; Weber et al., 1996). The earliest 

approach was the linear regression analysis (Yates and Cochran, 1938). 

Finlay and Wilkinson (1963); Eberhart and Russell (1966) and Tai 

(1971) popularized variations of the regression approach, assuming an 
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expected linear response of yield to environments. The merits and demerits of 

several methods were discussed by Kang and Miller (1984). Kang et al. (1987) 

concluded that Shukla’s (1972) stability variance and Wricke’s (1962) 

ecovalence were equivalent methods and they ranked genotypes identically for 

stability. These types of measures are useful to breeders and agronomists, as 

they provide the contribution of each genotype to total GEI. They can also be 

used to evaluate testing locations by identifying those locations with a similar 

GEI pattern (Glaz et al., 1985). Other statistical methods that have received 

significant attention are pattern analysis (DeLacy et al., 1996); the AMMI 

model (Gauch and Zobel, 1996), the shifted multiplicative model (Crossa et al., 

1996), the non-parametric methods of Huhn (1996), which are based on 

cultivar ranks, the probability of outperforming a check (Eskridge, 1996) and 

Kang’s rank-sum method (Kang, 1988 &1993). The methods of Kang (1988, 

1993) integrate yield and stability into one statistic that can be used as a 

selection criterion.  

Among all the methods/models of stability analysis, GGE biplot 

(genotype and genotype × environment effect) technique is a versatile 

statistical/quantitative genetic methodology has recently been elucidated by 

Yan et al. (2000). The GGE biplot approach has captured the imagination of 

plant breeders and production agronomists like no other approach ever have. 

In addition to dissecting genotype × environment interactions, GGE biplot 

helps to analyze genotype-by-trait data, genotype-by-marker data, and diallel 

cross data (Yan et al., 2000; Yan, 2001; Yan and Hunt, 2001, 2002; Yan and 

Rajcan, 2002). The relationship among the test environments and their 

comparison with respect to ideal environments can be evaluated. Stability and 

ranking of genotypes based on which won where pattern and comparison 

among genotypes with respect to ideal genotypes helps breeders to select 

genotypes with location specific adaptability. 

2.5.1 GEI for yield traits in groundnut 

In groundnut, yield and its major contributing traits, biotic and abiotic 

stress resistance/tolerance and nutritional quality traits are governed by a pool 

of major and minor genes along with environmental influence (Hardwick and 
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Wood 1972; Janila et al., 2013a). Significant genotype × location, genotype × 

year and genotype × location × year interactions for yield and its components 

in groundnut have been reported in several studies (Punto and Lantinan, 1982, 

Senapathi and Roy, 1991; Ntare and Williams, 1998; Iwo et al., 2002; 

Mekontchou et al., 2006; Bucheyeki et al., 2008; Khan et al., 2009; Mothilal et 

al., 2010a; Makinde and Ariyo, 2010; Dolinassou et al., 2016; Patra et al., 

1995). Mathur et al. (1997) reported that shelling out-turn is a most stable 

character in groundnut and can be used as selection criteria. Similar findings 

for identification of genotypes for their stability for different traits under varying 

environmental conditions were also reported by Chunilal et al. (2006); 

Hariprasana et al. (2008) and Pradhan et al. (2010). 

2.5.2 GEI for foliar disease resistance 

In literature, significant differences among genotypes, environments, 

and genotype × environment interaction for resistance LLS and rust was 

reported (Singh and Sinha 1993; Reddy et al., 1995; Thaware, 2009; Mothilal 

et al., 2010b).  Genotypes with stable expression of resistance to LLS across 

the eight environments were reported in different maturity groups (Iwo and 

Olorunju, 2009). Stable source of resistance to LLS and rust has been 

reported by Singh et al. (1997). Significant genotype, environment, and G × E 

interaction were reported for days to maturity, number of mature pods per 

plant, shelling percentage, 100 kernel weight and LLS severity (Chavan et al., 

2009; Godfrey and Olorunju, 2009). A lower area under the disease progress 

curve for percent defoliation was reported across years and locations 

(Gremillion et al., 2011). 

2.5.3 GEI for nutritional quality traits 

Information about the influence of various factors on oil quality may be 

useful to guide the choice of location, sowing date, and crop management 

according to the purpose of the crop production. Significant genotypic 

differences and interactions with growing season and geographic location have 

been reported for oil, protein and fatty acid composition (Fore et al., 1953; 

Worthington et al., 1972; Holaday and Pearson, 1974; Mohamed-Som, 1974; 
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Mozingo and Steele, 1982; Norden et al., 1987; Dwivedi et al., 1993; Wang et 

al., 2008; Sarvamangala 2009; Upadhyaya et al., 2012; Azharudheen et al., 

2013; Dolinassou et al., 2016). They suggested that temperatures after 

pegging could be the factor that affects oil composition to a greater extent. 

Considering proportion of variance due to genotype × environment (G × E) 

interaction to the total phenotypic variance, oil content was least stable 

followed by oleic acid whereas the protein and O/L ratio were the most stable 

nutritional traits (Upadhyaya et al., 2005). The stability analysis resulted in the 

identification of a high oleic acid (>73%) containing genotype (ICG 2381).  

Environmental factors such as soil and climatic variations and 

temperature are the most important factor affecting fatty acid composition 

(Cobb and Johnson, 1973; Sanders, 1982; Slack and Browse, 1984; Bansal, et 

al., 1993). According to the report of Holaday and Pearson (1974), 

monounsaturated fatty acid content increases and polyunsaturated fatty acid 

content decreases with the increase of the soil temperature. This can be 

attributed to higher metabolic rate at elevated temperatures and decreased 

availability of oxygen that reoxidizes the desaturase enzyme system required 

to synthesize linoleate and linoleneate.  

Seed maturity can also influence the fatty acid composition of 

groundnut. The actual impact of seed maturity was depended on genotype, 

climatic conditions, and genotype/climatic interactions. In general, oleic acid 

increases and linoleic acid decreases with seed maturity (Cobb and Johnson, 

1973; Hinds, 1995; Young and Waller, 1972). In contrast to this, a reduction in 

oleic acid and an increase in linoleic acid with seed maturity was also reported 

by Hashim et al. (1993); Lynd and Ansman, (1989), whereas Knauft et al. 

(1987) observed no influence of maturity on oil chemistry. Besides fatty acid 

composition, early harvests decrease oil and protein yields and impaired oil 

quality (Nagaraj et al., 1989).  

The mean oleic acid concentration was observed high in Virginia runner 

followed by Virginia bunch and Spanish bunch genotypes (Picket and Holley, 

1951; Worthington and Hammons, 1971; Taira, 1985; Raheja et al., 1987; 

Lopez et al., 2001). Very slight reduction in the variance components observed 
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across the environments a lesser role of G × E interaction for fatty acid profile 

and O/L ratio (Azharudheen et al., 2013). Similarly, the least influence of 

environment on oil content was reported by Prakash et al. (2000) and 

Venkataramana et al. (2001).  

2.6 Molecular diversity in groundnut 

Molecular marker and genomic tools are being used predominantly for 

assessment of molecular diversity, selection of parents and off-springs, and 

fast-track improvement of elite cultivars for desirable traits (Varshney and 

Tuberosa, 2007). In groundnut, different kinds of molecular markers including 

restriction fragment length polymorphism (RFLP), random amplified 

polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP) 

were used in the past to assess the diversity and understand the relationships 

in various germplasm collections (Subramanian et al., 2000; Dwivedi et al., 

2001; Herselman, 2003). The majority of these studies, however, revealed low 

level of DNA polymorphism, especially in cultivated groundnut. This may be 

attributed to the low level of genetic variation that existed in the germplasm 

collection, due to the origin of groundnut, or poor discriminatory power of 

marker systems such as RFLPs, RAPDs and AFLPs. However, microsatellite 

or simple sequence repeat (SSR) markers have shown higher polymorphic 

information content (PIC) with high reproducibility and co-dominant nature. 

Hence, these markers have been considered as the markers of choice in crop 

breeding (Gupta and Varshney, 2000). In recent years, considerable efforts of 

several research groups at international level resulted in development of 

several hundreds of SSR markers in groundnut (Hopkins et al., 1999; He et al., 

2003; Fergusson et al., 2004; Palmieri et al., 2005; Moretzsohn et al., 2004, 

2005; Mace et al., 2006; Proite et al., 2007; Gimenes et al., 2007; Wang et al., 

2007; Cuc et al., 2008; Gautami et al., 2009). These SSR markers have been 

found very useful to detect genetic diversity in groundnut germplasm including 

cultivated genotypes (Mace et al., 2006, Tang et al., 2007; Kameswara et al., 

2007). 

High level of polymorphic variation among wild species but very little 

among cultivated groundnut was reported using RAPD and RFLP (Halward et 
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al., 1991). Polymorphism among the accession of cultivated groundnut with 

SSR and RAPD assay was reported by Hopkins et al. (1999) and Dwivedi et 

al. (2001), respectively. Ferguson et al. (2004) designed 226 SSR primers, out 

of which 192 were well amplified and 110 pairs revealed polymorphism 

(48.67%) in a diverse array of 24 cultivated groundnut accessions. The 110 

primer pairs showed polymorphism at 123 loci, this is possible because of the 

presence of two genomes in an allotetraploid groundnut. Nearly 120 

polymorphic loci and 3 to 19 alleles with an average of 6.9 alleles per primer 

pair were reported using 18 fluorescently labeled primer (f-SSR) against 48 

cultivated Valencia groundnut genotypes (Krishna et al., 2004). A total of 477 

alleles were detected with an average of 15.4 alleles per locus using 31 SSR 

markers from 139 accessions (Barkley et al., 2006).  SSR marker clustered 

genotypes based on their botanical classification further support to the current 

taxonomy (Barkley et al., 2007). 

A high number of alleles (265) were detected in the range of 3 

(Ah1TC6G09) to 20 (Ah1TC11H06) with an average of 10.6 alleles per locus 

and PIC value varied from 0.38 to 0.88 with an average of 0.70 for 25 SSR loci 

in 189 accessions (Varshney et al., 2009a). A total of 59 unique alleles and 

127 rare alleles were detected at almost all the loci studied. Cluster analysis 

grouped 189 accessions into four clusters (Varshney et al., 2009a). A wider 

range of PIC value for polymorphic markers was ranged from 0.10 to 0.89 with 

an average of 0.31 to 0.61 per marker in earlier genetic diversity studies (Mace 

et al., 2008; Cuc et al., 2008; Gautami et al., 2009; Varshney et al., 2009a; 

Pandey et al., 2012). PIC value reported being positively correlated with 

number of alleles per locus (Cuc et al., 2008; Pandey et al., 2012). 

The study of molecular diversity for disease resistance in groundnut 

using 17 SSR primers reported six as polymorphic (Shoba et al., 2010). 

Molecular diversity and association of SSR markers for rust and LLS 

resistance using 26 primers revealed 136 bands amplified with 76.5% 

polymorphism. Cluster analysis revealed two main clusters separated at 52% 

Jaccard’s similarity coefficient according to disease reaction against LLS and 

rust (Mondal and Badigannavar, 2010). Genetic diversity and population 
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structure of 196 groundnut cultivars using 146 SSRs revealed a total of 440 

alleles with an average of 2.99 per marker and the average gene diversity 

index of 0.11 (Ren et al., 2014). Eighty-six rare alleles with a frequency of less 

than 1% were identified in these cultivars.  

Molecular diversity analysis using 35 SSRs in 12 mutant genotypes 

revealed an average of 3.57 polymorphic bands per primer (Goswami et al., 

2013). A comprehensive analysis of allelic diversity and population structure  

using diversity array technology markers (DArt) and SSR detected lower allele 

frequency and PIC in DArT (2.0 alleles/locus, 0.125 PIC) than SSRs (22.21 

alleles/locus, 0.715 PIC) and clustered whole population into three sub-

populations (Pandey et al., 2014).  

2.7 Marker-trait associations (MTAs) 

Many agronomic traits are difficult to select and improve by 

conventional techniques. Hence, marker-assisted selection (MAS) offers an 

additional tool for obtaining improved varieties. Earlier, breeder depended on 

markers that had a morphological effect on plant. However, most 

morphological markers has several limitations such as dominance effects, 

epistatic relationships, developmental stage specificity and environmental 

influence. Molecular markers have proven to be a prominent tool to identify 

plants caring desirable genes leads to increase selection accuracy and 

intensity in the breeding program compared to conventional efforts of crop 

improvement. Further, scoring of molecular markers does not depend upon 

gene expression and are not affected by the environment, can be detectable 

using any plant tissue at any developmental stage reduces the time and space 

required for evaluation of plants. However, the successful exploitation of QTL 

regions reported to explain greater phenotypic variation for any traits requires 

a strong validation associated markers through the diverse population. 

2.7.1 MTAs for yield and its contributing traits 

The QTLs for different yield traits such as pod yield per plant, hundred 

seed weight, harvest index and haulm yield per plant with PV ranged from 10.2 

to 20.6% in well water and stress condition was reported by Fonceka et al. 
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(2012). A total of 39 QTLs with 1.25 to 26.11% PV were also reported for pod 

and seed related traits (Chen et al., 2016) Marker-trait association analysis 

through association mapping identified a total of 524 highly significant MTAs 

with wide range of PV (5.81-90.09%) for 36 traits. Out of these, 50 could be 

identified for four yield component traits viz., seed length (nine MTAs, 11.81-

13.29% PV), seed width (three MTAs, 14.91-30.09% PV), seed weight (five 

MTAs, 12.73%-26.08% PV) and pod yield (33 MTAs, 9.74-37.36% PV) 

(Pandey et al., 2014a). Five QTLs were identified through family-based 

mapping approach for seed weight with PV ranged from 4.18-19.8% (Varshney 

et al., 2009b; Ravi et al., 2011). A total of 15 QTLs for pod length, 11 for pod 

width and 16 for hundred pod weight were reported with PV ranged from 3.68 

to 27.84% (Luo et al., 2017). Marker-trait association using Kruskal-Wallis 

ANOVA reported a significant association of five SSRs with kernel mass. 

Among these associated primers, TC3A12 and TC9H09 accounted for 28% 

and 12% of PV due to kernel mass and were associated with major QTLs 

(Goswami et al., 2013). After validation, these MTAs can be used for improving 

yield and its component traits (Pandey et al., 2014a). 

2.7.2 MTAs for foliar disease resistance 

Various efforts have been made in groundnut for mapping of QTLs 

linked to foliar disease resistance and their validation in different populations. 

A major QTL for rust (QTLrust01) potentially associated with candidate SSR 

marker IPAHM 103 was identified and validated using a wide range of resistant 

and susceptible breeding lines (Khedikar et al., 2010). Another comprehensive 

QTL analysis across six environments detected 28 QTL for LLS and 15 QTL 

for rust (Sujay et al., 2012). A major QTL for LLS, namely QTLLLS01 

(GM1573/GM1009-pPGPseq8D09) explained 10.27–62.34% phenotypic 

variance (PV) was detected in all the six environments. In the case of rust 

resistance, four new markers (GM2009, GM1536, GM2301 and GM2079) in 

addition to marker IPAHM103 showed significant association with the major 

QTL for rust (82.96% PV) (Sujay et al., 2012). Similarly, the QTL region 

flanked by GM2009-IPAHM103 had very high PV of 44.5 % and 53.7% for LLS 

and rust response, respectively and another QTL region flanked by GM1839-
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GM1009 on linkage group AhXII explained the phenotypic variance of 14.1–

35.2% for LLS resistance (Kolekar et al., 2016). 

Two EST-SSR markers (SSR_GO340445 and SSR_HO115759) were 

detected closely linked to a rust resistance gene at 1.9 and 3.8 cM distances, 

respectively (Mondal et al., 2012). Bulk segregant analysis and single marker 

analysis identified the markers (PM375, PM 384, pPGPseq5d5, PM 137, PM 3, 

PMc 588 and Ah 426) linked with LLS severity (Shoba et al., 2012b). 

Validation of SSR markers linked to rust and LLS resistance revealed 

potentially associated markers (GM2009, GM2301, GM2079, GM1536, and 

IPAHM103 for rust; GM1954, GM1009 and GM1573 for LLS) that can be used 

in cultivar development through MAS (Gajjar et al., 2014; Jekkeral et al., 2014; 

Sukruth et al., 2015). These markers were successfully used for introgression 

of QTLs resistance to rust and LLS into three popular cultivars (Janila et al., 

2016a). 

2.7.3 MTAs for nutritional quality traits  

There are limited reports available on the identification of QTL regions 

associated with nutritional quality traits. A QTL analysis detected seven QTLs 

for protein content (2.5–9.8% PV), eight QTLs for oil content (1.5–10.2% PV) 

and six common QTLs for oleic and linoleic acid (3.3–9.7% PV) 

(Sarvamangala et al., 2011). Similarly, other studies also identified seven 

QTLs for oil content but they showed very low PV (1.5–9.5%) (Selvaraj et al., 

2009; Liang et al., 2009; Wang et al., 2011). A total of 25 MTAs were detected 

for oil content with PV ranged from 5.84% (gnPt-714399) to 40.37% (TC4G10), 

markers with high PV may be considered in developing cultivars with high oil 

content (Pandey et al., 2014a). Two MTAs linked with single marker Seq5D05 

could be detected for oleic acid with 16.42–20.8% PV while 22 MTAs were 

identified for O/L ratio with PV ranging from 13.7% (gnPt- 739706) to 47.45% 

(GM 2480) (Pandey et al., 2014a). These MTAs explained lower PV than the 

earlier identified MTA conducted on US-mini core collection (53.57% PV) while 

MTAs identified for O/L ratio had high PV compared to study of Wang et al. 

(2011).  
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Inheritance of high oleic and low linoleic acid was shown to be under 

simple genetic control (Moore and Knauft, 1989) and duplicate recessive 

alleles (Ol1 and Ol2) are responsible for this character. Two major recessive 

genes have been identified in groundnut, which increases the oleic acid 

content to as high as 80% and reduces the linoleic acid content to around 2% 

(Moore et al., 1989). Jung et al. (2000a & b) reported that high oleic groundnut 

resulted from reduction in the activity or transcript level of microsomal oleoyl-

PC desaturase. They isolated two non-allelic but homeologous genes, 

ahFAD2A and ahFAD2B from the developing groundnut seed with normal 

oleic. Reduction in ahFAD2B transcript levels in the developing seeds is 

correlated with high oleic trait. Two mutant alleles of FAD2 gene present on 

linkage group a09 (ahFAD2A) and b09 (ahFAD2B) control composition of 

three major fatty acids, oleic, linoleic and palmitic acid which together 

determine groundnut oil quality (Chu et al., 2009; Chen et al., 2010). Wang et 

al. (2011) further confirmed the potential role of two functional SNPs of FAD2 

gene in synthesis of higher oleic acid and O/L ratio. 

Marker-trait association for oleic acid content also revealed that 60% of 

the variation in oleic or linoleic acid content can be explained by the genotypic 

effect of ahFAD2A and ahFAD2B genes (Wang et al., 2013). Pandey et al. 

(2014b) found two marker intervals associated with ahFAD2B gene (26.54, 

25.59, and 41.02% PV) and ahFAD2A gene (8.08, 6.86, and 3.78% PV) for 

oleic acid, linoleic acid, and O/L ratio. The successfully introgression of these 

two mutant alleles from SunOleic 95R into the genetic background of three 

elite cultivars (ICGV’s 06110, 06142 and 06420) identified lines with high oleic 

acid similar to donor parent (Janila et al., 2016b) All these reports indicate the 

presence of two mutant alleles of AhFAD2 gene in inheritance of high oleic 

trait. Hence, the screening of entire breeding material for the presence of both 

the mutant alleles would be helpful to identify genotypes that can be used as a 

potential source of high oleic trait.  
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Chapter III 

Material and Methods 

The present investigation entitled “Phenotyping of Genomic Selection 

Panel for resistance to foliar fungal diseases and nutritional quality traits in 

groundnut” was carried out with the major aim of multilocation evaluation of 

Genomic Selection Panel (GSP) for two major foliar fungal diseases viz., rust 

and late leaf spot (LLS) along with yield and nutritional quality traits which will 

further be used for construction of genomic selection prediction model in 

groundnut. The study was planned to conduct a preliminary evaluation of GSP 

for magnitude of genetic and molecular diversity, and allelic richness for 

complex polygenic traits like disease resistance and nutritional quality. A 

robust marker-trait association was also planned to validate marker on a 

diverse set of genotypes and identify significant markers that can be used in 

genomic assisted breeding. The details of material used and techniques 

adopted in the present study for recording of observations, analysis, and 

interpretation of data are briefly presented in this chapter. 

3.1. Experimental material 

 The experimental material comprised of 340 genotypes of groundnut 

selected based on the diversity available for morphological and important 

economic traits in different subspecies and botanical varieties of cultivated 

groundnut. This population is designated as GSP constructed mainly for 

Genomic Selection with the help of whole genome-wide molecular marker and 

multi-location phenotypic data. Among these 340 genotypes of GSP, 227 

genotypes belong to Arachis hypogaea subspecies fastigiata whereas 113 to 

A. hypogaea subspecies hypogaea. Among subspecies fastigiata, 212 

genotypes belong to botanical variety vulgaris, 10 to fastigiata, 4 to peruviana 

and a single cultivar to botanical variety aequatoriana while among the 113 

genotypes of subspecies hypogaea, 111 belongs to botanical variety 

hypogaea and each of one belongs to hirsuta and unknown botanical type. 

The GSP included genotypes representing 21 diverse geographical countries. 

Out of 340 genotypes, 51 were taken from 20 different countries whereas 289 
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were developed at 11 breeding centers of India. These genotypes represent 

most of the diversity at geographic distribution, botanical classification, and 

expression of economically important traits present in cultivated groundnut. 

The details of genotypes used in this study are given in Appendix I. 

3.2 Environmental conditions  

The present experiment was conducted at three locations in India viz., 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 

Patancheru, Telangana, Regional Oilseed Research Station (ORS), Jalgaon, 

Maharashtra and Coconut Research Station (CRS), TNAU, Aliyarnagar, 

Coimbatore, Tamil Nadu during Rainy season 2015 for multi-location 

evaluation of GSP against two major foliar fungal diseases (rust and LLS), 

yield and nutritional quality traits (Figure 3.1). Additional post-rainy trial was 

conducted at ICRISAT Patancheru to evaluate genotypes for yield and 

nutritional quality traits under disease-free condition. Among these three 

experimental sites, OAR, Jalgaon and CRS, Aliyarnagar are natural disease 

hotspot for LLS and rust, respectively whereas, at ICRISAT, Patancheru 

artificial disease nursery was created by inoculating both the diseases through 

infector row technique. The details of environmental conditions of each 

location are given in Table 3.1. 

3.3. Experimental design 

The 340 genotypes of GSP constructed by ICRISAT were evaluated 

under four different environments in Alpha Lattice Design with two replications 

during Kharif 2015. Each replication was divided into 20 equal sized 

homogeneous blocks with the block size of 17 to reduce heterogeneity in the 

experiments through eliminating inter-block effect. Single row plots were 

planted with 4 m length and with inter and intra-row spacing of 30 and 10 cm, 

respectively. The sowing was done on broad bed system as recommended for 

groundnut cultivation with 4 rows per bed. Standard agronomic management 

practices were followed at each location: 60kg phosphorus pentoxide (P2O5) 

as a basal application, pre-emergence application of Pendimethalin (1kg active 

ingredient per ha) and irrigation soon after planting and subsequently when 
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needed. Gypsum (500 kg/ha) was applied to the experimental field at peak 

flowering stage and protection was taken against insects whereas no 

protection measure applied to control foliar fungal diseases. 

Table 3.1 Details of environmental conditions of each environment 

3.4 Methodology 

3.4.1 Screening for diseases resistance to LLS and rust  

The trial was conducted in disease screening nursery at three locations 

for screening of GSP against LLS and rust along with yield and nutritional 

quality traits. Aliyarnagar and Jalgaon are disease hotspots; hence infector 

rows of a highly susceptible cultivar TMV 2 was planted after every four broad 

beds to maintain uniform disease pressure without any artificial inoculation. 

However, an artificial disease-screening nursery was created that also has 

infector rows of TMV 2 after every four broad beds, and along the borders of 

the nursery to create optimum disease pressure for screening. 

For artificial inoculation of the foliar pathogens, urediniospores of 

Puccinia arachidis (rust) and conidial suspension of Phaeoisariopsis personata 

(LLS pathogens) were collected separately using a cyclone spore collector 

Particulars  
Environments  

E1 E2 E3 E4 

Seasons Rainy 2015 Rainy 2015 
Rainy 
2015 

Post-rainy 
2015-16 

Location 

Coconut 
Research 
Station, 
Aliyarnagar, 
Tamil Nadu 

Regional 
Oilseed 
Research 
Station, Jalgaon, 
Maharashtra 

ICRISAT, Patancheru, 
Hyderabad, 
Telangana 

Latitude ('N) 100 29 210 03 170 53 

Longitude ('E) 760 58  750 34 780 27 

Altitude (MSL) 288.0 201.2 545.0 

Soil type Sandy loam Medium black  Sandy loam 

Climatic zone Moderate rainfall  Moderate rainfall Moderate rainfall 

Total rainfall (mm) 805.44 514.90 456.05 238.88 

Temperature  
Min  0C                   15.25 9.60 14.50 9.63 

Max 0C 35.33 42.90 34.89 41.24 

Humidity    
Min (%)         48.86 30.57 36.85 19.00 

Max (%) 94.83 87.00 95.43 51.22 

Date of sowing July 7th 2015 June 23rd 2015 July 10th 

2015 
December 
6th 2015 



36 
 

(Fischer Scientific co., USA) from naturally infected leaf lesions of the 

susceptible cultivar TMV 2 and inocula were stored at -20 0C (Figure 3.2a). 

Ten days before planting of the test material in the field, the groundnut cultivar 

TMV 2, susceptible to both diseases, were planted in polybags in the 

greenhouse to multiply the inoculum. Thirty-five days-old TMV 2 seedlings 

raised in the greenhouse were inoculated separately by spraying with 

urediniospores of rust and conidia of LLS at 5 × 104 ml-1 (Figure 3.2b & 3.2c). 

The non-ionic detergent, Tween 20 was added to the spore solution as a 

surfactant at the rate of 0.05% of the spore solution. Water was sprinkled in 

and around the inoculated plants in the polybags and the plants were covered 

with polyethylene sheet during the nights for 7 days to maintain high humidity 

(95%) (Figure 3.2d). Severe rust and LLS developed on these plants in two 

weeks. When the test materials were around 50-days-old, infected plants in 

polybags were transplanted in the infector rows of the trial at one-meter 

distance and both conidia of LLS and urediniospores of rust were sprayed at a 

concentration of 5×104 spores ml-1 on infector rows of the trial (Figure 3.2e & 

3.2f). To promote disease development, sprinkler irrigation was provided to the 

trial daily for 30 min for a period of one month starting from the day of field 

inoculation with the pathogen.  

The genotypes were evaluated through visual screening method and a 

modified 9 point scale for LLS (Fig 3.3 & Table 3.2) and rust severity (Fig 3.4 & 

Table 3.3) given by Subrahmanyam et al., (1995).The visual scores (1-9) and 

the extent of leaf area destroyed (0-100%) are linearly related. Genotypes 

were scored for LLS and rust severity at 75, 90 and 105 days after sowing 

(DAS). Based on the disease severity scores at 90 and 105 DAS, genotypes 

were categorized into resistant (≤3), moderate resistance (4 to 5), susceptible 

(6 to 7) and highly susceptible (>7) (Sudani et al., 2015). 
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Figure 3.1 Map highlights the locations where experimental trials were 
conducted 

 
Figure 3.2 Procedure of artificial inoculation; a) Spore collection using a cyclone spore collector; b) 

Prepared solution of spores; c) Artificial inoculation of urediniospores of rust and conidia of 
LLS on plants; d) Plants were covered with polyethylene sheet during the night to maintain 
high humidity; e) Transplanting of diseased plants into infector rows of disease screening 
nursery; f) Layout of trial; g & h) Disease symptoms of LLS and rust, respectively 
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Table 3.2 Modified 9-point scale used for field screening of groundnut 

genotypes for LLS resistance (Subrahmanyam et al., 1995) 

Disease 

score 
Description 

Disease 

severity (%)* 

1 No disease 0 

2 Lesions present largely on lower leaves; no defoliation 1 -5 

3 

Lesions present largely on lower leaves, very few on 

middle leaves; defoliation of some leaflets evident on lower 

leaves 

6-10 

4 

Lesions present on lower and middle leaves but severe on 

lower leaves; defoliation of some leaflets evident on lower 

leaves 

11-20 

5 
Lesions present on lower and middle leaves, over 50% of 

defoliation of lower leaves 
21-30 

6 

Severe lesions on lower and middle leaves; lesions 

present but less severe on top leaves; extensive defoliation 

of lower leaves; some defoliation on middle leaves 

31-40 

7 
Lesions on all leaves but less severe on top leaves; 

defoliation of all lower and middle leaves 
41-60 

8 
Defoliation of all lower and middle leaves; severe lesions 

on top leaves evident. 
61-80 

9 
Almost all leaves defoliated, leaving bare stem; some 

leaflets may remain but show severe leaf spot 
81-100 

*Percentage leaf area damaged by LLS 
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Figure 3.3 Diagram showing leaf symptoms and percent disease 
incidence used for scoring of genotypes against LLS disease 
resistance (Subrahmanyam et al., 1995) 
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Figure 3.4 Diagram showing leaf symptoms and percent disease 
incidence used for scoring of genotypes against rust disease 
resistance (Subrahmanyam et al., 1995) 
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Table 3.3 Modified 9-point scale used for field screening of groundnut 
genotypes for rust resistance (Subrahmanyam et al., 1995) 

Disease 

score 
Description 

Disease 

severity (%)* 

1 No disease 0 

2 
Pustules sparsely distributed, largely on lower 

leaves 
1-5 

3 
Many pustules on lower leaves, necrosis evident, 

very few pustules on middle leaves 
6-10 

4 
Number of pustules on lower and middle leaves, 

severe necrosis on lower leaves 
11-20 

5 

Severe necrosis of lower and middle leaves, 

pustules may be present on top leaves but less 

severe 

21-30 

6 

Extensive damage to lower leaves, middle 

leaves, necrotic with dense distribution of 

pustules, pustules on top leaves 

31-40 

7 
Severe damage to lower and middle leaves, 

pustules densely distributed on top leaves 
41-60 

8 
100 per cent damage to lower and middle leaves, 

pustules on top leaves 
61-80 

9 Almost all leaves withered, bare stems seen 81-100 

*Percentage leaf area damaged by rust 

3.4.2 Observations on yield and its contributing traits 

 Observations on yield and its attributing characters were recorded on five 

randomly selected healthy plants excluding border plants from both the 

replications. The details of methods adopted for recording observations on 

different traits are 

3.4.2.1 Days to 50% flowering: The number of days counted from the date of 

sowing to the day when 50% of the plants initiated flowers. 

3.4.2.2 Days to physiological maturity: The number of days counted from 

date of sowing to the day when 80% of the plants got matured. 

3.4.2.3 Plant height (cm): The plant height was recorded as the height of the 

main axis from ground level to apical leaflet in centimeters at 90 days after 

sowing. 
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3.4.2.4 Number of primary branches per plant: The total numbers of primary 

branches borne on the main axis were counted from five randomly selected 

healthy plants in each replication and mean was calculated. 

3.4.2.5 Number of matured pods per plant at the time of harvest: The 

randomly selected five healthy plants were marked and harvested separately. 

Total number of matured pod produced in each of these five plants was 

counted and average was calculated. 

3.4.2.6 Pod yield per plant (g): The weight of total pod per plant obtained 

after optimum drying of the pods harvested from five random plants was 

recorded and mean was calculated (g). 

3.4.2.7 Seed yield per plant (g): The average weight of the total seeds 

obtained from shelling of mature pods of five selected plants was recorded 

from both the replications. 

3.4.2.8 Shelling percent:  The shelling percent was computed by taking 100 g 

random sample of dry pods of each genotype and it was shelled. Shelling 

outturn was computed by using the following formula 

    Kernel weight (g) 
Shelling percent   =    -------------------------------× 100 
    Pod weight (g) 

3.4.2.9 Hundred seed weight (g): A random sample of hundred well-

developed seeds (avoiding shriveled and broken ones) was drawn from each 

replication and its weight was recorded in grams to get hundred seed weight. 

3.4.2.10 Pod yield per hectare (kg): After optimum drying (~8%), the weight 

of total pods harvested from the whole plot of each genotype from each 

replication was recorded and calculated into pod yield per hectare. 

3.4.2.11 Haulm yield per plant (g): Weight of total number of plants after 

optimum drying and threshing of pods was recorded from each replication and 

mean was computed by dividing final plant stand to get haulm yield per plant. 
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3.4.3 Nutritional quality analysis  

All the genotypes of GSP were subjected to phenotyping for protein 

content, oil content and four major fatty acid viz., palmitic acid (16:0), stearic 

acid (18:0), oleic acid (18:1) and linoleic acid (18:2) using near-infrared 

reflectance spectroscopy (NIRS). The oleic/linoleic acid (O/L ratio), an 

important oil quality determining parameter was calculated as follows. 

O/L ratio =
Oleic acid content (%) (18: 1)

Linoleic acid content (%) (18: 2)
 

Near-infrared reflectance spectroscopy (NIRS) 

Near infrared spectroscopy either in reflectance (NIRS) or transmittance 

mode (NITS) is a multi-trait technique of large scale applications in the 

analysis of nutritional quality traits of food and agricultural commodities (Shenk 

and Wasterhaus, 1995). In present study, oil and protein content along with 

four major fatty acids measured for each genotype using NIRS. The details 

about principle, spectral measurement, calibration of prediction equation, data 

analysis and validation of calibrated equation of NIRS are given below. 

Principle 

The detection and measurement of chemical composition of biological 

material based on the vibrational response of chemical bonds to NIR radiation. 

Spectral measurement of NIR 

All the samples were scanned on an NIR Systems model XDS 

monochromator (model XDS RCA, FOSS Analytical AB, Sweden, Denmark).  

Reflectance spectra (log1/R) from 400 to 2498 nm were recorded at 2 nm 

intervals. Each sample was subsequently scanned 32 times and the average 

spectrum was collected. 

Data analysis 

For analysis, about 30 to 60 g (depending on amount of seed available) 

of sound mature seed sample of each genotype was scanned in a rectangular 

cup. The cup was filled up sufficiently to allow good absorption of the incident 

light. In each scan, NIR light was allowed to fall on the bottom of the sample 
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holder containing the groundnut seeds, where it penetrated and interacted with 

the samples. The reflected energy spectrum over the wavelength range of 

400-2,498 nm that carried absorption information of the samples was 

collected. The instrument diagnostics was carried out to test the response of 

instrument, wavelength and NIR repeatability to avoid the effects of 

surrounding environment on the instrument performance. Mathematical 

procedures on the spectral information were carried out with WinISI II project 

manager software version 4.3 (Infrasoft International, Port Matilda, PA, USA).  

Calibration 

Before using NIR spectrophotometer for any quantitative analysis it has 

to be calibrated using chemical reference method with the application of 

multivariate regression models to interpret chemical information encoded in the 

spectral data. Original reflectance spectra were corrected prior to calibration by 

applying first and second derivative information, standard normal variate 

transformation, de-trend scatter correlation and four passes were used to 

eliminate outliers. Calibrations were performed based on spectral data from 

400 to 2498 nm with an interval of 2 nm, to obtain the regression equations for 

fatty acid contents between spectral data and laboratory reference values 

using modified partial least squares (MPLS). For performing MPLS the number 

of parameters was set to ‘default’ and the number of cross-validation groups 

set to 8; with samples with a ‘H’ value larger than 4 (spectral outliers) and a 

(Student) ‘T’ value larger than 2.5 (sample which did not fit the calibration 

model) being eliminated (Shenk and Westerhaus, 1995). 

Different mathematical pretreatment methods were tested on the 

calibration set and the best method was chosen based on the optimum results 

obtained for R2 (determination coefficient of calibration) and 1-VR (coefficient 

of determination in cross-validation). Three mathematical treatments were 

used viz., the raw data or the first or second derivatives of log 1/R data to 

remove background differences, combined with gap sizes in data points over 

which the derivative was calculated for enhancing spectral differences and a 

smoothing algorithm to reduces random noise in the spectral data (Savitzky 
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and Golay, 1964). For example in the treatment 1,4,4,1 the first number 

indicates the order of derivative function (one is the first derivative of log 1/R); 

the second number is the gap (the length in nm); the third number represents 

the number of data points (segment length) used in the first smoothing and the 

fourth number is the number of data points in the second smoothing which is 

normally set at 1 for no second smoothing (Shenk and Westerhaus, 1993).  

Calibrations were performed with five different mathematical treatments 

(1,2,2,1; 1,4,4,1; 1,8,8,1; 2,4,4,1; 2,8,8,1) using SNV + D (Standard Normal 

Variate + De-trend) scatter correction option. Scatter corrections are useful in 

reducing differences in the spectra related to physical characteristics such as 

particle size and path length of reflectance from the particle surface (Shenk 

and Westerhaus 1993). Four cycles of outlier elimination were allowed. 

Calibration models were assessed using statistics that included the standard 

error of calibration (SEC), the coefficient of determination in calibrations (R2), 

the standard error of cross-validation (SECV), and the coefficient of 

determination in cross-validation (1-VR) (Shenk and Westerhaus, 1993). The 

optimum calibration equations were obtained based on the highest R2 or 1-VR 

and the lowest SEC or SECV values. 

Using the above-described procedure, calibration equations were 

developed using the readouts of wet chemistry methods. For developing 

calibration equations for oil content, 142 genotypes with varying oil content 

were analyzed using Soxhlet method. Similarly the oleic, linoleic and palmitic 

acid content in 208 F2:3 population of the cross ICGV 06420 × SunOleic 95R 

was estimated using gas chromatography (GC). For developing calibration 

equation for protein content around 114 samples was estimated using 

Autoanalyzer for protein content. Different mathematical treatments were 

tested to identify the best calibration equation based on their coefficient of 

determination in calibration (R2) and coefficient of determination of cross-

validation (1-VR) values. The mathematical equation used, and the RSQ (R2) 

and I-VR values of the developed equations is given in Table 3.4. The RSQ 

values for oil, protein and palmitic acid was 0.83, 0.87 and 0.88, respectively, 
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while that for oleic and linoleic acid was 0.97. Similarly, the 1-VR values for the 

samples used in cross-validation of the developed equation were ranged from 

0.75 for protein to 0.95 for oleic and linoleic acid indicating the suitability of the 

equation for predicting oil, protein, palmitic acid, oleic acid and linoleic acid in 

whole seed kernels. This equation is being routinely utilized at ICRISAT to 

analyze around 25,000-30,000 samples/season for the above quality traits and 

to screen samples based on their seed quality profile. The absorption 

spectrum of NIRS for two samples differing in their oleic acid contents is 

depicted in Figure 3.5. 

 

Table 3.4 Calibration equations for predicting oil, protein and fatty acids 

(palmitic, oleic and linoleic acid) content in whole groundnut 

kernels using NIRS 

*N- Number of samples in calibration; **RSQ- coefficient of determination in calibrations; #1-VR- coefficient of 

determination in cross-validation 

 

Validation of calibration statistics  

The accuracy and precision of the selected calibration equation was 

monitored with the WinISI software using the external validation set (Windham 

et al., 1989). The indicators for external validation were standard error of 

prediction (SEP); coefficient of determination in external validation (R2) and 

SEP/SD values, which is the ratio of the standard error of prediction to 

standard deviation (SD) for the validation samples. The best-calibrated 

equation was used to phenotype GSP for nutritional quality traits. 

Constituent N Mean Range 
Mathematical 

treatment 
RSQ 1-VR 

Oil (%) 142 48.69 40.08-57.31 1,4,4,1 0.83 0.80 

Protein (%) 114 27.68 19.73-35.64 4,6,6,1 0.87 0.75 

Palmitic acid 

(%) 208 11.42 6.77-16.06 2,4,4,1 0.88 0.80 

Oleic acid (%) 208 52.12 23.44-80.79 2,4,4,1 0.97 0.95 

Linoleic acid (%) 208 27.12 2.77-51.46 2,4,4,1 0.97 0.95 
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Figure 3.5 Raw absorption spectra of groundnut kernels representing two 

extreme oleic acid values 

3.5 Molecular diversity, allelic richness and marker-traits association 

study 

In order to construct better prediction model with high accuracy for 

Genomic Selection, molecular diversity and allelic richness must be evaluated 

to assess allelic variation for targeted loci. Hence, 336 genotypes of GSP were 

subjected for molecular diversity and allelic richness using 14 SSR markers 

reported to be linked with rust and LLS, and nutritional quality traits 

(Sarvamangla et al., 2011; Goutami et al., 2012 and Sujay et al., 2012). The 

major aim was to check the allelic richness and molecular diversity for targeted 

traits, therefore the markers reported in previous studies with >10% phenotypic 

variance for rust, LLS and nutritional quality traits were selected in the present 

study. The steps involve in genotyping are explained under different headings. 

3.5.1 DNA Isolation 

Several procedures for genomic DNA isolation have been reported 

(Murray and Thompson, 1980; Dellaporta et al., 1983; Tai and Tanksley, 

1990). The procedure based on CTAB extraction buffer (Mace et al., 2003) 

was used for genomic DNA isolation in this study. 

A) Preparation 

1. Two chrome-plated grinding balls (4 mm in diameter), pre-chilled at -20°C 

for about 30 minutes, were dispensed by an automatic ball dispenser to 12 × 8 

well polypropylene strip extraction tubes with strip caps that were kept on ice. 
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2. 3% CTAB buffer was pre-heated at 65°C in water bath (Precision Scientific 

Model: Shaking Water Bath 50) before starting DNA extraction. 

3. Leaf strips were collected from one-week-old seedlings from each genotype 

and cut into small pieces (approximately 30 mg), which were then transferred 

to an extraction tube fitted in a box. This was repeated for all 336 genotypes in 

three and half 96-well boxes. 

B) Grinding and extraction 

1. 450 μl of preheated 3% CTAB buffer was added to each extraction tube 

containing leaf sample and tightly capped with polyethylene strip caps. 

2. Grinding was carried out using a Sigma Geno-Grinder (Spex Certiprep, 

USA) at 500 strokes/minute for 2 minutes. 

3. Grinding was repeated until the color of the solution became pale green and 

leaf strip pieces were sufficiently macerated. After the first round of grinding, 

the boxes were checked for leakage by taking them out from the Geno-Grinder 

and were shaken for proper mixing of leaf tissues with buffer. 

4. After grinding, the box with the tubes was fixed in a locking device and 

incubated at 65°C in a water bath for 40 minutes with occasional manual 

shaking. 

C) Solvent extraction 

1. 450 μl of Chloroform: Isoamyl alcohol (24:1) mixture was added to each 

tube, tubes were inverted twice for proper mixing and the samples were 

centrifuged at 5000 rpm for 10 minutes.  

2. After centrifugation, the aqueous layer (approximately 300 μl) was 

transferred to a fresh tube (Marsh Biomarket). 

D) Initial DNA precipitation 

1. To each tube containing the aqueous layer, 7/10th volume (approximately 

210 μl) of cold (kept at -20°C) Isopropanol was added. The solution was 

carefully mixed and the tubes were kept at -20°C for 10 minutes. 

2. The samples were centrifuged at 5000 rpm for 15 minutes. 

3. The supernatant was decanted under the fume hood and pellets were 

allowed to air dry for about 30 minutes. 
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E) RNase A treatment 

1. In order to remove co-isolated RNA, pellets were dissolved into 200 μl of TE 

buffer (T10 E1) and 3 μl of RNase A. 

2. The solution was incubated at 37°C for 30 minutes or overnight at room 

temperature. 

F) Solvent extraction 

1. After incubation, 200 μl of Phenol: Chloroform: Isoamyl alcohol (25:24:1) 

was added to each tube, mixed and centrifuged at 5000 rpm for 10 minutes. 

2. The aqueous layer in each tube was transferred to a fresh tube (Marsh 

Biomarket) and 200 μl of Chloroform: Isoamyl alcohol (24:1) was added to 

each tube, mixed and centrifuged at 5000 rpm for 10 minutes. 

3. The aqueous layer was transferred to fresh tube (Marsh Biomarket). 

G) DNA Precipitation 

1. 15 μl (approximately 1/10th volume) of 3 M sodium acetate (pH 5.2) and 300 

μl (2 volumes) of absolute ethanol (kept at -20°C) were added to each of the 

tubes and the mixture was subsequently incubated in a freezer (-20°C) for 5 

minutes. 

2. Following the incubation at -20°C, the tubes were centrifuged at 6200 rpm 

for 15 minutes. 

H) Ethanol Wash 

1. After centrifugation, the supernatant was carefully decanted from each tube 

in order to ensure that, the pellet remained inside the tube. 

2. Subsequently, 200 μl of 70% ethanol was added to each of the tubes and it 

was followed by centrifugation at 5000 rpm for 5 minutes. 

I) Final re-suspension 

1. The supernatant was carefully decanted and the pellet was allowed to air 

dry for one hour. 

2. Dried pellets were re-suspended in 100 μl of T10E1 buffer and kept overnight 

at room temperature to dissolve completely. 

3. The re-suspended DNA samples were stored at 4°C. 
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3.5.2 Quantification of DNA concentration and quality check 

To determine the quantity and quality of genomic DNA using agarose 

gel, an aliquot of 1 μl of DNA from each sample along with 5 ng of molecular 

weight marker (λ DNA, Amersham Biosciences) were initially analyzed by 

electrophoresis on 0.8% agarose gels containing ethidium bromide (0.5 µl/10 

ml of gel) and run in 0.5X TBE (Tris Borate EDTA) buffer at a constant voltage 

(100 V) for one hour. The gel was viewed under UV illumination and recorded 

using an UVi Tech gel documentation system (DOL-008.XD, England). A 

smear of DNA indicated poor quality whereas a clear band indicated good 

quality DNA. After quality check, working stock of DNA with 5 ng/μl 

concentration was made by diluting with water for each sample. 

3.5.3 Polymerase chain reaction (PCR) 

PCR reactions were conducted in 96 and 384-well plates in a GeneAmp 

PCR system PE 9700 (Applied Biosystems, USA) DNA thermal cycler in 

volumes of 5 μl. A touchdown PCR program was used to amplify the DNA 

fragments. Fourteen SSR primers with M13 tail to bind with fluorescent labeled 

dye were used for genotyping of GSP (Table 3.5). Forward (2 pMol) and 

reverse (5 pMol) sequences of these SSR markers diluted and used for PCR 

reaction with each DNA sample of GSP. Initial denaturation for 5 minutes at 

94°C (to minimize primer-dimer formation and to activate the Taq polymerase), 

subsequently 5 cycles of denaturation for 20 seconds at 94°C, annealing at 

65°C for 30 seconds, the annealing temperature for each cycle is reduced by 

1°C up to six cycle and extension at 72°C for 30 seconds after that 40 cycles 

of denaturation at 94°C for 20 seconds, annealing at 59°C for 20 seconds and 

extension at 72°C for 30 seconds followed by final extension at 72°C for 20 

min and then maintain 4°C until removal of PCR plate. PCR amplification was 

checked on 1.2% agarose gels and PCR products of directly labeled primers 

and M13 tailed primers were separated by capillary electrophoresis on an 

ABI3730xl sequencer and their sizes were determined using GeneMapper® 

Version 4.0 software (Applied Biosystems, USA). 
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3.5.4 Genotyping using capillary electrophoresis 

The PCR products amplified using fluorescence-labeled M13 tailed SSR 

primers were separated by capillary electrophoresis using an ABI Prism 3700 

automatic DNA sequencer (Applied Biosystems Inc.). This has the ability to 

detect size differences of 1 bp using a fluorescence-based detection system, 

thus dispensing with the need for radioactivity or laborious manual 

Polyacrylamide or Agarose gel techniques. 

For this purpose, forward primers were labeled with 6-FAM™ (Blue), 

VIC™ (Green), NED™ (Yellow) or PET™ (Red) fluorophores (Applied 

Biosystems). PCR products of primers labeled with different dyes or same 

fluorophore-labeled primers with non-overlapping amplicons (in terms of size) 

were pooled (post-PCR). The products of different fluorophore-labeled primers 

were pooled in different proportion (1.0 μl of 6-FAM–labeled product, 0.8 μl of 

VIC-labeled product, 1.4 μl of NED–labeled product, and 1.0 μl of PET-labeled 

product). The pooled PCR products were then mixed with 0.2 μl of GeneScan 

500™ LIZ® internal size standard (Applied Biosystems) and 7.0 μl of Hi-Di™ 

Formamide (Applied Biosystems). The final volume was made up to 15 μl with 

sterilized double-distilled water. DNA fragments were denatured for 5 minutes 

at 95ºC (Perkin Elmer 9700, Applied Biosystem) and cooled immediately on 

ice and sent for fragment size analysis. 

3.5.5 Fragment size fractionation   

The PCR products with denatured DNA were electrophoresed and the 

capillary run was performed using the “Genscan2 POP6 Default” run module 

and “G5” filter-set. The analysis module used was “GS500 analysis”. The 

fragments were separated in a 50 cm capillary array using POP6 

(Performance Optimized Polymer, Applied Biosystems) as separation matrix. 
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Table 3.5 Details of SSR primers used in the study 

S. 
No. 

Primer 
name 

Repeat motif 
Tm 
(0C) 

Product 
size 

Primer sequence Traits linked References 

1 GM1009 
(CTC)5/ 
(CCG)5 

59.6 411 
F TTTCCTTCTTTCCCTTCTTCTTC 

LLS resistance 
Nagy et al., (2010);  
Sujay  et al., (2012) R CGTTGTTGCCGTTAAACTGA 

2 GM2301 (AG)23 60.3 127 
F GTAACCACAGCTGGCATGAAC 

Rust resistance 
Nagy et al., (2010);  
Sujay  et al., (2012) R TCTTCAAGAACCCACCAACAC 

3 GM1954 (GA)11 59.7 115 
F GAGGAGTGTGAGGTTCTGACG 

LLS resistance 
Nagy et al., (2010);  
Sujay  et al., (2012) R TGGTTCATTGCATTTGCATAC 

4 GM1573 (TC)24 59.7 264 
F GAGACCGGAGACGGAGAGTAT 

LLS resistance 
Nagy et al., (2010);  
Sujay  et al., (2012) R ACGCCCATAGATTAACCCAGT 

5 GM 2079  CAG (6) 60.0 416 
F GGCCAAGGAGAAGAAGAAAGA 

Rust resistance 
Nagy et al., (2010);   
Sujay et al., (2012) R GAAGGAGTAGTGGTGCTGCTG 

6 GM 1536   CT (10) 60.3 482 
F AAAGCCCTGAAAAGAAAGCAG 

Rust resistance 
Nagy et al., (2009); 
Sujay et al., (2012) R TATGCATTTGCAGGTTCTGGT 

7 PM36 (AG)19 60.0 243 
F ACTCGCCATAGCCAACAAAC Protein and oil 

content (%) 
He et al., (2003);  
Sarvamangla et al., (2011) R CATTCCCACAACTCCCACAT 

8 TC3E02 
(CT)26+(CA)7 
+(CA)5 

56.0 273 
F TGAAAGATAGGTTTCGGTGGA Protein content 

(%) 
Moretzsohn et al., (2005);   
Sarvamangla et al., (2011) R CAAACCGAAGGAGGAACTTG 

9 TC6E01 (GA)22 58.0 171 
F CTCCCTCGCTTCCTCTTTCT  Oil content (%), 

pod and seed 
weight 

Sarvamangla et al., (2011);  
Goutami et al., (2012) R ACGCATTAACCACACACCAA  

10 TC6H03 (AG)21 58.0 223 
F TCACAATCAGAGCTCCAACAA Protein content 

(%) 
Moretzsohn et al., (2005);  
Sarvamangla et al., (2011) R CAGGTTCACCAGGAACGAGT 

11 TC1D02 (TC)30 56.0 264 
F GATCCAAAATCTCGCCTTGA Haulm yield, Dry 

pod yield 
Moretzsohn et al., (2005);  
Goutami et al., (2012) R GCTGCTCTGCACAACAAGAA 

12 TC1D12 (TC)9 60.6 169 
F CCCTTTCATTCTCCCTTTCC Protein content 

(%) 
Moretzsohn et al., (2005);  
Sarvamangla et al., (2011) R TTCTCCTGCACTAGGTTTCCA 

13 GM630 (ATA)11 60.0 341 
F CAGCAATTCAGCAAACTAATGAA Pod and seed 

yield per plant, 
Haulm yield 

Budiman et al., (2006);  
Goutami et al., (2012) R TCCTCCCACGTCCTTTTATTT 

14 
IPAHM 
103 

(AG)17 59.7 160 
F GCATTCACCACCATAGTCCA Rust resistance, 

Oil content 
Cuc et al., (2008);  
Khedikar et al., (2010) R  TCCTCTGACTTTCCTCCATCA 

Tm= Annealing temperature 
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3.5.6 Data Processing and Scoring of genotypes for amplicon size 

GeneMapper® version 4.0 software (Applied Biosystems, USA) was 

used to size the peak pattern in relation to the internal size standard, GeneScan 

500™ LIZ®. The principle behind this is that standards are run in the same lane 

or capillary injection as the samples, which contain fragment of unknown sizes 

labeled with different fluorophores. GeneMapper® version 4.0 Software 

automatically calculates the size of unknown DNA fragments by generating a 

calibration sizing curve based upon the migration times of the known fragments 

in the standard. The unknown fragments are mapped onto the curve and the 

sample data is converted from migration times to fragments size. The peaks 

were displayed with base pair values and height (amplitude) in a 

chromatogram. The height of the chromatogram peaks (representing the 

alleles) obtained through capillary electrophoresis is directionally proportionate 

to the signal strength, which in turn is determined by the amount of amplified 

product in the sample. True picks of all 14 SSR markers were identified and 

scored for each genotype using GeneMapper® version 4.0 software (Applied 

Biosystems, USA). 

3.6 Screening of GSP for ahFAD2A & ahFAD2B mutant alleles 

 A total of 336 genotypes of GSP were screened for presence of mutant 

alleles of ahFAD2 gene using allele-specific polymerase chain reaction (AS-

PCR) developed by Chen et al., (2010). Two different primer pairs were 

required for amplifying the mutant alleles of ahFAD2A and ahFAD2B genes 

along with one additional primer pair to amplify a common allele for wild-type 

allele as an internal control. The primer combination, F435-F, and F435SUB-R, 

amplified 203 bp fragment for the mutant allele (substitution from G:C to A:T) in 

the A-genome, while the primer combination, F435-F and F435INS-R amplified 

195 bp fragment for the mutant allele (A:T insertion) in the B-genome. The 

primer combination, F435-F and F435IC-R was used as internal control to 

confirm successful amplification by amplifying 250 bp fragment for wild-type 

allele (Table 3.6).  The PCR was set up in 10 µl volume using 5 ng of genomic 

DNA together with 5 picomole primer (forward and reverse each), 1X PCR 
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buffer (Sib Enzyme, Russia), 5 mM MgCl2, 0.03 U/l of Taq DNA polymerase 

(Kapa Biosystems Inc, USA), and 0.2 mM dNTPs for amplification of targeted 

region in ABI thermal cycler (Applied Biosystems, USA). The PCR program 

included initial denaturation step for 3 min at 94ºC, first 5 cycles at 94ºC for 20 

s, 65ºC for 20 s and 72ºC for 30 s, with 1ºC decrease in temperature each 

cycle. The remaining 40 cycles were performed at 94ºC for 20 s with constant 

annealing temperature (59ºC) for 20 s. The condition for primer extension was 

set at 72ºC for 30 s and final extension at 72ºC for 20 min. The amplified PCR 

products were then separated by electrophoresis at 150V for 1 h on a 3% 

agarose gel (SeaKem LE Agarose, USA) in 1X TBE buffer. The ethidium 

bromide was used for staining the fragments and UV light was used for 

visualizing the stained fragments for easy scoring. While running the agarose 

gel, 100 bp DNA ladder (Life technologies, USA) was used as size reference for 

amplified fragments. Genotypes were scored and categorized based on the 

presence and absence of ahFAD2A and ahFAD2B mutant allele. The 

frequencies of both the mutant alleles in GSP were calculated and mean 

phenotypic performance of genotypes for fatty acids composition (oleic, linoleic, 

palmitic, stearic and O/L ratio) across the environments was compared with 

respect to presence/absence of allele. 

 

Table 3.6 Details of allele-specific primers used to screen Genomic Selection 
Panel of groundnut for mutant alleles of ahFAD2 gene (Chen et al., 
2010) 

Gene Primer Sequence 
Wild allele 

size 
Mutant 

allele size 

ahFAD2 
F345F ATCCAAGGCTGCATTCTCAC 

250 - 
F345IC-R ACTTCGTCGCGGTCG 

ahFAD2A 
F345F ATCCAAGGCTGCATTCTCAC 

- 203 
F345SUB-R TGGGACAAACACTTCGTT 

ahFAD2B 
F345F ATCCAAGGCTGCATTCTCAC 

- 195 
F345INS-R AACACTTCGTCGCCTCT 
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3.7 Statistical analysis 

3.7.1 Phenotypic data analysis 

3.7.1.1 Analysis of variance 

 The analysis of variance for different characters was carried out using Alpha 

lattice design as suggested by Cochran and Cox (1957) in SAS version 9.2 

(SAS Institute Inc 2013).  

The phenotypic observations Zijkl on accession l in replicate j of block k of 

location i was modeled as: 

Zijkl = µ + ei + (e/r)ij + (e/r/b)ijk + gi + (eg)il + εijkl 

Where, 

µ: is the grand mean;  

ei is the fixed effect of location i;  

gj is the fixed effect of genotype l;   

(e/r)ij is the fixed effect of replication j nested with in location i;  

(e/r/b)ijk is the random effect of block k nested with in replication j and location i 

and is ~ NID(0, σ2b);   

(eg)il is the fixed effect of the interaction between genotype l in location i;   

εijkl is the random residual effect and ~ NID(0, σ2ε). 

Table 3.7 Skeleton of analysis of variance (ANOVA) for alpha lattice 

design 

Source of variation  DF 

Environment e-1 

Replication e (r-1) 

Block er (b-1) 

Genotype g-1 

Genotype x Environment (g-1)(e-1) 

Residual e (rt-rb-t+1) 

Total ert-1 

Where, r = Number of replications, k2 Number of treatments (genotypes) 

The adjusted variable mean differences were tested for significance as follows 
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Source of variation 
Degree of 

freedom 

Sum of 

squares 

Mean 

squares 
F ratio 

Genotypes (adjusted) k2-1 SSg MSg MSg/MSe 

Error (intra block) (k-1) (rk-k-1) SSE MSe  

 

The computed F value was compared with the table F value at (k2-1) and (k-1) 

(rk-k-1) degrees of freedom for 5% and 1% level of significance. 

To test significance of the differences between any two adjusted genotypic 

means, the standard error of mean was computed using the formula 

S.E= [2MSe/r (1+2ku/k+1)] 0.5 

Where S.E = Standard error of mean 

               MSe = Mean sum of squares for error (intra block) 

                r = Number of replications 

                k = Number of genotypes in each sub-block 

               u = Weightage factor computed 

3.7.1.2 Population mean and variances 

A. Arithmetic mean: Best Linear Unbiased Predictions (BLUPs) were 

calculated for each accession for all quantitative traits at individual as well as 

combined across environments using SAS version 9.2. 

B. Range: The minimum and maximum values for each trait in the Genomic 

Selection Panel were calculated. 

C. Variance: It measures the variability and defined as the average of square of 

deviations from the mean.   

σ2 =
1

n
∑(Xi − X)2 

Where, 𝜎2 =variance, Xi =observation, X = mean 

D. Standard Deviation (SD): It is dispersion of individual values(X) around the 

population mean. 

SD = √𝜎2 

E. Standard Error of Mean (SEm): It is dispersion of family mean around the 

estimated population mean. 
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Standard Error =
SD

√n
 

Where,  

SD = Standard deviation  

n = number of observations 

In fact, S.E. is the SD of mean i.e. represented by XSEm. 

F. Coefficient of variation (CV) 

The coefficient of variation is the best statistical method to compare the 

amount of variation present in population for different traits. Different traits are 

represented by different units so that by converting units of all characters on the 

same scale, we can compare the amount of variation in terms of CV which is 

expressed as percentage ratio. 

CV (%) =  
SD

X̅
× 100 

3.7.1.3 Estimation of genetic variability parameters  

Genetic variability among the genotypes for all recorded characters were 

estimated as mentioned below.  

A. Genotypic coefficient of variability (GCV) 

GCV % =  
σg 

X̅
× 100 

B. Phenotypic coefficient of variability (PCV) 

PCV % =  
σp 

X̅
× 100 

C. Environmental coefficient of variability (ECV) 

ECV % =  
σe

X̅
 × 100 

Where,  

σg = Genotypic standard deviation 

σp = Phenotypic standard deviation  

σe = Environmental standard deviation 

 X̅ - Grand mean of the character.   
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PCV and GCV were classified based on the scale given by Robinson et al., 

(1949) and presented below:  

Low  = 0-10% 

Moderate = 10-20% 

High  = >20% 

D. Heritability (h2) 

 It is the ratio of genetic variance to the phenotypic variance. The estimates of 

heritability in the broad sense were obtained by applying formula given by Singh 

and Chaudhary (1977). 

h2 =  (
σ2g

σ2p
) × 100 

Where, 

2g = Genotypic variance 

2p = Phenotypic variance 

As suggested by Johnson et al., (1955), heritability values are categorized as 

follows: 

Low   : less than 30% 

Moderate : 30-60% 

High  : more than 60%  

E. Genetic advance (GA) 

 Genetic advance was computed by using the formula elucidated by Johnson 

et al., (1955) 

      Genetic advance = 
σ2g

σ2p
× K 

Where, 

2g = Genotypic variance 

2p = Phenotypic variance 

K = selection difference a constant value of which is 2.06 
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F. Genetic advance over percent mean (GAM) 

GA % over mean = (
GA

mean
) ×  100  

GAM was categorized as low, moderate and high as given by Johnson et al., 

(1955). 

Low  = 0-10% 

Moderate  =10-20% 

High  = >20% 

3.7.1.4 Correlation coefficient  

Both genotypic and phenotypic correlation coefficient were worked out to 

determine the degree of association among important yield and nutritional 

quality traits. The correlations between all pairs of traits were determined 

through variance and covariance components using formula suggested by 

Webber and Moorthy (1952). 

rp(xy) =
Covp(X, Y)

√Vpx, Vpy
 

 

rg(xy) =
Covg(X, Y)

√Vgx, Vgy
 

Where,  

rp and rg are phenotypic and genotypic correlations, respectively.  

Covp (x, y) and Covg (x, y) are phenotypic and genotypic covariance between 

the characters, x and y  

Vpx and Vpy are the phenotypic variances for the characters x and y  

Vgx and Vgy are the genotypic variances for the characters x and y  

The calculated value of ‘r’ was compared with ‘t’ table value with (n-2) degree of 

freedom at 5 and 1 percent level of significance. 
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3.7.2 Genetic diversity analysis 

3.7.2.1 Principal component analysis (PCA) 

It is a way of identifying patterns in data and expressing the data in such 

a way as to highlight their similarities and differences. Since patterns in data 

can be hard to find in data of high dimension, where the luxury of graphical 

representation is not available, PCA could be one of the powerful tools for 

analyzing such high dimension data. Besides graphical presentation of pattern 

of variation in the dataset, PCA can compress the data by reducing the number 

of dimensions without much loss of information. 

The PCA analysis reduces the dimensions of a multivariate data to a few 

principal axes, generates an Eigenvector for each axis and produce component 

scores for the characters (Senath and Sokal., 1973). Factor analysis uses 

covariance matrix of characters to generate factor loadings and communalities 

using the method of principal component extraction (Harman, 1967 and Ariyo, 

1992) 

In the present study, PCA was performed based on quantitative traits at 

the individual as well as across the environments to find out the relative 

importance of different traits in capturing the variation in GSP. The observations 

for each trait were standardized by subtracting mean from each observation 

and subsequently dividing by its standard deviation. This resulted in 

standardized values for each trait of each genotype with average 0 and 

standard deviation of 1. Best linear unbiased predictions (BLUPs) were used to 

perform PCA using GenStat version 15. The PCs that scored eigenvalue 

greater than one and had major contribution towards explaining total genetic 

variability in the data set were used for cluster analysis. A hierarchical cluster 

analysis for individual environment separately and for pooled data was 

performed using scores of the first six principal components (PCs) following 

Ward (1963) clustering method. 

3.7.3 GGE biplot analysis 

To evaluates the phenotypic stability and adaptability, the GGE biplot 

analysis performed, considering the simplified model for two main principal 
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components. In this approach, the effects of genotype (G) and genotype by 

environment (GE) were considered as random in the model. In this case, the 

best linear unbiased predictions (BLUP) were calculated and used for GGE 

biplot analysis. 

The components of genotypic variance, environmental variance, GE 

interaction variance and residual were estimated by general linear mixed model 

of ANOVA using software package SAS version 9.2. GGE biplot analysis based 

on which won where pattern, a ranking of genotypes based on mean and 

stability and the relationship among test environments and between genotype 

and environments was done using GenStat version 15 (Yan and Kang, 2003). 

Out of 340, a total of 109 genotypes which had disease severity score <3 for 

either of the diseases at ICRISAT and Aliyarnagar were subjected to stability 

analysis using GGE biplot to find stable source of disease resistance to rust and 

LLS, and yield and nutritional quality traits.  

The model for a GGE biplot (Yan, 2002) based on singular value 

decomposition (SVD) of first two principal components is: 

ij - µ-βj = 1i1j1 + 2i2j2 + ij   [1] 

where ij is the measured mean (DBH) of genotype i in environment j, μ 

is the grand mean, βj is the main effect of environment j, μ + βj being the mean 

yield across all genotypes in environment j, 1 and 2 are the singular values 

(SV) for the first and second principal component (PC1 and PC2), respectively, 

i1 and i2 are eigenvectors of genotype i for PC1 and PC2, respectively, j1 and 

j2 are eigenvectors of environment j for PC1 and PC2, respectively, ij is the 

residual associated with genotype i in environment j. 

PC1 and PC2 eigenvectors cannot be plotted directly to construct a 

meaningful biplot before the singular values are partitioned into the genotype 

and environment eigenvectors. Singular-value partitioning is implemented by, 

   gi1 = 1
f1i1 and eij = 1

1-f11j   [2] 

Where f1 is the partition factor for PC1, Theoretically f1 can be a value 

between 0 and 1, but 0.5 is most commonly used. 
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To generate the GGE biplot, the formulae [1] was presented as: 

  ij - µ- βj = gi1e1j+gi2e2j + ij   [3] 

If the data was environment-standardized, the common formula for GGE 

biplot was reorganized as follows: 

ij - µ- βj/sj =  gi1e1j + ij    [4] 

Where, sj is the standard deviation in environment j, l =1, 2,…,k, gi1 and 

e1j are PC1 scores for genotype i and environment j, respectively. 

 We used environment standardized model [4] to generate biplot of “which-

won where”. For the analysis of relationship between the trials, genotype, and 

test environments, we used unstandardized model [3]. The analyses were 

conducted and biplot generated using the “GGE biplot” function of GenStat 

version 15. 

3.7.4 Molecular data analysis 

The allele sizes for all markers for each genotype were used to analysis 

basic statistics using Power Marker version 3.25 (Liu and Muse, 2005). The 

summary statistics includes analysis of polymorphic information content (PIC), 

allelic richness as determined by total number of the detected alleles, number of 

alleles per locus, occurrence of unique, rare, common and most frequent 

alleles, gene diversity and heterozygosity (%). 

3.7.4.1 Polymorphic information content (PIC) 

The polymorphic information content (PIC) was estimated as below 

(Botstein et al., 1980). 

PIĈl = 1 −  ∑ Plu
́ 2

k

u=1

−  ∑ ∑ Plu
́ 2

Plv
́ 2

k

v=u+1

k−1

u=1

 

3.7.4.2 Gene diversity 

Gene diversity often referred to as expected heterozygosity, is defined as 

the probability that two randomly chosen alleles from the population are 

different. An unbiased estimator of gene diversity at the lth locus is 



63 
 

D̂l = (1 −  ∑ Plu
́ 2

)

k

u=1

(1 − 
1 + f

n
)⁄  

3.7.4.3 Heterozygosity 

Heterozygosity is simply the proportion of heterozygous individuals in the 

population. At a single locus and it was estimated as 

Ĥl = 1 −  ∑ Pluû

k

u=1

 

3.7.4.4 Allele and genotype frequencies 

The sample allele frequencies are calculated as�̃�𝑢 =  𝑛𝑢 (2𝑛)⁄ , with the 

variance estimated as 

Var (P̃u) =̂.  
1

2n
(P̃u  +  P̃uu − 2P̃u

2) 

Where =̂. means “estimated by”. 

The sample genotype frequencies �̃�𝑢𝑣 are calculated as 𝑛𝑢𝑣 𝑛⁄ . Both �̃�𝑢 

and �̃�𝑢𝑣  are unbiased maximum likelihood estimates of the population 

frequencies. Confidence interval for allele and genotype frequency was formed 

by resampling individuals from the data set. 

3.7.4.5 Unique, rare and common alleles 

Unique alleles are those that are present in one accession or in one 

group of accessions but absent in other accessions or group of accessions. 

Rare alleles are those whose frequency is ≤ 1 percent in the investigated 

materials. Common alleles are those occurring between 1-20 percent in the 

investigated materials while those occurring >20 percent was classified as most 

frequent alleles (Upadhyaya et al., 2008). 

3.7.4.6 Clustering 

The unweighted neighbor-joining tree was constructed based on the 

simple matching dissimilarity matrix of 14 SSR markers genotyped in 336 

genotypes of GSP using DARwin 5.0.156 program (Perrier and Jacquemoud 

Collet, 2006). 
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3.7.4.7 Principle coordinate analysis (PCoA) 

The PCoA of genotypes of GSP was performed based on genetic 

distance values obtained from DARwin distance matrix using GENAlex 6.41 

(Peakall and Smouse, 2006). 

3.7.4.8 Analysis of molecular variance (AMOVA) 

Analysis of molecular variance was performed to partition molecular 

variance within and among the subspecies of cultivated groundnut and 

populations identified by the cluster analysis based on 999 permutations using 

the software GENAlex 6.41 (Peakall and Smouse, 2006) 

3.7.4.9 Population structure analysis  

  A set of 14 SSR markers identified to be linked with resistance to rust, LLS, 

and nutritional quality traits were used to know structure of population and 

admixture for targeted genomic regions. In order to infer precise population 

structure of GSP for targeted genomic regions, only molecular data were used 

without considering pre-existing available information on diversity based on 

botanical classification, geographical information in the analysis. The analysis 

was performed using the software package STRUCTURE 2.3.4. The program 

STRUCTURE implements a model-based clustering method for inferring 

population structure using genotype data consisting of unlinked markers to 

identify k clusters to which the program then assigns each individual genotype. 

The method was introduced by Pritchard et al., (2000) and extended by Falush 

et al., (2003 & 2007). To determine most appropriate k value, burn-in Markov 

Chain Monte Carlo (MCMC) replication was set to 10,000 and data were 

collected over 100,000 MCMC replications in each run. Ten independent runs 

were performed setting the number of population (k) from 2 to 10 using a model 

allowing for no admixture and correlated allele frequencies. The basis of this 

kind of clustering method is the allocation of individual genotypes to k clusters 

in 4such a way that Hardy-Weinberg equilibrium and linkage equilibrium are 

valid within clusters, whereas these kinds of equilibrium are absent between 

clusters. The k value was determined by LnP(D) in STRUCTURE output and an 

ad hoc statistic jk based on the rate of change in LnP(D) between successive k 
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(Evanno et al., 2005). The final subpopulations were determined based on rate 

of change in LnP(D) between successive k and stability of grouping pattern 

across five-run.  

3.7.4.10 Marker-trait association 

Association of SSR marker data with the trait of interest was tested using 

the general linear mixed model (GLM) as described by Yu et al., (2006) using 

TASSEL 2.1. This method simultaneously takes multiple levels of both gross 

level population structure (Q) and finer scale phenotypic data into account. The 

statistical model can be described in Henderson’s notations (Henderson, 1975) 

as follows: 

y = Xβ + Zu + e 

Where, 

y = the vector of observations 

𝛃  = unknown vector containing fixed effects including genetic marker and 

population structure (Q) 

u = unknown vector of random additive genetic effects from multiple 

backgrounds 

QTL for individuals or lines 

X and Z = the know design matrices 

E = unobserved vector of random residuals. 

The population structure analysis was conducted by running 

STRUCTURE and the population structure matrix (Q) was constructed at K=3. 

The BLUPs were determined for each accession for all quantitative traits for 

individual and pooled across environments were used for the association 

analysis as phenotypic data input. Higher disease severity score among both 

the replication was considered as the final score of that genotype for a 

particular location and taken for analysis whereas mean of all three locations 

used as pooled disease score across locations. However, four environment 

data of yield and nutritional quality traits were used for marker-trait association 

analysis for individual as well as pooled across environments. The SSR 
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markers associated with the trait of interest were identified based on P value of 

marker, which determines whether a marker is associated with the desired trait. 

The R2 (marker) indicating the fraction of the total phenotypic variation 

explained by the marker. Only those makers which having P≤0.05 were 

selected as significant markers associated with the trait of interest. 
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CHAPTER IV 

Results 

 Phenotyping was done on Genomic Selection Panel (GSP) for yield traits, 

resistance to foliar fungal diseases (LLS and rust) and nutritional quality traits in 

four environments. Rainy season trials were conducted at Aliyarnagar (Tamil 

Nadu) and Jalgaon (Maharashtra) under natural disease epiphytotic, whereas 

at ICRISAT, Patancheru (Telangana), it was under artificial disease pressure 

created through infector row technique. Besides, the rainy season experiments, 

another trial was conducted at ICRISAT, Patancheru during the post-rainy 

season of 2015-16 to evaluate all genotypes under disease free condition. The 

phenotypic data collected from each individual environment as well as pooled 

were used to assess genetic diversity present in the GSP for traits evaluated 

and to identify the stable source of disease resistance, yield and nutritional 

quality traits through GGE biplot technique of stability analysis. The genotypes 

of GSP were subjected to molecular diversity analysis using 14 SSR markers 

data linked to rust, LLS and nutritional quality traits to assess molecular 

diversity and allelic richness present in GSP for the targeted loci. Marker-trait 

association analysis was done to evaluate association among SSR genomic 

region and phenotype across the environments. The experimental results of 

present investigation are presented under following headings 

4.1 Analysis of variance 

4.2 Mean and genetic parameters 

4.3 Correlation among traits 

4.4 Principal component analysis 

4.5 Stability of disease resistance, yield, and nutritional traits  

4.6 Molecular diversity  

4.7 Marker-trait association (MTA) 

4.8 Screening of GSP for mutant alleles of ahFAD2 gene 
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4.1. Analysis of variance 

 Analysis of variance for disease resistance, yield and nutritional quality traits 

of GSP evaluated in four different individual environments and pooled are 

presented in Table 4.1 to 4.4. Partitioning of variance using ANOVA indicated 

that genotypes included in the present study differed significantly for all the 

traits in each individual environment as well as across the environments. There 

was a significant effect of environment reported for all the traits and a significant 

genotype × environment interaction for disease resistance (Table 4.3), yield, 

and nutritional quality traits (Table 4.4). 

4.1.2 Homogeneity of variances 

The observations on disease severity to LLS and rust were recorded at 

three different stages (75, 90 and 105 days after sowing) across the three 

different environments during the rainy season, whereas all other quantitative 

traits measured in four environments separately including a post-rainy trial at 

ICRISAT, Patancheru. The homogeneity of error variances across the 

environments was tested using widely accepted Bartlett’s and Levene’s test of 

homogeneity of variances. The results of both the tests showed that residual 

variances were heterogeneous between environments for disease severity 

scores, yield and nutritional quality traits (Table 4.5). Among both the test, 

Levene’s test is better than Bartlett’s test because it does not have any 

assumption of normalized data. Looking to the heterogeneity of variances for all 

the traits the replicated data was analyzed with the general linear mixed model 

(GLM) of ANOVA using proc glm function of SAS to model heterogeneity of 

error variance. Best linear unbiased prediction (BLUP) of mean (adjusted mean) 

(Schonfeld and Werner, 1986) were estimated from replicated data of 

genotypes from each individual as well as pooled across the environments. 

Pooled analysis of variance was carried out to check the variance due to 

environments and genotype × environments to make a decision about the 

assessment of stability of genotypes for disease resistance and yield traits. 

These BLUP values were further used for genetic diversity, stability, and 

marker-trait association study. 
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Table 4.1 Analysis of variance of Genomic Selection Panel of groundnut evaluated at Aliyarnagar (E1), Jalgaon (E2), ICRISAT 
rainy 2015 (E3) and ICRISAT post-rainy 2015-16 (E4) 

Where * & ** represents significant at 5 and 1 % probability level 

df = Degree of freedom; DFF= Days to 50% flowering, LLS75, LLS90 & LLS105 = Disease severity score of late leaf spot recorded at 75, 90 and 105 days after sowing, 
respectively; Rust75, Rust90 & Rust105= Disease severity score of rust recorded at 75, 90 and 105 days after sowing, respectively; PH = Plant height (cm); NPB= Number of 
primary branches plant-1. 

 

 

 

Source df ENV DFF LLS75 LLS90 LLS105 Rust75 Rust90 Rust105 PH NPB 

Replication 1 

E1 21.18** 0.289** 0.205** 0.003 0.239** 0.118** 0.045* 735.86** 0.094** 

E2 130.60** 0.013 0.014 0.214** 0.001 0.181** 0.595** 2.05 0.230** 

E3 10.63 0.323** 0.013 0.006 0.135** 0.008 0.018* 56.38** 0.028 

E4 152.48** - - - - - - 456.25** 0.020 

Block (Replication) 38 

E1 4.58** 0.006 0.004 0.005 0.006 0.005 0.005 22.77** 0.008** 

E2 4.14 0.002 0.018** 0.017** 0.001 0.021** 0.026 27.05** 0.010 

E3 8.06** 0.007 0.003 0.002 0.006 0.005 0.002 23.80** 0.003 

E4 3.66 - - - - - - 4.48 0.010 

Genotypes 339 

E1 8.56** 0.015** 0.025** 0.013** 0.036** 0.043** 0.018** 60.41** 0.009** 

E2 13.65** 0.002 0.016** 0.023** 0.001** 0.019** 0.045** 91.92** 0.020** 

E3 15.33** 0.025** 0.017** 0.012** 0.033** 0.030** 0.020** 60.72** 0.014** 

E4 18.80** - - - - - - 44.08** 0.020** 

Error 301 

E1 1.04 0.005 0.003 0.004 0.006 0.004 0.004 4.13 0.002 

E2 3.43 0.002 0.005 0.005 0.001 0.007 0.012 10.34 0.010 

E3 2.48 0.005 0.002 0.002 0.006 0.003 0.002 5.54 0.003 

E4 2.19 - - - - - - 2.86 0.010 
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Table 4.1 Contd... 

Source DF ENV NPP PYPP SYPP SH % DM HSW PYH HLM 

Replication 1 

E1 33.55 98.39 21.41 202.71** 37.65 20.67 4965700.30** - 

E2 47.13 17.59 7.44 1.76 1972.01** 3.62 329537.80 - 

E3 7.86 38.02 3.00 1162.31** 454.62** 2059.09** 213728.70 20.65 

E4 393.79** 137.98** 62.08** 37.33 74.45** 224.67** 11775725.90** 97.10 

Block (Replication) 38 

E1 16.10** 10.70 3.90* 9.47 2.82 8.98* 138719.90 - 

E2 7.96 3.35 1.07 8.95 2.06 6.52 177394.70 - 

E3 18.80 6.35 3.02 20.69 2.47 18.54 110286.10 13.47 

E4 7.39 2.91 1.35 10.14 4.13 14.95** 213011.60 8.76 

Genotypes 339 

E1 50.78** 29.14** 11.36** 57.06** 47.34** 113.05** 858484.80** - 

E2 67.35** 33.41** 13.18** 58.32** 119.17** 80.91** 1190905.20** - 

E3 46.03** 27.08** 10.35** 62.68** 121.2** 97.59** 883273.30** 32.49** 

E4 33** 14.50** 6.18** 84.37** 121.13** 103.40** 997904.90** 91.38** 

Error 301 

E1 7.14 4.43 1.76 7.24 3.14 4.07 105842.70 - 

E2 7.94 4.47 1.82 5.16 1.82 6.03 118057.20 - 

E3 11.49 5.40 2.54 23.42 4.20 12.18 80643.80 9.04 

E4 4.34 1.86 0.78 6.72 3.46 4.51 138198.10 6.85 

Where * & ** represents significant at 5 and 1 % probability level  

df = Degree of freedom; NPP= Number of pods plant-1; PYPP= Pod yield plant-1 (g); SYPP= Seed yield plant-1 (g); SH %= Shelling percent; DM= Days to physiological maturity; 
HSW= Hundred seed weight (g); PYH= Pod yield hectare-1 (kg/ha); HLM= Haulm weight plant-1 (g); E1= Aliyarnagar; E2= Jalgaon; E3=ICRISAT rainy 2015; E4= ICRISAT post-rainy 
2015-16. 
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Table 4.2 Analysis of variance for nutritional quality traits of Genomic Selection Panel of groundnut evaluated at Aliyarnagar 
(E1), Jalgaon (E2), ICRISAT rainy 2015 (E3) and ICRISAT post-rainy 2015-16 (E4) 

Source df ENV Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic acid 
(%) 

O/L ratio 

Replication 1 

E1 0.22 0.01 0.57 0.32 0.09 0.19* 0.01 

E2 0.002 0.255 0.025 0.099 0.004 0.033 0.002 

E3 0.035 2.887** 1.551 6.13 0.126** 2.044** 0.744** 

E4 0.325** 1.352** 1.22** 2.054** 0.018 0.644** 0.042** 

Block (Replication) 38 

E1 0.04 0.11 0.09 0.07 0.02 0.02 0.01 

E2 0.027 0.053 0.145 0.121 0.013 0.021 0.003 

E3 0.016 0.036 0.043 0.044 0.01 0.028 0.012 

E4 0.05** 0.088** 0.109 0.152** 0.007 0.019 0.004 

Genotypes 339 

E1 0.095** 0.13** 0.36** 0.28** 0.05** 0.05** 0.01** 

E2 0.088** 0.10** 0.441** 0.291** 0.057** 0.064** 0.007** 

E3 0.116** 0.063** 0.345** 0.288 0.047** 0.269** 0.105** 

E4 0.071** 0.088** 0.285** 0.273** 0.042** 0.041** 0.009** 

Error 301 

E1 0.03 0.06 0.08 0.06 0.01 0.02 0.01 

E2 0.021 0.055 0.08 0.059 0.01 0.018 0.002 

E3 0.014 0.03 0.035 0.031 0.006 0.025 0.018 

E4 0.019 0.037 0.074 0.063 0.008 0.012 0.002 

Where * & ** represents significant at 5 and 1 % probability level; df = Degree of freedom 
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Table 4.3 Pooled analysis of variance for disease severity score of late leaf spot and rust recorded in Genomic Selection 
Panel at three different locations 

Source df LLS75 LLS90 LLS105 Rust75 Rust90 Rust105 

Environment 2 12.554** 12.97** 10.174** 10.496** 10.853** 27.029** 

Replication (ENV) 3 0.208** 0.078** 0.074** 0.125** 0.102** 0.219** 

Block (ENV × REP) 114 0.005 0.008** 0.008** 0.004 0.01** 0.011** 

Genotypes 339 0.024** 0.042** 0.03** 0.04** 0.068** 0.059** 

Genotype × Environment 678 0.009** 0.008** 0.008** 0.014** 0.011** 0.011** 

Error 903 0.004 0.003 0.004 0.004 0.005 0.006 

Where LLS75, LLS90 & LLS105 = Disease severity score of late leaf spot recorded at 75, 90 and 105 days after sowing, respectively; Rust75, Rust90 & Rust105= Disease 

severity score of rust recorded at 75, 90 and 105 days after sowing, respectively; * & ** represents significant at 5 and 1 % probability level; df= Degree of freedom; ENV= 
Environment and REP= Replication; 
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Table 4.4 Pooled analysis of variance for yield and nutritional quality traits recorded in Genomic Selection Panel at four 
different environments 

Source Environment Rep (ENV) 
Block (ENV × 

REP) 
Genotypes 

Genotype × 
Environment 

Error 

Degree of freedom  3 4 152 339 1017 1204 

Yield and its contributing traits  

Days to 50% flowering 26111.81** 78.72** 5.11** 35.82** 6.42** 2.28 

Plant height (cm) 51540.32** 312.64** 19.53** 161.24** 30.72** 5.71 

Number of primary branches  0.89** 0.09** 0.01** 0.04** 0.01** 0.01 

Number of mature pods per plant 3723.42** 120.58** 12.57** 95.54** 32.62** 7.73 

Pod yield per plant (g) 2644.64** 73.00** 5.83 44.50** 19.20** 4.04 

Seed yield per plant (g) 893.01** 23.48** 2.34 17.83** 7.52** 1.73 

Shelling percent (%) 1326.11** 351.03** 12.31 132.62** 42.43** 10.63 

Hundred seed weight (g) 370.62** 577.01** 12.25** 259.17** 42.9** 6.7 

Days to maturity  167711.34** 634.68** 2.87 274.45** 41.93** 3.15 

Pod yield per hectare (kg) 7700211.4** 4321173.2** 159853.1 2105123.5** 590881.7** 110685 

Nutritional quality traits 

Oil (%) 25.567** 0.146** 0.034** 0.243** 0.04** 0.021 

Protein (%) 84.246** 1.126** 0.07** 0.172** 0.066** 0.044 

Oleic acid (%) 19.853** 0.841** 0.096* 1.104** 0.101** 0.066 

Linoleic acid (%) 52.384** 2.15** 0.096** 0.861** 0.081** 0.053 

Palmitic acid (%) 2.116** 0.059** 0.011 0.154** 0.012** 0.009 

Stearic acid (%) 18.078** 0.887** 0.058** 1.086** 0.091** 0.037 

O/L ratio 8.528** 0.403** 0.018 0.174** 0.027** 0.015 

Where * & ** represents significant at 5 and 1 % probability level; ENV= Environment and REP= Replication; 
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Table 4.5 Levene's test for homogeneity of variance for all the traits under study 

Traits  
  Mean Square 

F Value 
Probability  

level   Environment Error 

Foliar disease resistance  df 2 2037     

LLS75   1.705 0.003 653.66 <.0001 

LLS90   0.057 0.004 12.81 <.0001 

LLS105   0.307 0.004 75.88 <.0001 

Rust75   3.447 0.004 955.97 <.0001 

Rust90   0.207 0.005 39.60 <.0001 

Rust105   0.821 0.006 127.13 <.0001 

Yield and its contributing traits df 3 2716     

Days to 50% flowering   116.20 2.682 43.33 <.0001 

Plant height (cm)   331.60 16.21 20.46 <.0001 

Number of primary branches    0.028 0.003 10.50 <.0001 

Number of pods per plant   205.10 10.82 18.95 <.0001 

Pod yield per plant (g)   175.90 6.07 29.01 <.0001 

Seed yield per plant (g)   53.61 2.42 22.15 <.0001 

Shelling percent (%)   221.90 14.28 15.54 <.0001 

Hundred seed weight (g)   184.10 22.89 8.04 <.0001 

Days to maturity    1126.10 19.83 56.80 <.0001 

Pod yield per hectare (kg)   1025619 220104 4.66 0.003 

Nutritional quality traits df 3 2716   

Oil content (%)   0.1691 0.0222 7.62 <.0001 

Protein content (%)   0.4799 0.0281 17.07 <.0001 

Oleic acid (%)   0.6585 0.0817 8.06 <.0001 

Linoleic acid (%)   0.0718 0.073 0.98 0.3996 

Palmitic acid (%)   0.0292 0.0125 2.34 0.0718 

Stearic acid (%)   1.3758 0.1205 11.41 <.0001 

O/L Ratio   0.0159 0.0134 1.18 0.3147 

Where LLS75, LLS90 & LLS105 = Disease severity score of late leaf spot recorded at 75, 90 and 105 
days after sowing, respectively; Rust75, Rust90 & Rust105= Disease severity score of rust recorded at 75, 
90 and 105 days after sowing, respectively. 
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4.2 Mean performance and genetic parameters   

 The data on quantitative traits were analyzed using general linear mixed 

model and BLUPs or adjusted means were estimated for each genotype at 

individual as well as across four environments through SAS version 9.2. The 

BLUPs for each trait at individual and across the environments are presented in 

Appendix II to XII. The nature and magnitude of variation for individual traits 

was assessed by the genotypic and phenotypic coefficient of variation (GCV & 

PCV), heritability in broad sense (h2
bs) and genetic advance as percent mean 

(GAM) from each environment and pooled across the environments. The results 

of mean and range of genotype performance with genetic parameters for each 

trait under study, are presented below. 

4.2.1 Severity score for late leaf spot and rust 

Disease severity score for LLS and rust recorded at three different 

stages viz., 75, 90 and 105 days after sowing (DAS) at all the three 

environments during rainy 2015 was largely depend on the amount of inoculum 

available for infection and favorable environmental conditions for disease 

establishment and spread. Disease pressure was high (≥8 disease severity 

score recorded for both rust and LLS at 90 DAS on susceptible cultivar TMV2) 

at Aliyarnagar and ICRISAT whereas it was low at Jalgaon (5 disease severity 

score in TMV2 for both the diseases at 90 DAS) for both the diseases due to 

unfavorable environmental conditions. 

Late leaf spot 

At Aliyarnagar 

The disease scores of LLS at Aliyarnagar varied from 1 to 4 at 75 DAS, 

from 2 to 8 at 90 DAS and from 3 to 9 at 105 DAS with an average disease 

score of 1.90, 4.60 and 7.10 at 75, 90 and 105 DAS, respectively. Moderate 

GCV (17.06%) and high PCV (23.65) with moderate heritability (52.00%) and 

high GAM (25.34%) was reported at 75 DAS whereas moderate GCV (15.14%) 

and PCV (16.53%) with high heritability (83.86%) and GAM (28.55%) was 

reported at 90 DAS. However, low GCV (7.54%) and PCV (10.40%) with 

moderate heritability (52.64%) and GAM (11.27%) were reported at 105 DAS 
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(Table 4.6).  The genotypes which had ≤3 disease severity score on 1-9 scale 

at 90 DAS were considered as resistant while four to five were moderately 

resistant, six to seven susceptible and genotypes which had >7 disease severity 

score were considered as highly susceptible to both the diseases. Out of 340 

genotypes of GSP, 67 reported as resistant, 167 as moderately resistant, 104 

as susceptible and 2 genotypes as highly susceptible to LLS at 90 DAS (Fig 4.1 

& Table 4.7) whereas six genotypes were reported as resistant, 34 as 

moderately resistant, 126 as susceptible and 174 genotypes as highly 

susceptible to LLS at 105 DAS at Aliyarnagar (Fig 4.2). 

At Jalgaon 

Low disease pressure was observed at Jalgaon compared to Aliyarnagar 

and ICRISAT during rainy 2015. The disease score of genotypes of LLS varied 

from 1 to 3 at 75 DAS, 1 to 6 at 90 DAS, from 2 to 8 at 105 DAS with an 

average disease score of 1.07, 3.27 and 4.80 at 75, 90 and 105 DAS, 

respectively. Low GCV (2.24%) and PCV (10.78%) coupled with very low 

heritability (4.34%) and GAM (0.96%) was reported at 75 DAS whereas 

moderate GCV (12.84%) and PCV (17.44%) with moderate heritability (54.17%) 

and GAM (19.46%) was reported at 90 DAS (Table 4.6). Moderate GCV 

(13.35%) and PCV (16.40%) with high heritability (66.30%) and GAM (22.39%) 

were reported for LLS at 105 DAS at Jalgaon. Among the environments, 

disease pressure was quite low at Jalgaon with maximum disease score of 5 

recorded in susceptible cultivar TMV2 at 90 DAS, therefore genotypes were not 

categorized into resistant and susceptible based on the data recorded at 

Jalgaon. 

At ICRISAT rainy season 2015 

The disease scores of genotypes for LLS at ICRISAT varied from 1 to 6 

at 75 DAS, from 2 to 9 at 90 DAS and from 4 to 9 at 105 DAS with an average 

disease score of 3.27, 6.65 and 8.17 at 75, 90 and 105 DAS, respectively. A 

moderate GCV (17.12%) and high PCV (20.74%) coupled with high heritability 

(68.09%) and GAM (29.09%) was observed at 75 DAS whereas moderate GCV 

(10.13%) and PCV (11.28%) coupled with high heritability (80.76%) and 
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moderate GAM (18.76%) was observed at 90 DAS (Table 4.6). A low GCV 

(7.71%) and PCV (8.53%) coupled with high heritability (81.55%) and moderate 

GAM (14.34%) were observed for LLS at 105 DAS at ICRISAT during rainy 

2015. Nine genotypes were reported as resistant, 67 as moderately resistant, 

148 susceptible and 116 reported as highly susceptible to LLS at 90 DAS (Fig 

4.1 & Table 4.9). None of the genotypes showed resistance to LLS up to 105 

DAS at ICRISAT during rainy 2015 while 19 genotypes were reported as 

moderately resistant, 47 as susceptible and 274 as highly susceptible to LLS at 

105 DAS (Fig 4.2). 

Pooled across the environments 

The disease scores of genotypes for LLS across the environments varied 

from 1 to 4 at 75 DAS, from 2 to 7 at 90 DAS and from 4 to 8 at 105 DAS with 

an average disease score of 2.07, 4.85 and 6.68 at 75, 90 and 105 DAS, 

respectively. A moderate GCV (13.62 & 11.42%) and PCV (16.68 & 12.70%) 

coupled with high heritability (66.61 & 80.90%) and GAM (22.89 & 21.17%) was 

observed at 75 and 90 DAS, respectively whereas low GCV (8.06%) and PCV 

(9.42%) coupled with high heritability (73.25%) and moderate GAM (14.21%) 

was observed at 105 DAS (Table 4.6). Thirty-one genotype identified as 

resistant, 162 as moderately resistant, 147 susceptible whereas none of the 

genotypes reported as highly susceptible to LLS at 90 DAS (Fig 4.1 & Table 

4.11). None of the genotypes showed a resistant reaction against LLS up to 105 

DAS while 38 exhibited moderately resistant, 176 susceptible and 126 highly 

susceptible reactions against LLS at 105 DAS across the environments (Fig 

4.2). 

Leaf rust  

At Aliyarnagar 

The disease severity scores of genotypes for rust at Aliyarnagar varied 

from 1 to 5 at 75 DAS, from 1 to 8 at 90 DAS, from 2 to 9 at 105 DAS with an 

average of 2.40, 4.90 and 6.90 at 75, 90 and 105 DAS, respectively. High GCV 

(26.43% & 19.67%) and PCV (30.66% & 21.22%) coupled with heritability 

(74.29% & 85.95%) and GAM (46.93% & 37.57%) was reported for rust at 75 
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and 90 DAS, respectively whereas low GCV (9.96%) and moderate PCV 

(12.05%) coupled with high heritability (68.26%) and moderate GAM (16.95%) 

was reported at 105 DAS (Table 4.6). Out of 340 genotypes of GSP, 87 

reported as resistant, 96 as moderately resistant, 154 as susceptible and 3 

genotypes as highly susceptible to rust at 90 DAS (Fig 4.1 & Table 4.8) 

whereas 11 genotypes showed resistant, 58 moderately resistant, 151 

susceptible and 140 highly susceptible reaction against rust at 105 DAS at 

Aliyarnagar (Fig 4.2). 

At Jalgaon 

Low disease pressure was observed for rust at Jalgaon compared to 

Aliyarnagar and ICRISAT during rainy 2015. The disease score of genotypes of 

rust varied from 1 to 3 at 75 DAS, 1 to 6 at 90 DAS, from 2 to 8 at 105 DAS with 

an average disease score of 1.01, 3.01 and 4.29 at 75, 90 and 105 DAS, 

respectively. Low GCV (4.01%) and PCV (5.35%) coupled with moderate 

heritability (56.08%) and low GAM (6.18%) was reported at 75 DAS whereas 

moderate GCV (14.20%) and PCV (20.39%) with moderate heritability (48.54%) 

and high GAM (20.39%) were reported at 90 DAS. However, high GCV 

(23.73%) and PCV (31.01%) with moderate heritability (58.57%) and GAM 

(37.41%) were reported for rust at 105 DAS at Jalgaon (Table 4.6). Due to low 

disease pressure at Jalgaon with maximum disease score of six recorded on 

susceptible cultivar TMV 2 at 90 DAS, genotypes were not categorized into 

resistant and susceptible at Jalgaon.  

At ICRISAT rainy season 2015 

The disease severity scores of genotypes for rust at ICRISAT varied 

from 1 to 6 at 75 DAS, from 2 to 8 at 90 DAS, from 3 to 9 at 105 DAS with an 

average of 3.05, 5.81 and 7.68 at 75, 90 and 105 DAS, respectively. High GCV 

(21.36%) and PCV (25.09%) coupled with high heritability (72.43%) and GAM 

(27.70%) was observed at 75 DAS whereas moderate GCV (14.73%) and PCV 

(16.15%) coupled with high heritability (83.27%) and GAM (27.70%) was 

observed at 90 DAS. However, low GCV (10.41%) and PCV (11.43%) coupled 

with high heritability (82.89%) and moderate GAM (19.53%) were observed at 
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105 DAS (Table 4.6). Out of 340 genotypes of GSP, 51 reported as resistant, 

75 as moderately resistant, 148 as susceptible and 48 as highly susceptible to 

rust at 90 DAS (Fig 4.1 & Table 4.10) whereas three genotypes showed 

resistant, 43 moderately resistant, 69 susceptible and 225 highly susceptible 

reaction against rust at 105 DAS at ICRISAT during rainy 2015 (Fig 4.2). 

Pooled across the environments  

The disease severity scores of genotypes for rust across the 

environments varied from 1 to 4 at 75 DAS, from 2 to 7 at 90 DAS, from 3 to 8 

at 105 DAS with an average of 2.14, 4.56 and 6.30 at 75, 90 and 105 DAS, 

respectively. Moderate GCV (17.19%) and high PCV (21.51%) coupled with 

high heritability (63.82%) and GAM (28.28%) was observed at 75 DAS whereas 

moderate GCV (15.13 & 12.52%) and PCV (16.71 & 13.96%) coupled with high 

heritability (82.00 & 80.45%) and GAM (28.22 & 23.13%) was observed at 90 

and 105 DAS (Table 4.6). Out of 340 genotypes, 66 reported as resistant, 138 

as moderately resistant, 136 as susceptible whereas none of the genotypes 

was reported as highly susceptible to rust at 90 DAS across the environments 

(Fig 4.1 & Table 4.12) whereas eight genotypes exhibited resistant, 59 

moderately resistant, 173 susceptible and 100 highly susceptible reaction 

against rust at 105 DAS across the environments (Fig 4.2). 

Source of resistance under different maturity duration 

 Genotypes resistant to LLS and rust were reported in different maturity 

groups. A single genotype (ICGV 86699) resistant to LLS and rust was reported 

with early maturity (~100 days) at ICRISAT and Aliyarnagar. Similarly many 

other genotypes showed resistance against LLS and rust with different maturity 

duration (varied from 100 to 130) at ICRISAT and Aliyarnagar during rainy 

season 2015 (Fig 4.3 to 4.6). 
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Table 4.6 Mean, range and genetic parameters for disease severity scores to LLS 

and rust of Genomic Selection Panel of groundnut evaluated across 
the environments 

Traits Mean 
Range 

GCV (%) PCV (%) h2
bs (%) GAM (%) 

Min Max 

Aliyarnagar 

LLS 75 1.9 1 4 17.06 23.65 52.00 25.34 

LLS 90 4.6 2 8 15.14 16.53 83.86 28.55 

LLS 105 7.1 3 9 7.54 10.40 52.64 11.27 

Rust 75 2.4 1 5 26.43 30.66 74.29 46.93 

Rust 90 4.9 1 8 19.67 21.22 85.95 37.57 

Rust 105 6.9 2 9 9.96 12.05 68.26 16.95 

Jalgaon 

LLS 75 1.1 1 3 2.24 10.78 4.34 0.96 

LLS 90 3.3 1 6 12.84 17.44 54.17 19.46 

LLS 105 4.8 2 8 13.35 16.40 66.30 22.39 

Rust 75 1.0 1 3 4.01 5.35 56.08 6.18 

Rust 90 3.0 1 6 14.20 20.39 48.54 20.39 

Rust 105 4.3 2 8 23.73 31.01 58.57 37.41 

ICRISAT rainy 2015 

LLS 75 3.3 1 6 17.12 20.74 68.09 29.09 

LLS 90 6.7 2 9 10.13 11.28 80.76 18.76 

LLS 105 8.2 4 9 7.71 8.53 81.55 14.34 

Rust 75 3.1 1 6 21.36 25.09 72.43 37.44 

Rust 90 5.8 2 8 14.73 16.15 83.27 27.70 

Rust 105 7.7 3 9 10.41 11.43 82.89 19.53 

Pooled across the environments  

LLS75 2.1 1 4 13.62 16.68 66.61 22.89 

LLS90 4.9 2 7 11.42 12.70 80.90 21.17 

LLS105 6.7 4 8 8.06 9.42 73.25 14.21 

Rust75 2.1 1 4 17.19 21.51 63.82 28.28 

Rust90 4.6 2 7 15.13 16.71 82.00 28.22 

Rust105 6.3 3 8 12.52 13.96 80.45 23.13 

LLS75, LLS90 & LLS105= Disease severity score of late leaf spot at 75, 90 and 105 days, respectively; 
Rust75, Rust90 & Rust105= Disease severity score of rust at 75, 90 and 105 days, respectively; Min= 
Minimum; Max= Maximum; GCV = Genotypic co-efficient of variation (%); PCV= Phenotypic co-efficient of 
variation (%); h2

bs = Heritability in broad sense (%); GAM= Genetic advance as percent of mean (%) 
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Figure 4.1 Categorization of genotypes based on reaction against rust and LLS at 
90 days after sowing (DAS) at Aliyarnagar, ICRISAT and pooled 
across the locations during rainy 2015 

 

 

 

Figure 4.2 Categorization of genotypes based on reaction against rust and LLS at 
105 days after sowing (DAS) at Aliyarnagar, ICRISAT and pooled 
across the locations during rainy 2015 
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Table 4.7 Disease reaction of genotypes of Genomic Selection Panel of groundnut against LLS based on field 
evaluation at 90 DAS during rainy 2015 at Aliyarnagar 

Reaction* Number Genotypes 

Resistant 67 

ICGs 10053, 11337, 11426, 12370, 12625, 13895, 2381, 6022, 6646, ICGVs 00005, 00068, 00191, 00246, 

00248, 00346, 00350, 00362, 01273, 01274, 01276, 01328, 01361, 02317, 01495, 02323, 02411, 02446, 03043, 

03042, 04087, 05032, 05036, 05100, 05141, 05163, 06040, 06042, 06142, 06422, 07120, 07235, 86699, 87846, 

97165, 99029, 99051, 99052, 99085, 99160, 24 M-86, 39 × 49 -77, 39 × 49-81-1, 49 M- 1-1, 49 M-16, 49 × 39-

74, 49 × 39-8, GPBD 4, M 28-2, SPS 11, SPS 15, SPS 2, SPS 20, SPS 21, SPS 7, SPS 9, SPS 8 

Moderately resistant 167 

ICGs 10036,  10185,  11088,  11322,  11651,  12276,  12509,  12672,  14466,  14475,  14482,  14705,  14834,  

15415,  15419,  156 ,  2106,  2773,  2857,  3053,  3102,  3140,  4527,  4343,  532,  5662,  5663,  5891,  5745,  

6766,  721,  8285,  8517,  8751, ICGVs 00290, 00343, 00351, 00371, 00387, 00440, 01005, 01060, 01124, 

01263, 01265, 01464, 02022, 02144, 02189, 02206, 02242, 02266, 02286, 02287, 02290, 02321, 02434, 03056, 

03064, 03128, 03136, 03397, 04044, 04115, 05057, 04149, 05161, 05176, 06049, 06099, 06100, 06110, 06175, 

06347, 06188, 06420, 06423, 06424, 07023, 07145, 07148, 07166, 07220, 07168, 07223, 07227, 07246, 07268, 

07368, 86015, 86325, 86352, 86564, 86590 , 87160, 87187 , 88145, 88438, 90320, 92195, 92267, 93216, 

93280, 93920, 94118, 95058, 94169, 95290, 97045, 97058, 97092, 97115, 97116, 97120, 97182, 97128, 97183, 

97261, 98105, 98163, 98184, 98294, 98373, 99233, 98432, 24 × 37-2275, 24 × 39-31 MR, 26 M 156-2, 26 × 37-

IV- 9IR, 26 × M-223-1, 26 × M-95-1 RI, 27 × 49- 12, 27 × 49- 14, 27 × 49- 16, 27 × 49- 27-1, 39 × 49 -8, 49 M-2-

2, 49 × 27-37, 49 × 37- 99(b) tall, 49 × 37-134, 49 × 37-90, 49 × 39-21-1, 49 × 39-21-2, 49 × 39-21-2(a), BAU 

13, CS 39, CSMG 84-1, DTG 3, Gangapuri, ICR 48, M 110-14, M 28-2, MN1-35, Somnath, SPS 1, SPS 13, SPS 

14, SPS 3, TDG 10, TDG 13, TDG 14, TG 39, TG 42, TG LPS 3, TKG 19A, TPG 41 

Susceptible 104 

ICG 10701,  111,  12879,  12991,  14985,  15190,  1668,  1834,  1973,  2031,  3027,  3312,  3343,  3421,  3584,  

3673,  3746,  434,  442,  4543,  4729,  4955,  875,  5221,  9315,  9507, 11 , 76, 44, ICGV 00321,  00349,  

01232,  01393,  01478,  02125,  02194,  02251,  02271,  02298,  03184,  03207,  03398,  04018,  04124,  

05198,  06234,  06431,  07210,  07217,  07247,  07273,  07359,  09112,  13238,  13241,  13242,  13245,  

86011,  86072,  86143,  87354,  87378,  87921,  89104,  93437,  91114,  93470,  94361,  95070,  95377,  

95469,  96466,  96468,  97262,  97232,  99083,  99181,  99195, 26 M- 119-1, 26× 27-164, 49 × 27-13 (ii), 49 × 

27-19, 49 × 37-91, 49 × 37-135, 49 × 37-97-1, 49 × 39-20-2, DH 86, DTG 15, Faizpur 1-5, J 11, JL 24, Mutant 3, 

SPS 10 , SPS 17, SPS 6, SunOleic 95R, TAG 24, TG 19, TG 41, TG 49, TG LPS 4, TG LPS 7, TMV 2 NLM, 

Highly susceptible 2 TMV 2, ICGV 91116 

* Genotypes were categorized based on resistance/susceptible reaction to LLS disease on a 1-9 scale where Resistant (R) =1-3; Moderately resistant (MR) = 4-5; Susceptible (S) 
= 6-7; Highly susceptible (HS) = 8-9 disease severity rating scale   
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Table 4.8 Disease reaction of genotypes of Genomic Selection Panel of groundnut against rust based on field evaluation at 
90 DAS during rainy 2015 at Aliyarnagar 

Reaction* Number Genotypes 

Resistant 87 

ICG 11337 ,  11426,  2381,  6766,  8751, ICGV 00005,  00068,  00191,  00246,  00248,  00346,  00362,  
01265,  01273,  01274,  01276,  01361,  01464,  02242,  02266,  02287,  02317,  02323,  02321,  02411,  
02446,  03042,  03064,  03043,  04087,  04115,  05032,  05036,  05057,  05141,  05155,  05161,  05163,  
06040,  06042,  06099,  06100,  06142,  06175,  06420,  06422,  06423,  06424,  07120,  07145,  07148,  
07223,  07227,  07235,  86590 ,  86699,  87846,  93280,  94118,  97120,  97128,  97182,  98105,  98184,  
99051,  98373,  99052,  99085,  99160,  99233, 24 × 39-31 MR, 39 × 49 -8, 39 × 49-81-1, 49 M- 1-1, 49 M-16, 
49 × 27-37, 49 × 39-21-1, 49 × 39-74, CS 39, GPBD 4, SPS 11, SPS 2, SPS 20, SPS 21, SPS 7, SPS 8, 

Moderately resistant 96 

ICG 10036,  10053,  10185,  11088,  12276,  12370,  12625,  13895,  14466,  14834,  15190,  15415,  15419,  
2773,  2857,  3053,  4343,  4527,  532,  5662,  6022,  6646, ICGV 00290,  76,  00350,  00351,  00387,  01060,  
00440,  01124,  01328,  01393,  01478,  01495,  02194,  02206,  02286,  02434,  03056,  03128,  03136,  
03207,  03397,  03398,  04044,  05198,  06188,  06234,  07166,  07168,  07210,  07220,  07246,  07247,  
86564,  87921,  88438,  90320,  93216,  93920,  95469,  97092,  97115,  97116,  97165,  98432,  98163,  
99029,  99195, 24 M-86, 24 × 37-2275, 26 × 37-IV- 9IR, 26 × M-95-1 RI, 27 × 49- 12, 39 × 49 -77, 27 × 49- 16, 
49 M-2-2, 49 × 27-13 (ii), 49 × 37-134, 49 × 37-90, 49 × 39-21-2, 49 × 39-21-2(a), 49 × 39-8, ICR 48, DH 86, M 
110-14, M 28-2, M 28-2, MN1-35, SPS 1, SPS 14, SPS 15, SPS 17, SPS 9, SunOleic 95R, TAG 24, 

Susceptible 154 

ICG 10701,  111,  11322,  11651,  12509,  12672,  12879,  12991,  14475,  14482,  14705,  14985,  156 ,  
1668,  1834,  1973,  2031,  2106,  3027,  3102,  3140,  3312,  3421,  3343,  3584,  3673,  3746,  442,  434,  
4543,  4955,  5221,  5663,  5745,  721,  8285,  8517,  875,  9315,  9507,  9961, ICGS 11 , ICGS 44, ICGV 
00321, ICGV 00343,  00349,  00371,  01005,  01232,  01263,  02022,  02038,  02125,  02144,  02189,  02251,  
02271,  02290,  02298,  03184,  04018,  04124,  04149,  05176,  06110,  06049,  06347,  06431,  07023,  
07268,  07273,  07359,  07368,  13238,  09112,  13241,  13242,  13245,  86011,  86015,  86072,  86143,  
86352,  86325,  87160,  87187 ,  87354,  87378,  88145,  89104,  91114,  91116,  92195,  92267,  93437,  
93470,  94169,  94361,  95058,  95070,  95290,  95377,  96466,  96468,  97045,  97183,  97058,  97232,  
97261,  97262,  98294,  99083,  99181, 26 M- 119-1, 26 × M-223-1, 26 M 156-2, 26× 27-164, 27 × 49- 14, 27 × 
49- 27-1, 49 × 27-19, 49 × 37- 99(b) tall, 49 × 37-135, 49 × 37-97-1, BAU 13, 49 × 39-20-2, CSMG 84-1, DTG 
15, DTG 3, Faizpur 1-5, Gangapuri, J 11, JL 24, Mutant 3, Somnath, SPS 10 , SPS 13, SPS 3, SPS 6, TDG 10, 
TDG 13, TDG 14, TG 19, TG 39, TG 41, TG 42, TG 49, TG LPS 3, TG LPS 4, TG LPS 7, TKG 19A, TMV 2, 
TMV 2 NLM, TPG 41, 

Highly susceptible 3 49 × 37-91, ICG 4729, ICGV 07217, 

* Genotypes were categorized based on Resistant/susceptible reaction to rust disease on a 1-9 scale where Resistant (R) =1-3; Moderately Resistant (MR) = 4-5; Susceptible (S) 
= 6-7; Highly susceptible (HS) = 8-9 disease severity rating scale   
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Table 4.9 Disease reaction of genotypes of Genomic Selection Panel of groundnut against LLS based on field 
evaluation at 90 DAS during rainy 2015 at ICRISAT 

Reaction* Number Genotypes 

Resistant 9 GPBD 4, ICGVs 00068,  00246,  00248,  02411,  06142,  86699, SPS 11, SPS 20, 

Moderately resistant 67 

ICGs 11337 ,  12370,  12625,  6022, ICGS 76, ICGVs 00191,  00362,  01273,  01274,  01276,  01328,  01361,  
02317,  02323,  02446,  03042,  03043,  04087,  05032,  05036,  05100,  05141,  06175,  05163,  06420,  
06422,  06423,  07145,  07120,  07166,  07220,  07223,  07235,  07246,  86590 ,  87846,  97128,  98105,  
99029,  99051,  99052,  99085,  99160, M 110-14, M 28-2, 24 × 39-31 MR, 24 M-86, 26 × M-95-1 RI, 39 × 49 -
77, 39 × 49 -8, 39 × 49-81-1, 49 × 37-134, 49 × 37-90, 49 × 39-74, 49 M- 1-1, 49 M-16, CS 39, M 28-2, SPS 1, 
SPS 14, SPS 15, SPS 2, SPS 21, SPS 7, SPS 9, SPS 8, 

Susceptible 148 

ICGs 10036,  10053,  10185,  11088,  111,  11322,  11426,  12276,  12509,  12672,  14475,  14482,  14705,  
14834,  15190,  15415,  15419,  156 ,  1834,  2381,  2857,  3027,  3746,  3053,  4343,  4527,  5221,  5662,  532,  
5663,  5745,  5891,  6646,  6766,  8285,  875,  8751,  9961,  ICGVs 00005,  00290,  00343,  00346,  00350,  
00351,  00371,  00440,  01005,  01060,  01124,  01263,  01265,  01393,  01464,  01478,  01495,  02144,  
02189,  02206,  02242,  02286,  02287,  02290,  02321,  02434,  03064,  03056,  03128,  03136,  03184,  
03397,  03398,  04044,  04115,  05057,  04124,  05155,  05161,  05176,  05198,  06040,  06042,  06099,  
06188,  06100,  06424,  07168,  07210,  07227,  07268,  07359,  07368,  09112,  86015,  86325,  86564,  
87160,  87187 ,  87921,  90320,  92195,  93216,  93280,  93920,  94118,  94169,  95377,  95058,  95469,  
97045,  97092,  97115,  97116,  97120,  97165,  98163,  97183,  98184,  98373,  98432,  99233, 24 × 37-2275, 
26 × 37-IV- 9IR, 26 × M-223-1, 26 × 27-164, 26 M 156-2, 27 × 49- 12, 27 × 49- 14, 27 × 49- 16, 49 × 27-37, 49 × 
37-135, 49 × 39-21-1, 49 × 39-21-2, 49 × 39-21-2(a), 49 × 39-8, 49 M-2-2, BAU 13, CSMG 84-1, DH 86, 
Gangapuri, ICR 48, MN1-35, Somnath, SPS 17, TDG 13, TDG 14, TG 42, TKG 19A, 

Highly susceptible 116 

ICGs 10701,  11651,  12879,  12991,  13895,  14466,  14985,  1668,  1973,  2031,  2106,  2773,  3102,  3140,  
3312,  3343,  3421,  3584,  3673,  434,  442,  4543,  4955,  4729,  8517,  9315,  9507, ICGS 44, ICGS 11 ,  
ICGVs 00321,  00349,  00387,  01232,  02022,  02125,  02194,  02251,  02266,  02271,  02298,  03207,  04018,  
04149,  06049,  06110,  06234,  06347,  06431,  07023,  07148,  07217,  07273,  13238,  13241,  13242,  
13245,  86011,  86072,  86143,  86352,  87354,  87378,  88145,  88438,  91114,  89104,  91116,  92267,  
93437,  93470,  94361,  95070,  95290,  96468,  96466,  97058,  97182,  97232,  97261,  97262,  98294,  
99083,  99195,  99181, 26 M- 119-1, 27 × 49- 27-1, 49 × 27-13 (ii), 49 × 27-19, 49 × 37- 99(b) tall, 49 × 37-91, 
49 × 37-97-1, 49 × 39-20-2, DTG 15, DTG 3, Faizpur 1-5, J 11, JL 24, Mutant 3, SPS 10 , SPS 13, SPS 3, SPS 
6, SunOleic 95R, TAG 24, TDG 10, TG 39, TG 19, TG 41, TG 49, TG LPS 3, TG LPS 4, TG LPS 7, TMV 2, TMV 
2 NLM, TPG 41, 

* Genotypes were categorized based on Resistant/susceptible reaction to LLS disease on a 1-9 scale where Resistant (R) =1-3; Moderately Resistant (MR) = 4-5; Susceptible (S) 
= 6-7; Highly susceptible (HS) = 8-9 disease severity rating scale   
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Table 4.10 Disease reaction of genotypes of Genomic Selection Panel of groundnut against rust based on field evaluation at 
90 DAS during rainy 2015 at ICRISAT 

Reaction* Number Genotypes 

Resistant 51 

GPBD 4, ICG 11337 , 12625, 8751, ICGS 76, ICGVs 00068,  00246,  00248,  00362,  01265,  01273,  01274,  
01276,  01361,  01464,  02317,  02323,  02411,  02446,  03043,  05036,  05100,  05141,  05163,  05155,  
06142,  06422,  06423,  07220,  07120,  07223,  07235,  07247,  86699,  87846,  99029,  99051,  99052,  
99160, 39 × 49-81-1, 49 × 37-134, 49 × 39-74, 49 M- 1-1, 49 M-16, SPS 11, SPS 2, SPS 20, SPS 21, SPS 7, 
SPS 8, 

Moderate resistant 75 

ICGs 10036,  11088,  11426,  12276,  12370,  15190,  15415,  15419,  2381,  2857,  6022,  6646, ICGVs 
00005,  00191,  00290,  00346,  00351,  01060,  01328,  01393,  02242,  02287,  03042,  02434,  03056,  
03064,  03128,  03397,  03136,  04087,  04115,  04124,  05032,  05057,  06175,  06188,  06420,  06424,  
07145,  07166,  07227,  07246,  86325,  86564,  86590 ,  87921,  93280,  93920,  94118,  97115,  97120,  
97165,  98105,  98184,  98373,  99085, 24 × 39-31 MR, 24 M-86, 26 × M-223-1, 26 × M-95-1 RI, 27 × 49- 12, 
39 × 49 -8, 49 × 37-90, 49 × 39-21-1, BAU 13, 49 M-2-2, CS 39, M 110-14, M 28-2, M 28-2, SPS 1, SPS 14, 
SPS 9, TDG 14, 

Susceptible 166 

ICGs 10053,  10185,  111,  11322,  11651,  12509,  12672,  13895,  14466,  14475,  14482,  14705,  14834,  
14985,  156 ,  1834,  1973,  2031,  2773,  3027,  3053,  3102,  3343,  3312,  3673,  3746,  4343,  4527,  442,  
4543,  4955,  5221,  532,  5662,  5891,  6766,  721,  8285,  875,  9507,  9961, ICGS 44, ICGVs 00343,  00350,  
00371,  00387,  00440,  01005,  01124,  01263,  01478,  01495,  02038,  02125,  02144,  02189,  02194,  
02206,  02251,  02271,  02286,  02290,  02321,  03184,  03398,  03207,  04018,  04044,  04149,  05176,  
05198,  06040,  06042,  06099,  06100,  06347,  06234,  07023,  07168,  07210,  07217,  07268,  07273,  
07359,  07368,  09112,  13238,  13241,  13245,  86011,  86015,  86352,  87160,  87354,  87187 ,  87378,  
88145,  90320,  91116,  92195,  92267,  93216,  93437,  94169,  95058,  95290,  95377,  95469,  96466,  
97045,  97058,  97092,  97116,  97182,  97183,  97261,  97262,  98163,  98294,  98432,  99083,  99195,  
99233, ICR 48, J 11, JL 24, MN1-35, Somnath, Mutant 3, 24 × 37-2275, 26 × 37-IV- 9IR, 26 M- 119-1, 26 M 
156-2, 26 × 27-164, 27 × 49- 14, 27 × 49- 16, 39 × 49 -77, 49 × 27-13 (ii), 49 × 27-19, 49 × 27-37, 49 × 37- 
99(b) tall, 49 × 37-135, 49 × 37-97-1, 49 × 39-20-2, 49 × 39-21-2, 49 × 39-21-2(a), 49 × 39-8, CSMG 84-1, DH 
86, DTG 15, Faizpur 1-5, Gangapuri, SPS 10 , SPS 13, SPS 15, SPS 17, SPS 6, TDG 13, TG 39, TG 42, TG 
LPS 3, TG LPS 4, TMV 2 NLM, TKG 19A, TPG 41, 

Highly susceptible 48 

ICGs 10701,  12879,  12991,  1668,  2106,  3140,  3421,  3584,  434,  4729,  5663,  8517,  9315, ICGS 11 , 
ICGVs 00321,  00349,  01232,  02022,  02266,  02298,  06049,  06110,  07148,  06431,  13242,  86072,  
86143,  89104,  88438,  91114,  93470,  94361,  95070,  96468,  99181, SPS 3, SunOleic 95R, TAG 24, TDG 
10, TG 19, TG 41, TG 49, TG LPS 7, TMV 2, 27 × 49- 27-1, 49 × 37-91, DTG 3, 

* Genotypes were categorized based on Resistant/susceptible reaction to LLS disease on a 1-9 scale where Resistant (R) =1-3; Moderately Resistant (MR) = 4-5; Susceptible (S) 
= 6-7; Highly susceptible (HS)= 8-9 disease severity rating scale   
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Table 4.11 Disease reaction of genotypes of Genomic Selection Panel of groundnut against LLS based on field evaluation 
during rainy 2015 across the three environments 

Reaction* Number Genotypes 

Resistant  31 
49 M- 1-1, 49 M-16, GPBD 4, ICG 11337 , ICG 6022, ICGVs 00068,  00246,  00248,  00362,  01274,  01328,  
02323,  02446,  02411,  03043,  04087,  05036,  05100,  05141,  05163,  06142,  07235,  86699,  99051,  99052,  
99160, M 28-2, SPS 11, SPS 2, SPS 20, SPS 8,  

Moderate Resistant  162 

24 × 39-31 MR, 24 M-86, 26 × 37-IV- 9IR, 26 × M-223-1, 26 × M-95-1 RI, 26 M 156-2, 27 × 49- 12, 27 × 49- 14, 
27 × 49- 16, 39 × 49 -77, 39 × 49 -8, 39 × 49-81-1, 49 × 37-134, 49 × 27-37, 49 × 37-90, 49 × 39-21-1, 49 × 39-
21-2, 49 × 39-21-2(a), 49 × 39-74, 49 × 39-8, 49 M-2-2, BAU 13, CS 39, CSMG 84-1, DH 86, Gangapuri, ICGs 
10036,  10053,  10185,  11322,  11426,  12276,  12370,  12509,  12625,  13895,  14466,  14475,  14482,  14705,  
14834,  15415,  15419,  156 (M 13),  2381,  2773,  2857,  4527,  4343,  5221,  532,  5662,  5745,  5891,  6646,  
721,  6766,  8285,  875,  8751,  9961, ICGS 76, ICGVs 00005,  00191,  00290,  00346,  00350,  00351,  00371,  
01060,  01124,  01265,  01273,  01276,  01361,  01393,  01464,  01495,  02189,  02242,  02286,  02287,  02290,  
02317,  02321,  02434,  03042,  03056,  03064,  03128,  03136,  03397,  04044,  04115,  05032,  05057,  05155,  
05161,  06040,  06042,  06099,  06100,  06110,  06175,  06188,  06422,  06423,  06420,  06424,  07120,  07145,  
07148,  07166,  07168,  07220,  07223,  07227,  07246,  07247,  07368,  86325,  86590 ,  87160,  87187,  
87846,  90320,  93216,  93920,  93280,  94118,  95058,  97045,  97058,  97092,  97115,  97116,  97120,  97128,  
97165,  97182,  98105,  98163,  98184,  98373,  99029,  98432,  99085, ICR 48, M 110-14, M 28-2, MN1-35, 
Somnath, SPS 1, SPS 14, SPS 15, SPS 21, SPS 7, SPS 9, TDG 13, TDG 14, TKG 19A, TPG 41,  

Susceptible 147 

24 × 37-2275, 26 × 27-164, 26 M- 119-1, 27 × 49- 27-1, 49 × 27-19, 49 × 37- 99(b) tall, 49 × 37-135, 49 × 37-97-
1, DTG 3, Faizpur 1-5, ICGs 10701,  11088,  11651,  111,  12672,  14985,  15190,  1668,  1834,  2106,  3027,  
3053,  3102,  3140,  3421,  3746,  434,  4955,  5663,  8517, ICGS 11, ICGS 44, ICGVs 00343,  00387,  00440,  
01005,  01263,  01478,  02022,  02125,  02144,  02206,  02251,  02266,  02271,  02298,  03184,  03398,  03207,  
04018,  04124,  04149,  05176,  05198,  06049,  06347,  06234,  06431,  07023,  07210,  07268,  07359,  09112,  
13238,  13241,  13245,  86011,  86015,  86072,  86143,  86352,  86564,  87354,  87378,  87921,  88145,  88438,  
89104,  91114,  92195,  92267,  93437,  94169,  94361,  95070,  95290,  95377,  95469,  96468,  97183,  97232,  
97261,  98294,  99083,  99195,  99233, JL 24, Mutant 3, SPS 10 , SPS 13, SPS 17, SPS 3, SPS 6, SunOleic 
95R, TDG 10, TG 39, TG 41, TG 19, TG 42, TG 49, TG LPS 3, TG LPS 4, TG LPS 7, TMV 2 NLM, 49 × 27-13 
(ii), 49 × 37-91, 49 × 39-20-2, DTG 15, ICGs 12879,  ICGs 12991,  1973,  2031,  3312,  3343,  3584,  3673,  
4543,  442,  4729,  9315,  9507, ICGVs 00321,  00349,  01232,  02038,  02194,  07217,  07273,  13242,  91116,  
93470,  96466,  97262,  99181, J 11, TAG 24, TMV 2,  

Highly susceptible 0 
 * Genotypes were categorized based on Resistant/susceptible reaction to LLS disease on a 1-9 scale where Resistant (R) =1-3; Moderately Resistant (MR) = 4-5; Susceptible (S) 

= 6-7; Highly susceptible (HS) = 8-9 disease severity rating scale 
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Table 4.12 Disease reaction of genotypes of Genomic Selection Panel of groundnut against rust based on field evaluation 
during rainy 2015 across the three environments  

Reaction* Number Genotypes 

Resistant  66 

39 × 49-81-1,49 × 39-74,49 M- 1-1,49 M-16,CS 39,GPBD 4,ICG 11337 ,ICG 11426,ICG 8751,ICGVs 00005, 
00068, 00191, 00248, 00246, 00346, 00362, 01265, 01273, 01274, 01276, 01361, 01464, 02317, 02323, 02411, 
02446, 03042, 03043, 03064, 04087, 05032, 05036, 05057, 05100, 05141, 05155, 05163, 06142, 06175, 06422, 
06423, 06424, 07120, 07145, 07220, 07223, 07227, 07247, 07235, 86590 , 86699, 87846, 97128, 98105, 98373, 
99051, 99029, 99052, 99085, 99160,SPS 11,SPS 2,SPS 20,SPS 21,SPS 7,SPS 8, 

Moderate Resistant  138 

24 × 37-2275,24 × 39-31 MR,24 M-86,26 × M-223-1,26 × M-95-1 RI,27 × 49- 12,27 × 49- 14,39 × 49 -77,39 × 49 
-8,49 × 27-37,49 × 37-134,49 × 37-90,49 × 39-21-2,49 × 39-21-1,49 × 39-21-2(a),49 × 39-8,49 M-2-2,BAU 
13,CSMG 84-1,DH 86,ICGs 10036, 10053, 11088, 111, 12276, 12370, 12509, 12625, 13895, 14466, 14475, 
14482, 14834, 15190, 15415, 15419, 2381, 2773, 2857, 3027, 3053, 4343, 4527, 532, 5662, 5745, 6022, 6766, 
6646, 8285, 875,ICGS 76,ICGVs 00290, 00350, 00351, 00440, 00387, 01060, 01124, 01263, 01328, 01393, 
01478, 01495, 02194, 02206, 02242, 02266, 02286, 02287, 02290, 02321, 02434, 03056, 03128, 03136, 03207, 
03397, 03398, 04044, 04115, 04124, 05161, 05176, 05198, 06040, 06042, 06099, 06100, 06188, 06420, 07148, 
07166, 07168, 07210, 07246, 07368, 13241, 86325, 86564, 87187, 87921, 88438, 90320, 93216, 93920, 94118, 
93280, 95469, 96466, 97045, 97058, 97092, 97115, 97116, 97120, 97165, 97182, 98163, 98184, 98294, 98432, 
99083, 99195, 99233,M 110-14,M 28-2,MN1-35,M 28-2,SPS 1,SPS 14,SPS 15,SPS 17,SPS 9,TDG 13,TDG 
14,TG 42,TG LPS 4, 01274, 

Susceptible 136 

26 × 27-164,26 × 37-IV- 9IR,26 M- 119-1,26 M 156-2,27 × 49- 16,27 × 49- 27-1,49 × 27-13 (ii),49 × 27-19,49 × 
37-97-1,49 × 39-20-2,DTG 15,DTG 3,ICGs 10185,Gangapuri, 11322, 11651, 12672, 12879, 12991, 14705, 156 
(M 13), 1668, 2031, 2106, 3102, 3140, 3312, 3343, 3673, 3746, 4543, 4955, 5221, 5663, 5891, 721, 8517, 9507, 
9961,ICGS 11,ICGS 44,s 00321, 00343, 00349, 00371, 01232, 02022, 02125, 02038, 02144, 02189, 02251, 
02271, 02298, 03184, 06049, 04018, 06234, 06347, 07023, 07217, 07268, 07273, 07359, 09112, 13238, 13242, 
13245, 86011, 86015, 86072, 86143, 86352, 87160, 87354, 87378, 88145, 89104, 91116, 92195, 92267, 93437, 
94169, 94361, 95058, 95290, 95377, 97183, 97232, 97261, 97262, ICR 48, JL 24, Somnath, SPS 13, SPS 3, 
SPS 6, SunOleic 95R, TAG 24, TG 39, TG 49, TG LPS 3, TKG 19A, TMV 2 NLM, TPG 41, 49 × 37-135, 49 × 37-
91, 49 × 37- 99(b) tall,  Faizpur 1-5, ICGs 10701, 14985, 1834, 1973, 3421, 3584, 434, 442, 4729, 9315, ICGVs 
01005, 04149, 06110, 06431, 91114, 93470, 95070, 96468, J 11, 99181, Mutant 3, SPS 10 , TDG 10, TG 19, TG 
41, TG LPS 7, TMV 2, 

Highly susceptible 0 
 

* Genotypes were categorized based on Resistant/susceptible reaction to LLS disease on a 1-9 scale where Resistant (R) =1-3; Moderately Resistant (MR) = 4-5; Susceptible (S) 
= 6-7; Highly susceptible (HS) = 8-9 disease severity rating scale 
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Figure 4.3 Disease reactions of genotypes for rust at 90 days after sowing with 
respect to days to maturity at ICRISAT during rainy 2015 

 

Figure 4.4 Disease reactions of genotypes for late leaf spot at 90 days after 
sowing with respect to days to maturity at ICRISAT during rainy 2015 

 

Figure 4.5 Disease reactions of genotypes for rust at 90 days after sowing with 
respect to days to maturity at Aliyarnagar during rainy 2015 
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Figure 4.6 Disease reactions of genotypes for late leaf spot at 90 days after 
sowing with respect to days to maturity at Aliyarnagar during rainy 
2015 

4.2.2 Yield and its contributing traits 

 Days to 50% flowering 

 Genetic variation for days to 50% flowering was low as indicated by narrow 

range, low GCV and PCV coupled with high heritability and low to moderate 

GAM in each individual environment as well as pooled across environments. 

The days were taken for 50% flowering varied from 26 to 35 at Aliyarnagar, 

from 25 to 37 at Jalgaon, 23 to 37 at ICRISAT rainy 2015, from 34 to 53 at 

ICRISAT post-rainy 2015-16 and the average over the environments was from 

29 to 38 days (Table 4.13). The location average over the genotypes was 30 

days at Aliyarnagar, 29 days at Jalgaon, and 29 and 42 days at ICRISAT in 

rainy and post-rainy seasons, respectively. At Aliyarnagar, low GCV (6.45%) 

and PCV (7.29%) for days to 50% flowering with high heritability (78.40%) and 

moderate GAM (11.77%) was reported whereas low GCV (7.44%) and PCV 

(9.61%) coupled with moderate heritability (59.85%) and GAM (11.85%) was 

reported at Jalgaon. However, low GCV (8.67%) and PCV (10.20%) coupled 

with high heritability (72.23%) and moderate GAM (15.18%) was observed at 

ICRISAT during rainy 2015 and a similar trend of low GCV (6.82%) and PCV 

(7.67%) coupled with high heritability (79.21%) and moderate GAM (12.51%) 

was also recorded at ICRISAT during post-rainy 2015-16. A similar trend of low 

GCV (6.23%) and PCV (7.23%) with high heritability (76.20%) and moderate 
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GAM (11.20%) was observed from pooled analysis (Table 4.13). The genotype 

ICGV’s 06431, 04149, 87378, 13242, 07210, ICG’s 10701, 14985, 4543 and 

SPS 6 flowered earlier (26 days) compared to all other genotypes of GSP at 

Aliyarnagar, whereas ICGV’s 06049, 04149, 49 × 39-21-2 and SPS 9 recorded 

earliest (25 days) flowering genotypes at Jalgaon. The genotype ICGV 87378 

(23 days) followed by ICGVs 91116 and 99181 and ICG 14985 (24 days) 

recorded as earliest flowering genotypes at ICRISAT during rainy 2015 

compared to all other genotypes across the environments. All the genotypes 

flowered late in the post-rainy season compared to the rainy season at 

ICRISAT. Genotypes ICGV 13241 (34 days) followed by ICGV 01005 (35 days), 

ICGV 93470 and DTG 15 (36 days) recorded as early flowering genotypes 

during the post-rainy season at ICRISAT 2015-16. The genotypes ICGV 06431 

followed by ICGV’s 99181, 91116, 04149 and 06049, DTG 15, TAG 24, ICG 

3102 and ICGV 02189 flowered earlier (29 days) across the environments 

(Table 4.14). 

Plant height (cm) 

Genetic variation for plant height was high with moderate to high GCV, 

PCV, GAM and high heritability in each environment and across the 

environments. Plant height of different genotypes varied from 25.17 to 67.34 cm 

at Aliyarnagar, from 23.75 to 71.56 cm at Jalgaon, 20.56 to 59.70 cm at 

ICRISAT rainy 2015, from 12.93 to 37.90 cm at ICRISAT post-rainy 2015-16 

and from 23.15 to 56.19 cm in pooled with an average of 36.70, 42.76, 35.40, 

22.09 and 34.23 cm at Aliyarnagar, Jalgaon, ICRISAT rainy 2015, ICRISAT 

post-rainy 2015-16 and pooled across the environments, respectively (Table 

4.13). At Aliyarnagar, moderate GCV (14.47%) and PCV (15.49%) with high 

heritability (87.21%) and GAM (27.83%) were reported for plant height. Similar 

moderate GCV (14.94 & 14.84%) and PCV (16.72 & 16.26%) coupled with high 

heritability (79.79 & 83.30%) and GAM (27.49 & 27.90%) was reported at 

Jalgaon and ICRISAT rainy 2015, respectively whereas high GCV (20.55%) 

and PCV (21.93%) coupled with high heritability (87.85%) and GAM (39.69%) 

was observed at ICRISAT post rainy 2015-16 (Table 4.13). However moderate 

GCV and PCV (12.60 & 14.77%) with high heritability (72.75%) coupled with 
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high GAM (22.13%) were reported in pooled across the environments. The 

genotypes ICG 15419 (67.3 cm) recorded as maximum plant height followed by 

ICG 6022 (59.0 cm) and ICGV 01005 (54.9 cm) at Aliyarnagar whereas ICGV 

30184 (71.6 cm) recorded highest plant height followed by ICG 6022 (69.8 cm) 

and 27 × 49-6 (66.6 cm) at Jalgaon. ICG 15419 (59.7 cm) recorded as tallest 

genotype followed by ICG 6646 (58.2 cm), ICG 6022 and ICG 8751 (57.0 cm) 

at ICRISAT during rainy 2015 whereas genotypes recorded minimum plant 

heights during the post-rainy season at ICRISAT 2015-16. The genotypes 27 × 

49-16 (37.9 cm) followed by ICG 6646 (37.8 cm) and ICGV 02266 (37.7 cm) 

recorded as higher plant height compared to other genotypes at ICRISAT 

during post-rainy 2015-16. Genotypes ICG 15419 (56.2 cm) followed by ICG 

6022 (53.6 cm), ICG 6646 (49.8 cm) and ICGV 03184 (49.1 cm) reported higher 

plant height across the environments (Table 4.15). 

Number of primary branches per plant 

Genetic variation for number of primary branches per plant was low with 

relatively narrow range, low GCV, PCV, and GAM with moderate to high 

heritability in each environment and across the environments. Number of 

primary branches per plant varied from 3 to 8 at Aliyarnagar, from 3 to 10 at 

Jalgaon, 4 to 10 at ICRISAT rainy and post-rainy 2015-16 and the average over 

the environments was from 4 to 8 (Table 4.13). The environment average over 

the genotypes for number of primary branches per plant was 5 at Aliyarnagar, 6 

at Jalgaon, ICRISAT rainy and post-rainy 2015-16, and pooled across the 

environments. At Aliyarnagar, low GCV (8.82%) and PCV (10.92%) with high 

heritability (65.22%) and moderate GAM (14.68%) was reported for number of 

primary branches per plant whereas low GCV (9.27 & 10.04%) and moderate 

PCV (12.26 & 12.21%) coupled with moderate and high heritability (57.26 & 

67.62%) and moderate GAM ( 14.46 & 17.00%) was reported at Jalgaon and 

ICRISAT rainy 2015, respectively. A similar trend of low GCV (9.57%) and 

moderate PCV (11.59%) coupled with high heritability (61.53%) and moderate 

GAM (14.69%) was observed at ICRISAT post-rainy 2015-16. A similar trend of 

low GCV and PCV (8.35 & 8.60%) with high heritability (81.03%) and moderate 

GAM (15.94%) was observed from pooled analysis across the environments. 
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The genotypes ICGV 09112 (8) recorded the highest number of primary 

branches at Aliyarnagar whereas ICGV 05141 (10) recorded at Jalgaon. The 

genotype 49 M-2-2 (10) recorded a higher number of primary branches at 

ICRISAT rainy season 2015 whereas ICGV 07246 (10) recorded at ICRISAT 

during the post-rainy season 2015-16. Pooled analysis reported genotype 49 M-

2-2, ICGV’s 07246, 01361 and 07247 (8) with higher number of primary 

branches across the environments (Table 4.15). 

Number of matured pods per plant at the time of harvest 

Number of matured pods per plant in groundnut is an important yield 

contributing trait and genotypes with a higher number of pods are desirable. 

Genetic variation for number of pods per plant in GSP was high as indicated by 

a wider range, high GCV and PCV coupled with high heritability and GAM in 

each environment and across the environments. Number of matured pods per 

plant varied from 3 to 35 at Aliyarnagar, from 4 to 38 at Jalgaon, 4 to 29 at 

ICRISAT rainy 2015, from 3 to 24 at ICRISAT post-rainy 2015-16 and the 

average over environments from 5 to 25. The average of environments over 

genotypes for matured pods per plant was 15 at Aliyarnagar, 16 at Jalgaon, 14 

and 10 at ICRISAT rainy and post-rainy season, respectively and 14 was the 

average over environments (Table 4.13). At Aliyarnagar, high GCV (34.55%) 

and PCV (31.83%) with high heritability (75.36%) and GAM (56.92%) were 

reported for number of pods per plant. The similar trend of high GCV (34.65, 

28.73 & 36.37%) and PCV (39.01, 37.06 & 41.50%) coupled with high 

heritability (78.91, 60.07 & 76.79%) and GAM (63.41, 45.86 & 65.65%) was 

reported at Jalgaon, ICRISAT rainy 2015 and ICRISAT post rainy 2015-16, 

respectively. Pooled analysis of four environment data also revealed a similar 

trend of high GCV and PCV (23.32 & 30.33%) with moderate heritability 

(59.09%) and high GAM (36.93%) for number of pods per plant across the 

environments (Table 4.13).  
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Table 4.13 Mean, range and genetic parameters for yield and its contributing 
traits of Genomic Selection Panel of groundnut evaluated across the 
environments 

Traits Mean 
Range GCV 

(%) 

PCV 

(%) 

h2
bs 

(%) 

GAM 

(%) Min Max 

Aliyarnagar 

Days to 50% flowering 30 26 35 6.45 7.29 78.40 11.77 

Plant height (cm) 36.7 25.17 67.34 14.47 15.49 87.21 27.83 

Number of primary branches plant-1 5 3 8 8.82 10.92 65.22 14.68 

Number of pods plant-1 15 3 36 31.83 36.67 75.36 56.92 

Pod yield plant-1 (g) 10.88 3.61 29.03 32.30 37.65 73.60 57.08 

Seed yield plant-1 (g) 6.57 2.15 17.21 33.30 38.92 73.18 58.68 

Shelling percent 60.56 38.97 71.3 8.23 9.35 77.47 14.92 

Hundred seed weight (g) 32.6 19.64 66.22 22.68 23.51 93.05 45.06 

Days to physiological maturity 108 101 121 4.34 4.64 87.56 8.37 

Pod yield hectare-1 (kg) 1392.0 386.3 3809.2 43.92 49.71 78.05 79.92 

Jalgaon 

Days to 50% flowering 30 25 37 7.44 9.61 59.85 11.85 

Plant height (cm) 42.76 23.75 71.56 14.94 16.72 79.79 27.49 

Number of primary branches plant-1 6 3 10 9.27 12.26 57.26 14.46 

Number of pods plant-1 16 4 35 34.65 39.01 78.91 63.41 

Pod yield plant-1 (g) 10.51 1.98 23.96 36.20 41.41 76.40 65.18 

Seed yield plant-1 (g) 6.15 0.79 14 38.77 44.54 75.76 69.51 

Shelling percent 58.09 42.05 70.16 8.88 9.70 83.77 16.73 

Hundred seed weight (g) 33.66 13.61 55.16 18.18 19.58 86.14 34.75 

Days to physiological maturity 122 107 140 6.27 6.36 97.01 12.72 

Pod yield hectare-1 (kg) 1592.3 367.3 4864.4 46.00 50.81 81.96 85.78 

ICRISAT rainy season 2015 

Days to 50% flowering 29 23 37 8.67 10.20 72.23 15.18 

Plant height (cm) 35.4 20.56 59.7 14.84 16.26 83.30 27.90 

Number of primary branches plant-1 6 4 10 10.04 12.21 67.62 17.00 

Number of pods plant-1 14 4 29 28.73 37.06 60.07 45.86 

Pod yield plant-1 (g) 10.21 2.54 21.09 32.24 39.45 66.76 54.26 

Seed yield plant-1 (g) 5.85 1.54 13.49 33.77 43.38 60.58 54.14 

Shelling percent 57.53 36.49 71.18 7.70 11.40 45.61 10.71 

Hundred seed weight (g) 32.35 15.26 59.02 20.20 22.90 77.82 36.70 

Days to physiological maturity 109 94 126 6.99 7.24 93.31 13.92 

Pod yield hectare-1 (kg) 1569.0 356.7 3764.5 40.38 44.25 83.27 75.90 

Haulm yield per plant-1 16.1 7.1 29.26 21.27 28.30 56.49 32.93 

ICRISAT post-rainy season 2015-16 

Days to 50% flowering 42 34 53 6.82 7.67 79.21 12.51 

Plant height (cm) 22.09 12.93 37.9 20.55 21.93 87.85 39.69 

Number of primary branches plant-1 6 4 10 9.09 11.59 61.53 14.69 

Number of pods plant-1 10 3 24 36.37 41.50 76.79 65.65 

Pod yield plant-1 (g) 6.63 1.94 19.87 37.92 43.13 77.27 68.66 

Seed yield plant-1 (g) 3.98 0.74 11.62 41.30 46.83 77.78 75.03 

Shelling percent 59.41 44.95 75.55 10.49 11.36 85.26 19.95 

Hundred seed weight (g) 33.78 18.29 58.56 20.82 21.74 91.64 41.05 

Days to physiological maturity 142 121 155 5.40 5.56 94.46 10.82 

Pod yield hectare-1 (kg) 1641.4 409.0 4321.1 39.94 45.92 75.67 71.58 
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Traits Mean 
Range GCV 

(%) 

PCV 

(%) 

h2
bs 

(%) 

GAM 

(%) Min Max 

Haulm yield plant-1 (g) 19.41 5.08 40.57 33.49 36.10 86.07 19.41 

Pooled across the environments 

Days to 50% flowering 33 29 38 6.23 7.13 76.20 11.20 

Plant height (cm) 34.23 23.15 56.19 12.60 14.77 72.75 22.13 

Number of primary branches plant-1 5.61 3.8 8.35 8.60 9.55 81.03 15.94 

Number of pods plant-1 13.82 4.93 25.35 23.32 30.33 59.09 36.93 

Pod yield plant-1 (g) 9.56 3.86 17.3 22.48 31.23 51.81 33.33 

Seed yield plant-1 (g) 5.64 2.13 11.16 24.23 33.32 52.88 36.30 

Shelling percent 58.92 46.38 69.47 6.48 8.29 61.13 10.44 

Hundred seed weight (g) 33.09 20.25 52.4 16.59 19.12 75.30 29.66 

Days to physiological maturity 120.44 107 134 4.69 5.38 75.96 8.42 

Pod yield hectare-1 (kg) 1549.9 478.3 3202.8 31.15 39.09 63.52 51.15 

Haulm weight plant-1 (g) 17.76 8.51 30.37 21.89 28.90 57.38 34.16 

Min= Minimum; Max= Maximum; GCV = Genotypic coefficient of variation (%); PCV= Phenotypic 
coefficient of variation (%); h2

bs = Heritability in broad sense (%); GAM= Genetic advance as percent of 
mean (%) 

The genotype ICGV 99051 (35) followed by 49 × 39-21-2(a) (34) and 

ICGV 02323 (30) recorded as higher number of pods per plant at Aliyarnagar 

whereas ICGV 07247 (35) followed by 49 × 39-74 (32) and ICGV 05163 (32) 

recorded higher number pods per plant at Jalgaon (Table 4.16). The genotypes 

49 M-16 (29), 27 × 49-12 (28) and SPS 11 (28) recorded higher number of pods 

per plant at ICRISAT rainy 2015 whereas ICGV 07247 (24) followed by ICGV 

(22) and 49 M-16 (22) recorded higher number of pods per plant at ICRISAT 

during post-rainy 2015-16. Genotypes ICGV 07247, ICGV 01276 (25), 49 M-16 

(23) and 49 × 39-21-2(a) (23) reported higher number of matured pods per plant 

across the environments (Table 4.16). 

Pod yield per plant (g) 

Genetic variation for pods yield per plant in GSP was also high as 

indicated by its wider range, high GCV and PCV coupled with heritability and 

GAM in the individual as well as across the environments. Pod yield per plant 

varied from 3.6 to 29.0 g at Aliyarnagar, from 1.98 to 23.96 g at Jalgaon, 2.5 to 

21.1 g at ICRISAT rainy 2015, from 1.9 to 19.9 g at ICRISAT post-rainy 2015-

16 and the average over environments from 3.9 to 17.3 g. The average of 

environments over genotypes for pod yield per plant was 10.9 g at Aliyarnagar, 

10.5 g at Jalgaon, 10.2 and 6.6 g at ICRISAT rainy and post-rainy seasons, 

respectively (Table 4.13). High GCV (29.06%) and PCV (32.30%) with high 
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heritability (73.60%) and GAM (57.08%) were reported for pod yield per plant at 

Aliyarnagar. A similar trend of high GCV (36.20, 32.24 & 37.92%) and PCV 

(41.41, 39.45 & 43.13%) coupled with high heritability (76.40, 66.76 & 77.27%) 

and GAM (65.18, 54.26 & 68.66%) was reported at Jalgaon, ICRISAT rainy 

2015 and ICRISAT post-rainy 2015-16, respectively. However pooled analysis 

revealed high GCV and PCV with moderate heritability (51.81%) and high GAM 

(33.33%) for pod yield per plant across the environments (Table 4.13). The 

genotypes ICGV 05198 (29.0 g) followed ICGV 99051 (25.9 g) and ICGV 01478 

(23.8 g) achieved higher pod yield per plant at Aliyarnagar whereas ICGV 

05163 (24.0 g) followed by ICGV 03064 and ICGV 02323 (21.2 g) recorded 

higher pod yield per plant at Jalgaon. The pod yield per plant at ICRISAT during 

both rainy and post-rainy season was low compared to Aliyarnagar and 

Jalgaon. Genotype ICGV 06142 (21.1 g) followed by ICGV 02411 (21.0 g) and 

49 M-16 (20.3 g) recorded higher pod yield per plant whereas CS 39 (19.9 g) 

followed by ICGV 07247 (17.0 g) and Faizpur 1-5 (14.9 g) recorded higher pod 

yield per plant at ICRISAT post-rainy 2015-16. Genotype ICGV 07247 (17.3 g) 

followed by ICGV 01276 (17.3 g), ICGV 05163 (16.8 g) and ICGV 02323 (16.3 

g) reported higher pod yield per plant across the environments (Table 4.16). 

Seed yield per plant (g) 

High genetic variability for seed yield per plant in GSP was observed by 

its wider range, high GCV, PCV, heritability and GAM reported in individual and 

across the environments. Seed yield per plant varied from 2.2 to 17.2 g at 

Aliyarnagar, from 0.8 to 14.0 g at Jalgaon, 1.5 to 13.5 g at ICRISAT rainy 2015, 

from 0.7 to 11.6 g at ICRISAT post-rainy 2015-16 and the average over 

environments was from 2.1 to 11.2 g. The average of environments over 

genotypes was 6.6 g at Aliyarnagar, 6.2 g at Jalgaon, 5.9 and 4.0 g at ICRISAT 

rainy and post-rainy seasons, respectively (Table 4.13). High GCV (33.30%) 

and PCV (38.92%) with high heritability (73.18%) and GAM (58.68%) were 

reported for seed yield per plant at Aliyarnagar. A similar trend of high GCV 

(38.77, 33.77 & 41.30%) and PCV (44.54, 43.38 & 46.83%) coupled with high 

heritability (75.76, 60.58 & 77.78%) and GAM (69.51, 54.14 & 75.03%) was 

reported at Jalgaon, ICRISAT rainy 2015 and ICRISAT post-rainy 2015-16, 
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respectively. However, pooled analysis revealed high GCV and PCV (24.23 to 

33.32%) coupled with moderate heritability (52.88%) and high GAM (36.30%) 

for seed yield per plant across the environments (Table 4.13). The genotypes 

ICGV 05198 (17.2 g) followed ICGV 99051 (14.6 g) and ICGV 01478 (14.6 g) 

achieved higher seed yield per plant at Aliyarnagar whereas ICGV 06099 (14.0 

g) followed by ICGV 05163 (13.9 g) and DH 86 (13.2 g) recorded higher seed 

yield per plant at Jalgaon. Genotype ICGV 02286 (13.5 g) followed by ICGV 

02411 (13.3 g) and 49 M-16 (12.9 g) recorded higher seed yield per plant 

whereas CS 39 (11.6 g) followed by ICGV 07247 (11.6 g) and ICGV 03128 

(9.1g) recorded higher seed yield per plant at ICRISAT post-rainy 2015-16. 

However, genotype ICGV 07247 (11.2 g) followed by ICGV 01276 (10.6 g), 

ICGV 02323 (10.5 g) and ICGV 06099 (10.3 g) reported higher seed yield per 

plant across the environments (Table 4.17). 

Shelling percent 

 Shelling percent in groundnut is an important trait to determine seed yield 

from pod yield. Genetic variation in GSP for shelling percent was low as 

indicated by low GCV and PCV with moderate to high heritability and low to 

moderate GAM. Shelling percent was varied from 39 to 71% at Aliyarnagar, 

from 42 to 70% at Jalgaon, from 36 to 71% at ICRISAT rainy 2015, from 45 to 

76% at ICRISAT post-rainy 2015-16 and the average over environments from 

46 to 69%. The average of environments over genotypes for pod yield per plant 

was 61% at Aliyarnagar, 58% at Jalgaon and ICRISAT rainy 2015, and 59% at 

ICRISAT post-rainy and average across the environments (Table 4.13). Low 

GCV (8.23%) and PCV (9.35%) with high heritability (77.47%) and low GAM 

(14.92%) were reported for shelling percent at Aliyarnagar. The similar trend of 

low GCV (8.88%) and PCV (9.70%) coupled with high heritability (83.77%) and 

low GAM (16.73%) was reported at Jalgaon whereas low GCV (7.70%) and 

moderate PCV (11.40%) coupled with moderate heritability (45.61%) and low 

GAM (10.71%) was reported at ICRISAT rainy 2015. Low GCV (10.49%) and 

moderate PCV (11.36%) with high heritability (85.26%) and moderate GAM 

(19.95%) were recorded at ICRISAT post-rainy 2015-16. Pooled analysis also 

revealed a similar trend of GCV and PCV (6.48 & 8.29%) with high heritability 
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(61.13%) and low GAM (10.44%) for shelling percent across the environments 

(Table 4.13). The genotype ICG 156, BAU 13 and ICG 3312 recorded highest 

(71%) shelling percent at Aliyarnagar whereas ICGV 02038 (70%) followed by 

ICGV 07268 and SPS 7 (69%) had the highest shelling percent compared to all 

other genotypes at Jalgaon. Genotype ICGV 97262 (71%) followed by ICGV’s 

03128 and 87187 (69%) was the best genotypes recorded higher shelling 

percent at ICRISAT during rainy 2015. Genotypes recorded higher shelling 

percent during the post-rainy season at ICRISAT compared to rainy season 

across the environments. Genotypes 49 × 39-74 (76%) recorded highest 

shelling percent followed by ICG 3584 and ICG 2106 (73%) at ICRISAT during 

post-rainy 2015-16. Genotype ICGV 95469 (70%) followed by ICGV 07268 

(68%) ICGV 02038 (68%) and ICGV 95290 (68%) reported higher shelling 

percent across the environments (Table 4.17). 

Hundred seed weight (g) 

 High genetic variability for hundred seed weight in GSP was observed with 

moderate to high GCV, PCV with high heritability and GAM in different 

environments. Hundred seed weight was varied from 19.64 to 66.22 g at 

Aliyarnagar, from 13.6 to 55.2 g at Jalgaon, from 15.3 to 59.0 g at ICRISAT 

rainy 2015, from 18.3 to 58.6 g at ICRISAT post-rainy 2015-16 and the average 

over environments was from 20.3 to 52.4 g. The average of environments over 

genotypes for hundred seed weight was 32.6 g at Aliyarnagar, 33.7 g at 

Jalgaon, 35.4 and 33.8 g at ICRISAT rainy and post-rainy seasons, respectively 

(Table 4.13). The average of hundred seed weight across the environments 

was 33.09 g. High GCV (22.68%) and PCV (23.51%) with high heritability 

(93.05%) and GAM (45.06%) was reported for hundred seed weight at 

Aliyarnagar whereas moderate GCV (18.18%) and PCV (19.58%) coupled with 

high heritability (86.14%) and GAM (34.75%) was reported at Jalgaon. At 

ICRISAT rainy 2015, high GCV (20.20%) and PCV (22.90%) coupled with high 

heritability (77.82%) and GAM (36.70%) was reported and a similar trend of 

high GCV (20.82%) and PCV (21.74%) with high heritability (91.64%) and GAM 

(41.05%) was recorded at ICRISAT post-rainy 2015-16. Genotypes ICGV 

00440 (66.2g) followed 05198 (61.2g) and 49 × 37-97-1 (61.1g) had highest 



98 
 

hundred seed weight at Aliyarnagar whereas ICGV 06234 (55.2g) followed by 

49 M-1-1 (54.3g) and 49 × 37-99(b) tall (54.1 g) at Jalgaon. Genotypes ICGV 

05198 (59.0 g) followed by 27 × M-223-1 (55.6 g) and TG 42 (54.0 g) reported 

as higher hundred seed weight at ICRISAT rainy 2015 whereas ICGV 06234 

(58.6g) followed by ICGV 01478 (58.5g) and ICGV 06188 (56.5 g) at ICRISAT 

post-rainy 2015-16. However, pooled analysis also revealed moderate GCV 

and PCV (16.59 & 19.12%) with high heritability (75.30%) and GAM (29.66%) 

for hundred seed weight across the environments (Table  4.13). Genotypes 

ICGV 05198 (52.4g) followed by TG 42 (52.1g), ICGV 06188 (51.5g) and ICGV 

00440 (51.0g) reported high hundred seed weight across the environments 

(Table 4.18). 

Days to physiological maturity 

Genetic variation for days to maturity in GSP was low across the 

environments as indicated by low GCV and PCV with heritability and low GAM 

in each environment and across the environments. Days to physiological 

maturity in GSP varied from 101 to 121 days at Aliyarnagar, from 107 to 140 

days at Jalgaon, 94 to 126 days at ICRISAT rainy 2015, from 121 to 155 days 

at ICRISAT post-rainy 2015-16 and from 107 to 134 days in pooled across the 

environments with an average of 108, 122, 109, 142 and 120 days at 

Aliyarnagar, Jalgaon, ICRISAT rainy 2015, ICRISAT post-rainy 2015-16 and 

pooled across the environments, respectively (Table 4.13). At Aliyarnagar, low 

GCV (4.34%) and PCV (4.64%) with high heritability (87.56%) and low GAM 

(8.37%) were reported for days to maturity. The similar trend of low GCV (6.27, 

6.99 & 5.40%) and PCV (6.36, 7.24 & 5.56%) coupled with high heritability 

(97.01, 93.31 & 94.46%) and moderate GAM (12.72, 13.92 & 10.82%) was 

reported at Jalgaon, ICRISAT rainy 2015 and ICRISAT post-rainy 2015-16, 

respectively. Pooled analysis of four environments also revealed low GCV and 

PCV (4.69 & 5.38%) with high heritability (75.96%) and low GAM (8.42%) for 

days to maturity. The genotypes ICGV 05155 followed by M 28-2 (101 days) 

and ICGV 95469 (102 days) matured earlier compared to all other at 

Aliyarnagar while genotypes ICGV 06234 (107 days) followed by TMV 2 and 26 

× M-95-1 R1 (108 days) at Jalgaon. The genotypes 26 × M-223-1 (94 days) 
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followed ICGV 87354 (96 days) and ICGV 86699 (97 days) matured earlier 

compared to all other genotypes across the environments whereas genotypes 

matured late during post-rainy season 2015-16. Genotypes ICGV 92195 (121 

days) followed by ICGV 91116 (121 days) and 26 × M-95-1 R1 (122 days) 

matured earlier at ICRISAT during post-rainy 2015-16. Genotypes ICGV 92195 

(107 days) followed by 26 × M-95-1 RI (108 days), 39 × 49-81-1 (109 days) and 

ICGV 13242 (109 days) matured earlier compared to other genotypes of GSP 

across the four environments (Table 4.14). 

Pod yield per hectare (kg) 

Genetic variation for the yield potential of genotypes in GSP was 

reported high with high GCV and PCV coupled with moderate to high heritability 

and high GAM in each environment and across the environments. Pod yield per 

hectare in GSP varied from 386 to 3809 kg at Aliyarnagar, from 367 to 4864 kg 

at Jalgaon, 356 to 3765 kg at ICRISAT rainy 2015, from 409 to 4321 kg at 

ICRISAT post-rainy 2015-16 and average over environments was from 478 to 

3203 kg. The average of environments over genotypes for pod yield per hectare 

was 1392 kg at Aliyarnagar, 1592 kg at Jalgaon, 1569 and 1641 kg at ICRISAT 

rainy and post-rainy seasons, respectively (Table 4.13). At Aliyarnagar, high 

GCV (43.92%) and PCV (49.71%) with high heritability (78.05%) and GAM 

(79.92%) were reported for yield per plot. The similar trend of high GCV (46.00, 

40.38 & 39.94%) and PCV (50.81, 44.25 & 45.92%) coupled with high 

heritability (81.96, 83.27 & 75.676%) and GAM (85.78, 75.90 & 71.58%) was 

reported at Jalgaon, ICRISAT rainy 2015 and ICRISAT post-rainy 2015-16, 

respectively. Pooled analysis also revealed a similar trend of high GCV and 

PCV (31.15 & 39.09%) with high heritability (63.52%) and GAM (51.15%) for 

pod yield across the environments. Among all individual environments and 

pooled, wide range for pod yield per hectare was observed at Jalgaon. The 

genotypes SPS 11 (3809 kg) followed by ICGV 05163 (3561 kg) and ICGV 

06142 (3283 kg) recorded higher yield at Aliyarnagar whereas ICGV 03056 

(4865 kg) followed by ICGV 03042 (4660 kg) and ICGV 03064 (4549 kg) 

recorded higher yield at Jalgaon. Among all the genotypes 49 M-16 (3765 kg) 

followed by ICGV 03064 (3484 kg) and ICGV 06142 (3478 kg) recorded higher 
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pod yield per hectare at ICRISAT during rainy 2015 whereas CS 39 (4321 kg) 

followed by Faizpur 1-5 (3850 kg) and ICGV 07247 (3781 kg) reported higher 

yield per plant compared to other genotypes at ICRISAT post-rainy 2015-16. 

The mean performance of genotypes for pod yield per hectare during rainy and 

post-rainy season reported higher yield during the post-rainy season (disease 

free environment) compared to rainy season across the location (under disease 

pressure). However, an average of performance across the environments 

revealed that ICGV 07247 (3203 kg) followed by SPS 11(3130 kg), ICGV 03064 

(3041 kg) and ICGV 06100 (2981 kg) reported higher pod yield per hectare 

across the environments (Table 4.18). 

Haulm yield per plant (g) 

 Besides the important role of groundnut in the human diet, its fodder is an 

important component of feed for cattle. Foliar fungal diseases special rust and 

LLS are widely responsible for the reduction in fodder yield and quality across 

the growing regions. Hence, genotypes of GSP were evaluated for haulm yield 

per plant at ICRISAT Patancheru during rainy (diseased) and post-rainy season 

2015-16 (disease free). High genetic variation in GSP was reported for haulm 

yield per plant in both the environments as revealed by high GCV and PCV 

coupled with moderate to high heritability and GAM. Haulm yield per plant in 

GSP varied from 7.1 to 29.3 g at ICRISAT during rainy 2015, from 5.1 to 40.6 g 

at ICRISAT during post-rainy 2015-16 and the average over environments was 

from 8.5 to 30.4 g. The average of environments over genotypes for haulm 

weight per plant was 16.1 and 19.4 g at ICRISAT during rainy and post-rainy 

seasons, respectively (Table 4.13). High GCV (21.27%) and PCV (28.30%) 

coupled with moderate heritability (56.49%) and high GAM (32.93%) was 

reported during rainy 2015 whereas high GCV (33.49%) and PCV (36.10%) 

with high heritability (86.07) and moderate GAM (19.41%) was reported during 

post-rainy season. Pooled analysis of haulm yield also revealed high GCV 

(21.89%) and PCV (28.90%) with moderate heritability (57.38%) and high GAM 

(34.16%) across the environments (Table 4.13). Mean performance for haulm 

yield per plant showed that genotypes recorded higher haulm yield during the 

post-rainy season (disease free) compared to the rainy season  



101 
 

Table 4.14 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for days 
to 50% flowering (DFF) and days to maturity (DM) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes DFF Genotypes DFF Genotypes DFF Genotypes DFF Genotypes DFF 

1 ICGV 06431 26 ICGV 06049 25 ICGV 87378 23 ICGV 13241 34 ICGV 06431 29 

2 ICGV 04149 26 49×39-21-2 25 ICGV 91116 24 ICGV 01005 35 ICGV 99181 29 

3 TG LPS 4 26 SPS 9 25 ICG 14985 24 ICGV 93470 36 ICGV 06049 29 

4 ICG 10701 26 ICGV 04149 25 ICGV 99181 24 DTG 15 36 ICGV 91116 29 

5 ICG 14985 26 TG 49 26 ICG 15415 25 ICGV 07148 37 ICGV 04149 29 

6 ICGV 87378 26 ICGV 91116 26 Gangapuri 25 27×49- 12 37 26×M-95-1 RI 29 

7 ICG 4543 26 SPS 3 26 ICGV 99083 25 26×M-95-1 RI 37 DTG 15 29 

8 SPS 6 26 TKG 19A 26 ICGV 88145 25 ICGV 06431 37 TAG 24 29 

9 ICGV 13242 26 ICG 5221 26 26×M-223-1 25 TMV 2 NLM 37 ICG 3102 29 

10 ICGV 07210 27 24×39-31 MR 26 J 11 25 TAG 24 37 ICGV 02189 29 

Population mean 30  30  29  42  33 

CV% 3.4  6.09  5.4  3.5  4.6 

LSD at 5 % 1.7  3.05  4.2  2.4  2.1 

           
S. No. Genotypes DM Genotypes DM Genotypes DM Genotypes DM Genotypes DM 

1 ICGV 05155 101 39×49-81-1 107 26×M-223-1 94 ICGV 92195 121 ICGV 92195 107.4 

2 M 28-2 101 TMV 2 108 ICGV 87354 96 ICGV 91116 121 26×M-95-1 RI 107.8 

3 ICGV 95469 102 26×M-95-1 RI 108 ICGV 86699 97 26×M-95-1 RI 122 39×49-81-1 108.8 

4 ICGV 13242 102 26×M-223-1 109 CSMG 84-1 97 ICGV 93437 122 ICGV 13242 109.0 

5 26× 27-164 102 ICGV 86699 109 ICGV 13242 97 SPS 1 123 ICG 2031 110.5 

6 ICGV 92195 102 ICGV 92195 110 39× 49-81-1 97 ICG 2031 123 ICGV 86011 111.0 

7 ICGV 06424 102 ICGV 87354 110 26×M-95-1 RI 97 JL 24 123 49×39-74 111.0 

8 ICGV 07217 102 ICGV 06424 111 ICGV 92195 97 ICGV 00321 124 ICGV 93470 111.1 

9 ICG 532 102 ICGV 13242 111 ICG 3421 97 ICGV 06431 124 ICGV 02266 111.4 

10 ICG 3421 102 CSMG 84-1 111 ICGV 13245 98 ICGV 07273 124 ICGV 02125 111.4 

Population mean 108.2  122.2  109.3  142.0  120.4 

CV% 1.6  1.1  1.9  1.3  1.5 

LSD at 5 % 2.9  2.2  3.4  3.1  2.5 
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Table 4.15 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for 
number of primary branches (NPB) and plant height (PH) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes NPB Genotypes NPB Genotypes NPB Genotypes NPB Genotypes NPB 

1 ICGV 09112 8 ICGV 05141 10 49 M-2-2 10 ICGV 07246 10 49 M-2-2 8.3 

2 ICGV 07247 7 ICGV 07246 9 ICGV 07247 9 ICGV 06423 9 ICGV 07246 7.8 

3 ICGV 03398 7 ICGV 07247 9 ICGV 07235 9 ICGV 07223 9 ICGV 01361 7.7 

4 ICGV 03064 7 ICGV 99052 9 ICG 532 9 ICGV 07120 9 ICGV 07247 7.7 

5 ICGV 06422 7 ICGV 01361 9 ICGV 03397 8 ICGV 04124 9 ICGV 07235 7.6 

6 ICGV 07227 7 ICGV 04087 9 ICGV 07227 8 ICGV 97128 9 ICGV 07227 7.5 

7 DH 86 7 ICGV 97128 9 ICGV 02321 8 ICGV 01495 9 ICGV 05057 7.4 

8 ICGV 00346 7 ICGV 01265 9 ICGV 87187  8 49 M-2-2 9 ICGV 09112 7.4 

9 ICGV 01495 7 ICGV 02323 9 ICGV 01478 8 ICGS 76 9 SPS 2 7.3 

10 ICGV 98432 7 ICGV 00440 9 ICGV 03136 8 ICG 14466 9 SPS 7 7.3 

Population mean 5.0  6.0  6.0  6.0  5.6 

CV% 10.6  8.0  6.9  7.2  7.2 

LSD at 5 % 0.9  0.8  0.1  0.1  0.1 

           
S. No. Genotypes PH (cm) Genotypes PH (cm) Genotypes PH (cm) Genotypes PH (cm) Genotypes PH (cm) 

1 ICG 15419 67.3 ICGV 03184 71.5 ICG 15419 59.7 27×49- 16 37.9 ICG 15419 56.2 

2 ICG 6022 58.9 ICG 6022 69.7 ICG 6646 58.1 ICG 6646 37.7 ICG 6022 53.6 

3 ICGV 01005 54.8 27×49- 16 66.5 ICG 8751 57.0 ICGV 02266 37.6 ICG 6646 49.8 

4 ICGV 88145 54.0 ICG 15419 64.4 ICG 6022 56.9 ICGV 86011 37.6 ICGV 03184 49.1 

5 ICG 8751 53.5 SPS 3 64.1 ICG 5221 50.8 TKG 19A 36.1 ICG 8751 47.1 

6 ICG 6646 53.0 ICGV 04018 61.0 ICGV 00246 50.1 ICGV 07359 35.9 27×49- 16 46.7 

7 ICG 12672 51.9 ICGV 96468 59.6 ICGV 99052 48.6 ICG 4955 35.3 ICGV 88145 45.8 

8 ICGV 03184 49.9 ICG 3746 59.2 ICGV 01005 47.3 ICGV 87378 34.9 ICGV 01005 45.7 

9 Somnath 49.7 TPG 41 59.1 BAU 13 47.1 ICG 15419 34.5 ICGV 04018 44.3 

10 ICG 4955 49.2 ICGV 97165 58.2 ICG 12276 46.4 ICGV 00321 33.3 ICGV 91116 43.7 

Population mean 36.7  42.8  35.4  22.1  34.2 

CV% 5.5  7.5  6.6  7.6  7.0 

LSD at 5 % 3.3  5.3  8.7  2.8  3.3 
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Table 4.16 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for 
number of pods per plant (NPP) and pod yield per plant (PYPP) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes NPP Genotypes NPP Genotypes NPP Genotypes NPP Genotypes NPP 

1 ICGV 99051 35 ICGV 07247 35 49 M-16 29 ICGV 07247 24 ICGV 07247 25.4 

2 49×39-21-2(a) 34 49×39-74 32 27×49- 12 28 ICGV 07246 22 ICGV 01276 24.5 

3 ICGV 02323 30 ICGV 05163 32 SPS 11 28 49 M-16 22 49 M-16 23.2 

4 ICGV 03128 30 ICGV 95070 31 ICGV 02286 27 ICGV 01276 21 49×39-21-2(a) 22.5 

5 SPS 11 30 ICGV 07223 30 39× 49-81-1 26 CS 39 21 SPS 11 22.3 

6 ICGV 04087 29 ICGV 00005 29 ICGV 01276 26 ICGV 07217 21 49×39-74 22.2 

7 ICGV 01276 28 ICGV 02323 29 ICGV 99085 25 ICGV 07223 20 ICGV 02323 22.0 

8 ICGV 03207 28 ICGV 00350 29 ICGV 03056 24 Faizpur 1-5 19 ICGV 05163 21.6 

9 ICGV 06142 27 ICGV 06142 28 49×27-37 24 ICGV 03128 19 ICGV 01273 21.2 

10 ICGV 07166 27 ICGV 06420 28 ICGV 06424 23 ICGV 00387 19 ICGV 06422 21.1 

Population mean 15  16  14  10  13.8 

CV% 18.2  17.9  23.4  20.0  19.1 

LSD at 5 % 4.4  4.6  5.6  3.4  3.9 

           
S. No. Genotypes PYPP (g) Genotypes PYPP (g) Genotypes PYPP (g) Genotypes PYPP (g) Genotypes PYPP (g) 

1 ICGV 05198 29.0 ICGV 05163 24.0 ICGV 06142 21.1 CS 39 19.9 ICGV 07247 17.3 

2 ICGV 99051 25.9 ICGV 03064 23.8 ICGV 02411 21.0 ICGV 07247 17.0 ICGV 01276 17.3 

3 ICGV 01478 23.8 ICGV 02323 21.2 49 M-16 20.3 Faizpur 1-5 14.9 ICGV 05163 16.8 

4 ICGV 03128 22.9 ICGV 07247 21.0 SPS 11 20.3 ICGV 03128 14.3 ICGV 02323 16.3 

5 49×39-21-2(a) 22.1 ICGV 06100 20.8 ICGV 02286 19.9 ICGV 01495 14.2 SPS 11 16.3 

6 SPS 11 21.8 ICGV 06099 20.8 ICGV 05141 19.9 ICGV 06234 14.2 ICGV 06099 16.2 

7 ICGV 01263 21.5 ICGV 07223 20.5 ICGV 03064 19.8 ICGV 01276 13.7 ICGV 06100 16.2 

8 ICGV 06099 21.4 ICGV 01274 20.2 ICGV 01276 19.7 ICGV 07166 13.2 ICGV 01495 16.2 

9 ICGV 03207 21.3 ICGV 05036 19.9 ICGV 05057 19.6 ICG 11651 12.2 ICGV 06142 15.2 

10 ICGV 98432 20.6 ICGV 94169 19.6 ICGV 03043 19.2 DTG 15 11.9 ICGV 03128 14.8 

Population mean 15.0  10.5  10.2  6.6  9.6 

CV% 19.3  20.1  22.7  20.6  17.0 

LSD at 5 % 3.5  3.4  3.8  2.2  2.8 
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Table 4.17 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for seed 
yield per plant (SYPP) and shelling percent (SH%) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes SYPP (g) Genotypes SYPP (g) Genotypes SYPP (g) Genotypes SYPP (g) Genotypes SYPP (g) 

1 ICGV 05198 17.2 ICGV 06099 14.0 ICGV 02286 13.5 CS 39 11.6 ICGV 07247 11.2 

2 ICGV 99051 14.6 ICGV 05163 13.9 ICGV 02411 13.3 ICGV 07247 11.6 ICGV 01276 10.6 

3 ICGV 01478 14.6 DH 86 13.2 49 M-16 12.9 ICGV 03128 9.1 ICGV 02323 10.5 

4 ICGV 02323 14.6 ICGV 07247 13.2 SPS 11 12.7 ICGV 06234 8.2 ICGV 06099 10.3 

5 ICGV 03207 13.9 ICGV 07223 13.0 ICGV 05141 12.7 ICGV 07217 8.0 SPS 11 10.0 

6 ICGV 01276 13.6 ICGV 03064 12.9 ICGV 01276 12.1 ICGV 01495 8.0 ICGV 05163 9.7 

7 ICGV 03128 13.5 ICGV 94169 12.6 ICGV 06142 11.8 ICG 4955 7.8 ICGV 01495 9.7 

8 SPS 11 13.4 ICGV 01274 12.5 ICGV 05057 11.7 ICGV 06099 7.7 ICGV 03128 9.4 

9 ICGV 06099 13.2 ICGV 06100 12.2 ICGV 03043 11.5 ICGV 06431 7.7 ICGV 06100 9.3 

10 49×39-21-2(a) 13.1 ICGV 02323 11.9 ICGV 97128 11.4 Faizpur 1-5 7.7 ICGV 06142 9.0 

Population mean 6.6  6.1  5.9  4.0  5.6 

CV% 20.2  21.9  27.2  22.1  18.3 

LSD at 5 % 2.2  2.2  2.6  1.4  1.8 

           
S. No. Genotypes SH% Genotypes SH% Genotypes SH% Genotypes SH% Genotypes SH% 

1 ICG 156  71.3 ICGV 02038 70.2 ICGV 97262 71.2 49×39-74 75.5 ICGV 95469 69.5 

2 BAU 13 70.8 ICGV 07268 69.1 ICGV 03128 69.4 ICG 3584 73.3 ICGV 07268 68.2 

3 ICG 3312 70.6 SPS 7 68.9 ICGV 87187  69.4 ICG 2106 73.2 ICGV 02038 67.9 

4 ICGV 95469 70.6 ICGV 04018 68.8 26 M- 119-1 69.3 ICGV 03184 72.7 ICGV 95290 67.8 

5 ICG 3746 70.5 ICG 12991 68.6 ICGV 07210 68.9 26× 27-164 72.3 ICG 2106 67.7 

6 DH 86 70.4 ICGV 91116 67.9 ICGV 95469 68.7 JL 24 72.1 26×27-164 67.1 

7 ICGV 02323 70.4 ICGV 02286 67.7 ICGV 95290 67.7 ICGV 97261 71.7 ICGV 03184 67.0 

8 ICGV 02290 70.2 ICGV 95469 67.6 ICGV 97261 67.6 ICGV 02038 71.6 ICG 4955 66.9 

9 ICG 2031 69.7 49 M- 1-1 67.4 ICGV 07217 67.4 ICG 3746 71.2 ICGV 03128 66.7 

10 ICG 2106 69.6 ICGV 95290 67.3 ICG 4527 67.2 ICGV 95377 71.1 26 M- 119-1 66.6 

Population mean 60.7  58.1  57.5  59.4  58.9 

CV% 4.4  3.9  8.4  4.4  5.5 

LSD at 5 % 4.4  3.7  8.0  4.3  4.5 
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Table 4.18 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for 
hundred seed weight (HSW) and pod yield per hectare (PYH) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes HSW (g) Genotypes HSW (g) Genotypes HSW (g) Genotypes HSW (g) Genotypes HSW (g) 

1 ICGV 00440 66.2 ICGV 06234 55.2 ICGV 05198 59.0 ICGV 06234 58.6 ICGV 05198 52.4 

2 ICGV 05198 61.2 49 M- 1-1 54.3 27× 49- 27-1 55.6 ICGV 01478 58.5 TG 42 52.1 

3 49×37-97-1 61.1 49×37- 99(b) tall 54.1 TG 42 54.0 ICGV 06188 56.5 ICGV 06188 51.5 

4 ICGV 01393 57.7 TG 42 51.9 ICGV 06188 52.0 ICGV 86564 53.5 ICGV 00440 51.0 

5 TG 41 57.4 ICGV 06110 51.8 ICGV 07368 51.8 ICGV 00351 53.1 ICGV 05176 49.9 

6 49×37- 99(b) tall 57.1 TG LPS 3 51.6 TPG 41 50.8 ICGV 07359 52.7 TG 41 49.7 

7 TPG 41 56.8 TG 41 51.3 ICGV 03136 50.1 ICGV 97120 51.9 49×37-97-1 49.2 

8 TG 42 56.3 ICGV 06188 50.0 TG 41 50.0 ICGV 05176 51.6 ICGV 06234 48.8 

9 BAU 13 53.8 ICGV 05176 48.6 39×49 -8 49.9 ICGV 07368 51.1 ICGV 07368 48.7 

10 ICGV 97045 53.7 BAU 13 48.6 ICGV 00440 49.4 ICGV 03136 51.1 ICGV 01478 48.0 

Population mean 32.6  33.7  32.4  33.8  33.1 

CV% 6.2  7.2  10.8  6.3  7.8 

LSD at 5 % 3.3  4.0  5.7  3.5  3.6 

           
S. No. Genotypes PYH (kg) Genotypes PYH (kg) Genotypes PYH (kg) Genotypes PYH (kg) Genotypes PYH (kg) 

1 SPS 11 3809.3 ICGV 03056 4864.5 49 M-16 3764.5 CS 39 4321.2 ICGV 07247 3202.9 

2 ICGV 05163 3560.6 ICGV 03042 4660.2 ICGV 03064 3484.0 Faizpur 1-5 3849.6 SPS 11 3129.5 

3 ICGV 06142 3283.4 ICGV 03064 4549.0 ICGV 06142 3477.8 ICGV 07247 3780.9 ICGV 03064 3040.7 

4 ICGV 06100 3269.2 ICGV 06420 4032.1 SPS 11 3418.1 ICGV 06234 3673.5 ICGV 06100 2981.1 

5 ICGV 07246 3117.2 ICGV 01274 3982.1 ICGV 06100 3360.5 ICGV 01495 3655.5 ICGV 05163 2978.0 

6 ICGV 00321 3108.6 ICGV 03128 3718.8 ICGV 05155 3257.3 ICGV 01276 3646.6 ICGV 05155 2952.5 

7 DH 86 3063.7 ICGV 05155 3610.4 ICGV 05161 3149.8 ICGV 03128 3636.5 ICGV 01276 2923.8 

8 ICG 2381 3049.9 ICGV 07247 3547.9 ICGV 05163 3142.3 ICGV 07166 3527.8 ICGV 03056 2898.6 

9 ICGV 01478 3033.0 ICGV 00005 3546.3 ICGV 02321 3059.3 ICG 11651 3298.0 ICGV 07246 2827.2 

10 ICGV 05198 3032.4 SPS 11 3528.5 ICGV 02411 3058.4 ICGV 97058 3073.7 ICGV 01495 2821.5 

Population mean 1396.8  1592.3  1569.0  1641.4  1549.9 

CV% 23.3  21.58  18.1  22.6  19.5 

LSD at 5 % 536.0  566.0  467.9  612.5  461.1 
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(diseased environment). Genotype SPS 1 (29.3g) followed by ICG 14482 

(28.4g) and SPS 21(28.2g) recorded higher haulm yield at ICRISAT during 

rainy 2015 whereas genotypes ICGV 86564 (40.5g) followed by ICGV’s 02290 

(36.0g), 01273 (35.9g) and ICGV 05036 (35.9g) reported higher haulm yield 

during post-rainy season at ICRISAT. Pooled performance of genotypes 

reported ICGV 01464 (30.4g) followed by ICG 14475 (29.0g) and ICGV 86564 

(28.5g) with higher haulm yield across the environments (Table 4.23). 

4.2.3 Nutritional quality traits 

 Genotypes with higher nutritional value and quality in groundnut are in great 

demand, therefore, improving nutritional quality is now one of focused breeding 

objective of groundnut improvement. All the genotypes were evaluated for oil 

and protein content along with four major fatty acids through near infrared 

reflectance spectroscopy (NIRS). The mean, range and genetic parameters for 

nutritional quality traits are presented in Table 4.19. The range of performance 

of genotypes for all the nutritional quality traits was high but GCV and PCV 

were low for all the quality traits coupled with moderate to high heritability and 

low GAM at the individual as well as across the environments. 

Oil content (%) 

Narrow genetic variability in GSP observed for oil content with low GCV 

and PCV along with moderate to high heritability and low GAM across the 

environments. Oil content was varied from 45.0 to 64.2% at Aliyarnagar, from 

46.1 to 64.9% at Jalgaon, from 38.2 to 59.9% at ICRISAT rainy 2015, from 42.0 

to 60.6% at ICRISAT post-rainy 2015-16 and the average over environments 

was varied from 44.6 to 59.2%. The average of environments over genotypes 

was 53.5% at Aliyarnagar, 53.7% at Jalgaon, 48.5% and 49.1% at ICRISAT 

rainy and post-rainy seasons, respectively (Table 4.19). Very low GCV (2.51%) 

and PCV (3.38%) with moderate heritability (54.93%) and low GAM (3.83%) 

were reported for oil content at Aliyarnagar. The similar trend of low GCV (2.50 

& 3.25%) and PCV (3.18 & 3.65%) coupled with high heritability (61.70 & 

79.37%) and low GAM (4.04 & 5.97%) was observed at Jalgaon and ICRISAT 

rainy 2015, respectively whereas low GCV (2.29%) and PCV (3.02%) coupled 
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with moderate heritability (57.43%) and very low GAM (3.58%) was observed 

for oil content at ICRISAT post-rainy 2015-16 (Table 4.19). The genotypes ICG 

14482 (64.2%) followed by ICG 12625 (63.5%) and ICGV 99085 (62.7%) were 

the best genotypes had higher oil content compared to other genotypes at 

Aliyarnagar whereas genotypes ICGV 06420 (64.9%) followed by ICGV 99085 

(62.5%) and ICGV 05155 (62.0%) recorded higher oil content at Jalgaon. 

Genotypes ICG 15419 (59.9%) followed by ICG 2381 (29.3%) and ICG 5221 

(58.8%) reported higher oil content compared to other at ICRISAT during rainy 

season 2015 whereas ICG 2381 (60.6%) followed by ICGV 97045 (57.9%) and 

ICG 14475 (56.4%) were the best genotypes for oil content at ICRISAT during 

post-rainy season 2015-16. Pooled analysis of genotypes for oil content across 

the environments also revealed low values of GCV and PCV (2.39 & 2.67%) 

with high heritability (79.78%) and low GAM (4.39%). The average performance 

of genotypes across the environments revealed that genotypes ICG 15419 

(59.18%) followed by ICG 2381 (58.97%), ICG 5221 (58.61%) and ICG 14482 

(58.50%) reported high oil content across the environments (Table 4.20). 

Protein content (%) 

Narrow genetic variation in GSP was observed for protein content with 

low GCV, PCV coupled with moderate heritability and low GAM under different 

environments. Protein content in GSP varied from 13.5 to 28.4% at Aliyarnagar, 

from 13.2 to 27.8% at Jalgaon, from 19.2 to 29.8% at ICRISAT rainy 2015 and 

from 19.6 to 34.6% at ICRISAT post-rainy 2015-16. The average of 

environment over the genotypes was 20.2% at Aliyarnagar, 19.6% at Jalgaon, 

24.1 and 26.7% at ICRISAT rainy and post-rainy seasons, respectively (Table 

4.19). Low GCV (4.20%) and PCV (6.60%) with moderate heritability (40.55%) 

and low GAM (5.51%) were reported for protein content at Aliyarnagar. The 

similar trend of low GCV (2.65 & 3.08%) and PCV (4.37 & 4.85%) coupled with 

moderate heritability (36.84 & 40.33%) and low GAM (3.32 & 4.03%) was 

observed at ICRISAT rainy 2015 and ICRISAT post-rainy 2015-16, respectively 

whereas low GCV (3.38%) and PCV (6.27%) coupled with low heritability 

(29.04%) and low GAM (3.75%) was reported for protein content at Jalgaon. 

Protein content in different genotypes was observed high during the post-rainy 
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season compared to rainy season across the environments. Genotypes ICGV 

02038 (28.4%) followed by DTG LPS 3 (27.2%) and Faizpur 1-5 (26.7%) 

reported higher protein content at Aliyarnagar whereas ICGV 05198 (27.8%), 

00321 and 02038 (25.1%) were the best genotypes for protein content at 

Jalgaon. ICG 14985 (29.8%) followed by ICGV 00362 (28.4%) and ICGV 05176 

(28.0%) recorded higher protein content at ICRISAT during rainy 2015 whereas 

Faizpur 1-5 followed by ICG 2857 (34.1%) and ICGV 02038 (33.3%) reported 

higher protein content at ICRISAT during post-rainy season 2015-16. Pooled 

analysis of genotypes for protein content across the environments also revealed 

a similar trend of low GCV and PCV (2.98 & 3.71%) with high heritability 

(64.42%) and low GAM (4.93%). Pooled performance of genotypes showed that 

genotypes Faizpur 1-5 (27.7%) followed by ICGV 02038 (27.4%), ICGV 00321 

(26.7%) and ICG 9507 (26.4%) reported higher protein content across the 

environments (Table 4.20). 

Oleic acid (%) 

Narrow genetic variation in GSP was observed for oleic acid content with 

low GCV, PCV coupled with moderate to high heritability and low GAM under 

different environments. Oleic acid in GSP varied from 29.4 to 74.4% at 

Aliyarnagar, from 21.3 to 80.5% at Jalgaon, from 31.4 to 76.0% at ICRISAT 

rainy 2015, from 30.3 to 76.1% at ICRISAT post-rainy 2015-16 and the average 

over environments from 31.2 to 78.8%. The average of environments over 

genotypes was 42.1% Aliyarnagar, 38.9% at Jalgaon, 42.9 and 43.9% at 

ICRISAT rainy and post-rainy seasons, respectively (Table 4.19). The wider 

range of oleic acid in GSP is due to a high oleic genotype SunOleic 95R which 

recorded >74% oleic acid across the environments. The range of oleic acid in 

GSP without SunOleic 95R became narrow from 29.4 to 60.3% at Aliyarnagar, 

from 21.3 to 56.9% at Jalgaon, from 31.4 to 62.4% at ICRISAT rainy 2015, from 

30.3 to 58.5% at ICRISAT post-rainy 2015-16 and the average over 

environments from 31.2 to 57.4% indicating narrow genetic variability for this 

trait. Low GCV (5.80, 6.83, 6.02 & 4.91%) and PCV (7.19, 8.19, 6.66 & 6.41%) 

with high heritability (65.11, 69.51, 81.61 & 58.61%) and low GAM (9.64, 11.73, 

11.19 & 7.74%) were reported for oleic acid content at Aliyarnagar, Jalgaon,  
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Table 4.19 Mean, range and genetic parameters for nutritional quality traits of 
Genomic Selection Panel of groundnut evaluated across the 
environments 

Traits Mean 
Range# 

GCV (%) PCV (%) h2
bs (%) GAM (%) 

Min Max 

Aliyarnagar 

Oil content (%) 53.47 44.99 64.22 2.51 3.38 54.93 3.83 

Protein content (%) 20.21 13.54 28.44 4.20 6.60 40.55 5.51 

Oleic acid (%) 42.06 29.38 74.38 5.80 7.19 65.11 9.64 

Linoleic acid (%) 39.68 5.30 51.25 5.22 6.49 64.56 8.63 

Palmitic acid (%) 11.66 7.50 14.88 4.07 4.91 68.66 6.94 

Stearic acid (%) 2.19 0.68 3.61 9.11 11.89 58.61 14.36 

O/L ratio 1.13 0.58 14.03 16.28 19.72 68.15 27.69 

Jalgaon 

Oil content (%) 53.66 46.05 64.88 2.50 3.18 61.70 4.04 

Protein content (%) 19.64 13.23 27.81 3.38 6.27 29.04 3.75 

Oleic acid (%) 38.89 21.33 80.47 6.83 8.19 69.51 11.73 

Linoleic acid (%) 42.23 7.32 57.22 5.25 6.43 66.56 8.82 

Palmitic acid (%) 11.93 6.49 14.48 4.43 5.24 71.42 7.71 

Stearic acid (%) 2.10 0.27 3.88 10.48 14.00 56.10 16.18 

O/L ratio 0.99 0.37 15.71 18.33 21.92 69.97 31.59 

ICRISAT rainy 2015 

Oil content (%) 48.51 38.17 59.88 3.25 3.65 79.37 5.97 

Protein content (%) 24.09 19.23 29.81 2.65 4.37 36.84 3.32 

Oleic acid (%) 42.90 31.39 76.03 6.02 6.66 81.61 11.19 

Linoleic acid (%) 36.13 6.12 46.91 5.97 6.64 80.94 11.07 

Palmitic acid (%) 11.71 7.89 14.67 4.16 4.73 77.35 7.53 

Stearic acid (%) 1.65 0.20 3.92 28.24 30.98 83.14 53.05 

O/L ratio 1.26 0.68 12.76 16.49 19.49 71.57 28.73 

ICRISAT post-rainy 2015-16 

Oil content (%) 49.05 41.96 60.63 2.29 3.02 57.43 3.58 

Protein content (%) 26.74 19.57 34.57 3.08 4.85 40.33 4.03 

Oleic acid (%) 43.87 30.32 76.06 4.91 6.41 58.61 7.74 

Linoleic acid (%) 34.70 4.60 46.58 5.52 6.97 62.54 8.98 

Palmitic acid (%) 12.50 7.08 15.09 3.66 4.45 67.82 6.21 

Stearic acid (%) 2.33 0.75 4.79 7.97 10.69 55.53 12.23 

O/L ratio 1.35 0.62 16.53 16.00 19.67 66.14 26.81 

Pooled across the environments 

Oil content (%) 51.18 44.58 59.18 2.39 2.67 79.78 4.39 

Protein content (%) 22.67 18.50 27.66 2.98 3.71 64.42 4.93 

Oleic acid (%) 41.91 31.21 78.83 5.70 6.05 88.95 11.08 

Linoleic acid (%) 38.21 5.61 47.60 5.28 5.60 88.61 10.23 

Palmitic acid (%) 11.95 7.63 14.41 3.98 4.18 90.84 7.82 

Stearic acid (%) 2.07 0.42 3.97 31.42 33.51 87.91 60.69 

O/L ratio  1.17 0.66 14.09 10.17 11.25 81.68 18.94 

Min= Minimum; Max= Maximum; GCV = Genotypic coefficient of variation (%); PCV= Phenotypic 
coefficient of variation (%); h2

bs = Heritability in broad sense (%); GAM= Genetic advance as percent of 
mean (%); # = Nutritional quality traits were estimated by NIRS and could deviate by ±2.5. 
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ICRISAT rainy and post-rainy season, respectively. Pooled analysis of this trait 

also revealed a similar trend of low GCV (5.70%) and PCV (6.05%) with high 

heritability (88.95%) and moderate GAM (11.08%). Genotypes SunOleic 95R 

was the only genotype in GSP reported as high oleic (>70%) across the 

environments (Table 4.21). 

Linoleic acid (%) 

Narrow genetic variation in GSP for linoleic acid was observed with low 

GCV, PCV, GAM and high heritability at the individual as well as across the 

environments. Linoleic acid in GSP varied from 5.3 to 51.3% at Aliyarnagar, 

from 7.3 to 57.2% at Jalgaon, from 6.1 to 46.9% at ICRISAT rainy 2015, from 

4.6 to 46.6% at ICRISAT post-rainy 2015-16 and the average over 

environments was from 5.6 to 47.6%. The average of environments over 

genotypes was 39.7% at Aliyarnagar, 42.2% at Jalgaon, 36.1 and 34.7% at 

ICRISAT rainy and post-rainy seasons, respectively (Table 4.19). SunOleic 95R 

was the only genotype recorded lowest linoleic acid (<6%) across the 

environments. The range of linoleic acid in GSP without SunOleic 95R varied 

from 24.1 to 51.3% at Aliyarnagar, from 26.7 to 57.2% at Jalgaon, from 23.3 to 

46.9% at ICRISAT rainy 2015, from 21.8 to 46.6% at ICRISAT post-rainy 2015-

16 and the average over environments was from 26.1 to 47.6%. Low GCV 

(5.22, 5.25, 5.97 & 5.52%) and PCV (6.49, 6.43, 6.64 & 6.97%) with high 

heritability (64.56, 66.56, 80.94 & 62.54%) and low GAM (8.63, 8.82, 11.07 & 

8.98%) was reported for linoleic acid content at Aliyarnagar, Jalgaon, ICRISAT 

rainy 2015 and ICRISAT post-rainy 2015-16, respectively. Pooled analysis also 

revealed a similar trend of low GCV and PCV (5.28 & 5.60%) with high 

heritability (88.61%) and low GAM (10.23%) across the environments. The 

genotype SunOleic 95R recorded 5.3, 5.1, 6.1 & 4.6% linoleic acid at 

Aliyarnagar, Jalgaon, and ICRISAT rainy and post-rainy seasons, respectively 

(Table 4.22). 

Palmitic acid (%) 

There was significant difference among genotypes of GSP for palmitic 

acid observed under individual as well as across the environments but the 
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magnitude of genetic variability for this trait was narrow as indicated by low 

GCV, PCV and GAM. Palmitic acid in GSP varied from 7.5 to 14.9% at 

Aliyarnagar, from 6.5 to 14.5% at Jalgaon, from 7.9 to 14.7% at ICRISAT rainy 

2015, from 7.1 to 15.1% at ICRISAT post-rainy 2015-16 and the average over 

environments was from 7.6 to 14.4%. The average of environments over 

genotypes was 11.7% at Aliyarnagar, 11.9 at Jalgaon, 11.7 and 12.5 at 

ICRISAT rainy and post-rainy seasons, respectively (Table 4.19). Very low GCV 

(4.07, 4.43, 4.16 & 3.66%) and PCV (4.91, 5.24, 4.73 & 4.45%) with high 

heritability (68.66, 71.42, 77.35 & 67.82%) and low GAM (6.94, 7.71, 7.53 & 

6.21%) was observed for palmitic acid content at Aliyarnagar, Jalgaon, 

ICRISAT rainy and post-rainy seasons, respectively. Pooled analysis also 

revealed a similar trend of low GCV and PCV (3.98 and 4.18%) with high 

heritability (90.84%) and low GAM (7.82%). Genotype ICG 15419 (7.5%) 

followed by ICG 5221 (7.7%) and ICG 6022 (8.1%) recorded lower palmitic acid 

compared to other genotypes at Aliyarnagar. Genotypes ICG 15419 followed by 

ICG 12625 (7.0%) and SunOleic 95R (8.5%) recorded lower palmitic acid 

compared to all other genotypes at Jalgaon. SunOleic 95R (7.9 & 7.08%) was 

recorded lowest palmitic acid at ICRISAT during rainy and post-rainy seasons 

followed by ICG 5221 and ICG 6022 (7.9%) during rainy season whereas ICG 

2381 (8.2%) and ICG 6022 (8.5%) had low palmitic acid after SunOleic 95R 

during post-rainy season 2015-16. Pooled performance of genotypes across the 

environments showed that SunOleic 95R (7.6%) followed by ICG’s 15419 

(8.0%), 2381, 5221 and 6022 (8.3%) reported low palmitic acid across the 

environments (Table 4.22). 

Stearic acid (%) 

Genetic variability for stearic acid in GSP was high compared to other 

nutritional quality traits with moderate to high GCV and PCV coupled with 

moderate to high heritability and GAM under different environments. Stearic 

acid varied from 0.68 to 3.61% at Aliyarnagar, from 0.27 to 3.88% at Jalgaon, 

from 0.20 to 3.92% at ICRISAT rainy 2015, from 0.75 to 4.79% at ICRISAT 

post-rainy 2015-16 and the average of environments was from 0.42 to 3.97%. 

The average of environments over genotypes for stearic acid was from 2.18% 
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at Aliyarnagar, 2.10% at Jalgaon, 1.65 and 2.33% at ICRISAT rainy and post-

rainy seasons, respectively (Table 4.19). Low GCV (9.11 & 7.97%) and 

moderate PCV (11.89 & 10.69%) with moderate heritability (58.61 & 55.53%) 

and GAM (14.36 & 12.23%) was reported for stearic acid content at Aliyarnagar 

and ICRISAT post-rainy 2015-16, respectively whereas moderate GCV 

(10.48%) and PCV (14.00%) coupled with moderate heritability (56.10%) and 

GAM (16.18%) was reported at Jalgaon. High GCV (28.24%) and PCV 

(30.98%) coupled with high heritability (83.14%) and high GAM (53.05%) were 

reported for stearic acid content at ICRISAT rainy 2015. A similar trend of high 

GCV and PCV (31.42 & 33.51%) with high heritability (87.91%) and GAM 

(60.69%) was reported in pooled analysis. The genotypes ICG 4955 (0.7, 0.3, 

0.2 and 0.8%) reported lowest stearic acid at Aliyarnagar, Jalgaon, ICRISAT 

rainy and post-rainy seasons, respectively. The genotype ICG 4955 (0.4%) 

followed by ICG 3673 (1.0%), ICG 442 (1.0%), ICG 12672 (1.1%) and DTG 3 

(1.1%) were also reported with low stearic acid across the environments (Table 

4.23).   

Oleic acid / Linoleic acid (O/L Ratio) 

There was moderate variability reported for O/L ratio in GSP with 

moderate GCV and PCV with high heritability and GAM. It varied from 0.58 to 

14.03 at Aliyarnagar, from 0.37 to 15.71 at Jalgaon, from 0.68 to 12.76 at 

ICRISAT rainy 2015, from 0.62 to 16.53 at ICRISAT during the post-rainy 

season and the average over environments was from 0.66 to 14.09. The 

average of environments over genotypes for linoleic acid was 1.13 at 

Aliyarnagar, 0.99 at Jalgaon, 1.26 and 1.35 at ICRISAT rainy and post-rainy 

seasons, respectively (Table 4.19). The wider range of O/L ratio in GSP was 

due to SunOleic 95R  as it was recorded highest O/L ratio at Aliyarnagar 

(14.13), Jalgaon (15.71), ICRISAT rainy (12.76) and post-rainy (16.53) (Table 

4.21). The O/L ratio in GSP without SunOleic 95R varied from 0.58 to 2.52 at 

Aliyarnagar, from 0.37 to 2.14 at Jalgaon, from 0.68 to 2.76 at ICRISAT rainy 

2015, from 0.62 to 2.58 at ICRISAT during the post-rainy season and the 

average over environments was from 0.66 to 2.13. Moderate GCV (16.28, 

18.33, 16.49 & 16.00%) and moderate to high PCV (19.72, 21.92, 19.49 &  
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Table 4.20 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for oil 

content (OC%) and protein content (PC%) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes OC% Genotypes OC% Genotypes OC% Genotypes OC% Genotypes OC% 

1 ICG 14482 64.2 ICGV 06420 64.8 ICG 15419 59.9 ICG 2381 60.6 ICG 15419 59.2 

2 ICG 12625 63.5 ICGV 99085 62.5 ICG 2381 59.3 ICGV 97045 57.9 ICG 2381 58.9 

3 ICGV 99085 62.6 ICGV 05155 62.0 ICG 5221 58.8 ICG 14475 56.4 ICG 5221 58.6 

4 ICG 6022 62.6 GPBD 4 62.0 ICGV 99085 57.9 ICG 12625 55.9 ICG 14482 58.5 

5 ICG 15419 62.1 ICGV 00248 61.5 ICG 6022 57.6 ICG 14482 55.3 ICG 12625 58.3 

6 ICG 14475 61.5 ICG 2381 61.3 GPBD 4 57.1 ICGV 05155 55.2 ICG 6022 58.3 

7 ICGV 97128 60.9 ICG 5221 61.0 ICGV 00248 55.8 SPS 21 54.9 ICGV 99085 57.9 

8 MN1-35 60.7 49 M-16 60.8 ICG 12625 55.6 ICG 15419 54.9 GPBD 4 57.8 

9 ICG 12509 60.6 ICGV 00246 60.5 ICGV 06420 55.6 ICG 5221 54.5 ICGV 05155 57.6 

10 SPS 21 60.6 ICGV 03042 60.3 SPS 9 55.3 ICG 3673 54.2 ICGV 97128 57.0 

Population mean 53.5  53.7  48.5  49.1  51.1 

CV% 4.5  3.9  3.3  4.0  1.9 

LSD at 5 % 4.0  3.5  2.6  3.2  2.8 

           
S. No. Genotypes PC% Genotypes PC% Genotypes PC% Genotypes PC% Genotypes PC% 

1 ICGV 02038 28.4 ICGV 05198 27.8 ICG 14985 29.8 Faizpur 1-5 34.5 Faizpur 1-5 27.6 

2 TG LPS 3 27.2 ICGV 02038 25.1 ICGV 00362 28.4 ICG 2857 34.0 ICGV 02038 27.3 

3 Faizpur 1-5 26.6 ICGV 00321 25.1 ICGV 05176 28.0 ICGV 02038 33.2 TMV 2 26.9 

4 ICGV 01276 25.5 ICGV 02271 24.7 ICGV 06142 28.0 ICGV 95290 33.0 ICGV 00321 26.6 

5 ICGV 04018 25.3 ICG 9507 24.7 ICGV 06234 27.9 ICGV 97262 32.1 ICG 9507 26.4 

6 ICR 48 24.6 ICGV 02144 24.6 ICGV 03398 27.9 ICGV 99195 31.5 ICGV 03398 26.3 

7 ICGV 97182 24.6 26×M-223-1 24.6 ICGV 98294 27.6 ICGV 01005 31.1 ICGV 05176 26.2 

8 27×49- 16 24.4 ICGV 05176 24.3 ICGV 98432 27.5 ICGV 00321 31.0 ICGV 06110 26.2 

9 ICGV 98294 24.3 ICGV 03398 23.9 ICG 9507 27.5 ICGV 06188 30.9 ICGV 98294 25.9 

10 ICGV 06110 24.2 ICGV 02022 23.7 DH 86 27.3 ICGV 07148 30.9 ICGV 95290 25.6 

Population mean 20.2  19.6  24.1  26.7  22.6 

CV% 10.1  10.5  6.9  7.4  4.4 

LSD at 5 % 3.3  3.4  3.4  3.3  2.7 
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Table 4.21 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for oleic 
acid content (OA%) and oleic/linoleic acid ratio (O/L) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes OA% Genotypes OA% Genotypes OA% Genotypes OA% Genotypes OA% 

1 SunOleic 95R 74.4 SunOleic 95R 80.4 SunOleic 95R 76.0 SunOleic 95R 76.0 SunOleic 95R 78.8 

2 ICG 12276 60.3 ICG 14482 56.9 ICG 14482 62.4 ICGV 86699 58.4 ICG 14482 57.4 

3 ICG 12509 58.5 ICG 12276 55.8 ICG 14475 59.2 ICG 11337  57.1 ICG 14475 54.2 

4 ICG 14482 57.4 ICGV 97120 53.7 ICG 12625 57.2 ICG 6022 56.2 ICGV 97120 54.1 

5 ICGV 97120 53.8 ICG 14475 53.1 ICG 12276 55.3 SPS 15 56.1 ICG 12276 53.7 

6 24×37-2275 53.2 ICG 11426 51.9 ICG 6022 53.2 SPS 20 55.7 ICG 11426 52.4 

7 ICGV 99085 52.8 ICGV 86143 50.2 ICG 11088 53.1 ICGV 97120 55.5 SPS 20 51.9 

8 49 ×39-8 52.7 ICG 4955 49.6 ICG 12509 52.6 SPS 2 55.1 ICG 11337  51.6 

9 ICG 11426 52.6 49 ×39-74 49.4 ICGV 97120 52.3 ICG 5221 54.8 ICG 6022 51.1 

10 SPS 20 52.6 24 ×37-2275 49.2 ICGV 01328 52.2 ICGV 01124 54.6 ICG 12625 51.0 

Population mean 42.0  38.9  42.9  43.9  41.9 

CV% 8.4  9.0  5.7  8.2  4.0 

LSD at 5 % 5.8  5.8  4.0  5.9  4.6 

           
S. No. Genotypes O/L Genotypes O/L Genotypes O/L Genotypes O/L Genotypes O/L 

1 SunOleic 95R 14.0 SunOleic 95R 15.7 SunOleic 95R 12.7 SunOleic 95R 16.5 SunOleic 95R 10.1 

2 ICG 12276 2.5 ICG 12276 2.1 ICG 14482 2.7 ICGV 97045 2.5 ICG 12276 2.1 

3 ICG 12509 2.0 ICG 14482 2.0 ICG 12276 2.3 ICGV 86699 2.3 ICG 14482 2.1 

4 ICG 14482 1.9 ICGV 97120 1.7 ICG 14475 2.2 ICG 11337  2.3 ICGV 97120 1.8 

5 ICGV 97120 1.7 ICG 1834 1.6 ICG 4955 1.8 SPS 15 2.2 ICG 11426 1.7 

6 24 ×37-2275 1.7 ICG 11426 1.5 ICGV 01328 1.8 49×37- 99(b) tall 2.1 ICG 14475 1.7 

7 ICR 48 1.7 ICG 14475 1.5 ICG 12625 1.8 SPS 2 2.1 ICG 11337  1.7 

8 ICGV 06234 1.7 ICGV 86143 1.5 ICGV 97120 1.8 ICGV 01124 2.1 SPS 20 1.7 

9 ICG 11426 1.6 24 ×37-2275 1.5 ICG 12509 1.8 ICGV 97120 2.1 ICGV 99085 1.6 

10 ICGV 99085 1.6 ICG 4955 1.4 SPS 7 1.8 SPS 20 2.0 49 ×37- 99(b) tall 1.6 

Population mean 1.1  1.0  1.3  1.4  1.2 

CV% 16.5  18.2  7.9  17.9  8.6 

LSD at 5 % 0.3  0.3  0.1  0.4  0.1 
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Table 4.22 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for 
linoleic acid (LA%) and palmitic acid content (PA%) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes LA% Genotypes LA% Genotypes LA% Genotypes LA% Genotypes LA% 

1 SunOleic 95R 5.3 SunOleic 95R 5.1 SunOleic 95R 6.1 SunOleic 95R 4.6 SunOleic 95R 7.8 

2 ICG 12276 24.0 ICG 12276 26.7 ICG 14482 23.3 ICGV 97045 21.8 ICG 12276 26.1 

3 ICG 12509 28.6 ICG 14482 30.7 ICG 12276 23.3 ICG 11337  24.1 ICG 14482 28.6 

4 ICR 48 29.8 ICG 1834 31.9 ICG 14475 26.4 ICGV 86699 24.6 ICGV 97120 29.3 

5 ICG 14482 30.1 ICG 11426 32.1 ICG 4955 27.6 49×37- 99(b) tall 25.6 ICG 11426 29.9 

6 24×37-2275 30.6 ICGV 97120 32.3 ICG 14985 27.7 ICGV 01124 26.4 ICGV 99085 31.0 

7 ICGV 06234 30.8 ICGV 86143 32.7 ICGV 01328 27.7 SPS 2 26.4 ICG 5745 31.07 

8 49×27-13 (ii) 30.8 TMV 2 32.9 ICGV 05198 28.0 ICG 5745 26.6 TMV 2 31.1 

9 ICGV 97120 30.8 ICG 4955 33.4 49×37-97-1 28.1 ICG 442 26.6 49×37- 99(b) tall 31.1 

10 ICGV 99085 31.4 24×37-2275 33.7 ICGV 01124 28.1 ICG 11426 26.6 ICGV 05198 31.2 

Population mean 39.7  42.2  36.1  34.7  38.2 

CV% 7.7  7.3  5.7  8.4  3.7 

LSD at 5 % 5.0  5.1  3.4  4.8  3.9 

           
S. No. Genotypes PA% Genotypes PA% Genotypes PA% Genotypes PA% Genotypes PA% 

1 ICG 15419 7.5 ICG 15419 6.5 SunOleic 95R 7.9 SunOleic 95R 7.1 SunOleic 95R 7.6 

2 ICG 5221 7.7 ICG 12625 6.9 ICG 5221 7.9 ICG 2381 8.1 ICG 15419 8.0 

3 ICG 6022 8.1 SunOleic 95R 6.9 ICG 6022 7.9 ICG 6022 8.5 ICG 2381 8.2 

4 ICG 12625 8.2 ICG 2381 7.3 ICG 15419 8.1 ICG 5221 9.1 ICG 5221 8.3 

5 SunOleic 95R 8.5 ICG 5221 8.6 ICG 2381 8.4 ICG 15419 9.7 ICG 6022 8.3 

6 ICG 6646 8.9 ICG 6022 8.8 ICG 12625 8.8 ICG 12625 10.1 ICG 12625 8.5 

7 ICG 2381 9.3 ICG 6646 9.3 26×M-95-1 RI 9.9 ICGV 88438 10.3 ICG 6646 9.9 

8 26×M-95-1 RI 9.4 ICGV 02446 9.6 ICGV 01393 9.9 GPBD 4 10.3 GPBD 4 10.0 

9 ICGV 99085 9.5 ICG 11088 9.7 GPBD 4 9.9 ICG 11088 10.4 ICGV 99085 10.1 

10 24×37-2275 9.5 24×37-2275 9.7 ICG 11088 10.0 ICG 14475 10.4 ICG 11088 10.2 

Population mean 11.7  11.9  11.7  12.5  11.9 

CV% 5.4  5.4  4.5  5.0  2.6 

LSD at 5 % 1.0  1.1  0.9  1.0  0.8 
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Table 4.23 Performance of trait specific superior genotypes of Genomic Selection Panel across four environments for 
stearic acid content (SA%) and haulm weight per plant (HLM) 

 
Aliyarnagar Jalgaon ICRISAT Rainy 15 ICRISAT Post-Rainy 15-16 Pooled 

S. No. Genotypes SA% Genotypes SA% Genotypes SA% Genotypes SA% Genotypes SA% 

1 ICG 4955 0.7 ICG 4955 0.2 ICG 4955 0.2 ICG 4955 0.7 ICG 4955 0.4 

2 DTG 3 1.0 ICG 442 0.8 ICG 3673 0.2 ICG 12672 0.8 ICG 3673 0.9 

3 ICG 3673 1.1 SPS 20 0.8 ICG 442 0.2 ICG 3673 0.9 ICG 442 1.0 

4 ICG 12672 1.1 SPS 21 0.9 ICGV 13238 0.4 Gangapuri 1.0 ICG 12672 1.0 

5 ICGV 86699 1.2 SPS 2 1.0 DTG 3 0.4 ICG 442 1.0 DTG 3 1.1 

6 ICGV 09112 1.2 ICGV 01328 1.0 TAG 24 0.5 DTG 3 1.3 Gangapuri 1.1 

7 Gangapuri 1.2 ICGV 07220 1.0 ICG 3746 0.5 ICGV 07220 1.5 ICGV 07220 1.2 

8 SPS 2 1.2 ICG 8517 1.0 ICG 2773 0.5 49 M- 1-1 1.5 SPS 2 1.2 

9 ICGV 97120 1.2 SPS 8 1.0 ICGV 89104 0.6 TG 49 1.5 ICG 8517 1.3 

10 ICGV 01328 1.3 ICG 2773 1.1 26× 27-164 0.6 SPS 2 1.5 ICGV 01328 1.3 

Population mean 2.2  2.1  1.7  2.3  2.1 

CV% 14.9  16.8  18.6  14.0  16.4 

LSD at 5 %  0.5  0.6  0.5  0.5  0.5 

           
S. No. Genotypes HLM (g) Genotypes HLM (g) Genotypes HLM (g) Genotypes HLM (g) Genotypes HLM (g) 

1 - - - - SPS 1 29.3 ICGV 86564 40.5 ICGV 01464 30.4 

2 - - - - ICG 14482 28.4 ICGV 02290 36.0 ICG 14475 29.0 

3 - - - - SPS 21 28.2 ICGV 01273 35.9 ICGV 86564 28.5 

4 - - - - ICGV 99029 27.8 ICGV 05036 35.9 ICGV 05036 27.6 

5 - - - - ICGV 00246 27.7 ICG 14475 34.8 ICGV 07120 27.6 

6 - - - - ICGV 01464 27.7 ICGV 05176 34.1 ICGV 97045 27.5 

7 - - - - ICGV 02411 26.7 ICGV 97045 33.5 ICGV 04087 27.5 

8 - - - - ICGV 99052 26.2 ICG 15419 33.3 SPS 2 27.4 

9 - - - - ICGV 07120 25.2 ICGV 00440 32.9 ICGV 07359 27.1 

10 - - - - ICG 14466 24.9 ICGV 01464 32.8 ICGV 05176 26.9 

Population mean     16.1  19.4  17.8 

CV%     18.7  13.5  15.9 

LSD at 5 %     0.4  0.7  3.9 
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19.67%) with high heritability (68.15, 69.97, 71.57 & 66.14%) and high GAM 

(27.69, 31.59, 28.73 & 26.81%) was observed for O/L ratio at Aliyarnagar, 

Jalgaon, ICRISAT rainy and post-rainy seasons, respectively (Table 4.21). 

Pooled analysis also revealed a similar trend of GCV and PCV (10.17 & 

11.25%) with high heritability (81.68%) and moderate GAM (18.94%) for O/L 

ratio across the environments (Table 4.19). 

4.3 Correlation analysis 

 The phenotypic and genotypic correlation among disease resistance 

(Disease severity scores of LLS and rust at 90 DAS), important yield and its 

component traits (Days to 50% flowering, number of pods per plant, pod and 

seed yield per plant, shelling percent, hundred seed weight, days to maturity 

and pod yield hectare), and nutritional quality traits of GSP were computed at 

individual as well as across the environments. The results of correlation 

analysis among the traits have been presented in Table 4.24 to 4.27. 

4.3.1 Correlation between yield traits 

The significant correlation between important yield and its contributing 

traits are given in Table 4.24. Pod yield per hectare had significant positive 

genotypic and phenotypic correlation with other yield component traits like 

number of mature pods per plant (rg=0.49 to 0.89 & rp=0.40 to 0.85), pod yield 

per plant (rg=0.60 to 0.97 & rp=0.49 to 0.84), seed yield per plant (rg=0.57 to 

0.96 & rp=0.47 to 0.81) and hundred seed weight (rg=0.21 to 0.44 & rp=0.19 to 

0.39) across the environments. Days to 50% flowering had positive significant 

correlation with days to maturity (rg=0.12 to 0.67 & rp=0.11 to 0.59) across the 

environments. Number of pods per plant had significant and positive correlation 

with pod yield per plant (rg=0.75 to 0.89 & rp=0.77 to 0.87), seed yield per plant 

(rg=0.80 to 0.90 & rp=0.74 to 0.87) and shelling percent (rg=0.23 to 0.45 & 

rp=0.15 to 0.36) across the environments. Pod yield per plant was positively and 

significantly associated with seed yield per plant (rg=0.97 to 0.98 & rp=0.94 to 

0.98) and hundred seed weight (rg=0.33 to 0.43 & rp=0.32 to 0.41) across the 

environments. Hundred seed weight had significant positive correlation with 

days to maturity (rg=0.15 to 0.57 & rp=0.14 to 0.53). Pod yield per hectare had 



118 
 

inconsistent association with days to maturity across the environments. It was 

positively correlated at Aliyarnagar (rg=0.28 & rp=0.23), ICRISAT rainy 2015 

(rg=0.24 & rp=0.21) and pooled across the environments (rg=0.24 & rp=0.20) 

whereas negatively correlated at ICRISAT during post-rainy season 2015-16 

(rg=-0.34 & rp=-0.31). Similarly, shelling percent also showed inconsistent 

association with pod yield per hectare. It had significant positive association at 

Jalgaon (rg=0.28 & rp=0.25) and ICRISAT during post-rainy 2015-16 (rg=0.46 & 

rp=0.42) whereas nonsignificant association in other environments (Table 4.24).  

4.3.2 Correlation among disease severity scores and yield traits 

The significant positive association of disease severity score of LLS was 

reported with disease severity scores of rust at 90 DAS across the 

environments (rg=0.74 to 0.95 & rp=0.47 to 0.88). The significant negative 

correlation of disease severity score of LLS was observed with number of 

mature pods per plant (rg=-0.34 to -0.39 & rp=-0.24 to -0.30), pod yield per plant 

(rg=-0.31 to -0.57 & rp=-0.24 to -0.42), seed yield per plant (rg=-0.25 to -0.57 & 

rp=-0.18 to -0.41) and yield per hectare (rg=-0.45 to -0.52 & rp=-0.37 to 0.43) 

across the environments except Jalgaon. It had a significant negative 

association with days to maturity (rg=-0.34 to -0.50 & rp=-0.23 to 0.44) across 

the environments. The disease severity score of rust also had significant 

negative correlation with number of mature pods per plant (rg=-0.41 to -0.50 & 

rp=-0.27 to -0.38), pod yield per plant (rg=-0.41 to -0.67 & rp=-0.30 to -0.49), 

seed yield per plant (rg=-0.35 to -0.66 & rp=-0.26 to -0.47), yield per hectare 

(rg=-0.14 to -0.63 & rp=-0.12 to 0.52) and days to maturity (rg=-0.35 to -0.48 & 

rp=-0.22 to 0.42) across the environments. Hundred seed weight had a 

significant negative correlation with disease severity scores of LLS (rg=-0.30 & 

rp=-0.26) and rust (rg=-0.34 & rp=-0.31) at ICRISAT during rainy 2015 while 

nonsignificant association in other environments (Table 4.25). 
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Table 4.24 Genotypic and phenotypic correlation among yield traits across the environments 

Trait ENV 
DFF NPP PYPP SYPP SH HSW DM 

rg rp rg rp rg rp rg rp rg rp rg rp rg rp 

NPP 

E1 0.18** 0.11*   
          E2 0.03 -0.01   
          

E3 -0.28** -0.23**   
          E4 -0.42** -0.38**   
          Pooled -0.16** -0.14**   
          

PYPP 

E1 0.23** 0.14** 0.81** 0.81**   
        E2 0.02 -0.01 0.89** 0.87**   
        

E3 -0.02 -0.06 0.78** 0.77**   
        E4 -0.42** -0.38** 0.88** 0.86**   
        Pooled 0.04 0.02 0.75** 0.79**   
        

SYPP 

E1 0.21** 0.12* 0.81** 0.80** 0.97** 0.97**   
      E2 -0.01 -0.04 0.90** 0.87** 0.98** 0.98**   
      

E3 -0.04 -0.05 0.80** 0.74** 0.98** 0.94**   
      E4 -0.45** -0.40** 0.87** 0.84** 0.98** 0.97**   
      Pooled 0.08 0.05 0.83** 0.82** 0.97** 0.97**   
      

SH 

E1 -0.08 -0.05 0.1 0.08 0.04 0.04 0.26** 0.25**   
    E2 -0.18** -0.16** 0.45** 0.36** 0.34** 0.29** 0.51** 0.47**   
    

E3 -0.05 -0.02 0.23** 0.15** 0.09 0.08 0.31** 0.35**   
    E4 -0.35** -0.30** 0.43** 0.39** 0.44** 0.41** 0.60** 0.57**   
    Pooled -0.28** -0.23** 0.43** 0.31** 0.09 0.12* 0.32** 0.34**   
    

HSW 

E1 0.17** 0.13** -0.12* -0.06 0.33** 0.32** 0.30** 0.30** -0.10 -0.06   
  E2 0.01 0.01 0.07 0.06 0.36** 0.34** 0.33** 0.32** 0.04 0.06   
  

E3 0.30** 0.22** -0.10 -0.05 0.40** 0.34** 0.33** 0.29** -0.21** -0.11*   
  E4 -0.13* -0.12* 0.18** 0.18** 0.43** 0.41** 0.44** 0.43** 0.34** 0.35**   
  Pooled 0.27** 0.21** -0.23** -0.13* 0.34** 0.33** 0.22** 0.26** -0.37** -0.21**   
  

DM 

E1 0.28** 0.23** 0.23** 0.17** 0.27** 0.20** 0.24** 0.17** -0.15** -0.13* 0.17** 0.15**   
E2 0.12* 0.11* 0.01 -0.01 0.06 0.05 0.01 0.01 -0.21** -0.19** 0.15** 0.14**   
E3 0.32** 0.25** 0.04 0.04 0.31** 0.25** 0.28** 0.22** -0.11* -0.06 0.39** 0.33**   
E4 0.67** 0.59** -0.34** -0.30** -0.31** -0.28** -0.38** -0.34** -0.44** -0.40** 0.57** 0.53**   
Pooled 0.32** 0.27** 0.10 0.08 0.32** 0.24** 0.25** 0.19** -0.22** -0.18** 0.29** 0.26**   

PYH 

E1 0.19** 0.14** 0.49** 0.40** 0.60** 0.49** 0.57** 0.47** -0.10 -0.07 0.21** 0.19** 0.28** 0.23** 
E2 0.03 0.03 0.73** 0.65** 0.85** 0.73** 0.84** 0.73** 0.28** 0.25** 0.27** 0.25** 0.05 0.05 
E3 0.19** 0.18** 0.71** 0.56** 0.93** 0.79** 0.92** 0.74** 0.10 0.07 0.44** 0.39** 0.24** 0.21** 
E4 -0.44** -0.40** 0.89** 0.85** 0.82** 0.76** 0.81** 0.79** 0.46** 0.42** 0.42** 0.39** -0.34** -0.31** 
Pooled 0.02 0.05 0.79** 0.68** 0.97** 0.84** 0.96** 0.81** 0.05 0.07 0.27** 0.27** 0.24** 0.20** 

* & ** represents significance at <0.05 and <0.01 probability level, respectively; ENV=Environment; DFF= Days to 50% flowering; NPP= Number of mature pods per plant; PYPP= Pod yield per plant; 
SYPP= Seed yield per plant; SH= Shelling percent; HSW= Hundred seed weight; DM= Days to maturity; PYH= Pod yield per hectare; E1 = Aliyarnagar; E2= Jalgaon; E3= ICRISAT rainy season 2015; 
E4= ICRISAT post-rainy 2015-16; rg= Genotypic correlation coefficient; rp= Phenotypic correlation coefficient
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Table 4.25 Genotypic and phenotypic correlation among disease severity scores 

of LLS and rust, and with yield traits across the environments 

Trait ENV 
LLS90 Rust90 

rg rp rg rp 

Disease severity score of 
rust at 90 DAS 

E1 0.84** 0.73**   

E2 0.74** 0.47**   

E3 0.92** 0.83**   

Pooled 0.95** 0.88**   

Number of mature pods 
per plant 

E1 -0.36** -0.29** -0.47** -0.37** 

E2 -0.08 -0.09 -0.11* -0.03 

E3 -0.34** -0.24** -0.41** -0.27** 

Pooled -0.39** -0.30** -0.50** -0.38** 

Pod yield per plant 

E1 -0.31** -0.24** -0.41** -0.30** 

E2 0.04 0.03 -0.04 0.05 

E3 -0.57** -0.42** -0.67** -0.49** 

Pooled -0.48** -0.37** -0.64** -0.48** 

Seed yield per plant 

E1 -0.25** -0.18** -0.35** -0.26** 

E2 0.08 0.07 -0.01 0.05 

E3 -0.57** -0.41** -0.66** -0.47** 

Pooled -0.39** -0.30** -0.54** -0.41** 

Shelling percent 

E1 0.29** 0.23** 0.30** 0.24** 

E2 0.30** 0.19** 0.24** 0.19** 

E3 -0.03 -0.03 -0.01 -0.02 

Pooled 0.29** 0.21** 0.31** 0.23** 

Hundred seed weight  

E1 0.01 0.02 -0.03 -0.02 

E2 0.05 0.05 -0.07 -0.06 

E3 -0.30** -0.26** -0.34** -0.31** 

Pooled -0.07 -0.09 -0.12* -0.13* 

Days to maturity 

E1 -0.45** -0.39** -0.44** -0.38** 

E2 -0.34** -0.23** -0.35** -0.22** 

E3 -0.50** -0.43** -0.44** -0.39** 

Pooled -0.50** -0.44** -0.48** -0.42** 

Pod yield per hectare 

E1 -0.45** -0.37** -0.58** -0.47** 

E2 -0.10 -0.10 -0.14** -0.12* 

E3 -0.52** -0.43** -0.63** -0.52** 

Pooled -0.47** -0.40** -0.62** -0.52** 

* & ** represents significance at <0.05 and <0.01 probability level, respectively  
ENV= Environment; LLS90 & Rust90 = Disease severity score of late leaf spot and rust at 90 days after sowing, 
respectively; E1 = Aliyarnagar; E2= Jalgaon; E3= ICRISAT rainy season 2015; rg= Genotypic correlation coefficient; 
rp= Phenotypic correlation coefficient;  
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4.3.3 Correlation among nutritional quality traits  

Oil content had significant negative association with protein content (rg= -

0.28 to -0.61 & rp=-0.31 to -0.57) across the environments. It had significant 

negative correlation with oleic acid (rg=-0.12 to -0.24 & rp=-0.12 to -0.25) and 

O/L ratio (rg=-0.14 to -0.25 & rp=-0.14 to -0.26) at Jalgaon, ICRISAT rainy 2015 

and pooled across the environments. Protein content had inconsistent and low 

magnitude of positive and negative significant association with fatty acid 

composition across the environments. Among the fatty acids, oleic acid had 

strong significant negative association with linoleic (rg= -0.93 to -0.96 & rp=-0.93 

to -0.96), palmitic (rg=-0.60 to -0.73 & rp=-0.62 to -0.73) and stearic acid. (rg=-

0.31 to -0.51 & rp=-0.20 to -0.48) whereas strong positive with O/L ratio (rg=0.91 

to 0.98 & rp=0.91 to 0.98) across the environments. Linoleic acid had positive 

significant association with palmitic (rg= 0.46 to 0.61 & rp=0.47 to 0.62) and 

stearic acid (rg=0.33 to 0.47 & rp=0.22 to 0.43) while a strong negative 

association with OL ratio (rg=-0.90 to -0.99 & rp=-0.90 to -0.99) across the 

environments. O/L ratio was significant negatively correlated with palmitic (rg=-

0.53 to -0.66 & rp=-0.54 to -0.67) and stearic acid (rg= -0.30 to -0.48 & rp= -0.21 

to -0.41) across the environments (Table 4.26).  

4.3.4 Correlation among disease severity scores and nutritional quality 

traits 

Disease severity score of LLS at 90 DAS had significant negative 

correlation with oil content (rg= -0.26 to -0.52 & rp= -0.26 to -0.44) and fatty 

acids such as linoleic (rg=-0.15 to -0.23 & rp=-0.14 to -0.20), palmitic (rg=-0.16 to 

-0.43 & rp=-0.13 to -0.38) and stearic acid (rg= -0.31 to -0.52 & rp=-0.28 to -

0.45). However, it was positively associated with oleic acid (rg=0.13 to 0.20 & 

rp=0.12 to 0.18) and O/L ratio (rg=0.15 & rp=-0.13 to 0.14) with negligible 

magnitude across the environments. Similarly, disease severity scores of rust at 

90 DAS also had negative correlation with oil content (rg=-0.31 to -0.53 & rp=-

0.17 to -0.44), linoleic acid (rg=-0.26 to -0.36 & rp=-0.18 to -0.30), palmitic acid 

(rg=-0.37 to -0.43 & rp=-0.24 to -0.38) and stearic acid (rg=-0.41 to -0.57 & rp=-

0.36 to -0.52) across the environments. However, it had significant positive 

association with oleic acid (rg=0.25 to 0.32 & rp=0.18 to 0.28) and O/L ratio 
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(rg=0.23 to 0.27 & rp=0.11 to 0.24) across the environments. Hundred seed 

weight had negative significant association with oil content (rg=-0.22 to -0.35 & 

rp=-0.11 to -0.27) whereas positive significant with protein content (rg=0.29 to 

0.44 & rp=0.16 to 0.33) across the location except Jalgaon for oil content. Oil 

content had positive significant association with pod yield per plant (rg=0.20 to 

0.41 & rp=0.17 to 0.36), linoleic acid (rg=0.30 to 0.57 & rp=0.36 to 0.49) and 

palmitic acid (rg=0.12 to 0.42 & rp=0.21 to 0.36) whereas negative with oleic 

acid (rg=-0.29 to -0.56 & rp=-0.23 to -0.48) and O/L ratio (rg=-0.29 to -0.48 & rp=-

0.24 to -0.40) across the environments (Table 4.27). 
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Table 4.26 Genotypic and phenotypic correlation among nutritional quality traits across the environment 

Trait ENV 
OC PC OAC LAC PAC SAC O/L ratio 

rg rp rg rp rg rp rg rp rg rp rg rp rg rp 

PC 

E1 -0.61** -0.54**   
          E2 -0.58** -0.52**   
          E3 -0.28** -0.31**   
          E4 -0.60** -0.57**   
          Pooled -0.40** -0.41**   
          

OAC 

E1 0.01 -0.07 -0.17** -0.12*   
        E2 -0.24** -0.25** 0.02 -0.03   
        E3 -0.15** -0.13** -0.31** -0.22**   
        E4 0.21** 0.11* -0.19** -0.11*   
        Pooled -0.12* -0.12* -0.16** -0.14*   
        

LAC 

E1 0.19** 0.24** 0.01 -0.02 -0.95** -0.95**   
      E2 0.37** 0.36** -0.12* -0.05 -0.96** -0.96**   
      E3 0.30** 0.28** 0.15** 0.09 -0.96** -0.95**   
      E4 -0.09 0.01 0.09 -0.01 -0.93** -0.93**   
      Pooled 0.31** 0.30** 0.03 0.02 -0.96** -0.96**   
      

PAC 

E1 -0.01 0.05 0.27** 0.14** -0.73** -0.73** 0.61** 0.62**   
    E2 0.19** 0.17** -0.02 0.03 -0.71** -0.69** 0.58** 0.58**   
    E3 0.18** 0.14** 0.21** 0.18** -0.60** -0.62** 0.46** 0.47**   
    E4 -0.06 -0.07 0.07 0.09 -0.67** -0.67** 0.53** 0.53**   
    Pooled 0.12* 0.13* 0.18** 0.15** -0.67** -0.67** 0.56** 0.56**   
    

SAC 

E1 0.36** 0.43** 0.16** 0.05 -0.31** -0.20** 0.33** 0.22** -0.11* -0.13*   
  E2 0.36** 0.40** 0.04 0.03 -0.39** -0.33** 0.45** 0.35** -0.12* -0.12*   
  E3 0.50** 0.52** 0.39** 0.20** -0.44** -0.32** 0.47** 0.36** 0.11* 0.06   
  E4 0.34** 0.25** -0.06 0.14** -0.51** -0.48** 0.47** 0.43** -0.23** -0.15**   
  Pooled 0.42** 0.44** 0.23** 0.16** -0.38** -0.35** 0.45** 0.41** -0.09 -0.07   
  

O/L 

E1 -0.08 -0.14** -0.07 -0.05 0.97** 0.97** -0.99** -0.99** -0.66** -0.67** -0.30** -0.21**   
E2 -0.25** -0.26** 0.04 -0.01 0.98** 0.98** -0.98** -0.99** -0.64** -0.64** -0.40** -0.33**   

E3 -0.20** -0.19** -0.22** -0.15** 0.98** 0.97** -0.99** -0.99** -0.53** -0.54** -0.43** -0.33**   
E4 0.15** 0.06 -0.12* -0.05 0.93** 0.94** -0.98** -0.98** -0.60** -0.60** -0.48** -0.41**   
Pooled -0.14** -0.14** -0.06 -0.06 0.91** 0.91** -0.90** -0.90** -0.56** -0.56** -0.33** -0.30**   

* & ** represents significance at <0.05 and <0.01 probability level, respectively; ENV=Environment; OC= Oil content; PC= Protein content; OAC= Oleic acid content; LAC= linoleic 
acid content; PAC= Palmitic acid content; SAC= Stearic acid content; O/L= Oleic/linoleic acid ratio; E1 = Aliyarnagar; E2= Jalgaon; E3= ICRISAT rainy season 2015; E4= ICRISAT 
post-rainy 2015-16; rg= Genotypic correlation coefficient; rp= Phenotypic correlation coefficient
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Table 4.27 Genotypic and phenotypic correlation among disease severity scores 
of LLS and rust, yield and nutritional quality traits across the 
environments 

Trait ENV 
LLS90 Rust90 HSW PYH 

rg rp rg rp rg rp rg rp 

Oil content 

E1 -0.41** -0.26** -0.36** -0.26** -0.34** -0.20** 0.20** 0.17** 

E2 -0.26** -0.20** -0.31** -0.17** -0.25** -0.16** 0.33** 0.26** 

E3 -0.52** -0.43** -0.50** -0.44** -0.06 0.10 0.41** 0.36** 

E4 - - - - -0.22** -0.11* -0.18** -0.04 

Pooled -0.51** -0.44** -0.53** -0.44** -0.35** -0.27** 0.38** 0.33** 

Protein content 

E1 -0.18** -0.13* -0.21** -0.16** 0.36** 0.20** 0.03 0.02 

E2 0.30** 0.21** 0.17** 0.10 0.29** 0.16** -0.11* -0.07 

E3 -0.18** -0.13* -0.20** -0.16** 0.39** 0.23** 0.29** 0.20** 

E4 - - - - 0.07 0.02 0.06 -0.05 

Pooled 0.13* 0.07 0.09 0.02 0.44** 0.33** 0.07 0.05 

Oleic acid 

E1 0.19** 0.18** 0.30** 0.26** 0.11* 0.08 -0.35** -0.27** 

E2 0.13* 0.12* 0.25** 0.18** -0.02 -0.04 -0.47** -0.35** 

E3 0.17** 0.16** 0.30** 0.26** -0.12* -0.10 -0.52** -0.43** 

E4 - - - - -0.12* -0.10 -0.29** -0.23** 

Pooled 0.20** 0.17** 0.32** 0.28** 0.01 0.01 -0.56** -0.48** 

Linoleic acid 

E1 -0.19** -0.17** -0.29** -0.26** -0.13* -0.1 0.33** 0.26** 

E2 -0.15** -0.14** -0.26** -0.18** -0.01 0.02 0.50** 0.36** 

E3 -0.15** -0.14** -0.27** -0.24** 0.05 0.06 0.48** 0.40** 

E4 - - - - 0.09 0.09 0.30** 0.25** 

Pooled -0.23** -0.20** -0.36** -0.30** -0.07 -0.05 0.57** 0.49** 

Palmitic acid 

E1 -0.43** -0.38** -0.43** -0.38** -0.17** -0.13* 0.28** 0.22** 

E2 -0.16** -0.13* -0.37** -0.24** -0.08 -0.05 0.30** 0.21** 

E3 -0.41** -0.33** -0.42** -0.35** 0.12* 0.10 0.41** 0.32** 

E4 - - - - 0.01 -0.02 0.12* 0.06 

Pooled -0.31** -0.29** -0.39** -0.34** -0.07 -0.06 0.42** 0.36** 

Stearic acid 

E1 -0.52** -0.45** -0.57** -0.52** 0.06 0.07 0.17** 0.14** 

E2 -0.04 -0.05 -0.08 -0.08 0.17** 0.17** 0.28** 0.22** 

E3 -0.46** -0.38** -0.54** -0.46** 0.37** 0.35** 0.56** 0.46** 

E4 - - - - 0.01 -0.01 -0.14** -0.14** 

Pooled -0.31** -0.28** -0.41** -0.36** 0.1 0.14** 0.41** 0.36** 

O/L ratio 

E1 0.15** 0.13* 0.23** 0.21** 0.11* 0.09 -0.32** -0.26** 

E2 0.01 0.01 0.26** 0.11* -0.02 -0.04 -0.45** -0.33** 

E3 0.15** 0.14** 0.27** 0.24** -0.07 -0.06 -0.48** -0.40** 

E4 - - - - -0.10 -0.10 -0.29** -0.24** 

Pooled 0.15** 0.14** 0.25** 0.22** 0.02 0.01 -0.43** -0.37** 

* & ** represents significance at <0.05 and <0.01 probability level, respectively 
ENV= Environment; LLS90 & Rust90 = Disease severity score of late leaf spot and rust at 90 days after sowing, 
respectively; HSW= Hundred seed weight; PYH= Pod yield per hectare; E1 = Aliyarnagar; E2= Jalgaon; E3= ICRISAT 
rainy season 2015; E4= ICRISAT post-rainy 2015-16; rg= Genotypic correlation coefficient; rp= Phenotypic correlation 
coefficient
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4.4 Principal component analysis (PCA) 

Genetic divergence or the presence of substantial genetic variation in the 

breeding population is one of the prerequisites for genetic gain in any crop 

improvement program. Therefore, genetic diversity in GSP was assessed 

across the four different environments using the scores of principal components 

which can be used to decide a sound breeding program for genetic 

improvement of this crop. 

The PCA using BLUP values of important traits was performed which 

provided a reduced dimension model that could indicate measured differences 

among the genotypes of GSP. The purpose of the analysis was to obtain a 

small number of linear combinations of 20 quantitative traits which account for 

most of the variability in the data across the environments. The results revealed 

the importance of the first six PCs in discriminating the GSP in the individual 

environment and pooled since first six PCs had eigenvalues greater than or 

equal to 1.0 (Table 4.28a&b). The percentage of total variance explained by the 

first six PCs was 70.62% at Aliyarnagar, 71.74% at Jalgaon, 75.35% at 

ICRISAT during rainy 2015 and 79.49% at ICRISAT during post-rainy 2015-16 

and 78.49% in pooled across the environments. 

The PC1 was the most important component and accounted for more 

variation compared to other in all the four environments and pooled (26.06% at 

Aliyarnagar, 22.85% at Jalgaon, 32.69% at ICRISAT rainy 2015, 28.00% at 

ICRISAT post-rainy 2015-16 and 29.60% in pooled). The eigenvalues of PC1 

were 4.95, 4.34, 6.54, 4.48 and 5.92 at Aliyarnagar, Jalgaon, ICRISAT rainy 

and post-rainy and pooled across the environments, respectively. The 

contribution of each trait towards total genetic variability explained by different 

PCs has been presented in Table 4.28a&b. The contribution of traits such as 

disease score of rust at 90 (13.99%) and 105 DAS (10.81%), disease scores of 

LLS 90 (11.37%) and 105 DAS (9.01%), pod yield per hectare (8.64%), number 

of pods per plant (7.31%) and pod yield per plant (6.45%) was more towards 

total variability explained by PC1 at Aliyarnagar whereas at Jalgaon, PC1 

separates genotypes based on linoleic acid (15.30%), oleic acid (14.41%), pod 
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yield per hectare (9.02%), number of pods per plant (9.09%), and rust (3.56 & 

5.19%) and LLS (3.34 & 3.78%) severity scores at 90 and 105 DAS, 

respectively. Similar to Aliyarnagar, disease resistance to rust at 90 and 105 

DAS (11.09 & 11.07%) followed by disease scores of LLS at 90 and 105 DAS 

(10.37 & 8.85%), pod yield per plant (8.97%) and pod yield per hectare (8.76%) 

contributed more towards the total variability explained by first PC at ICRISAT 

during rainy 2015. At ICRISAT during post-rainy 2015 major contribution 

towards first PC was made by pod yield per hectare (16.67%) followed by pod 

yield per plant (16.05%), number of pods per plant (14.90%), days to 50% 

flowering (6.98%), linoleic acid (6.88%) and oleic acid (6.51%). Similar to 

individual environments, PCA with pooled BLUPs also revealed disease score 

of rust at 90 and 105 DAS (12.68 & 12.09%) followed by disease scores to LLS 

at 90 and 105 DAS (10.75 & 9.68%), pod yield per plant (6.42%) and pod yield 

per hectare (6.27%) contributed more towards total variability explained by first 

PC (Table 4.28a). Most of the nutritional quality traits contributed more toward 

to variability explained by PC2, PC3 and PC4 whereas plant height, shelling 

percent, hundred seed weight and days to maturity contributed more for PC5 

and PC6 in most of the environments and pooled (Table 4.28b). PCA analysis 

for all the four environments and pooled showed that disease severity scores of 

rust and LLS at 90 and 105 DAS, pod yield per hectare, pod yield per plant, 

number of pods per plant, hundred seed weight, days to maturity, oil content, 

protein content, oleic acid and linoleic acid had major contribution in all four 

environments, indicating their importance for characterization of genotypes. 

4.4.1 Wards clustering analysis  

The hierarchical cluster analysis (Ward, 1963) for individual environment 

and pooled was conducted using the scores of first six principle components. 

Different number of clusters were reported at different environments and 

pooled. The results obtained from cluster analysis of each individual 

environment and pooled have been presented in Table 4.29 to 4.38 and 

explained below.  
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4.4.1.1 Aliyarnagar, Tamil Nadu (Rainy 2015) 

Ward’s hierarchical cluster analysis based on scores of first six PCs 

which together explained 70.62% of total genetic variability resulted in grouping 

of entire GSP into seven clusters at dissimilarity value of ~200 (Table 4.29 & Fig 

4.7).  The cluster I comprised of 44 genotypes was dominated by high yielding 

genotypes with higher cluster mean for pod yield per hectare (2191.7 kg/ha), 

number of pods per plant (22.30) and pod yield per plant (16.34 g). Cluster II 

had 52 genotypes with lowest cluster mean for disease severity to LLS (2.81 & 

5.23) and rust (2.62 & 4.85) both at 90 and 105 DAS, respectively and higher 

cluster mean for days to maturity (113) indicated that most of the resistant 

cultivars grouped together in this cluster (Table 4.30a). Cluster III was the 

largest cluster comprised of 98 genotypes and recorded higher cluster mean for 

shelling percent and lower cluster mean for days to 50% flowering indicating 

that most of the improved genotypes were grouped together in this cluster. 

Cluster IV grouped 36 genotypes identified for higher cluster mean for protein 

content and palmitic acid. Cluster V had 75 genotypes with lowest cluster mean 

for oil content and stearic acid whereas higher cluster mean for hundred seed 

weight indicating that most of genotypes of this cluster had low oil content and 

stearic acid with high seed mass at Aliyarnagar. Genotype SunOleic 95R 

maintained its own identity with highest oleic acid content (74.4%), lowest 

linoleic acid (5.3%), palmitic acid (8.5%) and higher O/L ratio (14.03) formed an 

individual cluster VI indicating greater dissimilarity with all other genotypes of 

GSP. While cluster VII comprised of 34 genotypes and recorded high cluster 

mean for oil content (57.0%) and lower for protein content (18.7%) indicating 

that genotypes with high oil content and low protein content grouped together in 

this cluster (Table 4.30b). 

4.4.1.2 Jalgaon, Maharashtra (Rainy 2015)  

The GSP evaluated at Jalgaon grouped into eight clusters in Ward’s 

hierarchical clustering based on first six PCs that together accounted for 

71.74% of total variability (Table 4.31 & Fig 4.8). The cluster I had 31 genotypes 

dominated with genotypes taken longer number of days to 50% flowering as 
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revealed by high cluster mean for it. Cluster II comprised of 51 genotypes with 

lowest cluster mean for disease severity scores to LLS (2.71 & 3.94) and rust 

(2.41 & 3.18) both at 90 and 105 DAS and high cluster mean for days to 

maturity (128 day), pod yield per hectare (2769 kg) and oil content (57.4%) 

indicated that most of the resistant, high yielding and high oil containing 

cultivars grouped together in this cluster (Table 4.32a&b). Cluster III comprised 

of 63 genotypes identified for lower cluster mean for hundred seed weight 

(31.92 g) and protein content (18.4%). However, cluster IV grouped 18 

genotypes of GSP identified for higher cluster mean for hundred seed weight 

(46.70 g) with better protein content (20.9%) compared to other clusters. 

Cluster V had 56 genotypes and recorded high cluster mean for protein content 

(21.6%) indicating that most of the genotypes of this cluster had higher protein 

content at Jalgaon. Similar to Aliyarnagar, SunOleic 95R maintained its own 

identity at Jalgaon with highest oleic acid content (80.47%), lowest linoleic acid 

(5.12%), palmitic acid (6.98) and high O/L ratio (14.03) grouped in separate 

cluster VI (Table 4.32b). While cluster VII & VIII comprised of 33 and 87 

genotypes, respectively with low cluster mean for pod yield per hectare (1009 

and 1299 kg), number of pods per plant (10.7 and 12.3) and pod yield per plant 

(6.80 and 8.96 g), respectively indicated that all the genotypes with lower yield 

potential were grouped together in these two clusters (Table 4.32a). 
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Table 4.28a Eigenvalues, percentage of total variation explained and eigenvectors of first six principal components (PCs) 
for different yield and its contributing traits of Genomic Selection Panel evaluated in four different 
environments 

PCs Eigenvalue 
Variability 
explained 

(%) 

Cumulative 
value (%) 

Eigenvectors 

DFF LLS 90 LLS 105 Rust 90 Rust 105 PH NPP PYPP SH HSW DM PYH HLM 

Aliyarnagar 
              

PC1 4.95 26.06 26.06 -0.192 0.337 0.300 0.374 0.329 0.069 -0.270 -0.254 0.092 -0.019 -0.208 -0.294 - 

PC2 2.70 14.19 40.24 0.166 -0.218 -0.192 -0.190 -0.174 -0.047 0.011 0.055 -0.146 0.123 0.182 0.029 - 

PC3 1.91 10.07 50.31 -0.211 -0.095 -0.115 -0.037 -0.091 0.218 -0.096 -0.249 -0.026 -0.416 -0.053 -0.098 - 

PC4 1.57 8.24 58.55 -0.135 0.176 0.174 0.123 0.168 0.171 0.415 0.517 0.325 0.164 -0.061 0.219 - 

PC5 1.29 6.80 65.35 0.019 0.019 0.037 0.015 -0.009 0.392 -0.386 -0.106 -0.314 0.434 0.182 0.023 - 

PC6 1.00 5.27 70.62 -0.251 0.014 -0.206 0.072 -0.075 0.620 0.001 0.061 0.180 0.050 0.389 0.102 - 

Jalgaon 
              

PC1 4.34 22.85 22.85 0.083 -0.183 -0.195 -0.189 -0.228 0.048 0.301 0.282 0.047 0.039 0.126 0.300 - 

PC2 3.35 17.63 40.48 -0.158 0.380 0.404 0.369 0.384 0.067 0.249 0.282 0.282 0.129 -0.178 0.240 - 

PC3 1.98 10.44 50.92 -0.061 -0.141 -0.134 -0.038 -0.053 0.065 0.300 0.311 0.164 0.087 0.045 0.244 - 

PC4 1.52 8.02 58.93 -0.280 0.038 0.062 0.123 0.132 0.315 -0.105 -0.245 -0.049 -0.446 -0.112 -0.175 - 

PC5 1.40 7.39 66.32 -0.214 -0.059 -0.038 -0.025 -0.023 0.426 -0.180 0.019 -0.283 0.450 0.232 0.035 - 

PC6 1.03 5.42 71.74 0.496 0.079 0.037 0.327 0.293 -0.227 -0.072 0.010 -0.312 0.213 0.409 -0.008 - 

ICRISAT rainy season 2015 
              

PC1 6.54 32.69 32.69 -0.099 0.322 0.297 0.333 0.333 -0.036 -0.195 -0.299 -0.026 -0.155 -0.192 -0.296 -0.190 

PC2 2.81 14.04 46.72 -0.214 0.216 0.250 0.167 0.204 -0.009 0.223 0.113 0.119 -0.125 -0.232 0.142 -0.244 

PC3 2.06 10.30 57.02 -0.378 -0.002 -0.039 0.002 0.004 0.310 0.329 0.163 0.156 -0.265 -0.171 0.077 0.084 

PC4 1.46 7.29 64.31 -0.125 0.056 0.152 0.031 0.118 -0.313 0.288 0.355 -0.060 0.374 -0.043 0.364 -0.255 

PC5 1.20 6.01 70.32 -0.130 0.127 0.140 0.069 0.121 0.585 -0.192 0.015 -0.450 0.281 0.039 0.031 0.225 

PC6 1.01 5.03 75.35 0.276 -0.115 0.039 -0.084 0.025 -0.190 -0.252 -0.205 0.214 0.152 -0.216 -0.083 -0.294 

ICRISAT post-rainy season 2015-16 
             

PC1 4.48 28.00 28.00 -0.264 - - - - 0.250 0.386 0.401 0.275 0.178 -0.232 0.408 -0.093 
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PCs Eigenvalue 
Variability 
explained 

(%) 

Cumulative 
value (%) 

Eigenvectors 

DFF LLS 90 LLS 105 Rust 90 Rust 105 PH NPP PYPP SH HSW DM PYH HLM 

PC2 2.77 17.30 45.30 -0.279 - - - - 0.083 0.085 0.111 0.097 0.034 -0.286 0.117 -0.234 

PC3 1.93 12.06 57.36 0.168 - - - - 0.193 0.188 0.264 -0.019 0.203 0.286 0.234 0.488 

PC4 1.49 9.31 66.66 -0.179 - - - - -0.096 0.014 -0.107 0.162 -0.366 -0.330 -0.084 -0.224 

PC5 1.10 6.90 73.57 -0.079 - - - - 0.059 -0.172 -0.007 0.066 0.322 -0.057 -0.002 -0.066 

PC6 0.95 5.92 79.49 0.164 - - - - -0.453 -0.152 -0.061 0.610 0.537 0.028 -0.061 -0.096 

Pooled across the environments 
             

PC1 5.92 29.60 29.60 -0.167 0.328 0.311 0.356 0.348 0.004 -0.209 -0.253 0.050 -0.058 -0.232 -0.250 -0.218 

PC2 3.53 17.67 47.27 -0.244 0.226 0.242 0.174 0.196 0.073 0.303 0.241 0.277 -0.037 -0.219 0.250 -0.205 

PC3 2.08 10.38 57.65 -0.275 -0.095 -0.098 -0.073 -0.065 0.156 0.261 0.071 0.203 -0.339 -0.190 0.091 -0.151 

PC4 1.77 8.84 66.49 -0.107 0.059 0.098 0.018 0.062 0.145 0.154 0.412 0.045 0.514 0.109 0.364 0.114 

PC5 1.43 7.14 73.63 -0.152 0.068 0.061 0.058 0.046 0.587 -0.270 -0.141 -0.266 0.018 0.003 -0.106 0.190 

PC6 0.97 4.86 78.49 0.109 -0.087 0.004 -0.084 -0.028 -0.498 0.014 -0.037 -0.086 -0.033 -0.170 -0.019 -0.432 

Where; DFF= Days to 50% flowering, LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing 
respectively, PH = Plant height (cm), NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g), SH %= Shelling percent, DM= Days to physiological maturity, HSW= Hundred 
seed weight (g), PYH= Pod yield hectare-1 (kg/ha), HLM = Haulm weight per plant (g) 
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Table 4.28b Eigenvalues, percentage of total variation explained and eigenvectors of first six principal components (PCs) for 

nutritional quality traits of Genomic Selection Panel of groundnut evaluated in four different environments 

PCs Eigenvalue 
Variability 

explained (%) 
Cumulative 
value (%) 

Eigenvectors 

Oil (%) 
Protein 

(%) 
Oleic 

acid (%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

Aliyarnagar 

         PC1 4.95 26.06 26.06 -0.152 -0.019 0.242 -0.246 -0.219 -0.121 0.160 

PC2 2.70 14.19 40.24 0.039 -0.035 0.481 -0.470 -0.357 -0.033 0.403 

PC3 1.91 10.07 50.31 0.549 -0.520 0.052 0.076 -0.101 0.170 -0.012 

PC4 1.57 8.24 58.55 0.187 -0.140 0.075 -0.043 -0.220 0.335 0.045 

PC5 1.29 6.80 65.35 0.051 0.183 -0.070 0.129 -0.226 0.481 -0.151 

PC6 1.00 5.27 70.62 -0.192 -0.096 0.049 -0.037 0.075 -0.479 -0.119 

Jalgaon 

          PC1 4.34 22.85 22.85 0.259 -0.110 -0.380 0.391 0.299 0.177 -0.233 

PC2 3.35 17.63 40.48 -0.038 0.119 -0.111 0.110 -0.008 0.085 -0.074 

PC3 1.98 10.44 50.92 0.263 -0.296 0.364 -0.305 -0.313 0.068 0.426 

PC4 1.52 8.02 58.93 0.455 -0.382 -0.039 0.132 -0.098 0.281 -0.089 

PC5 1.40 7.39 66.32 -0.090 0.281 -0.015 0.030 -0.278 0.478 -0.041 

PC6 1.03 5.42 71.74 0.146 -0.375 0.021 0.038 -0.086 0.043 -0.121 

ICRISAT rainy season 2015 

         PC1 6.54 32.69 32.69 -0.216 -0.083 0.205 -0.202 -0.218 -0.244 0.137 

PC2 2.81 14.04 46.72 0.022 -0.004 -0.431 0.449 0.156 0.034 -0.369 

PC3 2.06 10.30 57.02 0.431 -0.387 0.235 -0.114 -0.210 0.065 0.190 

PC4 1.46 7.29 64.31 -0.144 0.270 0.144 -0.180 -0.232 0.122 0.280 

PC5 1.20 6.01 70.32 0.000 0.170 -0.032 0.081 -0.243 0.320 -0.123 

PC6 1.01 5.03 75.35 0.301 -0.171 -0.004 0.125 -0.352 0.539 -0.043 
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PCs Eigenvalue 
Variability 

explained (%) 
Cumulative 
value (%) 

Eigenvectors 

Oil (%) 
Protein 

(%) 
Oleic 

acid (%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

ICRISAT post-rainy season 2015-16 

       PC1 4.48 28.00 28.00 -0.114 0.070 -0.255 0.262 0.132 -0.120 -0.196 

PC2 2.77 17.30 45.30 -0.032 0.016 0.457 -0.415 -0.442 -0.112 0.380 

PC3 1.93 12.06 57.36 0.356 -0.439 0.144 -0.144 -0.034 0.186 0.126 

PC4 1.49 9.31 66.66 0.595 -0.440 -0.056 0.187 -0.053 0.113 -0.139 

PC5 1.10 6.90 73.57 0.093 0.298 -0.078 0.093 -0.320 0.786 -0.110 

PC6 0.95 5.92 79.49 0.011 -0.189 0.011 -0.033 0.039 -0.169 0.004 

Pooled across the environments 

        PC1 5.92 29.60 29.60 -0.192 0.033 0.225 -0.228 -0.217 -0.171 0.159 

PC2 3.53 17.67 47.27 -0.022 0.073 -0.353 0.353 0.178 0.035 -0.297 

PC3 2.08 10.38 57.65 0.469 -0.439 0.234 -0.120 -0.218 0.028 0.212 

PC4 1.77 8.84 66.49 -0.115 0.186 0.222 -0.236 -0.276 0.159 0.279 

PC5 1.43 7.14 73.63 0.204 0.018 -0.094 0.179 -0.212 0.496 -0.183 

PC6 0.97 4.86 78.49 0.085 0.256 -0.043 0.064 -0.309 0.568 0.039 
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Table 4.29 Details of genotypes grouped into different clusters in Ward’s hierarchical clustering at Aliyarnagar during rainy 
season 2015 

Cluster Number Genotypes 

Cluster I 44 

49 × 39-21-2(a), 49 M- 1-1, 49 M-2-2, ICG 14466, ICG 721, ICGVs 00005,  00290,  01263,  01265,  01273,  01274,  
01276,  01495,  02266,  02287,  02321,  02323,  03042,  03128,  03207,  04044,  04087,  04115,  05057,  05163,  
06042,  06099,  06100,  06142,  06175,  06420,  07166,  07223,  07227,  07235,  07246,  07247,  93280,  93920,  
97115,  98105,  98373,  99051, SPS 11 

Cluster II 52 

24 × 39-31 MR, 24 M-86, 39 × 49 -8, 49 M-16, GPBD 4, ICGs 11337, 11426, 2381, ICGVs 00068,  00191,  00246,  
00248,  00346,  00362,  01060,  01328,  01361,  01464,  02317,  02411,  02434,  02446,  03043,  05032,  05036,  
05100,  05141,  05155,  06040,  06422,  06423,  07120,  07145,  07148,  86590 ,  86699,  87846,  97120,  97128,  
97165,  98184,  99029,  99052,  99160, MN1-35, SPS 15, SPS 2, SPS 20, SPS 21, SPS 8, SPS 7, SPS 9 

Cluster III 98 

26 × 27-164, 26 M- 119-1, 49 × 37-135, DTG 15, Gangapuri, ICGs 10036,  12672,  12879,  12991,  14985,  15415,  
1668,  1834,  1973,  2031,  2106,  3102,  3140,  3312,  3343,  3421,  3584,  3673,  3746,  434,  442,  4543,  4729,  4955,  
8517,  8751,  9315,  9507, ICGS 11, ICGVs 00321,  00343,  00350,  01005,  01232,  02022,  02038,  02125,  02144,  
02189,  02194,  02206,  02251,  02286,  03056,  04018,  03184,  04124,  04149,  05161,  06049,  06431,  07023,  
07217,  07273,  13238,  13241,  13242,  13245,  86011,  86352,  87160,  87354,  87378,  88145,  89104,  91114,  
91116,  92195,  92267,  93437,  93470,  94361,  95070,  95290,  95377,  96466,  96468,  97232,  97261,  97262,  
99181, J 11, JL 24, Mutant 3, Somnath, SPS 10 , SPS 3, SPS 6, TAG 24, TG LPS 7, TG 19, TKG 19A, TMV 2 NLM 

Cluster IV 36 
49 × 27-19, 49 × 27-37, DH 86, Faizpur 1-5, ICGs 11651,  3027,  4527,  8285,  875, ICGS 44, ICGS 76, ICGVs 00349,  
00371,  00387,  02271,  03136,  03397,  03398,  06347,  07168,  07268,  86015,  86143,  94118,  95469,  97092,  
98163,  98294,  99195,  99233, M 110-14, M 28-2, SPS 1, TDG 14, TG LPS 3, TG LPS 4 

Cluster V 75 

24 × 37-2275, 27 × 49- 14, 27 × 49- 16, 27 × 49- 27-1, 49 × 27-13 (ii), 49 × 37- 99(b) tall, 49 × 37-91, 49 × 37-97-1, 49 × 
39-20-2, BAU 13, CS 39, CSMG 84-1, DTG 3, ICGs 10053,  10185,  10701,  111,  11322,  12370,  13895,  14705,  
14834,  15190,  156 (M 13),  2773,  2857,  3053,  4343,  532,  5663,  5745,  5891,  6766,  9961, ICGVs 00351,  00440,  
01393,  01478,  02242,  02290,  02298,  03064,  05176,  05198,  06110,  06188,  06234,  07359,  07368,  86072,  
09112,  86325,  86564,  87187,  88438,  90320,  93216,  94169,  95058,  97045,  97116,  97182,  97183,  98432,  
99083, ICR 48, SPS 13, SPS 17, TDG 10, TG 39, TG 41, TG 42, TG 49, TMV 2, TPG 41 

Cluster VI 1 SunOleic 95R 

Cluster VII 34 
26 × 37-IV- 9IR, 26 × M-223-1, 26 × M-95-1 RI, 26 M 156-2, 27 × 49- 12, 39 × 49 -77, 39 × 49-81-1, 49 × 37-134, 49 × 
37-90, 49 × 39-21-1, 49 × 39-21-2, 49 × 39-74, 49 × 39-8, ICGs 11088,  12276,  12509,  12625,  14475,  14482,  15419,  
5221,  5662,  6022,  6646, ICGVs 01124,  06424,  07210,  07220,  87921,  97058,  99085, M 28-2, SPS 14, TDG 13 
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Table 4.30a Cluster means for yield and its contributing traits used for assessment of genetic diversity at Aliyarnagar 
during rainy season 2015 

Cluster DFF LLS90 LLS105 Rust90 Rust105 PH NPP PYPP SH % HSW DM PYH 

Cluster I 31.36 3.70 6.52 3.09 6.23 34.15 22.30 16.34 61.51 34.12 109.73 2191.73 

Cluster II 31.10 2.81 5.23 2.62 4.85 36.52 16.43 11.55 56.90 30.92 113.04 1869.36 

Cluster III 28.29 5.76 7.71 6.44 7.85 39.99 12.80 8.89 63.54 27.95 106.04 1047.45 

Cluster IV 30.72 5.19 7.61 5.22 7.28 33.85 14.95 11.53 61.16 33.43 105.47 1204.36 

Cluster V 30.60 4.96 7.57 5.41 7.41 35.33 12.14 10.16 60.21 39.16 108.51 1213.71 

Cluster VI 29.00 6.00 8.00 5.00 7.00 29.02 10.04 7.13 56.79 28.65 104.55 897.20 

Cluster VII 29.85 4.00 7.03 4.53 6.88 36.75 12.99 9.57 57.51 30.90 107.49 1275.08 

Where; DFF= Days to 50% flowering; LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing, 
respectively; PH = Plant height (cm); NPP= Number of pods plant-1; PYPP= Pod yield plant-1 (g); SH %= Shelling percent; DM= Days to physiological maturity; HSW= Hundred 
seed weight (g); PYH= Pod yield hectare-1 (kg). 

 

Table 4.30b Cluster means for nutritional quality traits used for assessment of genetic diversity at Aliyarnagar during rainy 
season 2015 

Cluster Oil (%) Protein (%) Oleic acid (%) Linoleic acid (%) Palmitic acid (%) Stearic acid (%) O/L ratio 

Cluster I 54.44 20.68 38.19 42.41 12.32 2.35 0.92 

Cluster II 55.47 20.05 40.45 41.29 12.23 2.21 1.02 

Cluster III 53.62 19.42 41.74 40.06 11.68 2.12 1.07 

Cluster VI 52.10 22.01 36.87 43.43 12.42 2.24 0.86 

Cluster V 50.45 20.94 45.36 36.33 11.05 2.01 1.27 

Cluster VI 52.15 21.53 74.38 5.30 8.50 2.13 14.03 

Cluster VII 57.00 18.65 46.79 37.69 10.53 2.48 1.30 
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Figure 4.7 Hierarchical cluster analysis (Ward’s method 1963) of 340 genotypes of Genomic Selection Panel of groundnut 

evaluated for disease resistance, yield and nutritional quality traits at Aliyarnagar during rainy season 2015 
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Table 4.31 Details of genotypes grouped into different clusters in Ward’s hierarchical clustering at Jalgaon during rainy 

season 2015 

Cluster Number Genotypes 

Cluster I 31 
49 × 37-90, DH 86, DTG 3, ICG 111, ICG 11322, ICG 5891, ICGVs 00068,  00290,  00346,  00371,  01361,  02287,  
02317,  02446,  03207,  03397,  04044,  04115,  04124,  05057,  05141,  06175,  07148,  07227,  07246,  86590 ,  
87846,  98184, M 110-14, M 28-2, TDG 14 

Cluster II 51 

49 M-16, ICGV 00005,  00191,  00246,  00248,  00350,  00351,  01273,  01274,  01276,  02206,  02321,  02323,  
02411,  03042,  03043,  03056,  03064,  03128,  04087,  05032,  05036,  05100,  05155,  05161,  05163,  06040,  
06042,  06099,  06100,  06142,  06347,  06420,  06422,  06423,  06424,  07120,  07145,  07223,  07235,  07247,  
87921,  95469,  97128,  97182,  98105,  98163,  99051,  99052,  99160, SPS 11 

Cluster III 63 

26 × 37-IV- 9IR, 26 M 156-2, 39 × 49 -77, 39× 49-81-1, 49 × 37-135, 49 × 39-21-2(a), 49 × 39-74, 49 × 39-8, DTG 15, 

ICGs 11088,  12672,  12879,  12991,  14985,  1668,  1834,  1973,  2031,  2106,  3102,  3312,  3421,  3584,  3746,  442,  

4543,  4729,  4955,  9315, ICGVs 00349,  01005,  01495,  02298,  04149,  06431,  07210,  07268,  13238,  86011,  

86072,  86325,  87378,  88145,  90320,  91114,  92195,  92267,  93280,  94169,  95070,  95058,  96468,  97120,  

97261,  99181, ICR 48, J 11, JL 24, M 28-2, SPS 10 , TDG 10, TG 19, TG 49, 

Cluster IV 18 
27 × 49- 27-1, 39 × 49 -8, 49 × 27-13 (ii), 49 × 37- 99(b) tall, 49 × 37-91, 49 × 37-97-1, 49 × 39-20-2, 49 M- 1-1, ICGV 
00321,  00440,  01478,  06110, SPS 13, TG 39, TG 41, TG 42, TG LPS 3, TG LPS 7 

Cluster V 56 

26 × M-223-1, 26 × M-95-1 RI, 26 M- 119-1, 26× 27-164, 49 × 39-21-1, Faizpur 1-5, Gangapuri, ICGs 10701,  14705,  
15415,  3343,  3673,  434,  5663,  8517,  9507, ICGS 11 , ICGS 44, ICGV 00343,  00387,  01232,  02022,  02038,  
02125,  02144,  02189,  02194,  02251,  02271,  02286,  03398,  06049,  07023,  07217,  07273,  13242,  13245,  
86015,  86352,  91116,  93437,  93470,  94361,  95290,  96466,  97092,  97183,  97232,  97262,  99195,  98294, 
Mutant 3, SPS 6, TAG 24, TMV 2, TMV 2 NLM 

Cluster VI 1 SunOleic 95R 

Cluster VII 33 
24 × 37-2275, 24 × 39-31 MR, 27 × 49- 14, 27 × 49- 16, 49 × 39-21-2, GPBD 4, ICGs 10053,  10185,  12625,  15419,  
2381,  5221,  6022,  6646, ICGVs 01060,  01263,  02242,  03184,  04018,  06234,  86564,  94118,  95377,  97045,  
99029,  99083,  99085,  99233, Somnath, SPS 20, SPS 3, TKG 19A, TPG 41 

Cluster VIII 87 

24 M-86, 27 × 49- 12, 49 × 27-19, 49 × 27-37, 49 × 37-134, 49 M-2-2, BAU 13, CS 39, CSMG 84-1, ICGs 10036,  
11337 ,  11426,  11651,  12276,  12370,  12509,  13895,  14466,  14475,  14482,  14834,  15190,  156 ,  2773,  2857,  
3027,  3053,  3140,  4343,  4527,  532,  5662,  5745,  6766,  721,  8285,  875,  8751,  9961, ICGS 76, ICGVs 00362,  
01124,  01265,  01328,  01393,  01464,  02266,  02290,  02434,  05176,  03136,  05198,  06188,  07166,  07168,  
07220,  07359,  07368,  09112,  13241,  86143,  86699,  87160,  87187 ,  87354,  88438,  89104,  93216,  93920,  
97058,  97115,  97116,  97165,  98373,  98432, MN1-35, SPS 1, SPS 14, SPS 15, SPS 17, SPS 2, SPS 21, SPS 7, 
SPS 8, SPS 9, TDG 13, TG LPS 4 
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Table 4.32a Cluster means for different yield and yield contributing traits used for assessment of genetic diversity at 

Jalgaon during rainy season 2015 

Cluster DFF LLS90 LLS105 Rust90 Rust105 PH NPP PYPP SH % HSW DM PYH 

Cluster I 32.38 2.77 3.71 2.52 3.35 38.76 16.31 10.39 58.42 33.18 123.32 1614.05 

Cluster II 31.36 2.71 3.94 2.41 3.18 44.91 24.05 16.21 59.17 33.87 127.61 2769.11 

Cluster III 29.31 3.98 5.89 3.90 5.76 42.96 18.37 11.95 61.56 31.92 117.96 1626.32 

Cluster IV 31.06 4.06 6.00 4.00 5.94 35.50 15.56 12.86 56.84 46.70 125.44 1753.42 

Cluster V 29.47 4.07 6.13 3.50 5.07 43.43 14.78 9.67 60.20 32.07 117.31 1500.70 

Cluster VI 28.16 3.00 5.00 3.00 4.00 37.38 16.01 10.60 63.06 32.87 113.98 1415.28 

Cluster VII 28.46 3.00 4.58 2.91 4.18 51.66 12.27 8.96 55.75 36.13 124.86 1298.63 

Cluster VIII 31.12 2.70 3.90 2.43 3.41 40.52 10.68 6.80 54.56 32.39 123.30 1009.30 

Where; DFF= Days to 50% flowering; LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing, 
respectively; PH = Plant height (cm); NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g); SH%= Shelling percent; DM= Days to physiological maturity; HSW= Hundred 
seed weight (g); PYH= Pod yield hectare-1 (kg) 
 

Table 4.32b Cluster means for nutritional quality traits used for assessment of genetic diversity at Jalgaon during rainy 
season 2015 

Cluster Oil (%) Protein (%) Oleic acid (%) Linoleic acid (%) Palmitic acid (%) Stearic acid (%) O/L ratio 

Cluster I 54.54 19.07 34.85 45.64 12.44 2.22 0.77 

Cluster II 57.43 18.65 31.72 48.57 13.06 2.38 0.66 

Cluster III 54.09 18.36 42.10 39.79 11.34 2.02 1.08 

Cluster IV 49.95 20.93 41.12 39.95 11.46 1.82 1.04 

Cluster V 52.02 21.59 36.54 43.98 12.20 2.04 0.85 

Cluster VI 54.24 19.02 80.47 5.12 6.98 1.89 15.71 

Cluster VII 55.08 19.78 41.95 40.68 10.82 2.64 1.06 

Cluster VIII 52.10 19.79 41.62 39.43 11.90 1.83 1.08 
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Figure 4.8 Hierarchical cluster analysis (Ward’s method 1963) of 340 genotypes of Genomic Selection Panel of groundnut 

evaluated for disease resistance, yield and nutritional quality traits at Jalgaon during rainy season 2015 
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Table 4.33 Details of genotypes grouped into different clusters in Ward’s hierarchical clustering at ICRISAT during rainy 

season 2015 

Cluster Number Genotypes 

Cluster I 78 

24 × 37-2275, 26 M 156-2, 27 × 49- 14, 27 × 49- 16, 27 × 49- 27-1, 49 × 27-13 (ii), 49 × 27-19, 49 × 37- 99(b) tall, 49 × 
37-91, 49 × 37-97-1, 49 × 39-20-2, 49 × 39-21-2, 49 M-2-2, BAU 13, DH 86, ICGs 10036,  10053,  10185,  111,  12370,  
13895,  14466,  14834,  14985,  15190,  156 (M 13),  2773,  2857,  3027,  3053,  4343,  4527,  532,  5662,  5663,  
5745,  6766,  721,  8285,  875,  9507, ICGVs 00321,  00343,  00440,  01393,  01464,  01478,  02298,  03136,  05176,  
03398,  05198,  06110,  06188,  06234,  07359,  07368,  86143,  86564,  88438,  97045,  97116,  97165,  97183,  
98432,  99083, SPS 13, SPS 17, SPS 3, TG 39, TG 41, TG 42, TG 49, TG LPS 3, TG LPS 4, TG LPS 7, TMV 2, TPG 
41 

Cluster II 61 

26 × 37-IV- 9IR, 26 M- 119-1, 49 × 37-135, DTG 15, DTG 3, Gangapuri, ICGs 12672,  12991,  1668,  1973,  2031,  
2106,  3102,  3140,  3343,  3584,  3673,  3746,  442,  4543,  4729,  4955,  6646,  8517,  8751, ICGVs 01005,  02022,  
02038,  02189,  02194,  02251,  03207,  04018,  06049,  06431,  07148,  07273,  13238,  13241,  13242,  13245,  
86352,  87354,  87378,  88145,  89104,  91114,  91116,  92195,  93470,  93437,  97232,  97261, J 11, JL 24, MN1-35, 
Mutant 3, SPS 10 , SPS 6, TAG 24, TMV 2 NLM 

Cluster III 74 

26 × 27-164, 26 × M-223-1, 39 × 49 -8, 49 × 37-134, 49 × 37-90, 49 × 39-21-1, 49 × 39-21-2(a), 49 × 39-8, CSMG 84-1, 
Faizpur 1-5, ICGs 10701,  11322,  11651,  12879,  14705,  1834,  3312,  3421,  434,  5891,  9315,  9961, ICGS 11, 
ICGS 44, ICGVs 00005,  00349,  00371,  00387,  01124,  01263,  02125,  02144,  02206,  02242,  02290,  03128,  
03397,  04124,  04149,  06042,  06347,  07023,  07168,  07210,  07217,  07268,  09112,  86011,  86015,  86325,  
86072,  87160,  87187,  90320,  93216,  93920,  94169,  94361,  95058,  95070,  95377,  95469,  96466,  96468,  
97058,  97120,  97262,  99181,  99195, 13895, ICR 48, TDG 10, TDG 14, TG 19, TKG 19A 

Cluster IV 1 SunOleic 95R  

Cluster V 32 
26 × M-95-1 RI, 27 × 49- 12, 39 × 49-81-1, 49 × 39-74, GPBD 4, ICGs 11088,  11337 ,  11426,  12276,  12509,  12625,  
14475,  14482,  15419,  2381,  5221,  6022, ICGVs 01328,  05141,  06424,  07220,  86699,  99085, SPS 1, SPS 14, 
SPS 15, SPS 2, SPS 20, SPS 21, SPS 7, SPS 8,  14985, SPS 9 

Cluster VI 44 

39 × 49 -77, 49 × 27-37, ICG 15415, ICGVs 00290,  00346,  00350,  00351,  01060,  01232,  01495,  02266,  02271,  
02286,  02287,  02317,  02321,  02434,  03056,  03064,  03184,  04044,  04115,  05155,  05161,  06040,  06099,  
06100,  07145,  07166,  07227,  87921,  92267,  93280,  94118,  95290,  97092,  97115,  97182,  98163,  98184,  
98294,  99233, Somnath, TDG 13 

Cluster VII 50 

24 × 39-31 MR, 24 M-86, 49 M- 1-1, 49 M-16, CS 39, ICGS 76, ICGVs 00068,  00191,  00246,  00248,  00362,  01265,  
01273,  01274,  01276,  01361,  02323,  02411,  02446,  03042,  03043,  04087,  05032,  05036,  05057,  05100,  
05163,  06142,  06175,  06420,  06422,  06423,  07120,  07223,  07235,  07246,  07247,  86590 ,  87846,  97128,  
98105,  98373,  99029,  99051,  99052,  99160, M 110-14, M 28-2, M 28-2, SPS 11 
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Table 4.34a Cluster means for different yield and yield contributing traits used for assessment of genetic diversity at 
ICRISAT during rainy season 2015 

Cluster  DFF LLS90 LLS105 Rust90 Rust105 PH NPP PYPP SH % HSW DM PYH HLM 

Cluster I 30.94 7.14 8.59 6.50 8.28 33.03 9.65 7.86 54.56 36.29 110.97 1167.19 15.56 

Cluster II 26.55 7.89 8.93 7.16 8.89 39.34 14.85 8.28 58.21 25.04 105.70 1089.42 15.80 

Cluster III 28.82 7.22 8.78 6.53 8.51 33.65 14.05 9.08 59.61 30.73 105.22 1485.92 13.31 

Cluster IV 26.94 8.00 9.00 8.00 9.00 28.17 12.04 7.08 62.16 25.68 100.28 977.85 15.39 

Cluster V 29.85 4.97 6.38 4.09 5.84 37.35 14.69 10.54 57.88 32.16 111.77 1453.70 20.00 

Cluster VI 28.56 6.68 8.57 5.50 7.55 36.91 19.13 13.88 56.28 33.83 106.56 2265.00 16.09 

Cluster VII 30.70 4.58 6.46 3.32 5.28 34.45 17.94 14.55 59.05 36.51 118.46 2376.97 18.99 

Where; DFF= Days to 50% flowering, LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing, 
respectively, PH = Plant height (cm), NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g), SH %= Shelling percent, DM= Days to physiological maturity, HSW= Hundred 
seed weight (g), PYH= Pod yield hectare-1 (kg), HLM = Haulm weight plant-1 (g) 

 

 

 

Table 4.34b Cluster means for different nutritional quality traits used for assessment of genetic diversity at ICRISAT during 
rainy season 2015 

Cluster  Oil (%) Protein (%) Oleic acid (%) Linoleic acid (%) Palmitic acid (%) Stearic acid (%) O/L ratio 

Cluster I 44.82 25.10 44.88 33.53 11.34 1.46 1.37 

Cluster II 48.00 22.99 45.10 34.71 11.33 1.04 1.32 

Cluster III 48.13 23.61 42.42 36.74 11.53 1.68 1.19 

Cluster IV 46.06 25.37 76.03 6.12 7.89 1.45 12.76 

Cluster V 53.59 22.66 50.36 31.59 11.46 1.89 1.64 

Cluster VI 49.94 24.45 37.67 40.64 12.26 2.05 0.94 

Cluster VII 50.97 25.10 36.97 40.52 12.73 2.14 0.92 
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Figure 4.9 Hierarchical cluster analysis (Ward’s method 1963) of 340 genotypes of Genomic Selection Panel of groundnut 

evaluated for disease resistance, yield and nutritional quality traits at ICRISAT during rainy season 2015 
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Table 4.35 Details of genotypes grouped into different clusters in Ward’s hierarchical clustering at ICRISAT during post-
rainy season 2015-16 

Cluster Number Genotypes 

Cluster I 1 SunOleic 95R 

Cluster II 67 

24 M-86, 26 × M-223-1, 49 × 37-90, 49 × 39-20-2, 49 × 39-21-2, 49 M- 1-1, 49 M-2-2, CSMG 84-1, ICGs 10036,  
11322,  12370,  13895,  14466,  14834,  15190,  2773,  2857,  3027,  3053,  4343,  4527,  532,  5662,  5663,  5891,  
6766,  875,  9507, ICGS 44, ICGVs 00068,  00246,  00362,  01265,  01393,  01464,  02287,  03397,  03398,  04115,  
05100,  06040,  06110,  06142,  06175,  06420,  06424,  07168,  86143,  86590 ,  95058,  87354,  95070,  97092,  
97115,  97165,  97262,  98163,  99052,  99160, ICR 48, M 110-14, M 28-2, TDG 13, TDG 14, TG 39, TG 42, TG LPS 7 

Cluster III 37 
49 × 37- 99(b) tall, 49 × 39-21-1, GPBD 4, ICGs 10185,  11337 ,  11426,  12276,  12625,  14475,  14482,  14985,  
15419,  2381,  5221,  6022,  9961, ICGVs 00440,  01124,  02298,  03064,  05161,  07220,  86325,  86564,  86699,  
87187,  88438,  97045,  97116,  98432, SPS 15, SPS 2, SPS 20, SPS 21, SPS 7, SPS 8, TG 41 

Cluster IV 116 

24 × 39-31 MR, 26 × M-95-1 RI, 26 M- 119-1, 27 × 49- 12, 39 × 49 -77, 39 × 49 -8, 39 × 49-81-1, 49 × 27-37, 49 × 37-
135, 49 × 39-21-2(a), 49 × 39-74, 49 × 39-8, 49 M-16, DTG 15, DTG 3, Faizpur 1-5, Gangapuri, ICGs 10701,  111,  
11651,  12672,  12879,  12991,  14705,  15415,  1668,  1834,  1973,  2031,  2106,  3102,  3140,  3312,  3343,  3421,  
3584,  3673,  3746,  442,  4543,  4729,  4955,  8517,  9315, ICGVs 00321,  00349,  01005,  01060,  01232,  01276,  
01274,  01328,  02022,  02038,  02125,  02189,  02194,  02251,  02266,  02286,  03207,  04018,  04149,  06049,  
06431,  07023,  07148,  07166,  07210,  07217,  07273,  13238,  13241,  13242,  13245,  86011,  86015,  86352,  
87160,  87378,  87921,  88145,  89104,  91114,  91116,  92195,  92267,  93216,  93437,  93470,  95290,  96466,  
96468,  97183,  97261,  97232,  99181,  99195,  99233, J 11, JL 24, MN1-35, Mutant 3, Somnath, SPS 1, SPS 10 , 
SPS 11, SPS 14, SPS 3, SPS 6, SPS 9, TAG 24, TDG 10, TG 19, TG LPS 4, TMV 2 NLM 

Cluster V 35 
26 × 37-IV- 9IR, 27 × 49- 16, 27 × 49- 27-1, 49 × 27-19, 49 × 37-134, CS 39, ICGs 10053,  11088,  5745,  6646, ICGVs 
00351,  01263,  01495,  02144,  02242,  03128,  05032,  05176,  05198,  06188,  06234,  07247,  07359,  07368,  
90320,  93920,  94169,  95377,  97120,  98294,  99085, SPS 13, TG 49, TG LPS 3, TMV 2 

Cluster VI 84 

24 × 37-2275, 26 × 27-164, 26 M 156-2, 27 × 49- 14, 49 × 27-13 (ii), 49 × 37-91, 49 × 37-97-1, BAU 13, DH 86, ICGs 
12509,  156 (M 13),  434,  721,  8285,  8751, ICGS 11, ICGS 76, ICGVs 00005,  00191,  00248,  00290,  00343,  
00346,  00350,  00371,  00387,  01273,  01361,  01478,  02206,  02271,  02290,  02317,  02321,  02323,  02411,  
02434,  02446,  03042,  03043,  03056,  03136,  03184,  04044,  04087,  04124,  05036,  05057,  05141,  05163,  
05155,  06042,  06099,  06100,  06347,  06422,  06423,  07120,  07145,  07223,  07227,  07235,  07246,  07268,  
09112,  86072,  87846,  93280,  94118,  94361,  95469,  97058,  97128,  97182,  98105,  98184,  98373,  99029,  
99051,  99083, M 28-2, SPS 17, TKG 19A, TPG 41 
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Table 4.36a Cluster means for different yield and yield contributing traits used for assessment of genetic diversity at 
ICRISAT during post-rainy season 2015 

Cluster DFF PH NPP PYPP SH% HSW DM PYH HLM 

Cluster I 41.00 16.95 4.50 2.77 49.81 29.51 144.00 687.45 16.60 

Cluster II 44.89 18.92 5.74 3.50 53.69 29.23 146.61 829.10 20.15 

Cluster III 43.81 20.40 7.03 4.42 55.15 29.85 145.99 1014.07 23.75 

Cluster IV 39.57 23.16 12.39 7.64 63.52 33.00 133.52 1942.27 13.72 

Cluster V 41.98 24.62 12.76 9.74 59.86 42.81 145.14 2384.79 21.74 

Cluster VI 43.27 22.90 11.97 7.44 60.08 36.50 146.89 1851.92 23.83 

Where; DFF= Days to 50% flowering, PH = Plant height (cm), NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g), SH %= Shelling percent, DM= Days to physiological 
maturity, HSW= Hundred seed weight (g), PYH= Pod yield hectare-1 (kg), HLM = Haulm weight plant-1 (g) 

 

 

Table 4.36b Cluster means for different nutritional quality traits used for assessment of genetic diversity at ICRISAT during 
post-rainy season 2015 

Cluster Oil (%) Protein (%) Oleic acid (%) Linoleic acid (%) Palmitic acid (%) Stearic acid (%) O/L ratio 

Cluster I 49.33 26.43 76.06 4.60 7.08 2.02 16.53 

Cluster II 48.70 27.23 43.05 34.76 12.78 2.45 1.29 

Cluster III 52.19 24.60 50.89 30.04 11.53 2.46 1.75 

Cluster IV 48.67 27.46 43.17 35.73 12.38 2.16 1.23 

Cluster V 47.13 27.16 47.59 31.10 11.92 2.28 1.57 

Cluster VI 49.29 26.13 40.46 37.14 13.18 2.43 1.12 
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Figure 4.10 Hierarchical cluster analysis (Ward’s method 1963) of 340 genotypes of Genomic Selection Panel of groundnut 

evaluated for disease resistance, yield and nutritional quality traits at ICRISAT during post-rainy season 2015-

16 
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Table 4.37 Details of genotypes grouped into different clusters in Ward’s hierarchical clustering across the environments  
Cluster Number Genotypes 

Cluster I 49 

49 M-16, ICGVs 00191,  00246,  00248,  00346,  01273,  01274,  01276,  01361,  01495,  02317,  02323,  02411,  
03042,  03043,  03064,  03128,  04087,  05032,  05036,  05057,  05100,  05155,  05161,  05163,  06040,  06099,  
06100,  06142,  06420,  06422,  06423,  07120,  07145,  07166,  07223,  07235,  07246,  07247,  86590 ,  87846,  
97128,  98105,  98184,  99029,  99051,  99052,  99160, SPS 11 

Cluster II 66 

24 × 39-31 MR, 24 M-86, 26 × M-223-1, 26 × M-95-1 RI, 26 M 156-2, 39 × 49 -77, 39 × 49 -8, 39× 49-81-1, 49 × 27-
37, 49 × 37-90, 49 × 39-21-1, 49 × 39-21-2(a), 49 × 39-74, 49 M- 1-1, CS 39, ICG 10036, ICG 8751, ICGS 76, ICGVs 
00005,  00068,  00290,  00350,  00351,  00362,  01060,  01263,  01265,  02206,  02242,  02266,  02286,  02287,  
02321,  02434,  02446,  03056,  04044,  04115,  05141,  06042,  06175,  06424,  07148,  07227,  07268,  87921,  
90320,  93216,  93280,  94118,  93920,  97115,  97165,  97182,  98163,  98294,  98373,  99233, M 110-14, M 28-2, 
M 28-2, SPS 1, SPS 14, SPS 9, TDG 13, TDG 14 

Cluster III 112 

26 M- 119-1, 26× 27-164, 27 × 49- 12, 49 × 37-135, 49 × 37-91, DH 86, DTG 15, DTG 3, Faizpur 1-5, Gangapuri, 
ICGs 10701,  11322,  11651,  12672,  12879,  12991,  14705,  15415,  1668,  1834,  1973,  2031,  2106,  3102,  
3140,  3312,  3343,  3421,  3584,  3673,  3746,  434,  442,  4543,  4729,  4955,  8517,  9315, ICGS 11 , ICGS 44, 
ICGVs 00321,  00343,  00349,  00371,  00387,  01005,  01232,  02022,  02038,  02144,  02125,  02189,  02194,  
02251,  02271,  03184,  03207,  03397,  03398,  04018,  04124,  04149,  06049,  06347,  06431,  07023,  07210,  
07217,  07273,  13238,  13241,  13242,  13245,  86011,  86015,  86143,  86352,  87160,  87378,  88145,  91114,  
91116,  92195,  92267,  93437,  93470,  94361,  95070,  95290,  95377,  95469,  96466,  96468,  97092,  97232,  
97261,  97262,  99083,  99181,  99195, J 11, JL 24, Mutant 3, Somnath, SPS 10 , SPS 3, TAG 24, SPS 6, TDG 10, 
TG 19, TKG 19A, TMV 2 NLM 

Cluster IV 90 

24 × 37-2275, 26 × 37-IV- 9IR, 27 × 49- 14, 27 × 49- 16, 27 × 49- 27-1, 49 × 27-13 (ii), 49 × 27-19, 49 × 37- 99(b) tall, 
49 × 37-134, 49 × 37-97-1, 49 × 39-20-2, 49 × 39-21-2, 49 × 39-8, 49 M-2-2, BAU 13, CSMG 84-1, ICGs 10053,  
10185,  11088,  111,  12370,  12509,  13895,  14466,  14834,  14985,  15190,  156 ,  2773,  2857,  3027,  3053,  
4343,  4527,  532,  5662,  5663,  5745,  5891,  6766,  721,  8285,  875,  9507,  9961, ICGVs 00440,  01124,  01393,  
01464,  02290,  01478,  02298,  03136,  05176,  05198,  06110,  06188,  06234,  07168,  07359,  07368,  09112,  
86072,  86325,  86564,  87187 ,  87354,  88438,  89104,  94169,  95058,  97045,  97058,  97116,  97120,  97183,  
98432, ICR 48, MN1-35, SPS 13, SPS 17, TG 39, TG 41, TG 42, TG 49, TG LPS 3, TG LPS 4, TG LPS 7, TMV 2, 
TPG 41 

Cluster V 1 SunOleic 95R 

Cluster VI 22 
GPBD 4, ICGs 11337 , ICG 11426, ICG 12276, ICG 12625, ICG 14475, ICG 14482, ICG 15419, ICG 2381, ICG 5221, 
ICG 6022, ICG 6646, ICGV 01328, ICGV 07220, ICGV 86699, ICGV 99085, SPS 15, SPS 2, SPS 20, SPS 21, SPS 
7, SPS 8 
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Table 4.38a Cluster means for different yield and yield contributing traits used for assessment of genetic diversity across 
the environments 

Cluster  DFF LLS90 LLS105 Rust90 Rust105 PH NPP PYPP SH HSW DM PYH HLM 

Cluster I 34.06 3.57 5.56 2.80 4.63 34.75 18.38 13.22 58.98 34.73 127.41 2390.17 21.40 

Cluster II 33.10 4.30 6.30 3.73 5.75 32.84 15.14 10.26 57.95 32.85 118.78 1684.43 17.39 

Cluster III 31.24 5.83 7.49 5.75 7.31 35.68 14.09 8.93 61.63 30.11 116.20 1427.64 14.89 

Cluster IV 34.32 5.08 6.91 4.96 6.65 32.63 10.66 8.26 56.87 36.82 122.21 1235.41 18.55 

Cluster V 31.20 5.67 7.33 5.33 6.67 28.32 10.71 6.88 57.88 29.12 115.63 1001.71 15.99 

Cluster VI 33.67 3.42 5.23 3.33 5.05 36.64 11.35 7.92 56.34 30.17 124.49 1208.85 22.17 

Where; DFF= Days to 50% flowering, LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing, 
respectively; PH = Plant height (cm), NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g), SH %= Shelling percent, DM= Days to physiological maturity, HSW= Hundred 
seed weight (g), PYH= Pod yield hectare-1 (kg), HLM = Haulm weight plant-1 (g) 

 

Table 4.38b Cluster means for different nutritional quality traits used for assessment of genetic diversity across the environments 

Cluster  Oil (%) Protein (%) Oleic acid (%) Linoleic acid (%) Palmitic acid (%) Stearic acid (%) O/L ratio 

Cluster I 53.29 22.43 36.19 42.91 12.85 2.30 0.87 

Cluster II 51.71 22.60 39.96 39.62 12.23 2.29 1.04 

Cluster III 50.77 22.77 41.22 39.00 11.92 1.92 1.09 

Cluster IV 49.01 23.07 44.83 35.10 11.54 1.95 1.32 

Cluster V 50.60 22.99 78.83 5.61 7.63 1.86 14.09 

Cluster VI 55.82 21.30 50.43 33.59 11.09 2.11 1.58 
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Figure 4.11 Hierarchical cluster analysis (Ward’s method 1963) of 340 genotypes of Genomic Selection Panel of groundnut 

evaluated for disease resistance, yield and nutritional quality traits across the environments 
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4.4.1.3 ICRISAT, Patancheru (rainy season 2015) 

 A total 75.35% of genetic variability present in GSP was explained by 

first six PCs at ICRISAT during rainy 2015. Based on scores of these six PCs, 

entire GSP was grouped into seven clusters (Table 4.33 & Fig 4.9). The cluster 

I grouped 78 genotypes recorded lower cluster mean for number of pods per 

plant (9.65). Cluster II had 61 genotypes with lowest cluster mean for day to 

50% flowering (26.6 days) and hundred seed weight (25.0 g) whereas cluster III 

comprised of 74 genotypes and recorded low cluster mean for haulm weight per 

plant (13.3 g). SunOleic 95R solely formed cluster IV with highest oleic acid 

content (76.0%) and O/L ratio (12.8), and lowest linoleic acid (6.1%) and 

palmitic acid (7.9%) (Table 4.34b). Cluster V had 32 genotypes and recorded 

high cluster mean for oil content (53.6%) and haulm weight per plant (20.0 g) 

with low cluster mean for protein content (22.7%) indicating that most of 

genotypes of this cluster reported higher oil and lower protein content at 

ICRISAT during rainy season. While cluster VI grouped 44 genotypes had 

higher cluster mean for pod yield per hectare (2265 kg), number of pods per 

plant (19.1) and comparatively higher cluster mean for disease severity scores 

of both diseases indicated that most of the genotypes of this cluster had better 

yield performance even under disease pressure (Table 4.34a). In contrast to all, 

cluster VII comprised of 50 genotypes and recorded low cluster mean for 

disease severity score of LLS and rust at 90 DAS (4.58 & 3.32) with higher 

cluster mean for pod yield per hectare (2377 kg) and days to maturity (118.5 

days) indicated that most of the genotypes possess resistance to both the 

disease and high yield potential along with late maturity were grouped together 

in this cluster (Table 4.33 & 4.34a). 

4.4.1.4 ICRISAT, Patancheru (post-rainy season 2015-16) 

Ward's cluster analysis based on scores of first six PCs which together 

explained 79.49% of total genetic variability grouped entire GSP into six 

clusters (Table 4.35 & Fig 4.10). Cluster I had a single genotype SunOleic 95R 

recorded highest mean performances for oleic acid (76.1%), lowest linoleic acid 

(4.6%), palmitic acid (7.1%) and high O/L ratio (16.5) indicating its separate 

identity as high oleic genotype in GSP (Table 4.36b). Cluster II comprised of 67 
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genotypes and recorded higher cluster mean for days to 50% flowering (44.9 

days) with low yield potential (829 kg/ha). 37 out 340 genotypes of GSP 

grouped in cluster III which recorded higher cluster mean for oil content (52.2%) 

and lower cluster mean for protein content (24.6%) indicating that genotypes of 

this cluster had better oil content. Cluster IV comprised of 116 genotypes 

recorded higher cluster mean for shelling percent (63.5%) and protein content 

(27.5%) with lowest cluster mean for days to maturity (133.5 days) and haulm 

weight per plant (13.7 g) indicates that most of the improved genotypes with 

higher shelling percent, protein content with early maturity were grouped 

together in this cluster. In contrast to other, cluster V comprised of 35 

genotypes of GSP dominated with high yielding genotypes as revealed by 

higher cluster mean for pod yield per hectare (2385 kg) and hundred seed 

weight (42.8 g) but with lower cluster mean for oil content (47.1 %). However 

cluster VI had 84 genotypes and recorded higher cluster mean for days to 

maturity (146.8 day), haulm weight per plant (23.8g), linoleic acid (37.1%), 

palmitic acid (13.2%) and a lower cluster mean for oleic acid (40.5%) indicated 

that most of genotypes with late maturity and lower nutritional quality were 

grouped together in this cluster (Table 4.35 and 4.36a). 

4.4.1.5 Diversity across the environments  

Best linear unbiased predictions of mean performance of genotype 

across the environments were subjected to PCA to calculate different PCs and 

their contribution towards explaining total genetic variation of GSP. First six PCs 

together explained 78.49% of total genetic variation, the eigenvectors of these 

PCs for each genotype was used for clustering the genotypes using wards 

method of hierarchical clustering which grouped whole GSP into six clusters 

(Table 4.37 & Fig 4.11). Cluster I grouped 49 genotypes and recorded higher 

cluster mean for number of pods per plant (18.4), pod yield per plant (13.2 g) 

haulm weight per plant (21.4 g) and pod yield per hectare (2390 kg/ha) with 

lowest cluster mean for disease severity score to LLS (3.57) and rust (2.80) 

indicating that all the high yielding cultivars with resistance to both the diseases 

were grouped together in this cluster (Table 4.38a). Cluster II comprised of 66 

genotypes recorded moderate level of performance for all the traits. Custer III 
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was largest cluster comprised of 112 (32.9%) genotypes recorded high cluster 

mean for shelling percent (61.6%) and comparatively lower cluster mean for 

days to maturity (116.2 days). Cluster IV grouped 90 genotypes identified for 

higher cluster mean for hundred seed weight (36.8g) and protein content 

(23.1%) along with lower cluster mean for oil content (49.0%) indicated that 

most of the genotypes of this cluster had higher seed mass with high protein 

and low oil content across the environments. In contrast to other, cluster V had 

a single genotype SunOleic 95R recorded highest mean performances for oleic 

acid (78.8%), lowest linoleic acid (5.6%), palmitic acid (7.6%) and high O/L ratio 

(14.1) indicating its unique identity as high oleic genotype across the 

environments (Table 4.37). Cluster VI had 22 genotypes recorded high cluster 

mean for oil content (55.8%), haulm weight per plant (22.2g) whereas low 

cluster mean for protein content (21.3%) and pod yield per hectare (1208 kg) 

indicating that most of the genotypes of this cluster had higher oil content along 

with low protein content and low yield potential across the environments (Table 

4.38a&b).  

4.5 Stability analysis 

 In the present study, 340 genotypes of GSP evaluated for resistance to rust 

and LLS along with yield and nutritional quality traits across four environments. 

Of these, the genotypes which had less than three disease severity score for 

either of the diseases at ICRISAT and Aliyarnagar along with a susceptible 

check (TMV 2) were subjected to stability analysis to identify the stable source 

of disease resistance, yield and nutritional quality traits. The stability analysis of 

this subset (109 genotypes) was done using genotype and genotypes × 

environment (GGE) biplot technique proposed by Yan et al. (2000). 

4.5.1 Pooled analysis of variance  

The data of all the genotypes of GSP from three different environments 

viz., Aliyarnagar, Jalgaon and ICRISAT during rainy 2015 were subjected to 

pooled analysis for disease severity scores whereas, besides these three 

environments, data from ICRISAT during the post-rainy season were also used 

for assessing the stability of genotypes for yield and nutritional quality traits. 
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Pooled analysis of variance revealed significant genotypic differences for all the 

traits (Table 4.3 & 4.4). The mean square attributable to environment and 

genotype × environment (G × E) interaction was highly significant for all traits 

under study. The significance of G × E interaction indicates there is a need to 

check the stability of genotypes for different traits. The GGE biplot analysis was 

performed for important traits like disease severity score of rust and LLS at 90 

DAS, yield and its important contributing traits, and nutritional quality 

parameters. The data from multi-environment trials are usually large, and their 

graphical presentation helps understand the pattern involved in the particular 

data set. The GGE biplot allows visual examination of the GE interaction pattern 

of multi-environment data. To construct a meaningful biplot, PC1 and PC2 

eigenvectors were plotted after partitioning of singular values into the genotype 

and environment eigenvectors. Theoretically, the partitioning factors can take 

any value between 0 and 1. However, for this analysis, a value of 0.5 was used 

to give equal importance to both the genotypes as well as environments. 

4.5.2 Stability of late leaf spot resistance 

The biplot analysis, as viewed by the environment vector of genotypes for 

disease severity to LLS has been presented in Fig 4.12, 4.14 and 4.16. The 

results of PCA of genotype × environment interaction (GEI) showed that the first 

two PCs in the biplot explained 87.51% and 89.94% of the total variation due to 

GEI for LLS and rust at 90 DAS, respectively. 

(a) Polygon view of GGE biplot analysis for LLS scores at 90 DAS 

 The polygon view of a biplot is the best way to visualize the interaction 

patterns between genotypes and environments to show the presence or 

absence of crossover GE interaction which is helpful in estimating the possible 

existence of different mega-environments. Visualization of the "which won 

where" pattern of MET data is necessary for studying the possible existence of 

different mega-environments in the target environment. Fig. 4.12 represents a 

polygon view of MET data of genotypes for LLS scores at 90 DAS. In this biplot, 

a polygon was formed by connecting the vertex genotypes with straight lines 

and the rest of the genotypes placed within the polygon. The partitioning of GE 
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interaction through GGE biplot analysis showed that PC1 and PC2 together 

accounted for 87.51 of GGE sums of squares for LLS at 90 DAS. The vertex 

genotypes in the biplot were 262, 238, 3, 73, 186, 269, 82, 321, 256 and 268. 

These genotypes were the best or the poorest genotypes for disease 

resistance/susceptibility in some or all of the environments because they were 

farthest from the origin of the biplot. From the polygon view of biplot analysis of 

MET data of three environments, the genotypes fell in four sections and the test 

environments fell in two sections. The first section contains the test 

environments Aliyarnagar and Jalgaon which had the genotype 73 (TMV 2) as 

the genotype recorded higher disease score at 90 DAS considered most 

susceptible to LLS across the environments whereas genotypes 262 (ICGV 

86699) plotted left side of biplot indicates that this genotypes had lowest 

disease severity score to LLS. The second section contains the environments 

ICRISAT_R15 with the genotype 321 (ICG 13895) as the best plotted farthest 

side biplot. 

(b) Mean and stability performance of genotypes for LLS score at 90 DAS 

 The ranking of 109 genotypes of GSP based on their disease severity score 

and stability performance are shown in Fig. 4.14. The line passing through the 

biplot origin is called the average environment axis (AEA), which is defined by 

the average PC1 and PC2 scores of all environments. A concentric circle drawn 

on AEA is called Average Environment Coordinate (AEC). The genotypes 

closer to concentric circle indicates higher mean performance. The line which 

passes through the biplot origin and is perpendicular to the AEA represents the 

stability of genotypes. Distance in either direction away from the biplot origin on 

this axis indicates greater GE interaction and reduced stability. The genotypes 

on the right side of this perpendicular line performed greater than mean disease 

severity score across the environments and the genotypes on the left side of 

this line had lesser score than mean across the environments. For selection, 

the stable resistant genotypes are those with lowest disease severity and least 

vector length from AEA. In the biplot, the genotypes plotted left side of biplot 

and have the shortest vector from the AEA are the superior and stable for 
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disease resistance. The genotype 71 (GPBD 4), 238 (ICGV 00248), 84 (ICGV 

06142), 152 (ICGV 02411), 237 (ICGV 00246), 246 (ICGV 00068), 293 (SPS 

11), and 301 (ICG 11426) can be considered as stable genotypes with lower 

disease score and shortest vector length from AEA. The genotype 262 (ICGV 

86699) had lowest disease score compared to other with greater vector length 

from AEA. 

 (c) Relationship among test environments  

 The summary of the interrelationships among the test environments has 

been presented in Fig 4.16. The lines that connect the biplot origin and the 

markers for the environments are called environment vectors. The angle 

between the vectors of two environments is related to the correlation coefficient 

between them. The cosine of the angle between the vectors of two 

environments approximates the correlation coefficient between them. Acute 

angles indicate a positive correlation, obtuse angles a negative correlation and 

right angles indicate no correlation. A short vector may indicate that the test 

environment is not related to other environments. Based on the angles between 

environment vectors, all the three environments (Aliyarnagar, Jalgaon, and 

ICRISAT_R15) were positively correlated with each other because of acute 

angles (<900) formed between them. The position of the environment on biplot 

revealed that ICRISAT_R15 was the best environments where genotypes got 

higher diseases scores followed by Aliyarnagar and Jalgaon. Jalgaon was the 

poorest environment plotted nearer to biplot origin indicates that genotypes 

recorded lower disease scores at Jalgaon. The ranking of environments in with 

respect to ideal test environments (Fig 4.16) revealed that the ICRISAT_R15 

and Aliyarnagar are plotted on border of the inner circle in the biplot indicates 

that both had similar disease pressure and also revealed that both the 

environments are ideal for cultivar evaluation against LLS disease.  
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Figure 4.12 Polygon 

view of scattered biplot 

showing ranking of 

genotypes based on 

which won where 

pattern for disease 

severity against late 

leaf spot at 90 DAS 

across three locations 

 

 

 

 

 

 

 

 

  

Figure 4.13 Polygon 

view of scattered biplot 

showing ranking of 

genotypes based on 

which won where 

pattern for disease 

severity against rust at 

90 DAS across three 

locations 
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Figure 4.14 GGE biplot 

showing ranking of 

genotypes for mean 

performance and stability 

for disease severity score to 

LLS at 90 days after sowing 

across the three locations  

 

 

 

 

 

 

 

 

Figure 4.15 GGE biplot 

showing ranking of 

genotypes for mean 

performance and stability 

for disease severity score to 

rust at 90 days after sowing 

across the three locations  
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Figure 4.16 Comparison 

of environments with 

respect to ideal test 

environment for LLS 

severity. Area of inner 

circle of in biplot 

represents ideal test 

environment and the 

environment plotted 

within this circle are the 

best environment for 

cultivar evaluation 

 

 

 

 

 

 

 

Figure 4.17 Comparison 

of environments with 

respect to ideal test 

environment for rust 

severity. Area of inner 

circle of in biplot 

represents ideal test 

environment and the 

environment plotted 

within this circle are the 

best environment for 

cultivar evaluation 
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4.5.3 Stability of rust resistance 

The polygon view, ranking biplot, and comparison of environments 

biplots have been presented in Fig. 4.13, 4.15 and 4.17. The partitioning of GE 

interaction through GGE biplot analysis showed that PC1 and PC2 together 

accounted for 89.54% of GGE sum of squares for rust. The vertex genotypes in 

this study were 296, 109, 305, 174, 73, 186, 82 and 268. These genotypes 

were the best or the poorest genotypes for disease resistance/susceptibility to 

rust in some or all of the environments because they were farthest from the 

origin of the biplot. From the polygon view of biplot analysis of MET data of 

three environments, the genotypes fell in four sections and the test 

environments fell in two sections. The first section contains the test 

environments Aliyarnagar and Jalgaon while the second section consists 

ICRISAT_R15. The genotype 73 (TMV 2) plotted farthest from the biplot origin 

indicates that it had high disease severity score at 90 DAS across the 

environments whereas genotypes 236 (ICGV 99052) and 301 (ICG 11426) 

plotted farthest on left side of biplot indicates that this genotypes had lowest 

disease severity score across the environments (Fig 4.13). 

The ranking of 109 genotypes of GSP based on their disease severity 

score to rust and stability performance are presented in Fig. 4.15. In the biplot, 

the genotypes plotted left side of biplot and have the shortest vector from the 

AEA are the better genotypes. The genotype 236 (ICGV 99052), 301 (ICG 

11426), 235 (ICGV 99051), 262 (ICGV 86699), 71 (GPBD 4), 27 (ICGV 06422), 

30 (ICGV 07223), 32 (ICGV 07235), 77 (ICGV 05100), 84 (ICGV 06142), 152 

(ICGV 02411), 153 (ICGV 05155), 229 (ICGV 00362), 237 (ICGV 00362), 238 

(ICGV 00248), 239 (ICGV 01361), 252 (ICGV 99160), 253 (ICGV 02323), 260 

(ICGV 87846), 288 (SPS 2) , 291 (SPS 7), 293 (SPS 11), 296 (SPS 21) and 

303 (ICGV 02446) had lower disease score with shortest vector length from 

AEA indicates their superiority for resistance to rust and stability across the 

environments. The genotype 109 (49 M-16) and 268 (ICGV 05032) had lower 

mean disease score but greater vector length from AEA. Genotypes 109 plotted 
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near to Aliyarnagar whereas 268 near to ICRISAT indicated their high disease 

score at the respective  location. The summary of the interrelationships among 

the test environments has been presented in Fig 4.17. Based on the angles 

between environment vectors, all the three environments (Aliyarnagar, Jalgaon, 

and ICRISAT_R15) were positively correlated with each other because of acute 

angles (<900) formed between them. The position of the environment on biplot 

revealed that ICRISAT_R15 was farthest on right side of the perpendicular line 

indicating that it was the best environments where genotypes got higher 

diseases scores followed by Aliyarnagar and Jalgaon. Jalgaon was the poorest 

environment plotted nearer to biplot origin indicates that genotypes recorded 

lower disease scores at Jalgaon. The ranking of environments in with respect to 

ideal test environments (Fig 4.17) also revealed that the ICRISAT_R15 and 

Aliyarnagar were the environments plotted on the border of inner circle in the 

biplot indicating that both had similar disease pressure for rust and are better 

for cultivar evaluation against rust.  

4.5.4 Number of pods per plant 

The polygon view and ranking biplot have been presented in Fig. 4.18 

and 4.19, respectively. The partitioning of GE interaction through GGE biplot 

analysis showed that PC1 and PC2 together accounted for 77.04% of GGE 

sum of squares for number of pods per plant. The vertex genotypes in the biplot 

(235, 293, 180, 3, 203, 321, 163, 334, 301, 296 and 262) were the best or the 

poorest genotypes for number of pods per plant in some or all of the 

environments because they are farthest either of the side from the origin of 

biplot. Polygon view of biplot showed that genotypes fell in four sections 

whereas the test environments fell in two sections. The first section contains the 

test environments Aliyarnagar and ICRISAT_R15 while the second section 

consists ICRISAT_PR15 and Jalgaon indicates most of the genotypes fell in 

respective section were performed better in these environments. Among the 

environments, Jalgaon plotted farthest from the origin on biplot and 

discriminating itself from other environments indicating that genotypes recorded 

higher number of pods per plant at Jalgaon compared to other environments. 
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Figure 4.18 Polygon 
view of scattered biplot 
showing ranking of 
genotypes based on 
which won where 
pattern for disease 
severity score to late 
leaf spot across three 
locations 

 

 

 

 

 

   

 

Figure 4.19 GGE 
biplot showing 
ranking of genotypes 
for mean performance 
and stability for 
disease severity score 
to late leaf spot 
across the three 
locations 
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The ranking of 109 genotypes of GSP based on mean and stability 

performance are presented in Fig. 4.19. In the biplot, the genotypes plotted right 

side of biplot and have the shortest vector from the AEA are better and stable 

genotypes for number of pods per plant. The genotype 109 (49 M-16), 253 

(ICGV 02323), 26 (ICGV 05163), 42 (ICGV 01273), 153 (ICGV 05155), 27 

(ICGV 06422), 45 (ICGV 03043), 266 (ICGV 06099), 32 (ICGV 07235), 84 

(ICGV 06142), 13 (ICGV 93280), 235 (ICGV 99051), 41 (ICGV 00005), 44 

(ICGV 02321), 136 (39 × 49-81-1), 154 (ICGV 06100), 1 (ICGV 06423), 37 

(ICGV 07120), 43 (ICGV 01274), 76 (ICGV 03042) and 251 (ICGV 98105) are 

near to AEC with shortest vector length from AEA indicates their superior and 

stability for number of pods per plant across the environments. The genotype 3 

(ICGV 07247), 180 (ICGV 01276), 293 (SPS 11), 135 (49 × 39-74) and 241 

(ICGV 04087) were also high performing genotypes but greater vector length 

from AEA indicating that these genotypes had higher interaction with the 

environment. Among these, genotype 3 (ICGV 07247) and 135 (49 × 39-74) are 

closer to Jalgaon and ICRISAT_PR15 indicates their superior performance in 

both the location whereas 180 (ICGV 01276) performed better at ICRISAT_R15 

and 293 (SPS 11) at Aliyarnagar indicated that these genotypes were adaptable 

to specific environments. Based on the angles between environment vectors, all 

the four environments were positively correlated with each other. Aliyarnagar 

and ICRISAT_R15 were closely related because of acute angles (<900) formed 

between them indicates that the genotypes performed almost similar in both the 

environments. 

4.5.5 Shelling percent 

The polygon view and ranking biplot for shelling percent have been 

presented in Fig. 4.20 and 4.21, respectively. The partitioning of GE interaction 

through GGE biplot analysis showed that PC1 and PC2 together accounted for 

71.92% of GGE mean sums of squares for shelling percent. The vertex 

genotypes in the biplot (235, 293, 180, 3, 203, 321, 163, 334, 301, 296 and 

262) were the best or the poorest genotypes for number of pods per plant in 

some or all the environments because they are farthest from the origin of the 
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biplot. In the biplot, genotypes fell in four sections whereas the test 

environments fell in two sections. The first section contains the test 

environments Aliyarnagar, Jalgaon and ICRISAT_R15 while the second section 

consists ICRISAT_PR15 plotted farthest on right side of the biplot indicates 

most of the genotypes had lower shelling percent in all three diseased 

environments (Aliyarnagar, Jalgaon, ICRISAT_R15) compared to the post-rainy 

season at ICRISAT. 

In ranking biplot, the genotypes plotted right side of biplot with shortest 

vector length from AEA are the better genotypes with high mean and stable 

shelling percent across the environments. The genotype 253 (ICGV 02323), 37 

(ICGV 07120), 3 (ICGV 07247), 67 (ICGV 00350), 42 (ICGV 01273), 32 (ICGV 

07235), 181 (ICGV 01328), 13 (ICGV 93280), 266 (ICGV 06099), 109 (49 M-

16), 293 (SPS 11), 44 (ICGV 02321) and 71 (GPBD 4) are near to AEC with 

shortest vector length from AEA indicates their superiority and stability for 

shelling percent across the environments. The genotype 135 (49 × 39-74) and 

87 (ICGV 94118) were also high performing genotypes but greater vector length 

from AEA towards ICRISAT_PR15 indicated that these genotypes had higher 

shelling percent at ICRISAT during post-rainy season 2015-16 (Fig 4.21). 

4.5.6 Hundred seed weight 

The polygon view and ranking biplot for shelling percent have been 

presented in Fig. 4.22 and 4.23, respectively. The partitioning of GE interaction 

through GGE biplot analysis showed that PC1 and PC2 together accounted for 

81.65% of GGE mean sums of squares for hundred seed weight. The vertex 

genotypes in the biplot (24, 283, 104, 39, 183, 147, 328, 80 and 294) were the 

best or the poorest genotypes for hundred seed weight in some or all the 

environments because they are farthest from the origin of the biplot. From the 

polygon view of biplot of MET data of four environments, the genotypes fell in 

four sections whereas the test environments fell in two sections. The first 

section contains the test environments Aliyarnagar, Jalgaon and ICRISAT_R15 

with a narrow-angle between them indicates that genotypes had similar 

performance for hundred seed weight in these three environments whereas the 
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second section consists ICRISAT_PR15 discriminating itself from other 

environments plotted farthest on right side of the biplot indicates most of the 

 

Figure 4.20 Polygon view of scattered biplot showing ranking of genotypes 
based on which won where pattern for shelling percent across three 
environments 
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Figure 4.21 GGE biplot showing ranking of genotypes for mean performance and 

stability for shelling percent across the three environments  

genotypes had higher hundred seed weight during post-rainy season at 

ICRISAT compared to rainy season across the environments (Fig 4.22). 

The ranking of genotypes of GSP for hundred seed weight and stability 

performance are presented in Fig. 4.23. In the biplot, the genotypes plotted on 

right side of biplot with shortest vector length from the AEA are better 

genotypes. The genotype 283 (49 M- 1-1), 247 (ICGV 01495), 100 (49 × 37-

134), 265 (ICGV 06040), 266 (ICGV 06099), 17 (ICGV 02242), 170 (ICG 

10053), 228 (ICGV 00346), 105 (39 × 49 -77), 222 (ICGV 01464), 248 (ICGV 

05057), 154 (ICGV 06100), 269 (ICGV 05141), 260 (ICGV 87846), 267 (CS 39), 

263 (ICGV 98373) and 251 (ICGV 98105) are near to AEC with shortest vector 

length from AEA indicates their superiority and stability for hundred seed weight 

across the environments. The genotype 104 (39 × 49 -8), 39 (ICGV 97120), 253 

(ICGV 02323) and 87 (ICGV 94118) were also high performing genotypes but 

greater vector length from AEA indicates their unstable performance for 

hundred seed weight across the environments. 

4.5.7 Pod yield per hectare 

The polygon view and ranking biplot for yield performance of selected 

genotypes of GSP have been presented in Fig. 4.24 and 4.25, respectively. The 

partitioning of GE interaction through GGE biplot analysis showed that PC1 and 

PC2 together accounted for 81.20% of GGE mean sums of squares for pod 

yield per hectare. The vertex genotypes in the biplot are 79, 24, 293, 3, 267, 

165, 328, 334, 321, 34 and 335 indicating that these genotypes were the best 

or the poorest genotypes for pod yield per hectare in some or all the 

environments because they are farthest either of direction from the origin of 

biplot. The polygon view of MET data of four environments in the biplot showed 

that genotypes fell in four sections whereas the test environments fell in two 

sections. The first section contains the test environments Aliyarnagar and 

Jalgaon whereas the second section consists ICRISAT_R15 and 

ICRISAT_PR15. Among these four environments, ICRISAT post-rainy 
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(ICRISAT_PR15) discriminating itself from other environments indicates varying 

performance of genotypes during post-rainy season compared to all rainy 

seasons across the environments while among rainy seasons Jalgaon is 

furthest from origin of biplot compared to Aliyarnagar and ICRISAT_R15 which 

had similar position on biplot indicates that genotypes had higher yield 

performance at Jalgaon than Aliyarnagar and ICRISAT_R15 (Fig 4.24).  

The ranking of genotypes for mean pod yield and stability are presented 

in Fig. 4.25. The ranking biplot of genotypes based on higher mean and stability 

revealed that genotype 154 (ICGV 06100) followed by 26 (ICGV 05163), 153 

(ICGV 05155), 30 (ICGV 07223), 32 (ICGV 07235), 253 (ICGV 02323), 266 

(ICGV 06099), 37 (ICGV 07120), 152 (ICGV 02411), 25 (ICGV 05161), 45 

(ICGV 03043), 1 (ICGV 06423), 42 (ICGV 01273) and 27 (ICGV 06422) were 

the genotypes plotted near to AEC with shortest vector length from AEA 

indicating their superior performance and stability for pod yield per hectare. The 

genotype 3 (ICGV 07247), followed by 24 (ICGV 03064), 293 (SPS 11), 180 

(ICGV 01276), 247 (ICGV 01495), 84 (ICGV 06142), 43 (ICGV 01274), 76 

(ICGV 03042), 109 (49 M-16), 268 (ICGV 05032) were also high yielding 

genotypes but greater vector length from AEA indicates their unstable 

performance for pod yield per hectare. Among these,   3 (ICGV 07247), 180 

(ICGV 01276), 247 (ICGV 01495) and 109 (49 M-16) are plotted nearer to 

environment Aliyarnagar and Jalgaon indicated that these genotypes have 

location specific adaptability under these environments whereas 24 (ICGV 

03064), 293 (SPS 11), 84 (ICGV 06142), 43 (ICGV 01274) and 76 (ICGV 

03042) plotted towards ICRISAT_PR15 indicates these were superior at 

ICRISAT during post-rainy season compared to other genotypes (Fig 4.25). 
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Figure 4.22 Polygon view of scattered biplot showing ranking of genotypes 

based on which won where pattern for hundred seed weight across 

three environments 

 
Figure 4.23 GGE biplot showing ranking of genotypes for mean performance and 

stability for hundred seed weight across the three environments 
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Figure 4.24 Polygon view of scattered biplot showing ranking of genotypes 

based on which won where pattern for pod yield hectare across 
three environments 

 
Figure 4.25 GGE biplot showing ranking of genotypes for mean performance and 

stability for pod yield per hectare across the three environments   
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4.5.8 Nutritional quality traits 

The polygon view and ranking biplot for oil protein, oleic and linoleic acid 

have been presented in Fig. 4.26 to 4.33. The partitioning of GE interaction 

through GGE biplot analysis showed that PC1 and PC2 together accounted for 

82.47, 71.73, 92.02 and 89.77% of GGE mean sums of squares for oil, protein, 

oleic and linoleic acid. The vertex genotypes in the biplot were 335, 73, 203, 

167, 30, 164 and 335 for oil content (Fig 4.26) whereas 203, 180, 109, 84, 137, 

82, 26, 153, 296 and 180 for protein content (Fig 4.28), 254, 296, 301, 38, 280, 

262, 335, 76 and 24 for oleic acid (Fig 4.30) and 33, 301, 73, 135, 190, 251, 76, 

79, 64, 288 and 262 for linoleic acid (Fig 4.32). These vertex genotypes were 

the best or the poorest genotypes for hundred seed weight in some or all the 

environments because they are farthest from the origin of the biplot. From the 

polygon view of biplot of MET data of four environments, the genotypes fell in 

four sections whereas the test environments fell in two sections for all nutritional 

quality traits. The first section contains the test environments Jalgaon, 

ICRISAT_R15 and ICRISAT_PR15 with a narrow-angle between them indicates 

that genotypes had similar performance for oil content in these three 

environment’s  whereas the second section consists Aliyarnagar discriminating 

itself from other environments (Fig 4.26). For protein content, the first section 

consisted environments Jalgaon and Aliyarnagar and second consisted 

ICRISAT_R15 and ICRISAT_PR15. Among these Aliyarnagar plotted farthest 

from biplot origin indicating that most of the genotypes had higher protein 

content at Aliyarnagar compared to other environments. Jalgaon, Aliyarnagar, 

and ICRISAT_R15 were in the first section whereas ICRISAT_PR15 

discriminated itself from other environments in the biplot for oleic acid (Fig 

4.28).  

The ranking of selected genotypes of GSP for oil, protein, oleic and 

linoleic acid content based on mean and stability performance is presented in 

Fig. 4.27, 4.29, 4.31 and 4.33, respectively. In the biplot, the genotypes plotted 

right sides of biplots with shortest vector length from AEA are better genotypes. 

The genotype  153 (ICGV 05155) followed by 71 (GPBD 4), 244 (ICGV 97128), 
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296 (SPS 21), 238 (ICGV 00248), 84 (ICGV 06142), 76 (ICGV 03042), 293 

(SPS 11), 147 (SPS 9), 109 (49 M-16), 29 (ICGV 07220), 152 (ICGV 02411), 80 

(ICGV 06424), 154 (ICGV 06100), 26 (ICGV 05163) and 265 (ICGV 06040) are 

near to AEC with shortest vector length from AEA indicates their superior and 

stability performance for oil content (Fig 4.27). Genotypes 335 (ICG 2381), 174 

(ICG 12625), 164 (ICG 6022), 64 (ICGV 99085) and 79 (ICGV 06420) were 

also higher oil containing genotypes but with greater vector length from AEA 

indicates their instability for oil content. The genotypes 180 (ICGV 01276) 

followed by 229 (ICGV 00362), 170 (ICG 10053), 109 (49 M-16), 293 (SPS 11), 

118 (24 M-86), 231 (ICGV 02287), 253 (ICGV 02323), 186 (ICGV 02266), 44 

(ICGV 02321) and 43 (ICGV 01274) were plotted right side of the biplot with 

shorter vector length from AEA indicating their superiority and stability for 

protein content across the environments compared to other genotypes (Fig 

4.29). However genotypes, 39 (ICGV 97120) followed by 301 (ICG 11426), 295 

(SPS 20), 280 (ICG 11337), 164 (ICG 6022), 174 (ICG 12625), 294 (SPS 15), 

64 (ICGV 99085), 288 (SPS 2), 108 (49 × 39-8), 29 (ICGV 07220) and 71 

(GPBD 4) were the high performing genotypes across the environments with 

least vector length from AEA for oleic acid (Fig 4.31). Low linoleic acid is 

desired traits in groundnut for higher nutritional quality with longer self-life 

therefore, genotypes plotted left side of the biplot with least vector length are 

the superior compared to others. In the biplot, genotype 39 (ICGV 97120), 301 

(ICG 11426), 73 (TMV 2), 295 (SPS 20), 108 (49 × 39-8), 71 (GPBD 4), 29 

(ICGV 07220), 288 (SPS 2), 262 (ICGV 86699) and 294 (SPS 15) had lower 

linoleic content with shorter vector length from AEA indicating their superiority 

and stability for low linoleic acid (Fig 4.33). 
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Figure 4.26 Polygon view of scattered biplot showing ranking of genotypes 

based on which won where pattern for oil content across four 
environments 

 
Figure 4.27 GGE biplot showing ranking of genotypes for mean performance and 

stability for oil content across four environments 
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Figure 4.28 Polygon view of scattered biplot showing ranking of genotypes 
based on which won where pattern for protein content across four 
environments 

 

Figure 4.29 GGE biplot showing ranking of genotypes for mean performance and 
stability for protein content across four environments 
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Figure 4.30 Polygon view of scattered biplot showing ranking of genotypes 

based on which won where pattern for oleic acid content across four 
environments 

 
Figure 4.31 GGE biplot showing ranking of genotypes for mean performance and 

stability for oleic acid content across four environments 
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Figure 4.32 Polygon view of scattered biplot showing ranking of genotypes 

based on which won where pattern for linoleic acid content across 
four environments 

 
Figure 4.33 GGE biplot showing ranking of genotypes for mean performance and 

stability for linoleic acid content across four environments   
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4.6 Molecular diversity  

In any plant breeding program, assessment of genetic divergence is an 

important and foremost objective. The threat to genetic erosion has led to a 

significant interest in the assessment of genetic diversity in germplasm 

collections. It helps in identifying the desirable parents for hybridization 

program. Molecular markers are useful complement to the morphological and 

physiological characterization of cultivars because they are plentiful, 

independent of tissue or environmental effects and allow cultivar identification 

early in plant development. A total of 336 genotypes of GSP subjected to 

genotyping with 14 SSR marker linked to rust and LLS, yield and nutritional 

quality traits to assess diversity in GSP at the molecular level and allelic 

richness for targeted loci. The results are presented below. 

4.6.1 Analysis of molecular variance (AMOVA) 

The distribution of molecular variance among and within the subspecies 

has been represented in Table 4.39. The AMOVA revealed that eight percent of 

the total molecular variance was due to variation among the sub-species while 

92% was due to variation present among individuals within the sub-species 

(Table 4.39 & Fig 4.34).  

4.6.2 Allelic richness and genetic diversity 

The 14 SSR markers detected a total of 462 alleles in 336 genotypes of 

GSP (Table 4.40). The number of alleles per locus varied from 14 (GM 630) to 

56 (IPAHM 103) with an average 33 alleles per locus. The marker IPAHM 103 

(56 alleles) detected the highest number of alleles followed by GM 2301 (47 

alleles), PM 36 (40 alleles), TC6H03 (37 alleles), and TC1D02 and GM 1954 

(28 alleles). The polymorphic information content (PIC) values varied from 0.62 

(GM 1573) to 0.92 (GM 1954) with an average of 0.80. All the markers were 

highly polymorphic with PIC values more than 0.60. Gene diversity varied from 

0.65 (GM 1573) to 0.93 (GM 1954), with an average of 0.82. All the markers 

showed very high gene diversity for the locus under study. Among these 14 

SSR markers, IPAHM 103 showed the highest number of alleles (56 alleles) 
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with gene diversity of 0.91, heterozygosity of 0.31 and PIC value of 0.90 (Table 

4.40 & Fig 4.34).  

Table 4.39 Analysis of molecular variance (AMOVA) based on two subspecies 
using 14 SSR markers in Genomic Selection Panel of groundnut 

Source df 
Sums of 

Square 

Mean 

Squares 

Estimated 

Variance 

Percent of total 

variance 

Among Subspecies 1 5.044 5.044 0.031 8% 

Within Subspecies 334 122.121 0.366 0.366 92% 

Total 335 127.165 - 0.397 100% 

 

 

Figure 4.34 Percent molecular variance contributed towards total variance by 

among and with subspecies 

4.6.3 Heterozygosity 

A varying range of heterozygosity was detected in genotypes of GSP for 

14 SSR genomic regions which varied from 0.00 (GM 630, GM 1536 and 

TC3E02) to 0.42 (GM 2301) (Table 4.40). Three out of 14 SSR markers 

detected no heterozygosity whereas six markers showed <0.10 heterozygosity 

and only five markers showed more than 0.10 heterozygosity. Among these five 

markers, GM 2301 detected highest heterozygosity (0.42) followed by IPAHM 

(0.31), GM 1009 (0.21), PM 36 (0.18) and GM 1573 (0.12). 

Among 
subspecies

8%

Within  
subspecies 

92%

Percentage of molecular variance 
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4.6.4 Unique, rare, common and most frequent alleles  

Out of 462 alleles detected in 336 genotypes of GSP for 14 SSR 

markers, 230 alleles were rare, 155 common and 18 were the most frequent 

alleles (Table 4.41 & Fig 4.37). A total of 59 unique alleles were detected in 

GSP varied from 0 to 20, which were present only in one genotype and absent 

in all other accessions (Table 4.41). The highest number of unique alleles were 

reported for GM 2301 (20) followed by TC1D12 (7), TC6E01 (5), IPAHM 103 (5) 

whereas there were no unique alleles reported on GM 1536, GM 630, and 

TC3E02. The number of rare alleles was varied from 6 (GM 630) to IPAHM 103 

(34). The highest number of rare alleles were reported in IPAHM 103 (34) 

followed by PM 36 (27) and GM 1954 (17). Common alleles were detected for 

all the 14 SSR loci which varied from 5 to 19, the highest number of common 

alleles were reported in TC6H03 (19) followed by GM 1954 (18) and IPAHM 

103 (16). In contrast, 11 out of 14 SSR loci showed the most frequent alleles, of 

which one SSR reported three, five SSRs reported two and other five SSR 

markers reported only one allele as most frequent (Table 4.41 & Fig 4.38). 

4.6.5 Diversity in Genomic Selection Panel at sub-species level 

The 336 genotypes of GSP included individuals from two different 

subspecies (ssp.) viz., ssp. fastigiata (223 genotypes) and ssp. hypogaea (113 

genotypes). Fourteen markers detected a total of 365 (79.00%) alleles in ssp. 

fastigiata whereas 332 (71.86%) out of 462 alleles reported in individuals 

belongs to ssp. hypogaea. Within the ssp. fastigiata, the number of alleles 

varied from 10 (GM 630) to 54 (IPAHM 103) with a mean of 26.07 alleles per 

SSR locus. In the ssp. hypogaea, the number of alleles per locus varied from 14 

(GM 630) to 39 (IPAHM 103) with an average of 23.71. Comparison of number 

of alleles detected by different marker revealed that both the subspecies has 

different amount of diversity for the different locus. The markers GM 1954, 

1573, 1009, 1536, PM 36, TC1D12 and IPAHM 103 detected higher number of 

alleles in ssp. fastigiata compared to hypogaea whereas GM 2301, TC1D02, 

TC3E01, TC6H03 and GM 630 reported higher number of alleles in ssp. 

hypogaea than ssp. fastigiata. Both the subspecies had similar diversity for GM 

2079 with an equal number of alleles.   
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Table 4.40 Allelic richness, gene diversity, heterozygosity and polymorphic information content (PIC) for 14 SSR loci in 
Genomic Selection Panel of groundnut 

Marker 
Major Allele Frequency Number of Alleles Gene Diversity Heterozygosity PIC 

fast hypo Combined fast hypo Combined fast hypo Combined fast hypo Combined fast hypo Combined 

GM2079 0.44 0.22 0.37 16.00 16.00 24.00 0.68 0.87 0.78 0.04 0.01 0.03 0.63 0.86 0.75 

GM1954 0.16 0.22 0.18 33.00 21.00 36.00 0.93 0.89 0.93 0.00 0.01 0.01 0.93 0.88 0.92 

GM1573 0.51 0.63 0.55 18.00 16.00 24.00 0.67 0.59 0.65 0.16 0.04 0.12 0.63 0.57 0.62 

GM1009 0.37 0.27 0.33 34.00 18.00 35.00 0.74 0.82 0.80 0.22 0.17 0.21 0.71 0.79 0.77 

GM1536 0.47 0.47 0.47 22.00 12.00 24.00 0.70 0.70 0.70 0.00 0.00 0.00 0.66 0.66 0.67 

GM2301 0.42 0.22 0.35 26.00 37.00 47.00 0.77 0.88 0.82 0.34 0.57 0.42 0.75 0.87 0.81 

PM36 0.26 0.26 0.24 32.00 30.00 40.00 0.83 0.87 0.85 0.23 0.06 0.18 0.80 0.86 0.83 

TC1D02 0.33 0.31 0.32 18.00 26.00 29.00 0.81 0.80 0.82 0.09 0.07 0.08 0.79 0.78 0.80 

TC1D12 0.12 0.34 0.18 31.00 20.00 36.00 0.93 0.82 0.91 0.02 0.03 0.02 0.92 0.81 0.90 

TC3E02 0.54 0.47 0.52 23.00 24.00 29.00 0.69 0.75 0.71 0.00 0.01 0.00 0.67 0.74 0.70 

TC6E01 0.20 0.19 0.19 24.00 25.00 31.00 0.89 0.89 0.89 0.03 0.07 0.04 0.88 0.88 0.89 

TC6H03 0.20 0.16 0.19 24.00 34.00 37.00 0.89 0.94 0.92 0.03 0.07 0.04 0.89 0.93 0.91 

IPAHM103 0.20 0.19 0.20 54.00 39.00 56.00 0.90 0.89 0.91 0.33 0.28 0.31 0.89 0.89 0.90 

GM630 0.39 0.26 0.34 10.00 14.00 14.00 0.73 0.85 0.78 0.00 0.00 0.00 0.68 0.83 0.75 

Mean 0.33 0.30 0.32 26.07 23.71 33.00 0.80 0.83 0.82 0.11 0.10 0.10 0.78 0.81 0.80 

Where fast= Subspecies fastigiata (223 genotypes); hypo= Subspecies hypogaea (113 genotypes); Combined represents diversity in entire Genomic Selection Panel (336 

Genotypes) 
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The PIC values varied from 0.63 (GM 1573) to 0.93 (GM 1954) in ssp. 

fastigiata and 0.56 (GM 1573) to 0.93 (TC6H03) in ssp. hypogaea. Markers GM 

2079, GM 1009, GM 2301, PM 36, TC3E02, TC6H03 GM 630 had higher PIC 

value in ssp. hypogaea compared to ssp. fastigiata. Gene diversity in ssp. 

fastigiata was varied from 0.67 to 0.93 whereas from 0.58 to 0.93 in ssp. 

hypogaea. Gene diversity among both the subspecies also revealed a similar 

trend where markers GM 2079, GM 1009, GM 2301, PM 36, TC3E02, TC6H03 

and GM 630 had higher gene diversity in ssp. hypogaea compared to ssp. 

fastigiata. The heterozygosity for 14 SSR loci in GSP varied from 0.00 to 0.42 

across the subspecies, eight out of 14 SSR had heterozygosity <0.10 in both 

the subspecies. Markers GM 1009, GM 1573, PM 36 and IPAHM 103 reported 

higher heterozygosity in ssp. fastigiata compared to ssp. hypogaea (Table 4.40) 

4.6.6 Unweighted neighbor-joining tree 

The neighbor-joining tree based on simple matching dissimilarity matrix 

between 336 genotypes of GSP using DARwin 6.0 version program highlighted 

broadly five clusters named as CI, CII, CIII CIV and CV (Table 4.42 & Fig 4.35). 

The CI contained 79 of which 69 genotypes (88.4%) were from sub-

species fastigiata. Genotypes of cluster CI were grouped into three sub-clusters 

named as CIa, CIb and CIc comprised of 37, 16 and 26 genotypes, 

respectively.  Among these three sub-clusters, CIa comprised 91.6% genotypes 

developed at UAS Dharwad. However, the genotypes belong to var peruviana 

were grouped into sub-cluster CIb whereas sub-cluster III (CIc) grouped the 

genotypes having higher O/L ratio compared to all other clusters and sub-

clusters. High oleic line SunOleic 95R was also present in this cluster. Cluster II 

(CII) consisted of 64 genotypes divided into two sub-clusters (CIIa and CIIb) of 

44 and 20 genotypes, respectively. Among these, sub-cluster CIIb had lowest 

cluster mean for diseases severity to LLS and rust at 90 DAS across the 

environments indicating that the majority of resistance genotypes were grouped 

together in this cluster. The cluster CIII had 49 genotypes grouped into two sub-

clusters of 38 and 11 genotypes. Among these two, sub-cluster CIIIb recorded 

higher cluster mean for oil and protein content compared to other clusters. The 
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cluster CIV comprised of 48 genotypes represented by the ssp. hypogaea as all 

the genotypes grouped into this cluster belong to ssp. hypogaea. Beside this, 

sub-cluster CIVa was dominated with nearly 94.3% accessions belongs to mini 

core collection. Sub-cluster CIVb had higher cluster mean for oil content 

represents that genotypes of this cluster recorded higher oil content across the 

environments. Cluster V was the largest cluster grouped 96 genotypes into four 

sub-clusters comprised 36, 25, 25 and 10 genotypes, respectively. This cluster 

consisted of 93.75% genotypes belongs to ssp. fastigiata var vulgaris. All the 

high yielding genotypes were grouped together in sub-cluster CVd. The results 

of neighbor-joining tree corresponded well with the classification based on 

biological diversity (sub-species level) and expression of targeted traits across 

the environments (Table 4.43a&b). The clusters I and V were represented by 

genotypes from ssp. fastigiata var vulgaris whereas cluster IV was represented 

by ssp. hypogaea. However, clusters II and III had the genotypes from both the 

subspecies. It indicates that genotypes belong to these two clusters might be 

sharing similar pedigree or genomic regions (Fig 4.35). 

 4.6.7 Principal coordinates analysis (PCoA) 

The PCoA with SSR markers was used to determine relatedness among 

the genotypes (Fig 4.36). The first two PCos explained 17.96% of the total 

variation among the 336 genotypes of GSP. Plotting the first two PCos and 

colour coding of genotypes according to subspecies and botanical varieties 

showed clear separation of the sub-species fastigiata (blue) and hypogaea 

(red). In PCoA, genotypes presented in different colors were corresponding to 

the clusters observed in the unweighted neighbor-joining tree. Most of the 

genotypes belong to subspecies hypogaea were grouped in quadrant I and IV 

whereas the genotypes belong to ssp. fastigiata var vulgaris were scattered in 

quadrants II, III and IV. The genotypes belong to botanical variety peruviana of 

ssp. fastigiata grouped together in quadrant III. However, quadrant IV had the 

genotypes from both the sub-species.   
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Figure 4.35 Unweighted neighbor-joining tree based on the simple matching 
dissimilarity matrix of 14 SSR markers genotyped in Genomic Selection 
Panel of groundnut 
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Figure 4.36 Principal Coordinate Analysis (PCoA) of Genomic Selection Panel based on 
trait linked SSRs. Genotypes represented in colors corresponding to the 
cluster observed in unweighted neighbor-joining tree 
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Table 4.41 Allelic range, unique, rare, common and most frequent alleles of the 
14 SSR markers in Genomic Selection Panel of groundnut 

S. No. Markers Range 
Unique 
allele 

Rare allele 
Common 

allele 
Major 
allele 

1 GM2079 319-465 1 13 8 2 

2 GM1954 98-196 3 17 18 0 

3 GM1573 222-304 4 14 8 1 

4 GM1009 321-498 2 14 8 2 

5 GM1536 337-537 0 16 6 2 

6 GM2301 101-225 20 16 10 1 

7 PM36 158-254 4 27 8 2 

8 TC1D02 201-273 5 13 9 2 

9 TC1D12 153-233 7 18 15 0 

10 TC3E02 264-332 0 16 12 1 

11 TC6E01 115-189 5 12 13 1 

12 TC6H03 160-254 3 14 19 0 

13 IPAHM103 109-249 5 34 16 1 

14 GM630 303-372 0 6 5 3 

 Total  59 230 155 18 

 

Mean 

 

4.21 16.43 11.07 1.29 
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Table 4.42 Detail of clusters identified by unweighted neighbor-joining tree based on the simple matching dissimilarity 
matrix of 14 SSR markers 

Cluster Sub-cluster Number Genotypes 

C I 

C Ia 37 

24 × 37-2275, 24 × 39-31 MR, 26 × 37-IV- 9IR, 26 M- 119-1, 26× 27-164, 27 × 49- 27-1, 39 × 49 -77, 39 × 49 -
8, 39× 49-81-1, 49 × 27-19, 49 × 27-37, 49 × 37- 99(b) tall, 49 × 37-134, 49 × 37-91, 49 × 39-21-1, 49 × 39-
21-2(a), 49 × 39-74, 49 M-16, DTG 3, ICG 8517, ICGV 01328, ICGV 07273, M 110-14, M 28-2, MN1-35, SPS 
1, SPS 10 , SPS 13, SPS 14, SPS 17, SPS 9, TAG 24, TDG 10, TDG 13, TDG 14, TG 42, TG LPS 7,  

C Ib 16 
27 × 49- 14, 27 × 49- 16, 49 × 37-135, 49 × 37-97-1, ICGs 10036,  10053,  11088,  15419,  6022,  6646,  
8751, M 28-2, Somnath, TG 41, TG 49, TG LPS 4,  

C Ic 26 
24 M-86, 26 M 156-2, 27 × 49- 12, 49 × 27-13 (ii), ICGs 10701,  11651,  12625,  12991,  14985,  2031,  3102,  
3140,  3343,  3421,  434,  4729,  9315, ICGVs 00371,  01232,  02022,  02189,  02286,  86011,  98432, JL 24, 
SunOleic 95R,  

C II 

C IIa 44 

26 × M-223-1, 49 × 37-90, 49 M- 1-1, 49 M-2-2, BAU 13, Gangapuri, ICGs 1834,  1973,  2106,  3673,  3746,  
442,  4955,  5221,  9507, ICGS 44, ICGVs 00440,  01478,  02251,  02298,  03136,  05198,  06234,  07168,  
86352,  86564,  87378,  87921,  88145,  92267,  93216,  93470,  93920,  94169,  94361,  95377,  96466,  
96468,  97128,  97182, ICR 48, TG 19, TG 39, TG LPS 3,  

C IIb 20 
49 × 39-21-2, 49 × 39-8, GPBD 4, ICG 11337 , ICGV 00068,  00246,  00248,  01265,  02287,  02323,  04115,  
05036,  05057,  05155,  06040,  06100,  86699,  90320,  98105,  98184,  98294,  

C III 
C IIIa 38 

26 × M-95-1 RI, DTG 15, ICGs 12879,  14705,  15415,  3312,  3584,  4543, ICGVs 00346,  00362,  01361,  
01464,  01495,  02038,  02271,  02317,  02434,  05032,  05141,  06042,  06110,  06175,  06188,  07023,  
07359,  07368,  09112,  86590 ,  87160,  87354,  87846,  88438,  97115,  97183,  98373,  99052,  99160, 
SPS 2,  

C IIIb 11 49 × 39-20-2, CS 39, ICGVs 01276,  02194,  02266,  02411,  04087,  06099,  97116,  97232,  99051,  

C IV 

C IVa 35 
CSMG 84-1, ICGs 10185,  111,  11322,  12276,  12370,  12509,  12672,  13895,  14466,  14475,  14482,  
14834,  15190,  156 ,  1668,  2381,  2773,  2857,  3027,  3053,  4343,  4527,  532,  5662,  5663,  5745,  5891,  
6766,  721,  8285,  875,  9961, ICGV 02290, ICGV 86325,  

C IVb 13 
ICG 11426, ICGS 76, ICGV 02446, ICGV 03128, SPS 11, SPS 15, SPS 20, SPS 21, SPS 3, SPS 6, SPS 7, 
SPS 8, TMV 2 NLM,  

C V 

C Va 36 
DH 86, ICGVs 00005,  00191,  00321,  00349,  00350,  01263,  02125,  03043,  03064,  03207,  04149,  
05100,  06049,  06142,  06420,  07120,  07145,  07166,  07210,  07220,  07223,  91114,  91116,  94118,  
95058,  95070,  97045,  99029,  99181,  99233, Mutant 3, TKG 19A, TMV 2, TPG 41,  

C Vb 25 
ICGVs 00290,  00343,  00351,  01005,  01060,  01124,  01274,  01393,  02206,  03184,  03397,  03398,  
04044,  06347,  06422,  06423,  07227,  07247,  07268,  86015,  86072,  93280,  95290,  95469,  99083,  

C Vc 25 
Faizpur 1-5, ICGS 11 , ICGV 02144,  02321,  03042,  03056,  04124,  05161,  06424,  06431,  07148,  86143,  
87187 ,  89104,  92195,  93437,  97058,  97092,  97120,  97165,  97261,  97262,  98163,  99195, J 11,  

C Vd 10 ICGVs 00387,  01273,  02242,  04018,  05163,  05176,  07217,  07235,  07246,  99085,  
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Table 4.43a Cluster mean for different yield and its contributing traits of GSP evaluated across the four locations 

Cluster 
Sub-

cluster 
DFF 

LLS 

90 

LLS 

105 

Rust 

90 

Rust 

105 
NPP PYPP SYPP SH % HSW DM PYH HLM 

C I 

C Ia 32.14 4.74 6.68 4.73 6.60 13.86 9.09 5.28 58.16 33.60 118.73 1465.15 14.73 

C Ib 32.09 4.81 6.81 4.83 6.79 10.84 9.00 5.05 55.88 36.02 118.20 1326.10 17.43 

C Ic 31.47 5.47 7.22 5.60 7.19 13.66 8.92 5.24 59.06 31.19 118.24 1347.83 15.27 

C II 
C IIa 32.82 5.47 7.20 5.15 6.91 12.99 9.51 5.65 59.94 35.09 119.28 1453.14 17.69 

C IIb 33.80 3.75 5.62 3.23 5.00 15.37 11.11 6.42 57.24 35.09 124.74 1870.70 19.77 

C III 
C IIIa 33.33 4.68 6.44 4.17 5.81 13.63 9.57 5.53 57.87 34.16 121.58 1585.66 19.48 

C IIIb 33.39 4.52 6.39 3.91 5.82 16.59 11.83 7.02 59.44 34.11 124.39 1965.37 19.93 

C IV 
C IVa 35.72 4.67 6.58 4.70 6.21 9.63 6.46 3.75 57.36 30.72 121.54 896.96 18.77 

C IVb  33.87 3.95 5.62 3.44 5.13 14.66 9.95 6.00 60.06 30.75 123.09 1522.10 20.66 

C V 

C Va 32.16 4.80 6.55 4.44 6.09 15.76 10.69 6.37 59.73 32.00 122.29 1831.19 17.72 

C Vb  33.19 5.00 6.97 4.39 6.19 15.75 10.66 6.57 60.89 33.73 120.75 1873.44 18.68 

C Vc 32.45 5.24 6.96 4.83 6.57 14.74 9.69 5.80 60.15 30.22 117.17 1693.17 16.45 

C Vd  33.03 4.47 6.63 3.90 6.07 16.83 11.91 7.15 60.57 35.22 120.63 2163.31 18.15 

Where; DFF= Days to 50% flowering, LLS90, LLS 105, Rust90 & Rust105= Disease severity score of late leaf spot and rust recorded at 90 and 105 days after sowing 
respectively, PH = Plant height (cm), NPP= Number of pods plant-1, PYPP= Pod yield plant-1 (g), SH %= Shelling percent, DM= Days to physiological maturity, HSW= Hundred 
seed weight (g), PYH= Yield hectare-1 (kg), and HLM= Haulm weight plant-1 (g) 
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Table 4.43b Cluster mean for different nutritional quality traits of GSP evaluated 
across the four environments 

Cluster 
Sub-

cluster 
Oil 
(%) 

Protein 
(%) 

Oleic 
acid (%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

C I 

C Ia 50.87 22.51 43.14 37.29 11.92 1.89 1.20 

C Ib 50.80 22.39 44.21 37.26 11.06 2.20 1.22 

C Ic 50.72 22.38 43.56 37.31 11.43 1.90 1.48 

C II 
C IIa 50.48 22.78 42.75 37.47 11.75 2.02 1.19 

C IIb 52.65 22.42 39.62 40.24 12.49 2.19 1.04 

C III 
C IIIa 50.67 22.96 41.30 38.24 12.04 2.10 1.12 

C IIIb 51.79 23.10 38.87 40.39 12.30 2.26 1.00 

C IV 
C IVa 50.36 22.44 44.27 35.86 11.66 1.96 1.29 

C IVb  53.17 22.46 44.95 36.19 12.27 1.87 1.30 

C V 

C Va 52.30 22.59 40.79 39.10 12.11 2.25 1.09 

C Vb  51.04 23.02 38.52 40.91 12.42 2.17 0.98 

C Vc 51.36 22.92 40.40 39.48 12.23 2.07 1.07 

C Vd  52.01 22.90 39.68 39.94 12.14 2.39 1.05 

 

4.7 Population structure and Marker-Trait Association (MTA) 

4.7.1 Population structure 

STRUCTURE software was used to determine the relationship among 

the genotypes studied. The structure analysis distinguished 336 genotypes into 

three populations with a ΔK value of 740 (Fig 4.37 & Fig 4.38). Sub-population I 

consisted of 96 genotypes with nearly 94% (90/96) cultivars belongs to ssp. 

fastigiata whereas 191 genotypes were grouped into sub-population II (SP II) 

with a mixture of cultivars from both the subspecies. In SP II, nearly 70% 

(134/191) genotypes belong to ssp. fastigiata which includes genotypes from 

four botanical varieties of this subspecies viz., vulgaris (119/134), fastigiata 

(10/10), peruviana (4/4) and a single genotype from aequatoriana whereas 30% 

(57/191) were from ssp. hypogaea. However, sub-population III had 49 

genotypes belong to ssp. hypogaea indicated that the genotypes with pure 

background of ssp. hypogaea were grouped in this sub-population. Pure or 

admixture genotypes were categorized through structure analysis. The 

genotype with score >0.80 was considered as pure and <0.80 as an admixture. 

Among the 96 genotypes, 93 genotypes were pure and 3 were admixed in sub-

population I, while 185 pure and 6 admixed were reported in sub-population II 

whereas sub-population III contained all the pure genotypes with no admixture.  
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Figure 4.37 Population structure of Genomic Selection Panel of groundnut based 

on 14 SSR markers analysis 
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Note: Number on the y-axis show the subgroup membership and the number on the x-
axis show the accession number 

 

Figure 4.38 Estimation of the population using LnP (D) derived delta K for 
determining an optimum number of subpopulations  

The admixture identified in the GSP for 14 SSR loci can be visualized in 

the graphical representation (Fig 4.37). The unweighted neighbor-joining tree 

clustered 336 genotypes into five clusters (Fig 4.35) based on 14 SSR marker 

data. Cluster V consisted of 96 genotypes corresponded to SP I whereas 

cluster IV had 48 genotypes represented SP III. However, cluster I, II and III 

had a total of 192 genotypes with comparatively narrow genetic distance 

together representing SP II. The results from neighbor-joining were generally 

consistent with the results from STRUCTURE analysis with a few exceptions. 

4. 7.2 Marker-trait associations (MTAs) 

Among all the traits resistant to both the disease (LLS and rust) at 90 

and 105 DAS, seven yield traits and seven nutritional quality traits were used 

for their association with previously identified SSR markers. BLUPs for every 

trait of every genotype was calculated from the individual as well as across the 
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environments and used for MTA analysis. A general linear mixed model (GLM) 

was used for association analysis using TASSEL 2.1 (Yu et al., 2006). To 

identify the SSR markers associated with the quantitative traits, population 

structure (Q matrix) and BLUPs of different traits were used. The MTAs 

detected repeatedly in the individual as well as pooled across the environments 

were considered as better MTA. The identified MTAs were compared for the 

coefficient of determination (R2) to select MTAs which explained more 

phenotypic variation (PV) for that trait.  Details of MTAs detected in the 

individual as well as pooled across the environments are presented in Table 

4.44 & 4.45. 

A total of 311 significant MTAs for 18 traits including disease resistance, 

yield and nutritional quality traits were identified (Table 4.44). Of these, 73 

MTAs were reported as significant (P≤0.05) across the environments. However, 

there were 60 MTAs reported in Aliyarnagar, 50 in Jalgaon and 89 in ICRISAT 

during rainy 2015 and 33 in ICRISAT during post-rainy 2015-16 (Fig 4.39). 

Phenotypic variance (PV) for these MTAs varied from low (8.38%) to very high 

(94.76%). Among these 311 MTAs, only 79 explained >30% phenotypic 

variance (PV) and were considered as potential MTAs (Table 4.45). The 

number of MTAs associated (P≤0.05) with the individual trait is described 

below. 

4.7.2.1 MTA for disease resistance  

  Disease severity scores of both the diseases (rust and LLS) recorded at 90 

and 105 DAS were considered for MTA analysis. The results revealed 29 MTAs 

for both the diseases with PV varied from 30.27 to 84.70%. Of these, 18 MTAs 

were associated with LLS (30.27 to 84.70% PV) whereas 11 with rust (30.45 to 

63.14%). The SSR markers, GM 1009, GM 2301 and TC6H03 had a significant 

association with LLS resistance in pooled with PVE >30%. MTAs detected at 

individual environment also showed that marker GM 1009 was associated with 

LLS at Aliyarnagar and Jalgaon, GM 2301 and TC6H03 at Aliyarnagar and 

ICRISAT rainy 2015. Beside these GM 1954 involved in two MTAs with LLS at 

Aliyarnagar (30.95% PV) and ICRISAT during rainy 2015 (31.58%) was also a 
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good SSR associated with this trait. However, GM 1573 (37.47%), TC1D12 

(32.83%) and IPAHM 103 (84.7%) were found to be associated with single 

MTAs at Aliyarnagar, ICRISAT rainy 2015 and Jalgaon, respectively (Table 

4.45).  

 Two markers GM 2301 (33.11%) and IPAHM 103 (43.49%) were reported to 

be associated with rust score across the environments. Among the 11 MTAs for 

rust, GM 2301 was involved in five MTAs (31.58 to 37.16% PV) whereas 

IPAHM 103 was involved in two MTAs (43.49 to 63.14% PV). GM 2301 was 

associated with rust at Aliyarnagar (31.64% PV), ICRISAT rainy 2015 (34.75% 

PV) and pooled (32.94% PV) at 90 DAS and ICRISAT rainy 2015 (37.16%) and 

pooled (33.11% PV) at 105 DAS whereas IPAHM 103 was associated with rust 

at Aliyarnagar (63.14% PV) and pooled (43.49%) at 105 DAS. Beside these GM 

1009 (31.64% PV) at Aliyarnagar and GM 1954 (30.45% PV) at Jalgaon at 90 

DAS, TC1D12 (35.88% PV) at Aliyarnagar and TC6E01 (30.60% PV) at 

Jalgaon at 105 DAS were also reported as significant MTAs at a particular 

location (Table 4.45). 

4.7.2.2 Yield and its component traits 

Total seven important yield component traits viz., days to 50% flowering 

(DFF), days to maturity (DM), pod yield per plant (PYPP), shelling percent (SH), 

hundred seed weight (HSW), pod yield per hectare (PYH) and haulm yield per 

plant (HLM) were analyzed for MTA using 14 SSR markers. A total of 18 MTAs 

could be identified for these above mentioned seven yield and its component 

traits with PV > 30%. Two MTAs were identified for days to 50% flowering, 

among these two TC1D12 explained 32.10% phenotypic variation with pooled 

BLUPs whereas GM 2301 explained 30.0% PV at ICRISAT during rainy 2015. 

Five MTAs with >30% PV were reported for days to maturity, among these, 

TC1D12 showed good consistency and appeared thrice (total five MTAs) at 

Aliyarnagar, Jalgaon and ICRISAT during rainy 2015 with stable and high 

phenotypic variance of 32.01%, 41.34% and 32.33%, respectively and hence, is 

promising. IPAHM 103 (45.69% PV) and GM 1954 (34.22% PV) were 

associated with days to maturity only at Aliyarnagar and Jalgaon, respectively. 
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Two MTAs with a single marker (TC1D12) were reported for pod yield per plant 

at Jalgaon (31.12% PV) and with pooled BLUPs (30.27% PV) across the 

environments. Marker TC1D12 was found to be associated in both MTAs for 

shelling percent at Aliyarnagar (35.83% PV) and ICRISAT post-rainy 2015-16 

(31.88% PV). Similarly, two MTAs were reported for hundred seed weight and 

pod yield per hectare with IPAHM 103 and TC1D12. Both the MTAs for hundred 

seed weight were reported at Aliyarnagar with a phenotypic variation of 45.69% 

(IPAHM 103) and 32.01% (TC1D12). Both the MTAs of pod yield per hectare 

were identified in pooled analysis, marker IPAHM 103 explained 35.19% PV 

whereas TC1D12 explained 34.74% PV across the environments. Three MTAs 

each one with TC6E01 (33.99% PV), TC1D12 (33.31% PV) and GM 1954 

(30.96% PV) were identified for haulm weight per plant at ICRISAT during rainy 

2015 (Table 4.45). 

4.7.2.3 Nutritional quality traits 

MTA analysis in present study included several oil and nutritional quality 

traits such as oil content (OC), oleic acid (OL), linoleic acid (LA), palmitic acid 

(PA), stearic acid (SA), oleic/linoleic acid ratio (O/L) and protein content (PC).  

Association analysis for seven nutritional quality traits with 14 SSR markers 

revealed 31 better MTAs with >30% phenotypic variation explained. Three 

MTAs were identified for oil content at Aliyarnagar, Jalgaon and pooled with 

38.45%, 63.14% and 35.27% phenotypic variation, respectively. Marker IPAHM 

103 was identified in all these three MTAs indicating that this marker was 

potential and significant for oil content (%). Of these 31 MTAs 6 were reported 

for protein content and among these six, four MTA involved IPAHM 103 

whereas two MTAs had GM 1954 associated with protein content. Protein 

content had significant association with IPAHM 103 at Aliyarnagar (41.38% PV), 

ICRISAT rainy 2015 (38.80% PV), ICRISAT post-rainy 2015-16 (38.71% PV) 

and Jalgaon (43.68% PV) whereas GM 1954 was associated at ICRISAT rainy 

2015 (31.17% PV) and Jalgaon (32.55% PV). Oleic acid is an important fatty 

acid responsible for longer self-life of groundnut oil and food products. MTA 

analysis for oleic acid content identified five MTAs with >30% PV, IPAHM 103 

and GM 1954 were the marker involved in three (ICRISAT and Jalgaon during 
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rainy 2015, and pooled across the environments) and two MTAs (ICRISAT and 

Jalgaon during rainy 2015). Marker IPAHM 103 was good and consistently 

associated with oleic acid at individual environments (39.53% PV at ICRISAT 

rainy 2015 and 45.95% PV at Jalgaon) as well as pooled (42.70% PV). Among 

the nutritional quality traits, highest number of MTAs (7 out 31) was reported for 

linoleic acid. Marker IPAHM 103 was identified only in single MTA with pooled 

BLUPs and largest phenotypic variation explained (43.49%) whereas TC6H03 

was associated in two MTAs at Aliyarnagar (36.00%) and ICRISAT during post-

rainy 2015-16 (40.03%). The marker TC6E01 was also associated in two MTAs 

with 33.71 and 31.51% phenotypic variation at ICRISAT during the rainy and 

post-rainy season, respectively (Table 4.45). PM 36 and TC1D12 were also 

associated with linoleic acid at ICRISAT during rainy 2015 explained 33.58% 

and 33.36% of the total phenotypic variation, respectively. Four MTAs were 

reported for palmitic acid with >30% PV at Aliyarnagar and ICRISAT post-rainy 

2015-16. Two markers IPAHM 103 and GM 1954 were involved in these four 

MTAs each one in both the environments. Comparatively IPAHM 103 explained 

more phenotypic variation (91.86 and 91.80%) than GM 1954 (44.90% and 

43.15%) at Aliyarnagar and ICRISAT post-rainy 2015-16, respectively. There 

were five MTAs reported for stearic acid, two of them involved IPAHM 103 

explained greater phenotypic (87.10% and 94.76% at ICRISAT and Jalgaon 

during rainy 2015) variation than GM 1954 (46.23% and 37.94% at ICRISAT 

and Jalgaon during rainy 2015). However, marker TC6H03 was identified in 

pooled with 37.94% PV. For oleic linoleic acid ratio (O/L ratio), two MTAs with 

IPAHM 103 (86.74% PV) and GM 1954 (43.35% PV) were reported with pooled 

BLUPs. Among all the 31 MTAs for nutritional quality traits, 16 MTAs (nearly 

50%) involved IPAHM 103 with higher phenotypic variation indicated its 

potential role in the expression of most of the nutritional quality traits (Table 

4.45). 
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Table 4.44 Marker-trait association for disease resistance, yield and its 
contributing traits and nutritional quality traits in groundnut 

S. 
No 

Trait  MTAs 
F value  p-value PVE % 

Min  Max Min  Max Min  Max 

Foliar disease resistance  

1 LLS90 22 1.349 6.565 2.37E-23 0.046 8.60 37.99 

2 LLS105 24 1.346 12.245 2.07E-53 0.042 10.93 84.70 

3 Rust90 21 1.383 12.039 9E-53 0.045 8.43 63.14 

4 Rust105 22 1.473 3.811 9.6E-11 0.021 8.94 35.88 

Yield and its contributing traits 

5 Days to maturity 26 1.345 2.557 7.79E-08 0.043 11.51 45.69 

6 Days to flowering  25 1.322 3.373 1.02E-05 0.051 8.44 37.17 

7 Pod yield per plant (g) 18 1.332 2.225 0.000206 0.053 13.53 31.12 

8 Shelling percent (%) 7 1.407 2.377 0.0013 0.027 9.25 35.83 

9 Hundred seed yield (g) 17 1.365 2.316 0.00002 0.048 8.38 45.69 

10 Yield per hectare (kg) 21 1.356 2.373 2.31E-05 0.049 14.47 35.19 

11 Haulm weight per plant (g)  10 1.423 3.420 1.02E-05 0.050 10.45 33.99 

Nutritional quality traits  

12 Oil content (%) 10 1.324 12.039 9E-53 0.048 15.24 63.14 

13 Protein content (%) 9 1.453 1.788 0.00019 0.029 14.94 43.68 

14 Oleic acid (%) 12 1.343 1.975 1.46E-05 0.037 17.01 45.95 

15 Linoleic acid (%) 23 1.379 2.354 7.22E-06 0.049 11.49 43.49 

16 Palmitic acid (%) 15 1.372 25.740 1.33E-83 0.046 10.41 91.86 

17 Stearic acid (%) 17 1.383 40.566 1.3E-103 0.037 8.43 94.76 

18 O/L Ratio 12 1.354 15.017 6.48E-63 0.049 9.32 86.74 

  Total  311 1.322 40.566 1.34E-103 0.053 8.38 94.76 

 

 

 

 

Figure 4.39 Number of marker-trait association reported between BLUPs of 18 
important traits including foliar disease resistance, yield and 
nutritional quality traits of GSP evaluated across four environments 
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Table 4.45 Highly significant marker-trait associations for different traits 
explained >30 % phenotypic variation 

S. 
No 

Traits Location/Season Marker F value p-value 
PVE 
% 

Foliar disease resistance 

1 

LLS score at 90 
DAS 

LLS90_AL_R15 TC6H03 1.575 0.0035 37.47 
2 LLS90_AL_R15 GM1573 6.565 2.37E-23 36.82 
3 LLS90_AL_R15 GM1009 2.412 2.97E-06 30.86 
4 LLS90_AL_R15 GM2301 1.690 0.002 30.77 
5 LLS90_ICR_R15 TC6H03 1.612 0.0023 37.99 
6 LLS90_ICR_R15 GM2301 1.890 2.12E-04 33.18 
7 LLS90_Pooled TC6H03 1.492 0.0086 34.79 
8 LLS90_Pooled GM2301 1.879 2.11E-04 32.20 

9 

LLS score at 105 
DAS 

LLS105_AL_R15 GM2301 2.304 1.43E-06 37.76 
10 LLS105_AL_R15 GM1954 1.475 0.0141 30.95 
11 LLS105_ICR_R15 TC1D12 1.484 0.0115 32.83 
12 LLS105_ICR_R15 GM2301 1.781 7.25E-04 31.86 
13 LLS105_ICR_R15 GM1954 1.524 0.0086 31.58 
14 LLS105_JL_R15 IPAHM103 12.245 2.07E-53 84.70 
15 LLS105_JL_R15 GM1009 5.368 1.91E-20 49.89 
16 LLS105_Pooled TC6H03 1.665 0.0012 37.27 
17 LLS105_Pooled GM2301 2.040 3.09E-05 33.99 
18 LLS105_Pooled GM1009 2.481 1.28E-06 30.27 

19 

Rust score at 90 
DAS 

Rust90_AL_R15 IPAHM103 12.039 9.00E-53 63.14 

20 Rust90_AL_R15 GM1009 2.487 1.32E-06 31.64 
21 Rust90_AL_R15 GM2301 1.745 0.0011 31.58 
22 Rust90_ICR_R15 GM2301 2.030 4.10E-05 34.75 
23 Rust90_JL_R15 GM1954 1.544 0.007 30.45 
24 Rust90_Pooled GM2301 1.898 1.70E-04 32.94 

25 

Rust score at 105 
DAS 

Rust105_JL_R15 TC1D12 1.771 4.58E-04 35.88 
26 Rust105_JL_R15 TC6E01 1.512 0.0097 30.60 
27 Rust105_ICR_R15 GM2301 2.687 5.16E-07 37.16 
28 Rust105_Pooled IPAHM103 1.806 1.17E-04 43.49 
29 Rust105_Pooled GM2301 1.942 1.01E-04 33.11 

Yield and its contributing traits 

30 Days to 50% 
flowering 

DFF_ICR_R15 GM2301 1.640 0.0033 30.00 
31 DFF_Pooled TC1D12 1.905 7.22E-05 32.10 

32 

Days to maturity  

DM_AL_R15 IPAHM103 1.946 2.20E-05 45.69 
33 DM_AL_R15 TC1D12 1.483 0.0117 32.01 
34 DM_ICR_R15 TC1D12 1.633 0.0023 32.33 
35 DM_JL_R15 TC1D12 2.435 7.79E-08 41.34 
36 DM_JL_R15 GM1954 1.925 8.87E-05 34.22 

37 Pod yield per plant 
(g)  

PYPP_JL_R15 TC1D12 1.582 0.0041 31.12 
38 PYPP_Pooled TC1D12 1.584 0.0036 30.27 

39 Shelling percent 
(%) 

SH_AL_R15 TC1D12 1.685 0.0013 35.83 
40 SH_ICR_PR15 TC1D12 1.526 0.0075 31.88 

41 Hundred seed 
weight (g) 

HSW_AL_R15 IPAHM103 1.946 2.20E-05 45.69 
42 HSW_AL_R15 TC1D12 1.483 0.0117 32.01 

43 Pod yield per 
hectare (kg) 

PYH_Pooled IPAHM103 1.448 0.0111 35.19 
44 PYH_Pooled TC1D12 1.993 2.31E-05 34.74 

45 
Haulm yield per 
plant (g)  

HLM_ICR_R15 TC6E01 1.744 7.68E-04 33.99 
46 HLM_ICR_R15 TC1D12 1.555 0.0055 33.31 
47 HLM_ICR_R15 GM1954 1.517 0.0092 30.96 

Nutritional quality traits  

48 
Oil Content (%) 

OC_AL_R15 IPAHM103 1.457 0.011 38.45 
49 OC_JL_R15 IPAHM103 12.039 9.00E-53 63.14 
50 OC_Pooled IPAHM103 2.550 1.75E-08 35.27 
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S. 
No 

Traits Location/Season Marker F value p-value 
PVE 
% 

51 

Protein content 
(%) 

PC_AL_R15 IPAHM103 1.651 0.0011 41.38 
52 PC_ICR_15 IPAHM103 1.460 0.0107 38.80 
53 PC_ICR_15 GM1954 1.553 0.0063 31.17 
54 PC_ICR_PR15 IPAHM103 1.453 0.0114 38.71 
55 PC_JL_R15 IPAHM103 1.788 1.88E-04 43.68 
56 PC_JL_R15 GM1954 1.652 0.0022 32.55 

57 

Oleic acid 

OA_ICR_R16 IPAHM103 1.528 0.0049 39.53 
58 OA_JL_R15 IPAHM103 1.975 1.46E-05 45.95 
59 OA_JL_R15 GM1954 1.727 9.36E-04 33.42 
60 OA_Pooled IPAHM103 1.721 3.71E-04 42.70 
61 OA_ICR_R15 GM1954 1.617 0.0032 31.74 

62 

Linoleic acid (%) 

LA_AL_R15 TC6H03 1.515 0.007 36.00 
63 LA_ICR_PR15 TC6H03 1.745 4.59E-04 40.03 
64 LA_ICR_PR15 TC6E01 1.668 0.0018 33.71 
65 LA_ICR_R15 PM36 2.236 7.22E-06 33.58 
66 LA_ICR_R15 TC1D12 1.510 0.0088 33.36 
67 LA_ICR_R15 TC6E01 1.509 0.01 31.51 
68 LA_Pooled IPAHM103 1.806 1.17E-04 43.49 

69 

Palmitic acid (%) 

PA_AL_R15 IPAHM103 25.740 1.33E-83 91.86 
70 PA_AL_R15 GM1954 2.687 4.16E-09 44.90 
71 PA_ICR_PR15 IPAHM103 25.086 1.69E-82 91.80 
72 PA_ICR_PR15 GM1954 2.495 5.45E-08 43.15 

73 

Stearic acid (%) 

SA_ICR_R15 IPAHM103 15.418 2.35E-62 87.10 
74 SA_ICR_R15 GM1954 2.847 4.77E-10 46.23 
75 SA_JL_R15 IPAHM103 40.566 1.34E-103 94.76 
76 SA_JL_R15 GM1954 3.020 4.54E-11 47.90 
77 SA_Pooled TC6H03 1.707 6.86E-04 37.94 

78 
O/L ratio  

O/L_Pooled IPAHM103 15.017 6.48E-63 86.74 
79 O/L_Pooled GM1954 2.550 1.75E-08 43.35 

Where _AL_R15= Aliyarnagar rainy 2015; _JL_R15= Jalgaon rainy 2015; _ICR_R15= ICRISAT rainy 2015; 

_ICR_PR15= ICRISAT post-rainy 2015-16 
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4.8 Screening of GSP for mutant alleles of ahFAD2 gene 

Individuals of GSP were subjected to search mutant alleles of ahFAD2A 

and ahFAD2B in this diverse set of genotypes. The results of allele-specific 

PCR assay reported 87 (25.89%) out of 336 genotypes with a mutant allele of 

ahFAD2A whereas only one genotype (SunOleic 95R) had a mutant allele of 

ahFAD2B (Table 4.46 & Fig 4.40). The internal control used for assurance of 

successful PCR reaction revealed 88.99 (299 out of 336 genotypes) and 

87.50% (294 out 336 genotypes) reactions were successful in the screening of 

genotypes for ahFAD2A and ahFAD2B gene, respectively. Out of 87 genotypes 

with a mutant allele of ahFAD2A (substitution of G:C→A:T) 68.97% (60) 

genotypes were from subspecies fastigiata var vulgaris,  whereas 31.03% (27) 

genotypes were from subspecies hypogaea var hypogaea. However, only a 

single genotype in GSP had both the mutant allele (SunOleic 95R) belongs to 

subspecies hypogaea var hypogaea (Virginia runner).  The mean performance 

of genotypes for different major fatty acids with respect to presence or absence 

of mutant alleles revealed that genotype with both the mutant allele (SunOleic 

95R) had higher oleic acid and lower linoleic and palmitic acid compared to all 

other genotypes across the four individual environment’s and pooled. However, 

mean performance of genotypes with only single mutant allele (ahFAD2A) did 

not significantly differ from genotypes with its wild type allele. Hence, in order to 

enhance oleic acid content, both the mutant alleles are required. The Oleic acid 

of SunOleic 95R was 74.38% at Aliyarnagar, 80.47% at Jalgaon, 76.03% at 

ICRISAT rainy 2015, 76.06% during post rainy 2015-16 and 78.83% in pooled 

across location (Table 4.46). On the other hand this genotype had lowest 

linoleic and palmitic acid content across the location, 5.30 & 8.50 at Aliyarnagar, 

5.12 & 6.98% at Jalgaon, 6.12 & 7.98% at ICRISAT during rainy 2015, 4.60 & 

7.08% at ICRISAT during post rainy 2015 and 7.81 & 7.63% in pooled across 

the environments, respectively (Table 4.46). 
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Table 4.46 Mean performance of genotypes for major fatty acids with 
presence/absence of mutant alleles of AhFAD2A and AhFAD2B 
gene 

Mutant allele Genotypes 
Location 

/season 

Oleic 

acid 

Linoleic 

acid 

Palmitic 

Acid 

Stearic 

acid 

O/L 

ratio 

AhFAD2A  87 

Aliyarnagar 41.76 39.68 11.74 2.23 1.10 

Jalgaon 38.53 42.46 12.02 2.12 0.95 

ICRISAT_R 42.16 36.55 11.85 1.68 1.20 

ICRISAT_PR 43.64 34.58 12.63 2.44 1.31 

Pooled 41.53 38.32 12.06 2.12 1.14 

Both AhFAD2A 

and AhFAD2B 
1 

Aliyarnagar 74.38 5.30 8.50 2.13 14.03 

Jalgaon 80.47 5.12 6.98 1.89 15.71 

ICRISAT_R 76.03 6.12 7.89 1.45 12.76 

ICRISAT_PR 76.06 4.60 7.08 2.02 16.53 

Pooled 78.83 5.61 7.63 1.86 14.09 

Internal control 

no mutant allele 
216 

Aliyarnagar 41.78 40.06 11.64 2.19 1.08 

Jalgaon 38.74 42.40 11.90 2.10 0.94 

ICRISAT_R 42.93 36.23 11.66 1.67 1.23 

ICRISAT_PR 43.91 34.78 12.46 2.31 1.31 

Pooled 41.84 38.37 11.92 2.07 1.14 

No 

Amplification 
32 

Aliyarnagar 42.60 38.94 11.67 2.09 1.13 

Jalgaon 39.24 41.85 12.04 2.03 0.97 

ICRISAT_R 43.37 35.38 11.84 1.57 1.28 

ICRISAT_PR 43.45 35.14 12.62 2.22 1.28 

Pooled 42.16 37.83 12.05 1.98 1.17 

Where- ICRISAT_R= ICRISAT rainy 2015; ICRISAT_PR= ICRISAT post-rainy 2015-16 

 

 

Figure 4.40 Graph showing frequency of genotypes of GSP amplified for internal 
control and mutant alleles of AhFAD2A and AhFAD2B 
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Figure 42 Snapshot of separated PCR products by capillary electrophoresis (using ABI 
Prism 3700) showing polymorphism among genotypes for SSR locus a) 
TC1D02 (NED); b) GM 1954 (FEM); c) TC3E02 (FEM); d) GM 1009 (VIC) 
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Figure 43 View of rust and LLS incidence occurred in experimental field. a) Initial disease 

incidence; b) Resistant lines (green foliage) with susceptible one; c) & d) 
symptoms of rust and late leaf spot; respectively; e) Complete defoliation in 
highly susceptible lines; f) Resistant line between susceptible lines 
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Chapter V 

Discussion 

Crop breeding programs have developed high yielding varieties through 

the accumulation of desirable alleles from vast plant genetic resources existing 

worldwide. Introgression of novel alleles from wild species to cultivated varieties 

has clearly demonstrated that certain novel alleles and their combinations 

potentially make dramatic changes in trait expression. Advancements in 

genomic sequence information have enabled us to identify and isolate novel 

and superior alleles of important genes governing expression of desirable traits 

from crop gene pools and deploy them for the development of improved 

cultivars (Varshney et al., 2013). Tremendous efforts have been made by 

breeders to develop improved cultivars to feed the world but growing population 

pressure, urbanization of agricultural lands and adverse effects of changing 

climate scenario demand accelerated rate of genetic gain in breeding programs. 

Genomic Selection (GS) is one of the best approaches to accelerate genetic 

gain per unit of time and cost. GS helps to select genotypes with more number 

of desired alleles for complex traits through prediction model developed using 

whole genome marker and phenotypic data of traits of interest. GS enhances 

the selection efficiency and contributes to increasing selection intensity (i), and 

thus to enhanced genetic gain. Given the potential use of GS in crop breeding, 

a groundnut Genomic Selection Panel (GSP) was constituted at ICRISAT and 

in the present study multi-environment phenotyping of GSP for resistance to 

rust and LLS, yield and nutritional quality traits was conducted. The study 

assessed molecular diversity, allelic richness for rust, LLS and nutritional quality 

traits and marker-trait association to identify potential marker linked to important 

traits under study. The investigation was also aimed to screen GSP for mutant 

alleles of ahFAD2A and ahFAD2B genes responsible for the high oleic trait. The 

results reported in the present study are discussed below. 

5.1 Analysis of variance and mean performance  

 Analysis of variance for disease resistance, yield traits and nutritional quality 

traits of GSP evaluated across the environments revealed significant genotypic 

difference for all the traits indicating a high degree of genetic variability within 
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GSP of groundnut. The observed genetic variability in part can be attributed to 

the divergent pedigree, origin and botanical types involved in the GSP. The high 

degree of variability for targeted traits in GSP is a prerequisite for constructing 

an accurate prediction model. The finding of present study revealed that the 

GSP of groundnut comprised of 340 genotypes is suitable for GS. Earlier 

studies reported significant genotypic variance based on their studies on either 

a limited population or groundnut mini-core collection for foliar fungal disease 

resistance (Upadhyaya et al., 2005; Khedikar, 2008; Narasimhulu et al., 2013; 

Ashish et al., 2014; Sudini et al., 2015), yield and its contributing traits (Korat et 

al., 2009; Shoba et al., 2009; Shridevi et al., 2014) and nutritional quality traits 

(Sarvamangla et al., 2010; Channayya et al., 2011; Azharudheen et al., 2013; 

Mukri et al., 2014).  

5.1.1 Sources for important traits in the GSP 

Superior performing genotypes with a desirable combination of traits are 

important from breeder’s perspective. Such genotypes can be released as a 

variety or used as a donor to introgress desirable genes into elite cultivars. It 

can also be used as a parent to create new variability and develop different 

population for gene/QTL identification. In the present study superior cultivars 

were identified in GS with disease resistance, high yield potential and nutritional 

quality traits. 

5.1.1.1 Foliar fungal disease resistance 

 Out of 340 genotypes, a total of 31 and 66 genotypes showed resistance to 

LLS and rust, respectively across the environments at 90 days after sowing. 

Among these, 28 genotypes showed resistance against both the diseases with 

≤3 disease severity score across the environments at 90 days after sowing 

(DAS). Genotypes, GPBD 4, ICGV’s 06142, 02411, 00246, 00248, 00068, 

86699, SPS 11 and SPS 20 had lowest scores for both the diseases across the 

environments. Genotypes with multiple disease resistance were earlier reported 

by Anderson et al. (1986a); Gowda et al. (2002a & b); Khedikar, (2008); 

Narasimhulu et al. (2013); Ashish et al. (2014) and Sudini et al. (2015). GBPD 

4, a popular Spanish bunch cultivar is a national check for both the diseases 
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(Gowda et al., 2002a) and widely used as a source of resistance genes in LLS 

and rust resistance breeding programs in India. Among the 28 identified 

resistant lines, 20 are advance breeding lines bred at ICRISAT, seven from 

Dharwad and a single line from mini core collection. Of these 20 lines, 17 lines 

share common donor of resistance from A. cardenasii whereas three other lines 

had other parents. Among the seven resistant lines from Dharwad, GPBD 4 

was derived from A. cardenasii, four lines (SPS 2, SPS 8, SPS 11 and SPS 20) 

from A. villosa and two lines (49 M-16 and 49 M-1-1) had a mutant line M 28-2 

as a source of resistant gene.  Most of the groundnut breeding program derives 

resistance to foliar fungal diseases from A. cardenasii, for example, ICGV 

86699 and GPBD 4 are often used as parents in breeding for resistance to LLS 

and rust in groundnut. The identification of lines with source of resistance from 

A. villosa and mutagenesis opens the possibility of widening the genetic base of 

resistance to both diseases in groundnut. Most of the resistant sources reported 

earlier belonged to late maturity group and had undesirable pod and kernel 

features, presumably due to the utilization of wild parent as the donor (Nigam, 

2000). The present study identified genotypes resistant to both the diseases in 

early, medium and late maturity groups (103 to 128 days) (Table 5.1). The lines 

with early maturity (103 days) and a moderate level of resistance to LLS were 

identified by Padmaja et al. (2013). Nine superior performing genotypes in 

terms of combined disease resistance and yield >2500 kg/ha (SPS 11, ICGV’s 

05163, 01274, 06142, 07235, 02323, 02411, 03043 and 49 M-16) were 

identified from advance breeding lines that can be recycled in hybridization to 

develop new lines with resistance to LLS and rust in groundnut (Table 5.1). The 

preferred pod and kernel feature of these genotypes and their superior pod 

yield performance offers an opportunity for breeders to recycle them in the 

breeding program to enhance the genetic gains.  

5.1.1.2 Yield and its contributing traits 

The genotypes in GSP were evaluated for different agronomic and yield 

related traits to identify trait specific genotypes which can be further used for 

development of trait specific cultivars or for combining the desirable traits into a 

single cultivar. The performance of genotypes across the environments was 
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considered to identify trait specific genotypes. In the present study, genotypes, 

ICGV’s 06431, 99181, 06049, 91116, 04149, 02189, 26 × M-95-1R1, DTG 15, 

TAG24, and ICG 3102 had taken minimum number of days to 50% flowering 

(<29 days) across the environments. However, studies have shown that early 

flowering in groundnut is not associated with early maturity because maturity 

duration is largely determined by the length of pod development period of the 

cultivars. Hence identifying groundnut lines with early maturity based on days to 

first flowering and/or days to 50% flowering would be ineffective (N’Doye and 

Smith, 1992). Early maturity is a desirable trait in groundnut to make it fit for an 

intensive cropping system where more than three crops are cultivated in a year 

on the same field (Gibbons, 1980) and also to escape drought in drought-prone 

areas (Serraj et al., 2003).  

In the present study, number of days to 50% flowering and maturity were 

high among the genotypes during post-rainy season compared to rainy season 

across the environments indicating that maturity is influenced by environmental 

factors. The delay in flowering and maturity could be attributed to low 

temperature during the month of December and January leads to delay in 

emergence and slow vegetative growth during post-rainy season compared to 

rainy season. The cool temperature considerably increases emergence time 

and reduces the rate of vegetative growth (Awal and Ikeda, 2002; Banterng et 

al., 2003). On the other hand, high temperature and sunshine radiation during 

reproductive stage (February to April) had a negative effect on flowering and 

the pod filling period in groundnut (Prasad et al., 2001; Canavar and Kaynak, 

2010) could also be a reason for delay in maturity during post-rainy season. 

Genotypes, ICGV’s 92195, 13242, 86011, 93470, 02266 and 02125, 49 × 39-

74, 26 × M-95-1R1, 39 × 49-81-1 and ICG 2031 reported early maturing (97 to 

107 days during rainy season) genotypes across the environments. The 

genotypes identified in the study can be used in breeding programs aimed at 

developing early maturing genotypes with high yield. Potential sources of early 

maturity are also available in the groundnut mini-core collection (Upadhyaya, 

2003; Upadhyaya et al., 2006). Recycling of agronomically superior and early 

maturing lines in the breeding program resulted in enhanced genetic gain for 

pod yield with early maturity (Janila et al., 2013a).  
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Table 5.1 Performance of resistant genotypes for disease severity scores 
to LLS and rust, and other yield traits across the environments 

S. 

No. 
Genotype 

Botanical 

variety  

LLS 

90 

Rust 

90 
SH% HSW DM PYH HLM  

1 SPS 20 hypogaea 2.33 2.00 59.1 28.0 127 923 24.2 

2 ICGV 99052 hypogaea 3.00 2.00 56.0 31.5 126 1822 25.7 

3 ICGV 86699 hypogaea 2.00 2.33 57.6 27.0 103 1010 20.4 

4 GPBD 4 vulgaris 2.33 2.33 62.0 27.3 127 1647 22.0 

5 ICGV 00248 hypogaea 2.33 2.33 57.8 31.0 127 1819 20.7 

6 ICGV 06142 vulgaris 2.67 2.33 61.9 29.6 128 2677 18.5 

7 ICGV 02411 vulgaris 2.67 2.33 58.5 37.1 125 2562 23.0 

8 ICGV 99051 hypogaea 2.67 2.33 57.5 34.3 126 1839 25.7 

9 ICGV 00246 hypogaea 2.67 2.33 57.1 34.4 127 1316 21.8 

10 SPS 2 hypogaea 2.67 2.33 57.2 31.6 112 1394 27.4 

11 SPS 11 hypogaea 2.67 2.33 62.4 30.7 127 3129 16.2 

12 ICGV 07235 vulgaris 3.00 2.33 63.3 35.5 119 2668 15.3 

13 ICGV 05100 vulgaris 3.00 2.33 59.0 33.0 126 1784 20.0 

14 49 M-16 vulgaris 3.00 2.33 62.6 31.5 126 2526 19.4 

15 ICGV 00362 vulgaris 3.00 2.33 54.3 26.7 111 1470 23.7 

16 ICGV 99160 vulgaris 3.00 2.33 55.8 35.2 126 2075 24.0 

17 ICGV 02323 vulgaris 3.00 2.33 64.9 39.5 128 2620 17.6 

18 ICGV 02446 hypogaea 3.00 2.33 55.5 32.9 125 1406 24.0 

19 ICGV 00068 hypogaea 2.67 2.67 53.5 28.6 126 1713 19.3 

20 ICGV 05036 vulgaris 2.67 2.67 55.6 36.6 126 2277 27.6 

21 ICGV 05141 hypogaea 2.67 2.67 61.7 38.7 125 2163 24.9 

22 ICG 11337  vulgaris 2.67 2.67 52.3 30.9 126 816 23.5 

23 SPS 8 hypogaea 2.67 2.67 58.8 28.7 110 1433 25.3 

24 ICGV 01274 vulgaris 3.00 2.67 61.1 32.7 108 2678 14.5 

25 ICGV 03043 vulgaris 3.00 2.67 59.7 36.4 126 2547 15.8 

26 ICGV 04087 hypogaea 3.00 2.67 56.3 29.9 126 2146 27.5 

27 49 M- 1-1 hypogaea 3.00 2.67 60.3 45.8 125 1150 19.4 

28 ICGV 05163 vulgaris 3.00 3.00 57.0 35.5 112 2978 18.2 

29 TMV 2 (SC) vulgaris 7.00 6.67 53.1 30.1 106 1421 12.1 

Where LLS90 & Rust90= Disease severity score of late leaf spot and rust across the environments at 90 days after 
sowing, respectively; SH%= Shelling percent; HSW= Hundred seed weight; DM= Days to maturity; PYH=Pod yield 
per hectare (kg); HLM= Haulm yield per plant (g); SC= Susceptible check 

 Number of primary branches per plant with short internode length directly 

contributes for pod and haulm yield, therefore, genotypes with more number of 

primary branches are preferred. Genotypes belonging to Virginia bunch or 

runner type usually have higher number of primary branches with alternate 

flowering whereas genotypes of Spanish bunch have lower number of primary 

branches with sequential flowering (flower present on every leaf axil) 

(Krapovickas and Gregory, 1994). In the study, genotypes, 49 M-2-2, ICGV’s 

07246, 01361, 07247, 07235 and 07227 had high number of primary branches 
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per plant. The genotypes, ICG’s 15419, 6022, 6646, 8751 and ICGV 03184 

reported higher plant height across the environments. 

    Genotypes ICGV’s 07247, 01276, 05163, 02323, 06099, 06100, 01495, 

06142, 03128 and 07246, SPS 11 and 49 M-16 recorded higher number of 

mature pods per plant (>22), pod yield per plant (>16 g), seed yield per plant (> 

10 g) and pod yield per hectare (>2800 kg); while genotypes ICGV’s 95469, 

07268, 02038, 03184, 03128 and 95290, ICG 2106, ICG 4955, 26 × 27-164 and 

26 M-119-1 had higher shelling percent across the environments. The identified 

superior genotypes can be used as a parent to develop further high yielding 

lines in groundnut. Genotypes with high yield and shelling percent were earlier 

reported by Upadhyaya et al. (2005). High hundred seed weight (>48 g) was 

observed for the genotypes ICGV’s 05198, 06188, 00440, 05176, 06234, 07368 

and 01478, TG 42, TG 41 and 49 × 37-97-1 across of the environment can be 

recycled into breeding program to develop lines with a greater seed mass 

coupled with low oil and higher protein content for confectionery purpose.  

5.1.1.3 Nutritional quality traits 

 Groundnut is one of the major oilseed crops grown in India. Groundnut 

kernels are rich source of oil, protein and fatty acids, especially mono- and poly-

unsaturated fatty acids which helps to reduce fat in the human body. In India, 

nearly 80% of the seed is crushed for extraction of edible oil and it constitutes 

34% of the total oil produced in the country (Brithal et al., 2010). To improve its 

dominance vis-à-vis other oilseeds there is an urgent need to increase the oil 

content among the cultivated types. High oil containing groundnuts are more 

preferred by the oil mills and fetch higher market price. Among the oil quality 

traits, high oleic groundnuts are in wide demand due to their health benefits to 

consumers and extended shelf-life of oil and other groundnut based food 

products. Apart from these, high oleic groundnuts with low oil content, higher 

protein and large seed size are preferred for confectionery or table purpose 

groundnut (Janila et al., 2016b). Hence, improvement in nutritional quality of 

groundnut is gaining more importance along with yield components to meet the 

market, industry and consumer’s needs.  
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The genotype ICG’s 15419, 2381, 5221, 14482, 12625 and 6022, ICGV’s 

99085, 05155 and 97128 recorded high oil content (58 to 60%) whereas 

genotypes, Faizpur 1-5, ICGV’s 02038, 00321, 03398, 05176, 06110, 98294 

and ICG 9507 recorded higher protein content (27 to 29%) across the 

environments. Evaluation of the genotypes for three major fatty acids palmitic 

acid, oleic acid and linoleic acid revealed that SunOleic 95R had high oleic acid 

(>70%), O/L ratio (>12) and low linoleic acid (<7%) and palmitic acid content 

(<7%) at individual as well as across the environments. SunOleic 95R is the 

potential donor that can be used as a parent to develop lines with improved 

oleic acid content. Genotypes, ICG’s 15419, 2381, 5221, 6022 and 12625 

recorded lower palmitic acid (<9%) across the environments in comparison with 

normal range 8 to 15%, whereas ICG’s 4955, 3673, 422, 12672 and DTG 3 had 

lower stearic acid (≤1%) in comparison with normal range 0.2 to 5% across the 

environments. Similarly, potential trait specific genotypes for oil and protein 

content were earlier reported by Gautami et al. (2009); Sarvamangla et al. 

(2010) and for oleic acid by Mukri et al. (2014) from screening of mini-core 

collection. 

5.2 Genetic variability  

5.2.1 Genetic variability parameters 

5.2.1.1 Foliar disease resistance  

 High genotypic and phenotypic coefficient of variation (GCV and PCV) 

was observed for disease severity scores to LLS and rust at 75 DAS whereas 

moderate at 90 DAS and low at 105 DAS across the environments. The 

differences in GCV and PCV at different stages of evaluation could be attributed 

to progress in disease incidence and their strong interaction with environmental 

conditions (Sudini et al., 2015). Besides moderate GCV and PCV for LLS and 

rust disease scores at 90 DAS, heritability estimates were high along with high 

genetic advance as percent of mean (GAM) which indicated a strong response 

to selection and opportunity for direct phenotypic selection of resistant lines. 

High heritability and GAM further indicates that resistance to both the diseases 

is governed by additive genetic components and involvements of polygenes in 
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the inheritance of these two diseases. High heritability and GAM for both the 

disease were earlier reported by Kavani et al. (2004); Venkataravana and 

Kumar, (2008); Vishnuvardhan et al. (2012); Padmaja et al. (2013); 

Narasimhulu et al. (2013) and Ashis et al. (2014). The inheritance studies also 

showed presence of complex inheritance and involvement of several genetic 

factors in inheritance of LLS and rust in groundnut (Nevill, 1982; Singh et al., 

1984; Tiwari et al., 1984; Anderson et al., 1986b; Reddy et al., 1987; Varman et 

al., 1991; Jogloy et al., 1999; Janila et al., 2013b; Wambi et al., 2014). 

5.2.1.2 Yield and its contributing traits 

Among the yield traits, high GCV and PCV values were reported for 

number of pods per plant, pod yield per plant, seed yield per plant, hundred 

seed weight, pod yield per hectare and haulm yield per plant indicating higher 

genetic variability for these traits in GSP. Moderate heritability with high GAM 

for some traits such as number of pods per plant, pod yield per plant, seed yield 

per plant and haulm yield per plant revealed that these traits are governed by 

additive gene effects and hence direct phenotypic selection will be fruitful for 

improvement in these traits. Moderate heritability can mainly be attributed to the 

large genotype × environment interactions for most of the traits. High GCV and 

PCV coupled with moderate to high heritability and GAM for yield and its 

associated traits was earlier reported by Islam and Rasul (1998); Reddy et al. 

(2001); Makhanlal et al. (2003); Kavani et al. (2004); Suneetha et al. (2004); 

John et al. (2005a); Upadhyaya et al. (2005); Hariprasanna et al. (2008); Korat 

et al. (2009); Shoba et al. (2009) and Shridevi, (2014).  

 Days to 50% flowering, number of primary branches per plant, shelling 

percent and days to maturity had lower GCV and PCV values, high heritability 

and low to moderate GAM across the environments. The low GCV, PCV with 

high heritability indicated that a large proportion of total variance is due to 

genes that are least affected by the environments. Despite the wide range in 

phenotypic performance, low GCV and PCV values could be due to the narrow 

dispersion of the values of genotypes around the mean. Inclusion of genotypes 

with extremely low and high values could be useful for a better estimation of the 

genetic parameters in such cases. Despite the low GCV and PCV values, the 
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range of variation observed among the genotypes offers an opportunity to use 

them in breeding programs for trait improvement. High heritability coupled with 

low GAM was reported for shelling percent and days to maturity which is in 

accordance with the findings of Uddin et al. (1995); Kavera, (2009) and 

Channayya et al. (2011). 

5.2.1.3 Nutritional quality traits  

 Low GCV and PCV values were observed for oil and protein content, and 

fatty acid composition at individual as well as across the environments indicated 

narrow variability for these traits. High heritability coupled with low GAM was 

reported for these traits indicating that non-additive gene action could be 

involved in the inheritance of these traits. Thus, delaying selection to later 

generations could be useful to improve these traits (Uddin et al., 1995; Kavera, 

2009; Channayya et al., 2011). The improvements in these traits can be 

achieved through increase in selection intensity and accuracy. Low GCV and 

PCV values for nutritional quality traits could be due to narrow distribution of 

values around the mean. Besides the narrow genetic variability, wide range of 

performance of genotypes offers opportunities for direct phenotypic selection 

and to create variability by crossing of inferior and superior genotypes for 

nutritional quality traits. Narrow genetic variability for nutritional quality traits in 

groundnut was earlier reported by Dwivedi et al. (1993); Azharudheen, (2010); 

Sarvamangala et al. (2010) and Channayya et al. (2011). It was suggested from 

their studies that there is a need to increase genetic variability for nutritional 

quality traits in the cultivated groundnut.  

5.2.2 Variability among subspecies and botanical varieties of groundnut 

5.2.2.1 Foliar disease resistance 

In the present study, 28 genotypes showed resistance to rust and LLS. 

Of these 14 (50%) belongs to the subspecies fastigiata var. vulgaris (Spanish 

bunch) whereas remaining 14 are from subspecies hypogaea var. hypogaea 

(Virginia bunch). This indicated that sources of resistance to both the disease 

are available in both the subspecies of cultivated groundnut. Similarly, sources 

of resistance to LLS and rust in different botanical varieties were earlier 
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identified (Chiteka et al., 1988; Anderson et al., 1993; Holbrook and Islebi, 

2001), and used to develop resistant breeding lines (Melouk et al., 1984; Wells 

et al., 1994; Xue and Holbrook, 1998, 1999). Extensive screening of 13000 

accessions at ICRISAT led to the identification of 49 landraces and 20 

genotypes of var. peruviana with LLS resistance (Subrahmanyam et al., 1995; 

Mehan et al., 1996). 

5.2.2.2 Yield and its contributing traits 

The mean performance of different botanical varieties revealed that 

cultivars belonging to sub-species fastigiata var. vulgaris (Spanish Bunch) had 

higher number of mature pods per plant, pod and seed yield per plant, shelling 

percent and pod yield per hectare at individual as well as across the 

environments. The results suggested that cultivars of sub-species fastigiata var. 

vulgaris had high yield potential compared to other botanical varieties. The 

superior performance of sub-species fastigiata var. vulgaris cultivars was also 

reported by Bansal et al. (1993) and Upadhyaya (2003). Genotypes of 

subspecies hypogaea var. hirsuta followed by var. hypogaea (Virginia runner 

and bunch) had higher hundred seed weight across the environments, which 

suggested that most of the genotypes with large seed size in GSP are Virginia 

type. For days to maturity, genotypes belonging to sub-species fastigiata var. 

peruviana took less number of days to mature. Hence, such genotypes can be 

used to breed early maturing varieties. A single cultivar from var. hirsuta 

followed by Virginia bunch cultivars recorded higher haulm yield per plant in 

individual and pooled across seasons at ICRISAT (Table 5.2). The present 

findings are in agreement with the findings of Upadhyaya (2003). 

5.2.2.3 Nutritional quality traits  

Among the nutritional quality traits, high oil containing genotypes were 

identified in sub-species fastigiata var. aequatoriana followed by subspecies 

hypogaea var. hirsuta. Estimates of protein content of cultivars of different 

botanical varieties suggested that Virginia runner type cultivars had higher 

protein content across the environments. The mean performance of genotypes 

of different botanical varieties for four fatty acids revealed that genotypes of  
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Table 5.2 Mean performance of genotypes belongs to different subspecies and botanical varieties for disease 

resistance and important yield traits 

Subspecies 
Botanical 

variety 
Market type LLS90 Rust90 DFF NPP PYPP SYPP SH % HSW DM PYH HLM 

Aliyarnagar 
 

                      

fastigiata  

aequatoriana UNK 3.0 5.0 30 10 6.4 3.4 53.1 29.9 120 661.8 - 

fastigiata  Valencia 4.3 5.5 29 11 9.5 5.2 55.8 30.6 107 929.6 - 

peruviana  UNK 4.5 3.8 29 13 11.9 7.0 57.5 29.4 105 1407.0 - 

vulgaris Spanish Bunch 4.9 5.1 29 18 12.7 8.6 63.2 31.9 108 1510.6 - 

hypogaea 

hirsuta UNK 4.0 4.0 28 3 4.8 2.6 53.4 36.7 107 1257.8   

hypogaea 
Virginia Bunch 4.2 4.5 32 15 11.6 7.0 60.2 34.5 110 1475.6 - 

Virginia Runner 4.7 5.0 31 13 9.0 5.4 61.6 30.6 106 956.4 - 

Jalgaon   
 

                      

fastigiata  

aequatoriana UNK 3.0 3.0 32 9 6.3 3.2 53.5 26.5 140 1175.7 - 

fastigiata  Valencia 3.3 3.5 30 11 9.0 5.1 55.7 32.8 120 1173.5 - 

peruviana  UNK 3.5 3.5 32 10 8.0 4.5 53.2 29.7 117 1119.0 - 

vulgaris Spanish Bunch 3.5 3.2 30 17 11.4 6.7 59.1 33.7 121 1765.1 - 

hypogaea 

hirsuta UNK 3.0 3.0 28 8 10.5 5.2 47.8 35.4 121 1377.4 - 

hypogaea 
Virginia Bunch 2.9 2.6 31 14 9.4 5.4 56.8 34.5 125 1351.5 - 

Virginia Runner 2.4 2.8 30 12 7.4 4.3 56.4 29.1 119 1107.5 - 

ICRISAT rainy 2015 
 

                      

fastigiata  

aequatoriana UNK 5.0 3.0 28 9 7.3 3.8 53.9 34.3 126 1222.4 17.0 

fastigiata  Valencia 6.2 5.8 28 11 7.7 4.5 57.4 30.3 108 1061.0 17.4 

peruviana  UNK 6.3 4.8 28 11 11.5 6.3 56.2 31.2 104 1503.7 16.7 

vulgaris Spanish Bunch 6.9 6.1 28 16 10.5 6.0 57.7 31.6 108 1661.4 15.2 

hypogaea 

hirsuta UNK 6.0 5.0 26 7 8.5 4.7 54.2 35.6 109 1268.0 20.3 

hypogaea 
Virginia Bunch 6.2 5.3 31 13 10.3 5.9 57.4 34.8 112 1495.4 18.0 

Virginia Runner 7.0 6.2 31 10 6.8 3.8 56.4 27.6 105 1050.2 15.1 

ICRISAT post-rainy 2015-16                       

fastigiata  
aequatoriana UNK - - 41 10 7.6 4.1 53.9 35.4 136 2013.2 14.6 

fastigiata  Valencia - - 42 9 6.1 3.4 54.3 28.2 141 1492.8 17.9 
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Subspecies 
Botanical 

variety 
Market type LLS90 Rust90 DFF NPP PYPP SYPP SH % HSW DM PYH HLM 

peruviana  UNK - - 40 8 6.1 3.2 52.7 34.0 140 1576.9 17.6 

vulgaris Spanish Bunch - - 41 12 7.1 4.4 60.9 34.3 140 1797.2 18.1 

hypogaea 

hirsuta UNK - - 38 5 5.2 2.8 55.3 49.9 124 1299.4 33.3 

hypogaea 
Virginia Bunch - - 44 9 5.8 3.4 57.8 33.8 146 1387.1 22.5 

Virginia Runner - - 45 7 4.9 2.6 52.7 28.0 143 1152.3 17.9 

Pooled across the environments 

  
                  

fastigiata  

aequatoriana UNK 3.7 3.7 33 10 7.0 3.7 53.6 31.5 131 1273.3 15.8 

fastigiata  Valencia 4.6 4.9 32 11 8.1 4.6 55.7 30.4 119 1164.7 17.6 

peruviana  UNK 4.8 4.0 32 11 9.4 5.3 54.8 31.1 116 1405.5 17.2 

vulgaris Spanish Bunch 5.1 4.8 32 15 9.9 5.9 59.7 32.9 119 1659.1 16.6 

hypogaea 

hirsuta UNK 4.3 4.0 30 6 7.3 3.8 52.9 39.3 115 1308.5 26.6 

hypogaea 
Virginia Bunch 4.5 4.1 35 13 9.3 5.4 58.1 34.4 123 1425.9 20.3 

Virginia Runner 4.7 4.6 34 11 7.0 4.1 56.7 28.8 118 1066.0 16.5 

Where- LLS90 & Rust90= Disease severity score of late leaf spot and rust across the environments at 90 days after sowing, respectively; DFF= Days to 50% 
flowering; PYPP= Pod yield per plant (g); SYPP= Seed yield per plant (g); SH%= Shelling percent; HSW= Hundred seed weight; DM= Days to maturity; PYH=Pod 
yield per hectare (kg); HLM= Haulm yield per plant (g); UNK = Unknown 
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Table 5.3 Mean performance of genotypes belongs to different subspecies and botanical varieties for nutritional 

quality traits 

Subspecies  
Botanical 

variety 
Market type OC%# PC%# OA%# LA%# PA%# SA%# O/L ratio 

Aliyarnagar                   

fastigiata  

aequatoriana UNK 63.5 17.5 46.1 44.7 8.2 2.9 1.0 

fastigiata  Valencia 55.0 19.8 42.8 40.8 11.4 2.3 1.1 

peruviana  UNK 53.2 18.8 41.2 41.0 11.4 2.3 1.0 

vulgaris Spanish Bunch 53.4 20.0 41.3 40.2 11.7 2.2 1.1 

hypogaea 

hirsuta UNK 62.1 19.0 48.5 42.2 7.5 3.5 1.2 

hypogaea 
Virginia Bunch 53.6 20.7 43.0 38.8 11.7 2.2 1.2 

Virginia Runner 51.1 21.1 43.8 37.2 11.1 2.2 2.1 

Jalgaon                   

fastigiata  

aequatoriana UNK 58.9 17.9 49.1 42.7 7.0 2.6 1.2 

fastigiata  Valencia 55.3 19.4 41.2 41.8 11.6 2.4 1.0 

peruviana  UNK 50.6 18.8 42.4 39.7 10.8 2.1 1.1 

vulgaris Spanish Bunch 53.7 19.7 38.1 42.9 12.0 2.1 0.9 

hypogaea 

hirsuta UNK 59.4 21.5 46.4 44.0 6.5 3.9 1.1 

hypogaea 
Virginia Bunch 53.6 19.5 39.5 41.4 12.1 2.1 1.0 

Virginia Runner 52.1 19.8 42.9 38.6 11.0 2.1 2.2 

ICRISAT rainy 2015               

fastigiata  

aequatoriana UNK 55.6 21.7 57.3 30.8 8.9 2.4 1.9 

fastigiata  Valencia 52.1 22.4 44.4 36.3 11.9 1.9 1.2 

peruviana  UNK 47.4 24.1 44.2 36.0 11.2 2.0 1.3 

vulgaris Spanish Bunch 48.6 24.1 42.2 36.8 11.7 1.6 1.2 

hypogaea 

hirsuta UNK 59.9 21.2 51.6 36.6 8.1 3.1 1.4 

hypogaea 
Virginia Bunch 48.2 24.2 43.6 35.1 11.9 1.7 1.3 

Virginia Runner 46.0 24.3 45.8 33.3 10.9 1.6 2.2 

ICRISAT post-rainy 2015-16             

fastigiata  

aequatoriana UNK 55.9 21.8 51.3 34.8 10.2 2.3 1.5 

fastigiata  Valencia 50.6 26.5 45.5 34.7 12.4 2.3 1.4 

peruviana  UNK 46.8 27.3 45.8 34.2 11.5 2.4 1.4 

vulgaris Spanish Bunch 48.8 26.9 43.0 35.4 12.5 2.3 1.3 

hypogaea hirsuta UNK 54.9 24.1 50.3 34.9 9.8 2.8 1.5 
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Subspecies  
Botanical 

variety 
Market type OC%# PC%# OA%# LA%# PA%# SA%# O/L ratio 

hypogaea 
Virginia Bunch 49.5 26.4 44.9 33.7 12.7 2.4 1.4 

Virginia Runner 48.7 27.3 47.2 31.3 11.6 2.6 2.6 

Pooled across the environments                

fastigiata  

aequatoriana UNK 58.3 19.9 51.0 38.2 8.6 2.6 1.4 

fastigiata  Valencia 53.3 22.0 43.4 38.4 11.8 2.2 1.2 

peruviana  UNK 49.6 22.2 43.4 37.7 11.2 2.2 1.2 

vulgaris Spanish Bunch 51.1 22.7 41.2 38.8 12.0 2.1 1.1 

hypogaea 

hirsuta UNK 59.2 21.4 49.1 39.6 8.0 3.4 1.3 

hypogaea 
Virginia Bunch 51.2 22.7 42.7 37.2 12.1 2.1 1.2 

Virginia Runner 49.5 23.1 45.1 35.1 11.1 2.1 2.2 

Where- OC%= Oil content (%); PC%= Protein content (%); OA%= Oleic acid (%); LA% = Linoleic acid (%); PA%= Palmitic acid (%); SA%= Stearic acid (%); O/L 
ratio= Oleic/ Linoleic acid ratio; UNK= Unknown; # = Nutritional quality traits were estimated by NIRS and could deviate by ±2.5. 
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Virginia runner had high oleic acid, low linoleic acid and high O/L ratio 

compared to other botanical varieties across the environments. Significant 

variability within and among the different botanical varieties for oil and protein 

content along with fatty acid was also observed by Bansal et al. (1993); Nagaraj 

et al. (1989) and Mukri et al. (2014). They reported that the oleic acid 

concentration was high in Virginia runner genotypes followed by Virginia bunch 

and a minimum in the Spanish bunch type. This trend was reversed with 

respect to linoleic acid concentration (Bansal, et al., 1993). 

5.3 Traits association 

Yield is a complex polygenic trait governed by a large number of genes 

and is greatly influenced by environmental factors. Yield can be improved by 

effecting indirect selection for its contributing traits, which have high heritability 

and strong association with yield (Nunes et al., 2011). The information on the 

interrelationship among nutritional quality traits is also useful to decide breeding 

procedure for improvement in these traits and to achieve desired modification in 

fatty acid composition. The findings of association among different traits have 

been discussed below. 

5.3.1 Association among yield and its contributing traits  

In general genotypic correlation coefficient was slightly higher than their 

corresponding phenotypic correlation coefficient for the majority of the traits 

indicating an inherent association between traits. It also indicated that the 

environmental component had less influence on the association of the traits and 

the reported associations could be the result of pleiotropic effect or linkage 

between the genes governing respective traits. Pod yield per hectare had 

significant positive associations (>0.7) with a number of mature pods per plant, 

pod and seed yield per plant at individual as well as across the environments 

which indicated that these traits are important yield components and an 

effective improvement in yield can be achieved through selection based on 

these traits. The number of mature pods per plant and hundred seed weight 

had a significant negative association but the extent of association is low 

suggesting that simultaneous selection for both the trait is possible. The present 
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findings are in accordance with those of John et al. (2009); Channayya et al. 

(2011); Vekariya et al. (2011); Alam, (2014); Prabhu et al. (2014); Patil et al. 

(2014); Gupta et al. (2015); Rasheed et al. (2015) and Vasanthi et al. (2015).   

5.3.2 Association among disease resistance and yield traits 

Disease severity scores of both rust and LLS had a significant negative 

genotypic association (-0.40 to -0.65) with yield and its contributing traits across 

the environments. It revealed that both the diseases pose a negative impact on 

yield and responsible for yield reduction in groundnut especially under disease 

favouring conditions. The negative association also indicated the absence of 

linkage drag between resistance and pod yield and opens up the possibility to 

develop high yielding resistance cultivars for both the diseases. Yield penalty 

due to the incidence of rust and LLS is common for rainy season groundnut, 

and the extent of loss is determined by the severity of the disease. Significant 

negative effect of disease severity of LLS and rust on yield and its contributing 

traits was also evident from earlier reports (Subrahmanyam et al., 1984; 

McDonald et al., 1985; Anderson et al., 1990; Vishnuvardhan et al., 2012; 

Narasimhulu et al., 2013 and Sudini et al., 2015). The disease severity to LLS 

and rust had a strong positive association (>0.80) with each other. This could 

be due to the similarity in genes/QTLs governing resistance to both the 

diseases. Quantitative trait locus (QTL) mapping studies have confirmed this 

association wherein a major QTL explaining >80% phenotypic variation (PV) for 

rust resistance on linkage group AhXV, recently assigned to chromosome A03, 

also explained 68 % PV for LLS in groundnut (Sujay et al., 2012; Pandey et al., 

2017). A significant positive relationship among LLS and rust severity scores 

along with their negative effect of pod and seed yield was reported by Anderson 

et al. (1990); Vasanthi and Naidu, (1998); Narasimhulu et al. (2013) and Prabhu 

et al. (2014 & 2015). The positive association among LLS and rust suggested 

that resistance to both diseases can be incorporated into a single background 

by a single breeding effort. 

Disease severity scores of both rust and LLS had a significant negative 

association with days to maturity, but the extent of association was low (~-0.4) 
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indicating that under severe conditions the plants begin to senescence early 

resulting in advanced harvesting (Subrahmanyam et al., 1984; McDonald et al., 

1985). High level of resistance to foliar fungal diseases is required in groundnut 

varieties belonging to all maturity groups. The significant negative association of 

disease severity scores with haulm yield per plant at ICRISAT during rainy 2015 

revealed that both the diseases had significant impact on reduction in haulm 

yield and quality. Similar findings were earlier reported by Subrahmanyam et al. 

(1984); Narasimhulu et al. (2013) and Sudini et al. (2015). 

Strong positive genotypic association (rg=~0.90) was also observed 

between disease severity scores for rust and LLS recorded at different stages 

(75, 90 and 105 DAS). Severe disease during pod development stage results in 

acute pod yield losses. Infection of LLS and rust starts from 60 DAS, therefore 

disease scores recorded at 75 DAS are usually low. On the other hand, the 

scores at 105 DAS were high when most of the genotypes of medium maturity 

duration complete their pod development stage and are close to physiological 

maturity. A significant portion of pod growth and development in groundnut 

occurs during 60 to 100 DAS (Prasad et al., 2010). Hence, disease severity 

scores recorded at 90 DAS would be more informative to identify resistant 

cultivars. The strong positive association among disease scores of different 

stages further indicated that selection decision based on scores at 90 DAS 

would optimize resources rather than taking observations at 75, 90 and 105 

DAS. 

5.3.3 Association among nutritional quality traits 

Nutritional quality of groundnut is largely determined by oil content, 

protein content and fatty acid composition. Improvement in nutritional quality 

traits can only be possible when the knowledge of direction and magnitude of 

interrelationships among these traits is available. The interrelationship among 

different nutritional quality parameters helps to decide effective selection 

procedure to simultaneously improve desirable traits. All the fatty acids are 

linked in the biosynthetic pathway through modifications such as elongation and 

desaturation. Hence, any alteration in the biosynthetic steps influences the 
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whole fatty acid profile and the relationships among different fatty acids. These 

correlations may reflect precursor product relations in some instances, but 

probably also reflect genetic linkages of various enzymes involved in the 

conversions (Anderson et al., 1998). 

 Oil content had a negative association with protein content in the population 

studied at individual as well as pooled across the environments. This indicated 

that an increase in oil content would be at the cost of reduction in protein 

content and vice versa (Dwivedi et al., 1990; Kale et al., 1998; Parmar et al., 

2002; Sarvamangla et al., 2010; Ajay et al., 2012). The negative association 

among two desirable traits always creates difficulties to develop cultivars with 

higher value of both the traits (Parmar et al., 2000; Sarvamangala, et al., 2010; 

Mukri et al., 2012). Among oil quality traits O/L is more important and is desired 

to be high in the cultivars. A strong negative genetic association of oleic acid 

was observed with linoleic acid (>0.90), and palmitic acid (>0.60) indicated that 

an increase in oleic acid will lead to decrease in linoleic and palmitic acid. The 

inverse relationship of oleic acid with linoleic acid is due to changes in the fatty 

acid biosynthetic pathway arising from a mutation involving the fatty acid 

desaturase gene (FAD). The FAD enzyme is responsible for converting oleic to 

linoleic acid and mutation in FAD gene results in accumulation of high level of 

oleic acid. Inverse relationships between a desirable (oleic acid) and 

undesirable (linoleic acid) trait are useful for the breeders to achieve targeted 

trait improvement.  The inverse relationship of oleic acid with palmitic and 

linoleic acid was also evident from the earlier studies (Bovi, 1983; Sekhon et al., 

1980; Sarvamangala et al., 2010; Shoba et al., 2012a).  

The strong negative relationship between palmitic acid and oleic acid 

most likely represents an increased rate of palmitic acid elongation to stearic 

acid, with rapid desaturation to oleic acid through Δ9 desaturase enzyme (Groff 

et al., 1996). The strong negative correlation between oleic and linoleic acids (r 

>0.90) results from their being the chief acyl groups in the oil so that one cannot 

increase much without a decrease in the other. Fatty acid composition in any 

oilseed crop largely depends on the relative activity of the enzymes involved in 
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the fatty acid biosynthetic pathway (Guy et al., 2007). Therefore, by 

understanding the biochemical pathway one can manipulate the composition of 

fatty acids in oil (Marketta et al., 1989; Ohlrogge, 1994; Alt et al., 2005; 

Bachlava et al., 2008). 

5.3.4 Association among disease resistance and nutritional quality traits  

 A significant negative association of oil content with disease severity of LLS 

and rust (≥0.50) at 90 DAS indicated that the severity of both the diseases can 

lead to a reduction in oil content in the kernels. Reduction in oil recovery and 

quality due to disease severity of LLS and rust in groundnut was earlier 

reported by Motagi et al. (2000b) and Dwivedi et al. (1993). There was no such 

direct effect of rust and LLS pathogen on nutritional quality has been reported 

so far. The reduction in oil content might be due to advanced harvesting of 

susceptible cultivars, leading to more number of immature pods and insufficient 

partitioning of photosynthates from leaves to pods under disease pressure. 

5.3.5 Association among yield and nutritional quality traits 

Pod yield per plant had a positive association with oil content whereas 

the association is non-significant with protein content indicating that 

improvement in oil or protein content can be achieved together with 

improvement in yield potential. Hundred seed weight had a significant negative 

association with oil content (rg=-0.22 to -0.35), and significant positive 

association with protein content (rg=0.29 to 0.44) across the environments. 

However, the magnitude of association is low which offers an opportunity to 

develop cultivars that combine high hundred kernel mass with either high oil or 

high protein content for targeted end uses. The cultivars with large seed size, 

high protein and low oil content are preferred for confectionery purpose, 

whereas cultivars with small to medium seed size and high oil content are 

suitable for oil extraction (Janila et al., 2016b). 

5.4 Principal component analysis (PCA)  

Diversity among genotypes for economically important traits provides an 

opportunity for breeders to develop improved cultivars with a desirable 

combination of characteristics. Therefore, understanding the level of diversity 
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among the genotypes being utilized in breeding is crucial to the success of the 

breeding program. Genetic diversity and relationship among genotypes can be 

measured by calculating similarity or dissimilarity among the genotypes for 

different qualitative/quantitative traits, assuming that the difference between 

genotypes is due to genotype or genotype × environment interactions. Within a 

reasonable range, diversity among parents for the target trait offers the best 

chance for trait improvement in the resulting offspring.  Ward (1963) clustering 

is a very reliable tool for measuring genetic divergence based on quantitative 

traits and is widely used by many geneticists and breeders for selecting diverse 

parents for hybridization. 

Principal component analysis is a descriptive method that describes the 

pattern of variation of characters among individuals. It tends to reduce the 

dimension of multivariate data by removing inter-correlation among variables 

and allows a multi-dimensional relationship to be plotted on 2 or 3 principal 

axes. Cluster analysis is commonly performed to study genetic diversity and for 

forming core subset for grouping accessions with similar characteristics into one 

group using the values of major principal components that accounted most of 

the variability present in the population (Upadhyaya et al., 2009). In the present 

study, 70.62 to 79.41% of total genetic variability was explained by the first six 

principal components (PCs) whose Eigenvalues were greater than one across 

the environments. PCA was earlier used for cluster analysis using first seven 

PCs, which explained ≥75.00% of total genetic variation (Makinde and Ariyo, 

2010); first five PCs explained 76% of variation (Kumar et al., 2010) and first 

nine PCs accounted 79% of the total genetic variation (Upadhyaya et al., 2009). 

The first and second PCs are more important because they contribute >40% of 

the total variation present in GSP with disease score of rust and LLS at 90 and 

105 DAS, pod yield per plant, number of pods per plant, and pod yield per 

hectare being the major contributors. In contrast, the nutritional quality traits 

such as oil content, protein content and fatty acid composition showed less 

variability as they contributed towards variability explained by fourth and fifth 

PCs rather than first two PCs. Similarly, Upadhyaya, (2003); Upadhyaya et al. 
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(2006 & 2012) and Amarasinghe et al. (2016) concluded that first two PCs had 

a greater contribution towards total genetic diversity.  

5.4.1 Clustering 

Cluster analysis has grouped the 340 genotypes of GSP and the number 

of clusters varied from six to eight across the environments. Seven clusters 

were formed at Aliyarnagar and ICRISAT and eight clusters at Jalgaon during 

rainy 2015 whereas six clusters were formed at ICRISAT during post-rainy 

season 2015-16 and pooled across the environments. Several studies in the 

past have reported 3 to 15 clusters and concluded high genetic diversity for 

yield traits compared to nutritional quality traits (Vaddoria and Patel, 1990; 

Reddy and Gupta, 1992; Pathirana, 1993; Senapati and Roy, 1998; Singh and 

Chaubey, 2003; Upadhyaya et al., 2003; John et al., 2005; Upadhyaya et al., 

2005; Upadhyaya et al., 2006; Kotzamanidis et al., 2006; Sumathi and 

Muralidharan, 2007; Korat et al., 2009; Sumathi et al., 2009; Sadeghi et al., 

2011; Vekariya et al., 2011; Nautiyal et al., 2012;  Suneetha et al., 2013). 

The stable genotypes in these clusters can be used as a parent in 

breeding program to develop high yielding cultivars. The genotypes of clusters 

that has high cluster mean for hundred seed weight and protein content can be 

recycled in breeding program to develop cultivars for confectionery or table 

purposes. Among the genotypes, SunOleic 95R maintained a separate identity 

as high oleic genotype with an oleic acid content of >75%, O/L ratio of >12, 

linoleic acid content of <7% and palmitic acid content of <9% in all the 

environment. Hence, it is suggested that this genotype could be one of the best 

parents to develop high oleic lines in groundnut. SunOleic 95R has been used 

at ICRISAT’s breeding program to develop high oleic lines in Spanish and 

Virginia botanical types (Janila et al., 2016b). Mukri et al. (2014) reported ICG 

2381 with high oleic acid and low linoleic acid content which formed a separate 

cluster across growing regions. Based on the information generated from 

Wards cluster analysis, genotypes grouped in different clusters with desirable 

traits such as resistance to LLS and rust, yield and nutritional quality traits can 

be selected and used in groundnut improvement program to further 
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development of new cultivars and to enrich the groundnut breeding populations 

with new recombinants. The present study also suggests that sufficient amount 

of diversity is available in GSP which is a prerequisite to construct prediction 

model based on phenotypic and genotype by sequencing data generated on the 

population.  

The genotypes of common eco-geographic origin or location grouped 

into different clusters which indicated that geographic diversity was not related 

to genetic diversity (Makinde and Ariyo, 2010; Zaman et al., 2011). Many of the 

genotypes belong to different clusters exhibited superior performance for one or 

more economically important traits. 

5.5 Stability analysis using GGE biplot 

Multi-environment testing helps to identify cultivars that perform 

consistently from year to year (small temporal variability) and those that perform 

consistently from location to location (small spatial variability). Temporal stability 

is desirable and beneficial to growers, whereas spatial stability is beneficial to 

seed companies and breeders. There are two concepts of stability, i.e. static 

and dynamic. The static concept means that a genotype has a stable 

performance across the environments and there is no variation among the 

environment. This would mean that a genotype would not respond to high levels 

of inputs, such as fertilizer and better agronomic practices. This type of stability 

would not be beneficial for the farmer, and it has been referred to as the 

biological concept of stability (Becker, 1981). The dynamic concept means that 

a genotype has a stable performance, but, for each environment, its 

performance corresponds to the estimated level or predicted level. There would 

be an agreement between the estimated or predicted level and the level of 

actual performance (Becker and Leon, 1988). This concept has been referred to 

as the agronomic concept (Becker, 1981). The static stability would be most 

desirable and advantageous for the traits like disease resistance, whereas 

dynamic stability is desirable for yield and nutritional quality traits.  
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Pooled analysis of variance revealed significant genotypic, environment 

and genotype × environment interaction (G×E) variances for all the traits 

studied. The highly significant environmental variance for most of traits 

indicated the influence of environmental factors on the expression of disease 

resistance, yield and nutritional quality traits. However, the significance of G×E 

interaction indicated that the performance of genotypes is conditioned by the 

environments. Thus, stability analysis was performed to identify stable 

genotypes across the environments. The significant genotype, environment and 

G×E interaction variances for disease resistance (Sing et al., 1997; Iwo and 

Olorunju, 2009; Mothilal et al., 2010b), yield and nutritional quality traits were 

earlier reported (Viswanathan et al., 2001; Thaware et al., 2009; Makinde and 

Ariyo, 2010; Upadhyaya et al., 2012; Patil et al., 2014; Upadhyaya et al., 2014). 

5.5.1 Stability of disease resistance 

The results of GGE biplot analysis for disease severity to LLS and rust at 

90 DAS revealed that first two PCs explained 87.51 and 89.94% of the total 

variation due to G×E interaction (De-lacy et al., 1996). The ranking of 109 

genotypes of GSP based on their disease severity score and stability 

performance identified eight genotypes stable for resistance to LLS whereas 24 

as stable for resistance to rust across the environments with low disease score 

and shortest vector length from average environment axis (AEA) in the biplot. 

The stable sources of resistance to LLS and rust were earlier reported by Singh 

et al. (1997); Mothilal et al. (2010b) and Sudini et al. (2015). Significant 

differences in cultivar stability for yield and resistance to LLS were reported by 

Iwo and Olorunju, (2009).  

The position of environments on biplot revealed positive correlation 

among the environments. Environment ICRISAT_R15 (ICRISAT rainy season 

2015) was farthest on right side of the perpendicular line indicating that it was 

the best environment for disease screening where genotypes got high diseases 

scores followed by Aliyarnagar and Jalgaon. It could be attributed to the best 

foliar disease screening nursery available at ICRISAT with better resources to 

put artificial disease pressure and to maintain favourable condition for disease 

development and spread. Jalgaon which plotted near to the biplot origin was the 
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poorest environment in terms of disease scores of the genotypes. This might be 

attributed to unfavourable environmental components such as low humidity 

(<85%) and lack of rains for disease infection, establishment and spread. 

Environmental factors especially humidity, temperature, and rainfall plays an 

important role in disease infection and establishment of rust and LLS (Nigam et 

al., 1991). Besides these, sowing at Jalgaon (23rd June 2015) was nearly 15 

days earlier compared to Aliyarnagar (07th July 2015) and ICRISAT (10th July 

2015) which could be another reason for low disease pressure at Jalgaon. 

Significant influence of sowing time on disease severity of rust and LLS was 

earlier reported by Naidu and Vasanthi, (1995). The ranking of environments 

with respect to ideal test environment revealed that the ICRISAT_R15 

(ICRISAT rainy season 2015) and Aliyarnagar plotted on border of inner circle 

in the biplot indicating that both the environments are ideal for screening of 

genotypes for resistance to rust and LLS.  

5.5.2 Stability for yield and its contributing traits 

Development of genotypes with high and stable yield performance is an 

important breeding objective in groundnut. For this, suitable parents need to be 

identified for use in crossing programs. Principal component of the biplot 

explained 71.92 to 81.65% of total variation due G×E interaction for different 

yield traits. In the present study, biplot analysis identified stable, environment 

and location specific genotypes showing consistent performance for different 

target traits. Finding location specific adaptability is also important to develop 

cultivars for a targeted region with region specific adapted traits. The 

genotypes, ICGV’s 07247, 01276, 01495 and 49 M-16 are plotted nearer to 

environment Aliyarnagar and Jalgaon whereas ICGVs 03064, 06142, 01274, 

03042 and SPS 11 plotted towards ICRISAT_PR15 indicating that these 

genotypes had location specific adaptability. The stable genotypes across the 

environments can be released after evaluation and comparison with popular 

national checks or recycled in breeding program as a parent. Genotypes with 

stable yield performance were earlier reported by Mothilal et al. (2010a); 

Thaware, (2009); Chunilal et al. (2006); Hariprasana et al. (2008) and Pradhan 

et al. (2010). Mathur et al. (1997) reported that genotypes stable for shelling 
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percent are also stable for seed yield per plant across the environments. The 

genotypes with stable hundred seed weight were earlier reported by Chavan et 

al. (2009) and Mothilal et al. (2010a). 

The polygon view of MET data of four environments viz., Aliyarnagar, 

Jalgoan, ICRISAT during rainy 2015 and ICRISAT during post-rainy 2015-16 in 

the biplot showed that genotypes were distributed in four sections, whereas the 

environments in two sections. Among the four environments, ICRISAT post-

rainy discriminating itself from other environments indicated that the 

performance of genotypes differed during post-rainy season compared to three 

rainy season environments. The superior performance of genotypes during 

post-rainy season could be due to disease-free condition. 

In the present study, most of the stable genotypes for yield and its 

contributing traits are improved breeding lines. The genotypes from mini-core 

and reference set collection do not possess high yield, but they may have 

desirable genes or QTLs for other traits like disease resistance and nutritional 

quality traits (Upadhyaya et al., 2012 & 2014 and Patil et al., 2014) which need 

to be explored. Different germplasm lines with disease resistance and 

nutritional quality traits were identified in mini-core collection (Upadhyaya et al., 

2005 & 2006). 

5.5.3 Stability for nutritional quality traits  

The environment variance was highly significant for all the nutritional 

quality traits indicating that these traits were significantly influenced by 

environmental factors such as growing location/season, soil type and 

production practices. Burkey et al. (2007) and Upadhyaya et al. (2012) also 

reported significant variation in performance of groundnut genotypes for oil, 

protein and fatty acid composition grown under different seasons. Linoleic acid, 

a polyunsaturated fatty acid is unstable at a higher temperature and has an 

inverse relationship with oil stability (Braddock et al., 1995 and O’Keefe et al., 

1993). Growing conditions also play an important role in deciding fatty acid 

profile (Oliva et al., 2006). Significant genotypic interactions with growing 
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season and geographic location have been earlier reported for fatty acid profiles 

in groundnut (Holaday and Pearson, 1974; Norden et al, 1987). 

The position of environments on the biplot revealed that genotypes had 

higher oil content during rainy season across the environments compared to 

post-rainy season at ICRISAT whereas reverse trend was observed for protein 

content. Wide changes in environmental conditions especially high temperature 

during post-rainy season could be one of the reasons for the low oil content 

during post-rainy season. The accumulation of oil and other nutrients in the 

seed begins after the seed has fully developed. Under conditions of high 

temperature and moisture stress, seed development gets affected which also 

impacts the accumulation of nutrients in the seed. The location temperatures 

after pegging appeared to have an adverse effect on the oil composition and oil 

content, whereas protein content on the other hand was unaffected by 

temperature but affected by location and soil type (Canvin, 1965, Bovi, 1983; 

Sanders, 1982; Slack and Browse, 1984; Dwivedi et al., 1993 & 1996).  

 Stable genotypes for protein content, oleic and linoleic acid content were 

also identified in GSP and can be used in the further breeding program for 

quality improvement in groundnut. High temperature favours the production of 

high oleic acid, which is prevailed during summer season (Jeong-Dong et al., 

2009). Expression of traits in different seasons suggested the requirement of 

specific environment for the better expression of a particular trait 

(Venkataraman et al., 2001; Singh and Singh, 2001; Mohan et al., 2004). 

Hence, to get the desired level of expression for nutritional quality traits, 

genotypes should be grown under specific environment and better agronomic 

management (Singh and Sinha, 1993; Moinuddin et al., 1998; Minimol et al., 

2000; Patil et al., 2014). 

5.6 Molecular diversity 

Assessment of molecular diversity facilitates the identification of 

agronomically valuable and diverse germplasm that can be used to develop 

different mapping populations and genetic enhancement of specific traits in 
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groundnut. DNA markers have been used to evaluate genetic diversity in 

different crops (Cooke, 1995; Azzam et al., 2007). Availability of co-dominant 

markers, such as SSR and EST-SSR in groundnut has greatly aided in diversity 

and other genomic studies in this crop. The primers used in the present study 

were highly polymorphic and produced a higher number of alleles per locus. 

Primers detected more than one locus indicating the presence of duplicate loci.  

This may be attributed to the presence of A-genome as well as B-genome in the 

allotetraploid cultivated groundnut. Amplification of more than one fragment by 

single primer pair tetraploid groundnut accessions is also evident from earlier 

studies (Hopkins et al., 1999; Gimenes et al., 2007; Varshney et al., 2009a).  

The majority of the primers used in the study had higher polymorphic 

information content (PIC) value (>0.6) indicating greater polymorphism in GSP 

for all the tested loci. Such higher PIC value could be due to the presence of a 

large number of diverse genotype and represent 21 countries. Similarly, high 

PIC values for polymorphic markers (0.10 to 0.89) with an average of 0.31 to 

0.61 per marker were reported in earlier genetic diversity studies (Mace et al., 

2008; Cuc et al., 2008; Gautami et al., 2009; Varshney et al., 2009b; Pandey et 

al., 2012; Pandey et al., 2014a). Diversity revealed by PIC values of markers 

needs to be verified by number of alleles amplified per locus (allelic richness) 

prior to assessing their informativeness. All the primers except GM 630 used in 

the study were highly informative in revealing the genetic diversity and 

partitioning of genetic variation due to their higher number of alleles per locus 

(>20) as well as higher PIC values. Similarly, several previous studies reported 

higher number of alleles per locus in groundnut indicated sufficient amount of 

molecular diversity for various traits (Krishna et al., 2004; Barkley et al., 2006; 

Varshney et al., 2009a; Pandey et al., 2014a). The higher number of alleles 

identified per marker could be attributed to a large set of genotypes (336) 

representing different botanical varieties and geographical locations. 

In the study, heterozygosity among genotypes was varied from 0.00 (GM 

630, GM 1536 and TC3E02) to 0.42 (GM 2301) for the different markers which 

could be due to its tetraploid nature and differences in genomic regions of both 
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the progenitor’s viz. A. duranansis and A. ipensis (Bertioli et al., 2016). 

Heterozygosity in cultivated groundnut due to differences in genomic regions of 

its diploid progenitors was reported by Hopkins et al. (1999) and Tang et al. 

(2007). 

Out of 462 alleles detected in the 336 genotypes of GSP for 14 SSR loci, 

230 alleles were rare, 155 common, 18 most frequent alleles and 59 unique 

alleles. The present findings are in accordance with the findings of Varshney et 

al. (2009a) who reported 59 unique alleles and 127 rare alleles for 25 SSR loci 

in 189 genotypes of groundnut. The higher number of unique and rare alleles in 

groundnut was also reported by Mondal and Badigannavar (2010); Pandey et 

al. (2012); Ren et al. (2014) and Pandey et al. (2014a). The unique alleles 

reported for different SSR regions can be used in DNA fingerprinting to protect 

intellectual property rights whereas the rare alleles can be used for broadening 

the genetic base of associated trait in the breeding material. The high number 

of unique, rare and common alleles detected in the study was indicative of the 

existence of sufficient molecular diversity and allelic richness among the 

genotypes of GSP and can be used to construct prediction models to predict 

breeding values of the genotypes.  

The PIC values, heterozygosity, gene diversity and number of alleles 

reported for both the subspecies hypogaea and fastigiata for 14 SSR loci 

revealed that both the sub-species exhibit sufficient molecular diversity for 

testing loci. Molecular variation in both the subspecies was earlier reported by 

Barkley et al. (2007); Kameswara et al. (2007); Mace et al. (2006); Tang et al. 

(2007); Varshney et al. (2009b); Mondal and Badigannavar (2010) and Pandey 

et al. (2012 & 2014a).  

The neighbor-joining tree based on simple matching dissimilarity matrix 

between 336 genotypes of GSP grouped genotypes into five major clusters. 

Cluster I (C1) contained 79 of which 69 genotypes (88.4%) were from 

subspecies fastigiata. Genotypes of cluster CI were grouped into three sub-

clusters, i.e.,   CIa, CIb and CIc comprising of 37, 16 and 26 genotypes, 

respectively. Among these three sub-clusters, CIa comprised 91.6% genotypes 
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developed at UAS, Dharwad Cluster II (CII) consisted of 64 genotypes grouped 

into two sub-clusters- CIIa and CIIb, of which CIIb comprised mostly of 

genotypes showing resistance to rust and LLS at 90DAS. The grouping of 

resistant genotypes into the same cluster could be due to the use of same or 

closely related wild donor in the pedigree. Apart from this, all the 48 genotypes 

included in CIVa and CIVb belongs to subspecies hypogaea. Cluster V 

comprised of four sub-clusters- CVa, CVb, CVc, CVd and 93.75% genotypes in 

this cluster were of subspecies fastigiata var. vulgaris. The results indicated that 

molecular markers could clearly differentiate the genotypes based on 

subspecies and botanical varieties and/or place of breeding. This could be 

attributed to availability and use of limited set of groundnut genotypes in 

breeding programs for traits like disease resistance and nutritional quality. For 

example, GPBD 4 is the most common source for incorporating LLS and rust 

resistance in groundnut.  Similarly, SunOleic 95R is the potential donor for 

incorporating the high oleic trait into elite lines. In the study, the grouping of 

genotypes based on 14 SSR markers corresponded well with the classification 

based on biological diversity (sub-species level) and expression of specific traits 

such as resistance to LLS and rust, nutritional quality traits and agronomic 

performance across the environments. The principal coordinate analysis also 

reported grouping of genotypes corresponded with a neighbor-joining tree. The 

results indicated that there is a sufficient level of molecular diversity present in 

GSP. Diversity for disease resistance in groundnut at the molecular level was 

earlier reported by Mondal and Badigannavar (2010) and Shoba et al. (2010).  

5.7 Population structure  

 Population structure grouped GSP into three sub-populations 

corresponded with clustering based on a neighbor-joining tree with some 

exception. Nearly 94% (90/96) cultivars of sub-population I (SPI) belong to 

subspecies fastigiata, whereas sub-population III had 49 genotypes from 

subspecies hypogaea. The results indicated that the genotypes with a pure 

background of subspecies fastigiata and hypogaea were grouped in these sub-

populations. Structure analysis in groundnut with relatively low level of 
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admixture was earlier reported by Wang et al. (2011) and Pandey et al. 

(2014a). 

5.8 Marker-trait association (MTA) 

The present study reported 311 (24.6%) significant MTAs for 18 traits, 

including disease resistance, yield and its contributing traits and nutritional 

quality traits. A strong correlation between phenotypic variance (PV), p values, 

and F values was observed. MTAs detected with high PV for desired 

agronomically important traits such as disease resistance, yield, and nutritional 

quality traits will be helpful to accelerate genetic gain in groundnut through 

molecular breeding (Pandey et al., 2014). In the present study out of 311 MTAs, 

only 79 had explained >30% PV and were considered as potential MTAs. MTAs 

with >20% PV for disease resistance, yield, and nutritional quality traits were 

reported by Pandey et al. (2014a).  

5.8.1 MTA for resistance to LLS and rust 

Association analysis identified 29 MTAs for both the diseases with PV 

ranged from 30.27 to 63.14%. Of these 29 MTAs, 18 MTAs were identified for 

LLS (30.27 to 49.89% PV) and 11 MTAs for rust (30.45 to 63.14%) at 90 and 

105 DAS. The SSR markers GM 1009, GM 2301 and TC6H03 had a significant 

association with LLS resistance in pooled across the environments with PV 

>30%. The identified MTA can be deployed in the marker-assisted breeding 

program for forward selection. The significant marker-trait associations for LLS 

and rust with PV varied from 10.2 to 82.96% were earlier reported by Khedikar 

et al. (2010); Mondal et al. (2012); Sujay et al. (2012); Shoba et al. (2012b) and 

Kolekar et al. (2016). 

 Two markers GM 2301 (33.11%) and IPAHM 103 (43.49%) were reported to 

be associated with rust score across the environments. Among the 11 MTAs for 

rust, GM 2301 was involved in 5 MTAs (31.58 to 37.16% PV) whereas IPAHM 

103 was involved in two MTAs (43.49 to 63.14% PV). The results suggested 

that GM 2301 and IPAHM 103 were the best markers associated with rust 

resistance can be used in the forward breeding program to select resistant 
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genotypes with desired alleles. A major QTL for rust (QTLrust01) potentially 

associated with candidate marker IPAHM 103 was earlier identified and 

validated using a wide range of resistant/susceptible breeding lines by Khedikar 

et al. (2010). In addition to marker IPAHM 103, four new markers (GM 2009, 

GM 1536, GM 2301 and GM 2079) were reported to be associated with the 

major QTL for rust with PV of 82.96% (Sujay et al., 2012) and another QTL 

region flanked by GM1839-GM1009 on linkage group AhXII explained PV of 

14.1–35.2% for LLS resistance (Kolekar et al., 2016). These markers were 

successfully used for introgression of major QTL region for rust resistance from 

GPBD 4 into three elite cultivars (ICGV 91114, JL 24 and TAG 24) through 

marker-assisted backcrossing (Varshney et al., 2014).  Similarly, significant 

marker-trait association for resistance to LLS and rust were earlier reported by 

Shoba et al. (2012b); Gajjar et al. (2014); Jakkeral et al. (2014) and Sukruth et 

al. (2015). 

5.8.2 Yield and yield component traits  

Yield and its component traits are the prime target of improvement in all 

the breeding programs. A total of 18 MTAs could be identified for seven yield 

and its component traits with PV >30%. Two MTAs were identified for days to 

50% flowering, of which TC1D12 explained 32.10% PV with pooled BLUPs, 

whereas GM 2301 explained 30.0% PV at ICRISAT during rainy 2015. Five 

MTAs with >30% PV were reported for days to maturity, of which TC1D12 

showed good consistency and appeared thrice at Aliyarnagar, Jalgaon and 

ICRISAT during rainy season 2015 with stable and high phenotypic variance 

(>32%) could be a promising marker associated with days to maturity. Two 

MTAs with a single marker (TC1D12) were reported for pod yield per plant at 

Jalgaon (31.12% PV) and with pooled BLUPs (30.27% PV) across the 

environments. Marker TC1D12 was also found to be associated in both MTAs 

for shelling percent at Aliyarnagar (35.83% PV) and ICRISAT post-rainy 2015-

16 (31.88% PV). Similarly, two MTAs with >30% PV were reported for hundred 

seed weight and pod yield per hectare involving the markers IPAHM 103 and 

TC1D12. In the results, the marker TC1D12 was found associated with most of 

the important yield traits which might be due to the positive genetic correlation 
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among these yield traits or it could be attributed to the association of this 

marker with major QTL governing yield and other traits. Five QTLs were earlier 

identified through family-based mapping approach for seed weight with PV 

varied from 4.18-19.80% (Varshney et al., 2009b; Ravi et al., 2011). Marker-trait 

association analysis identified significant association of five SSRs with kernel 

mass which together accounted up to 28% PV (Goswami et al., 2013). Three 

MTAs each one with TC6E01 (33.99% PV); TC1D12 (33.31% PV) and GM 

1954 (30.96% PV) were identified for haulm yield per plant at ICRISAT during 

rainy 2015. Similarly, the MTAs for various traits through association mapping in 

groundnut were also reported by Pandey et al. (2014a). The QTLs for pod and 

seed related traits such as pod length, pod width, pod yield per plant, hundred 

seed weight and haulm yield per plant with PV ranged from 3.68 to 27.84% 

were also reported in earlier studies (Fonceka et al., 2012; Chen et al., 2016; 

Luo et al., 2017). The results of the study suggest that these markers can be 

used after validation for improving yield and its component traits. 

5.8.3 Nutritional quality traits  

High oleic groundnut offers remarkable health benefits to consumers; 

longer shelf life of oil and food products to processing industries and enhances 

profitability to groundnut farmers. Increase in genetic gain for nutritional quality 

traits in groundnut through conventional breeding efforts would be tedious, less 

effective and time and resource consuming. Marker-assisted breeding coupled 

with robust phenotyping and rapid generation advancement can overcome 

these and offers high genetic gain per unit of time and cost. A total of 31 

significant MTAs with >30% PV were observed for seven nutritional quality 

traits. Marker IPAHM 103 was involved in three MTAs identified for oil content 

and four for protein content with high PV, indicating that this marker was 

potentially associated with oil and protein content in groundnut. The significant 

MTAs for oil and protein content were earlier reported by Pandey et al. (2014b). 

The association of IPAHM 103 with oil and protein in groundnut is in 

accordance with the findings of Sarvamangala et al. (2011). Seven QTLs and 

MTAs for oil content in groundnut with low PV (1.5-9.5%) was reported by 

Selvaraj et al. (2009); Liang et al. (2009); and Wang et al. (2011).   
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Marker IPAHM 103 was found consistently associated with oleic acid at 

the individual as well as across the environments with high PV ranged from  

(>35%). Among all the 31 MTAs for nutritional quality traits, 16 MTAs (nearly 

50%) involved IPAHM 103 with higher phenotypic variation indicating its close 

association with these traits. The present findings are in accordance with the 

findings of Pandey et al. (2014) where they have reported a total of 25 MTAs for 

oil and nutritional quality traits with PV varied from 5.84% to 40.37%. The MTAs 

identified for different traits in the present study explained higher PV compared 

to MTA identified by Pandey et al. (2014a) for disease resistance, yield and 

nutritional traits and by Wang et al. (2011) for fatty acids.  

5.9 Screening of GSP for mutant alleles of ahFAD2A and ahFAD2B gene  

High oleic groundnut varieties are preferred by both consumers and food 

processing industries due to their multiple health benefits and enhanced shelf-

life of oil and groundnut based food products. Thus, breeding of high oleic 

groundnuts is an important aspect of groundnut improvement programs 

worldwide (Janila et al., 2016b). The enzyme, fatty acid desaturase (ahFAD2) 

catalyzes the conversion of oleic to linoleic acid, and is encoded by two 

homeologous genes, ahFAD2A and ahFAD2B, located on the A and B genome, 

respectively (Jung et al., 2000a & b; Yu et al., 2008). Both the ahFAD2 genes 

have 99% sequence homology and inactivation of both the genes is required for 

accumulation of high oleic acid in groundnut kernels. The identification of 

molecular markers linked to both ahFAD2 genes in groundnut has made it 

possible to target this trait in groundnut improvement programs through 

screening of breeding material using a molecular marker (Janila et al., 2016b). 

In the present study, 87 genotypes were detected having ahFAD2A 

mutation, while only SunOleic 95R had mutation in both A and B genome with 

high oleic acid (≥75%) and low linoleic acid content (<7%) at individual as well 

as across the environments. The oleic and linoleic acid content in the 

genotypes with ahFAD2A mutation ranged from 32.64 to 54.19% and from 

26.11 to 47.06%, respectively which was similar to the range observed in the 

wild-type genotypes (32.09 to 54.22% for oleic acid and 31.05 to 46.76% for 
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linoleic acid). This is in contrast to the findings by other authors (Chen et al., 

2010; Nawade et al., 2016) who reported moderate levels of oleic acid (>50%) 

in the presence of ahFAD2A mutation. Being an allotetraploid crop with 97% 

sequence homology between the genomes of diploid progenitors, a single 

mutant allele of the gene in groundnut could not make a significant impact on 

phenotype of a trait unless and until its homeologous gene got mutated. In the 

presence of both mutant alleles, the activity of fatty acid desaturase is 

completely inhibited leading to high oleic acid content in the seeds. Another 

reason for this variation among the genotypes could be due to the presence of 

some modifier genes or due to genotype x environment interactions. Modifying 

genes were reported to be responsible for modification of oleic acid content in 

other oilseed crops like safflower (Hamdan et al., 2009) and sunflower (Hamdan 

et al., 2012). Besides genes, linoleic acid content in developing seeds is also 

widely influenced by the temperature (Slack and Browse, 1984; Graces et al., 

1992; Bansal, et al., 1993; Martinez-Rivas et al., 2000). High temperature 

during seed development could have decreased the linoleic acid content in the 

oil (Rebiei et al., 2007). 

Studies concerning high oleic acid content have mostly focused on the 

levels of oleic acid and linoleic acid in the improved lines. Very often it is 

observed that a change in one metabolite brought about by a change in the 

corresponding enzyme in a biosynthetic pathway, can affect the levels of all 

subsequent metabolites in the pathway. Recent studies by Pandey et al. (2014) 

and Wang et al. (2011) showed that ahFAD2 mutant alleles also had effect on 

palmitic acid levels. In the present study, the genotype with both mutant alleles 

(SunOleic 95R) had low palmitic acid across the environments. Significant 

phenotypic variability in oleic and linoleic acid content was found in the 

genotypes that were identified positive for the target allele using molecular 

markers. Therefore, phenotypic confirmation of marker-assisted selected lines 

is essential to advance the selected lines for further evaluations (Janila et al., 

2016b). Eighty-seven genotypes reported with a mutant allele of ahFAD2A can 

be used to as a parent to cross with SunOleic 95R to further introgress mutant 

allele of ahFAD2B gene. The presence of at least one mutant allele in female 
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parent would make the introgression of another allele easy because the 

probability of getting individuals with favourable combination of alleles in F2 

generation is reduced with an increase in the number of targeted alleles. 

5.10 Significant MTAs for molecular breeding 

Out of 14 SSR markers used in the study, three markers GM 1009, GM 

1954 and GM 2301 were potentially associated with resistance to LLS, whereas 

two markers GM 2301 and IPAHM 103 were associated with resistance rust 

across the environments. A single marker TC1D12 had a significant association 

with all seven yield and its contributing traits indicating its association with 

multiple yield traits. The marker IPAHM 103 was potentially associated with 

multiple nutritional quality traits such as oil and protein content along with oleic, 

linoleic and stearic acid with high PVE. Several other significant and validated 

markers earlier identified for LLS and rust (Kediker et al., 2010; Sujay et al., 

2012; Shoba et al., 2012b; Gajjar et al., 2014 and Sukruth et al., 2015) are 

being used in marker-assisted breeding (Varshney et al., 2014 and Janila et al., 

2016a). Recently, SNPs were developed for rust and LLS and validation is in 

progress to identify best SNPs (Pandey et al., 2017) for use in genomic 

assisted breeding. 

In the absence of linked markers, the phenotypic selection was used to 

breed high oleic groundnut lines such as SunOleic 95R (Gorbet and Knauft, 

1997), Tamrun OL01 (Simpson et al., 2003) etc. The first instance of using 

MABC targeting the high oleic trait in groundnut was reported by Chu et al. 

(2011). The use of linked molecular markers to improve such traits would 

considerably help to optimize time and resources by rejecting a large number of 

unwanted plants even at seedling stage (Janila et al., 2016b). All these 

associated markers and identified genotypes with favourable alleles can be 

deployed for improving different traits through molecular breeding. 

 

 



235 
 

Chapter VI 

Summary, Conclusions and Suggestions for further work 

 The investigation entitled “Phenotyping of Genomic Selection Panel (GSP) 

for foliar fungal diseases and nutritional quality traits” was conducted to 

evaluate the GSP comprising of 340 diverse genotypes for reaction to two 

major foliar fungal diseases i.e., late leaf spot (LLS) and rust, yield and 

nutritional quality traits based on multi-location trials. The study also involved 

preliminary evaluation of GSP for the level of genetic and molecular diversity 

and allelic richness for the targeted traits as a prerequisite for Genomic 

Selection (GS). Marker-trait Association (MTA) for disease resistance and 

nutritional quality traits was performed to validate markers on a diverse set of 

genotypes and find significant markers linked to the traits of interest for potential 

deployment in marker-assisted breeding. The 340 genotypes representing 21 

geographically diverse countries were evaluated in three states viz., Tamil Nadu 

(Aliyarnagar), Maharashtra (Jalgaon) and Telangana (ICRISAT, Patancheru) of 

India for foliar fungal disease resistance, yield and nutritional quality traits 

during rainy season 2015. A post-rainy trial was planted at ICRISAT, 

Patancheru during 2015-16 for evaluation of yield and nutritional quality traits 

under disease-free conditions. Aliyarnagar and Jalgaon are the disease hot-

spot locations, while artificial disease pressure through inoculation on infector 

rows at 45 days after sowing (DAS) complemented the natural disease 

incidence at ICRISAT, Patancheru. The trial was planted in Alpha Lattice 

Design (incomplete block design) with two replications; each replication is 

divided into 20 equal sized blocks with 17 genotypes in each block to reduce 

inter-block variation and to maintain homogeneity. The genotypes were planted 

in single rows of 4 m length, with a spacing of 30 and 10 cm between the rows 

and plants, respectively. Observations were recorded on disease severity score 

of LLS and rust at 75, 90 and 105 DAS, yield and its contributing traits (10) and 

nutritional quality traits (7). Standard procedures were adopted for data analysis 

using different softwares. Box plots were generated using GenStat 15th Edition 

to find out outliers in the data set and Cooks statistics used for finding 
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genotypes with higher residuals. Analysis of variance (ANOVA) was done using 

general linear mixed model (GLM) through proc glm function of SAS version 

9.2, and genetic parameters were estimated using partitioned variance 

components from ANOVA in MS Excel. Principal component analysis (PCA) 

was done using Best Linear Unbiased Prediction of means by GenStat 15th 

Edition. Cluster analysis (Ward, 1963) was performed using scores of the first 

six principal components that together explained >75% towards total variability. 

Graphical representation of stability based on PCA, called as GGE biplot 

method (Yan et al., 2000), was used to find stable sources of disease 

resistance, yield and nutritional quality traits. STRUCTURE was used to 

generate population structure and Q matrix, and TASSEL 2.1 was used for 

marker-trait association. Findings of the present study are summarized here:  

6.1 Summary 

6.1.1 Genetic variability 

 Analysis of variance showed significant genotypic differences for disease 

resistance and yield traits, and nutritional quality traits indicating a high 

degree of genetic variability within GSP. 

 GCV and PCV values were high for disease severity scores to rust and LLS 

at 75 DAS, moderate for both at 90 DAS; and low at 105 DAS. The 

estimated of heritability and genetic advance as percent of mean (GAM) 

were high for disease severity scores of both LLS and rust across 

environments and different stage of observations. 

 High GCV and PCV values for number of matured pods per plant, pod yield 

per plant, seed yield per plant, hundred seed weight, pod yield per hectare 

and haulm yield per plant indicate higher genetic variability for these traits in 

GSP.  

 Heritability and GAM were high for plant height, hundred seed weight, pod 

yield per hectare; and moderate heritability with high GAM for number of 

matured pod per plant, pod yield per plant, seed yield per plant and haulm 

yield per plant revealed that these traits are governed by additive gene 

effects. 
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 Very low GCV and PCV values were observed for oil and protein content 

and three major fatty acids i.e., oleic, linoleic and palmitic acid at individual 

as well as across environments indicate narrow variability and least 

opportunities for direct phenotypic selection.  

 High estimates of heritability coupled with low GAM were reported for oil, 

protein and fatty acid content indicated the involvement of non-additive gene 

action. 

6.1.2 Association among traits 

 Significant positive association of pod yield per hectare with number of 

matured pods per plant, pod yield per plant, seed yield per plant, number of 

primary branches per plant, hundred seed weight and days to maturity at 

individual and across environment indicate that effective improvement in 

yield can be achieved through selection based on these characteristics. 

 Significant negative association of disease severity scores of LLS and rust 

with number of primary branches per plant, number of pods per plant, seed 

yield per plant, hundred seed weight, days to maturity, pod yield per hectare 

and haulm yield per plant at individual as well as across environment 

revealed that both the diseases responsible for yield reduction in groundnut. 

 Disease severity to LLS and rust had a strong positive association with each 

other due to the similarity in genes/QTLs governing resistance to both the 

diseases. 

 Negative association of oil content with protein content at individual as well 

as across environment indicate that development of cultivars with an 

elevated level of oil will have trade-offs with protein content. Combining high 

oil and protein content would, therefore, be difficult. 

 Oil content had a positive association with linoleic, palmitic and stearic acid 

content at individual as well as across environment. A strong negative 

association between oleic acid and three other fatty acids viz., linoleic, 

palmitic and stearic acid indicate that an increase in oleic acid will lead to 

decrease in other fatty acids. 
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 A significant negative association of oil content, protein content and three 

fatty acids (linoleic, palmitic and stearic acid) with disease severity scores of 

LLS and rust indicate that the severity of both the diseases greatly 

responsible for the reduction in oil and protein content along with a reduction 

in undesirable fatty acids. 

 Positive association of pod yield per plant with oil content indicates that 

genetic improvement in pod and oil yield is possible through single breeding 

strategy.  

 Significant negative association of oil content with hundred seed weight and 

positive with protein content indicate that the cultivars had high seed mass 

had lower oil and high protein content and vice-versa for low seed mass.  

6.1.3 Principal component analysis 

 Principal component analysis (PCA) explained 70.62 to 79.41% of total 

genetic variability by the first six principal components (PCs) for which 

Eigenvalues were greater than one across the four environments and 

pooled. 

 Disease severity score of LLS and rust at 90 and 105 DAS, pod yield per 

plant, number of matured pods per plant, and pod yield per hectare 

contributed more towards total variability explained by first PC in all the 

environments and pooled. However, nutritional quality traits had larger 

contribution towards fourth and fifth PCs rather than first two PCs indicating 

least contribution of nutritional quality traits compared to disease resistance 

and yield traits toward total genetic diversity present in GSP. 

 A hierarchical cluster analysis (Wards, 1963) for individual environment 

separately and for pooled data grouped GSP into different clusters ranged 

from six to eight. Seven clusters were formed at Aliyarnagar and ICRISAT 

during rainy 2015 whereas eight at Jalgaon and six at ICRISAT during post-

rainy and pooled across the environment. 

 The genotypes of the common geographical origin or same location grouped 

into different clusters without forming any separate cluster indicated that 

geographic diversity was not related to genetic diversity in groundnut. 
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 High cluster mean for number of pods per plant, pod yield per plant, haulm 

weight per plant and yield per hectare with lowest disease severity score to 

LLS and rust in Cluster I comprised of 49 out 340 genotypes of GSP indicate 

that most of the high yielding cultivars with resistance to both the diseases 

across the environment were grouped together in this cluster. 

 Cluster IV grouped 90 genotypes identified for high cluster mean for 

hundred seed weight and protein content along with low cluster mean for oil 

content indicate that most of the genotypes of this cluster had higher seed 

mass with high protein and low oil content across the environments. These 

genotypes can be used to develop cultivars with larger seed size, high 

protein and low oil content especially preferred for confectionery or table 

purposes. 

 In contrast to other genotypes of GSP, a single genotype SunOleic 95 R 

recorded higher mean performances for oleic acid (>75%) and O/L ratio 

(>12) whereas lower linoleic acid (<6 %) and palmitic acid (<9%) maintained 

a separate identity as high oleic genotype and clusters separately at 

individual as well as across locations. 

 Cluster VI comprised of 22 genotypes had high cluster mean for oil content 

and haulm yield per plant whereas low cluster mean for protein content 

indicated that genotypes of this cluster could be used to develop cultivars 

with high oil content. 

 Genotypes grouped in different clusters with desired traits such as disease 

resistance to LLS and rust, yield and nutritional quality traits based on 

Wards cluster analysis can be selected and used in future groundnut 

improvement programs to develop new cultivars and to enrich the groundnut 

breeding material with new recombinants. 

6.1.4 Stability analysis 

 Pooled analysis of variance revealed significant genotypic, environment and 

genotype × environment (G × E) interactions for all the studied traits. 

 Stability analysis of 109 out of 340 genotypes of GSP using GGE biplot 

technique reported GPBD 4, ICGV’s 00248, 06142, 02411, 00246 and 
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00068, SPS 11 and ICG 11426 as stable for LLS across the environment 

with lower disease score and shortest vector length from AEA. 

 Low disease score with shortest vector length from AEA for the genotype 

GPBD 4, ICGV’s 99052, 99051, 86699, , 06422, 07223, 07235, 05100, 

06142, 02411, 05155, 00362, 00362, 00248, 01361, 99160, 02323, 87846 

and 02446, SPS2, SPS 7, SPS 11,  SPS 21 and ICG 11426 indicate their 

superiority and stability for resistance to rust across environment. 

 Environments Aliyarnagar, Jalgaon and ICRISAT have a positive correlation 

with each other. The position of the environment on biplot revealed that 

ICRISAT_R15 (ICRISAT rainy 2015) was the best environments where 

genotypes got higher diseases scores followed by Aliyarnagar and Jalgaon. 

This also indicated that ICRISAT has best foliar disease screening nursery 

with better resources to put artificial disease pressure and to maintain 

favorable condition for disease development and spread. 

 Genotypes ICGV 06100 followed by ICGV’s 05163, 05155, 07223, 07235, 

02323, 06099, 07120, 02411, 05161, 03043, 06423, 01273 and 06422 had 

high and stable pod yield across environments. 

 The polygon view of biplot of MET data of four environments showed that 

genotypes fell in four sections whereas the test environments fell in two 

sections for all nutritional quality traits. 

 Genotypes ICGV’s 05155, 97128, 00248, 06142, 03042, 07220, 02411, 

06424, 06100, 05163 and 06040, GPBD 4, SPS 21, SPS 11, SPS 9 and 49 

M-16, had high and stable performance for oil content across the 

environment. 

 Genotypes ICGV’s 01276 00362, 02287,02323, 02266, 02321 and 01274, 

ICG 10053, 49 M-16, SPS 11 and 24 M-86 were superiority and stable for 

protein content across the environment. 

6.1.5 Molecular diversity 

 All the primers except GM 630 used in the study, were highly informative in 

revealing the genetic diversity and partitioning of genetic variation due to 
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their high number of alleles per locus (>20) as well as higher PIC values 

(>0.6). 

 The neighbor-joining tree based on simple matching dissimilarity matrix 

grouped genotypes into five clusters with lowest cluster mean for severity to 

LLS and rust across the environments and majority of resistance genotypes 

in sub-cluster CIIb. 

 Cluster I with three sub-clusters contained 79 genotypes, of which 69 

(88.4%) were from subspecies fastigiata. Whereas, CIa comprised of 91.6% 

genotypes developed at UAS Dharwad and CIb had all the genotypes of var 

peruviana. Cluster IV comprised of 48 genotypes all of the subspecies 

hypogaea whereas cluster V had 96 genotypes with 93.75% genotypes of 

subspecies fastigiata var vulgaris. 

 The grouping of genotypes based on 14 SSR molecular markers 

corresponded well with the classification based on biological diversity (sub-

species level), place of breeding and expression of specific traits such as 

resistance to LLS and rust, nutritional quality traits and agronomic 

performance across the environments.  

 14 SSR markers detected a total of 462 alleles in 336 genotypes ranged 

from 14 (GM 630) to 56 (IPAHM 103) with an average 33 alleles per locus 

indicated a wide range of allelic diversity present in GSP for these 14 loci. 

 Allelic richness available for each locus is attributed by high polymorphic 

expression of all the markers with PIC values more than 0.60, very high 

gene diversity (>0.65) and 0.00 (GM 630, GM 1536 and TC3E02) to 0.42 

(GM 2301) heterozygosity.  

 Out of 462 detected alleles in the 336 genotypes for 14 SSR loci, 230 were 

rare, 155 common, 18 most frequent alleles and 59 unique alleles. It 

indicates sufficient level of molecular diversity and allelic richness present in 

GSP.  

 The highest number of unique alleles were recorded for GM 2301 (20) 

followed by TC1D12 (7), TC6E01 (5), IPAHM 103 (5) whereas no unique 

alleles reported on GM 1536, GM 630, and TC3E02.  
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 Out of 462 alleles, a total of 365 (79.00%) alleles were detected in ssp. 

fastigiata whereas 332 (71.86%) in ssp. hypogaea. The PIC values and 

gene diversity in both the subspecies for 14 SSR markers revealed that both 

the subspecies has a great amount of molecular diversity for studied loci. 

6.1.6 Marker-trait association (MTAs) 

 Out of 311 (24.6%) significant MTAs observed for 18 traits, only 79 were 

explained >30% phenotypic variance (PV) and considered as potential 

MTAs.  

 Association analysis identified 29 MTAs for both the diseases with PV from 

30.27 to 63.14%. Of these, 18 MTAs were identified for LLS (30.27 to 

49.89% PV) and 11 for rust (30.45 to 63.14%) together at 90 and 105 DAS. 

The SSR markers GM 1009, GM 2301 and TC6H03 had a significant 

association with LLS resistance whereas two markers GM 2301 (33.11%) 

and IPAHM 103 (43.49%) were reported to be associated with rust score 

across the environments. 

 18 MTAs were identified for yield and its components with PV >30% viz., two 

for days to 50 % flowering; five for days to maturity; two for hundred seed 

weight and pod yield per hectare; two for pod yield per plant. Marker 

TC1d12 is potentially associated with yield and its contributing traits.  

 Out of 31 MTAs with >30% PV for nutritional quality traits, three were for oil 

content; six for protein content; five for oleic acid; seven for linoleic acid; four 

for palmitic acid; five for stearic acid and two for oleic/linoleic acid ratio. 

Markers IPAHM 103 and GM 1954 explained highest PV for all the observed 

nutritional quality traits. 

 87 (25.89%) out of 336 genotypes had a mutant allele of ahFAD2A whereas 

only one (SunOleic 95R) had mutant allele of ahFAD2B. Out of 87 

genotypes with mutant allele of ahFAD2A 68.97% (60) genotypes were from 

subspecies fastigiata var vulgaris; whereas 31.03% (27) from subspecies 

hypogaea var hypogaea and only a single genotype with both the mutant 

allele belongs to subspecies hypogaea var hypogaea (Virginia runner). 
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 A considerable variation for oleic acid (32.64 to 54.19%) and for linoleic acid 

(26.11 to 47.06%) content was observed among the genotypes with only a 

single mutant allele of ahFAD2A.  

 SunOleic 95R had high oleic acid content of ≥75% and low linoleic acid 

content <6% in the individual as well as across the environments with 

mutant alleles of both the genes ahFAD2A and ahFAD2B gene.  

6.2 Conclusions 

In order to deploy genomic selection for improvement of complex 

polygenic traits in groundnut breeding program, multi-environment phenotypic 

data on targeted traits and assessment of genomic selection panel for 

phenotypic and molecular diversity is important to construct a prediction model 

with higher accuracy. The present study is most comprehensive and first 

preliminary evaluation of GSP for the level of genetic and molecular diversity, 

allelic richness, marker-trait association and trait heritability conducted so far in 

groundnut. The conclusions from the present investigation are mentioned 

below.  

 The results revealed high genetic variability among the genotypes for 

resistance to LLS and rust along with yield traits that will be useful to 

develop resistant varieties through breeding.  

 Sufficient level of phenotypic and molecular diversity and allelic richness (33 

alleles per locus) was observed in GSP for both the diseases with a higher 

number of unique and rare alleles per locus.  

 Nine superior genotypes in terms of combined disease resistance and yield 

>2500 kg/ha (SPS 11, ICGV’s 05163, 01274, 06142, 07235, 02323, 02411, 

03043 and 49 M-16) along with acceptable pod and seed features were 

identified from advanced breeding lines that can be recycled in breeding 

program to develop new lines with resistance to LLS and rust in groundnut. 

 The resistant genotypes derived from A. villosa and mutagenesis would be 

useful for widening the genetic base of resistance to both the diseases as 

most of the resistance breeding programs are dependent on A. cardenassii 

for source of resistance.  
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 Deployment of potential marker-trait association with high PV for LLS (GM 

1009, GM 2301 and TC6H03) and rust (GM 2301 and IPAHM 103) in 

marker-assisted breeding would enhance intensity and accuracy of 

selection. 

 There was high frequency (25.9%) of mutant allele of ahFAD2A reported in 

GSP whereas, mutant allele of ahFAD2B gene was not detected, except for 

SunOleic 95R a high oleic genotype released by the USA.  

 There was no significant difference in the mean oleic acid observed for 

individuals carrying mutant allele on A genome (ahFAD2A) with individual 

carrying wild-type allele. Therefore, it is concluded that presence of both the 

mutant alleles is required for the expression high oleic trait. 

6.3 Suggestions for further work 

On the basis of finding of present investigation, breeding repercussions and 

suggestions have been made for further works are given below 

 The identified resistant advance breeding lines with acceptable pod and seed 

features will be recycled in breeding program to develop new lines with 

resistance to both the diseases. 

 Unique alleles reported for targeted SSR regions can be used for cultivar 

identification at molecular level and used as DNA fingerprint to protect 

intellectual property rights (IPR). 

 Potential MTAs identified explaining higher phenotypic variation for different 

traits will be deployed in marker-assisted breeding to improve selection 

accuracy and intensity for complex traits. 

 The multi-environment phenotypic data on different traits of GSP generated 

in the present study will further be used along with genotype by sequencing 

data to construct first genomic selection prediction model in groundnut that 

can accelerate genetic gain in the breeding program per unit of time and 

cost. 

 The available germplasm of groundnut lacking high oleic genotypes 

indicates strong need to breed high oleic groundnut varieties.
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Appendix I 

List of genotypes of Genomic Selection Panel of groundnut with their botanical 
classification and origin used in present study 
S. No. Genotype Sub-species Botanical variety Market type Origin 

1 ICGV 06423 fastigiata vulgaris SB ICRISAT, Hyderabad 
2 ICGV 07246 hypogaea hypogaea VB ICRISAT, Hyderabad 
3 ICGV 07247 hypogaea hypogaea VB ICRISAT, Hyderabad 
4 ICGV 07268 fastigiata vulgaris SB ICRISAT, Hyderabad 
5 ICGV 01005 fastigiata vulgaris SB ICRISAT, Hyderabad 
6 ICGV 01060 fastigiata vulgaris SB ICRISAT, Hyderabad 
7 ICGV 01124 fastigiata vulgaris SB ICRISAT, Hyderabad 
8 ICGV 02206 fastigiata vulgaris SB ICRISAT, Hyderabad 
9 ICGV 03397 fastigiata vulgaris SB ICRISAT, Hyderabad 

10 ICGV 03398 fastigiata vulgaris SB ICRISAT, Hyderabad 
11 ICGV 04044 fastigiata vulgaris SB ICRISAT, Hyderabad 
12 ICGV 06347 fastigiata vulgaris SB ICRISAT, Hyderabad 
13 ICGV 93280 fastigiata vulgaris SB ICRISAT, Hyderabad 
14 ICGV 95469 fastigiata vulgaris SB ICRISAT, Hyderabad 
15 ICGV 00387 fastigiata vulgaris SB ICRISAT, Hyderabad 
16 ICGV 01393 fastigiata vulgaris SB ICRISAT, Hyderabad 
17 ICGV 02242 fastigiata vulgaris SB ICRISAT, Hyderabad 
18 ICGV 97058 fastigiata vulgaris SB ICRISAT, Hyderabad 
19 ICGV 99083 fastigiata vulgaris SB ICRISAT, Hyderabad 
20 ICGV 00343 fastigiata vulgaris SB ICRISAT, Hyderabad 
21 ICGV 00349 fastigiata vulgaris SB ICRISAT, Hyderabad 
22 ICGV 01263 fastigiata vulgaris SB ICRISAT, Hyderabad 
23 ICGV 03056 fastigiata vulgaris SB ICRISAT, Hyderabad 
24 ICGV 03064 fastigiata vulgaris SB ICRISAT, Hyderabad 
25 ICGV 05161 fastigiata vulgaris SB ICRISAT, Hyderabad 
26 ICGV 05163 fastigiata vulgaris SB ICRISAT, Hyderabad 
27 ICGV 06422 fastigiata vulgaris SB ICRISAT, Hyderabad 
28 ICGV 06431 fastigiata vulgaris SB ICRISAT, Hyderabad 
29 ICGV 07220 fastigiata vulgaris SB ICRISAT, Hyderabad 
30 ICGV 07223 fastigiata vulgaris SB ICRISAT, Hyderabad 
31 ICGV 07227 fastigiata vulgaris SB ICRISAT, Hyderabad 
32 ICGV 07235 fastigiata vulgaris SB ICRISAT, Hyderabad 
33 ICGV 99233 fastigiata vulgaris SB ICRISAT, Hyderabad 
34 ICGV 97165 hypogaea hypogaea VB ICRISAT, Hyderabad 
35 ICGV 99029 fastigiata vulgaris SB ICRISAT, Hyderabad 
36 ICGV 00191 fastigiata vulgaris SB ICRISAT, Hyderabad 
37 ICGV 07120 fastigiata vulgaris SB ICRISAT, Hyderabad 
38 ICGV 97092 fastigiata vulgaris SB ICRISAT, Hyderabad 
39 ICGV 97120 fastigiata vulgaris SB ICRISAT, Hyderabad 
40 ICGV 98163 fastigiata vulgaris SB ICRISAT, Hyderabad 
41 ICGV 00005 fastigiata vulgaris SB ICRISAT, Hyderabad 
42 ICGV 01273 fastigiata vulgaris SB ICRISAT, Hyderabad 
43 ICGV 01274 fastigiata vulgaris SB ICRISAT, Hyderabad 
44 ICGV 02321 fastigiata vulgaris SB ICRISAT, Hyderabad 
45 ICGV 03043 fastigiata vulgaris SB ICRISAT, Hyderabad 
46 ICGV 04124 fastigiata vulgaris SB ICRISAT, Hyderabad 
47 ICGV 00290 hypogaea hypogaea VB ICRISAT, Hyderabad 
48 ICGV 00321 fastigiata vulgaris SB ICRISAT, Hyderabad 
49 ICGV 02125 fastigiata vulgaris SB ICRISAT, Hyderabad 
50 ICGV 02144 fastigiata vulgaris SB ICRISAT, Hyderabad 
51 ICGV 03184 fastigiata vulgaris SB ICRISAT, Hyderabad 
52 ICGV 03207 fastigiata vulgaris SB ICRISAT, Hyderabad 



A2 
 

S. No. Genotype Sub-species Botanical variety Market type Origin 

53 ICGV 04018 fastigiata vulgaris SB ICRISAT, Hyderabad 
54 ICGV 07210 fastigiata vulgaris SB ICRISAT, Hyderabad 
55 ICGV 07217 fastigiata vulgaris SB ICRISAT, Hyderabad 
56 ICGV 95290 fastigiata vulgaris SB ICRISAT, Hyderabad 
57 ICGV 97261 fastigiata vulgaris SB ICRISAT, Hyderabad 
58 ICGV 97262 fastigiata vulgaris SB ICRISAT, Hyderabad 
59 ICGV 99181 fastigiata vulgaris SB ICRISAT, Hyderabad 
60 ICGV 99195 fastigiata vulgaris SB ICRISAT, Hyderabad 
61 ICGV 89104 fastigiata vulgaris SB ICRISAT, Hyderabad 
62 ICGS 11 fastigiata vulgaris SB ICRISAT, Hyderabad 
63 J 11 fastigiata vulgaris SB DGR, Junagadh, India 
64 ICGV 99085 fastigiata vulgaris SB ICRISAT, Hyderabad 
65 TKG 19A fastigiata vulgaris SB BSKKV, Dapoli, India 
66 TPG 41 fastigiata vulgaris SB BARC, India 
67 ICGV 00350 fastigiata vulgaris SB ICRISAT, Hyderabad 
68 DH 86 fastigiata vulgaris SB UAS, Dharwad, India 
69 ICGV 95058 fastigiata vulgaris SB ICRISAT, Hyderabad 
70 ICGV 95070 fastigiata vulgaris SB ICRISAT, Hyderabad 
71 GPBD 4 fastigiata vulgaris SB UAS, Dharwad, India 
72 ICGV 91114 fastigiata vulgaris SB ICRISAT, Hyderabad 
73 TMV 2 fastigiata vulgaris SB TNAU, Tindivanam, India 
74 Faizpur 1-5 hypogaea hypogaea VR CSAUA &T Kanpur, India 
75 Mutant 3 fastigiata vulgaris SB ICRISAT, Hyderabad 
76 ICGV 03042 fastigiata vulgaris SB ICRISAT, Hyderabad 
77 ICGV 05100 fastigiata vulgaris SB ICRISAT, Hyderabad 
78 ICGV 06049 fastigiata vulgaris SB ICRISAT, Hyderabad 
79 ICGV 06420 fastigiata vulgaris SB ICRISAT, Hyderabad 
80 ICGV 06424 fastigiata vulgaris SB ICRISAT, Hyderabad 
81 ICGV 07145 fastigiata vulgaris SB ICRISAT, Hyderabad 
82 ICGV 07148 fastigiata vulgaris SB ICRISAT, Hyderabad 
83 ICGV 07166 fastigiata vulgaris SB ICRISAT, Hyderabad 
84 ICGV 06142 fastigiata vulgaris SB ICRISAT, Hyderabad 
85 ICGV 91116 fastigiata vulgaris SB ICRISAT, Hyderabad 
86 ICGV 97045 fastigiata vulgaris SB ICRISAT, Hyderabad 
87 ICGV 94118 fastigiata vulgaris SB ICRISAT, Hyderabad 
88 ICGV 05176 fastigiata vulgaris SB ICRISAT, Hyderabad 
89 ICGV 04149 hypogaea hypogaea VB ICRISAT, Hyderabad 
90 ICGV 00351 fastigiata vulgaris SB ICRISAT, Hyderabad 
91 ICGV 92195 fastigiata vulgaris SB ICRISAT, Hyderabad 
92 ICGV 87187 fastigiata vulgaris SB ICRISAT, Hyderabad 
93 ICGV 86072 fastigiata vulgaris SB ICRISAT, Hyderabad 
94 ICGV 86015 fastigiata vulgaris SB ICRISAT, Hyderabad 
95 ICGV 93437 fastigiata vulgaris SB ICRISAT, Hyderabad 
96 ICGV 86143 fastigiata vulgaris SB ICRISAT, Hyderabad 
97 ICGV 90320 fastigiata vulgaris SB ICRISAT, Hyderabad 
98 ICGV 07273 fastigiata vulgaris SB ICRISAT, Hyderabad 
99 49 × 37-91 fastigiata vulgaris SB UAS, Dharwad, India 

100 49 × 37-134 fastigiata vulgaris SB UAS, Dharwad, India 
101 49 × 37-135 fastigiata vulgaris SB UAS, Dharwad, India 
102 49 × 37-97-1 fastigiata vulgaris SB UAS, Dharwad, India 
103 49 × 37- 99(b) tall fastigiata vulgaris SB UAS, Dharwad, India 
104 39 × 49 -8 fastigiata vulgaris SB UAS, Dharwad, India 
105 39 × 49 -77 fastigiata vulgaris SB UAS, Dharwad, India 
106 49 × 39-20-2 fastigiata vulgaris SB UAS, Dharwad, India 
107 49 × 39-21-2 fastigiata vulgaris SB UAS, Dharwad, India 
108 49 × 39-8 fastigiata vulgaris SB UAS, Dharwad, India 
109 49 M-16 fastigiata vulgaris SB UAS, Dharwad, India 
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110 49 × 27-19 fastigiata vulgaris SB UAS, Dharwad, India 
111 49 × 27-13 (ii) fastigiata vulgaris SB UAS, Dharwad, India 
112 27 × 49- 16 fastigiata vulgaris SB UAS, Dharwad, India 
113 27 × 49- 12 fastigiata vulgaris SB UAS, Dharwad, India 
114 27 × 49- 14 fastigiata vulgaris SB UAS, Dharwad, India 
115 27 × 49- 27-1 fastigiata vulgaris SB UAS, Dharwad, India 
116 26 M 156-2 fastigiata vulgaris SB UAS, Dharwad, India 
117 26 M- 119-1 fastigiata vulgaris SB UAS, Dharwad, India 
118 24 M-86 fastigiata vulgaris SB UAS, Dharwad, India 
119 MN1-35 fastigiata vulgaris SB UAS, Dharwad, India 
120 M 110-14 fastigiata fastigiata VL UAS, Dharwad, India 
121 M 28-2 fastigiata fastigiata VL UAS, Dharwad, India 
122 Somnath hypogaea hypogaea VR BARC, India 
123 TG 41 fastigiata vulgaris SB BARC, India 
124 TG 42 fastigiata vulgaris SB BARC, India 
125 TG 49 fastigiata vulgaris SB BARC, India 
126 TG LPS 4 fastigiata vulgaris SB UAS, Dharwad, India 
127 TG LPS 7 fastigiata vulgaris SB UAS, Dharwad, India 
128 24 × 37-2275 fastigiata vulgaris SB UAS, Dharwad, India 
129 24 × 39-31 MR fastigiata vulgaris SB UAS, Dharwad, India 
130 26 × M-95-1 RI fastigiata vulgaris SB UAS, Dharwad, India 
131 26 × 37-IV- 9IR fastigiata vulgaris SB UAS, Dharwad, India 
132 26 × 27-164 fastigiata vulgaris SB UAS, Dharwad, India 
133 49 × 39-21-1 fastigiata vulgaris SB UAS, Dharwad, India 
134 49 × 39-21-2(a) fastigiata vulgaris SB UAS, Dharwad, India 
135 49 × 39-74 fastigiata vulgaris SB UAS, Dharwad, India 
136 39 × 49-81-1 fastigiata vulgaris SB UAS, Dharwad, India 
137 49 × 27-37 fastigiata vulgaris SB UAS, Dharwad, India 
138 TDG 10 fastigiata vulgaris SB UAS, Dharwad, India 
139 TDG 13 fastigiata vulgaris SB UAS, Dharwad, India 
140 TDG 14 fastigiata vulgaris SB UAS, Dharwad, India 
141 DTG 3 fastigiata vulgaris SB UAS, Dharwad, India 
142 DTG 15 fastigiata vulgaris SB UAS, Dharwad, India 
143 M 28-2 fastigiata fastigiata VL UAS, Dharwad, India 
144 JL 24 fastigiata vulgaris SB RORS, Jalgoan, India 
145 TAG 24 fastigiata vulgaris SB BARC, India 
146 SPS 1 hypogaea hypogaea VB UAS, Dharwad, India 
147 SPS 9 hypogaea hypogaea VB UAS, Dharwad, India 
148 SPS 10 hypogaea hypogaea VB UAS, Dharwad, India 
149 SPS 13 hypogaea hypogaea VB UAS, Dharwad, India 
150 SPS 14 hypogaea hypogaea VB UAS, Dharwad, India 
151 SPS 17 hypogaea hypogaea VB UAS, Dharwad, India 
152 ICGV 02411 fastigiata vulgaris SB ICRISAT, Hyderabad 
153 ICGV 05155 fastigiata vulgaris SB ICRISAT, Hyderabad 
154 ICGV 06100 hypogaea hypogaea VB ICRISAT, Hyderabad 
155 ICGV 07023 fastigiata vulgaris SB ICRISAT, Hyderabad 
156 SunOleic 95R hypogaea hypogaea VR USA 
157 ICG 434 fastigiata vulgaris SB USA 
158 ICG 2031 fastigiata vulgaris SB India 
159 ICG 3102 fastigiata vulgaris SB India 
160 ICG 3140 fastigiata vulgaris SB UNK 
161 ICG 3343 fastigiata vulgaris SB India 
162 ICG 3421 fastigiata vulgaris SB India 
163 ICG 4729 fastigiata vulgaris SB China 
164 ICG 6022 fastigiata fastigiata VL Sudan 
165 ICG 6646 fastigiata fastigiata VL UNK 
166 ICG 8517 fastigiata fastigiata VL Bolivia 
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167 ICG 8751 fastigiata Peruviana UNK Peru 
168 ICG 9315 fastigiata fastigiata VL USA 
169 ICG 10036 fastigiata Peruviana UNK Peru 
170 ICG 10053 fastigiata Peruviana UNK Peru 
171 ICG 10701 fastigiata vulgaris SB China 
172 ICG 11088 fastigiata Peruviana UNK Peru 
173 ICG 11651 fastigiata vulgaris SB China 
174 ICG 12625 fastigiata Aequatoriana UNK Ecuador 
175 ICG 12991 fastigiata vulgaris SB India 
176 ICG 14985 fastigiata vulgaris SB China 
177 ICG 15415 hypogaea UNK UNK Indonesia 
178 ICG 15419 hypogaea hirsuta UNK Ecuador 
179 ICGV 01232 fastigiata vulgaris SB ICRISAT, Hyderabad 
180 ICGV 01276 fastigiata vulgaris SB ICRISAT, Hyderabad 
181 ICGV 01328 fastigiata vulgaris SB ICRISAT, Hyderabad 
182 ICGV 02022 fastigiata vulgaris SB ICRISAT, Hyderabad 
183 ICGV 02038 fastigiata vulgaris SB ICRISAT, Hyderabad 
184 ICGV 02189 fastigiata vulgaris SB ICRISAT, Hyderabad 
185 ICGV 02194 fastigiata vulgaris SB ICRISAT, Hyderabad 
186 ICGV 02266 fastigiata vulgaris SB ICRISAT, Hyderabad 
187 ICGV 02271 fastigiata vulgaris SB ICRISAT, Hyderabad 
188 ICGV 02286 fastigiata vulgaris SB ICRISAT, Hyderabad 
189 ICGV 86011 fastigiata vulgaris SB ICRISAT, Hyderabad 
190 ICGV 86590 fastigiata vulgaris SB ICRISAT, Hyderabad 
191 ICGV 87160 fastigiata vulgaris SB ICRISAT, Hyderabad 
192 ICGV 87354 fastigiata vulgaris SB ICRISAT, Hyderabad 
193 ICGV 87378 fastigiata vulgaris SB ICRISAT, Hyderabad 
194 ICGV 87921 fastigiata vulgaris SB ICRISAT, Hyderabad 
195 ICGV 88145 fastigiata vulgaris SB ICRISAT, Hyderabad 
196 ICGV 92267 fastigiata vulgaris SB ICRISAT, Hyderabad 
197 ICGV 93470 fastigiata vulgaris SB ICRISAT, Hyderabad 
198 ICGV 94169 fastigiata vulgaris SB ICRISAT, Hyderabad 
199 ICGV 94361 fastigiata vulgaris SB ICRISAT, Hyderabad 
200 ICGV 95377 fastigiata vulgaris SB ICRISAT, Hyderabad 
201 ICGV 96466 fastigiata vulgaris SB ICRISAT, Hyderabad 
202 ICGV 96468 fastigiata vulgaris SB ICRISAT, Hyderabad 
203 ICGV 97182 fastigiata vulgaris SB ICRISAT, Hyderabad 
204 ICGV 97183 fastigiata vulgaris SB ICRISAT, Hyderabad 
205 ICGV 98294 hypogaea hypogaea VB ICRISAT, Hyderabad 
206 Gangapuri fastigiata fastigiata VL JNKVV, Jabalpur, India 
207 ICGS 44 fastigiata vulgaris SB ICRISAT, Hyderabad 
208 ICG 3312 fastigiata vulgaris SB Argentina 
209 ICG 14705 hypogaea hypogaea VB Cameroon 
210 ICG 3746 fastigiata vulgaris SB Argentina 
211 ICG 4955 fastigiata vulgaris SB India 
212 ICG 12879 fastigiata vulgaris SB Myanmar 
213 ICG 5221 fastigiata fastigiata VL Argentina 
214 ICG 4543 fastigiata vulgaris SB UNK 
215 ICG 1834 fastigiata vulgaris SB Tanzania 
216 ICG 2106 fastigiata vulgaris SB India 
217 ICG 9507 fastigiata vulgaris SB Philippines 
218 ICG 1973 fastigiata vulgaris SB India 
219 ICG 3673 fastigiata fastigiata VL Korea 
220 ICG 3584 fastigiata vulgaris SB India 
221 ICG 442 fastigiata vulgaris SB USA 
222 ICGV 01464 hypogaea hypogaea VB ICRISAT, Hyderabad 
223 ICGV 01478 hypogaea hypogaea VB ICRISAT, Hyderabad 
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224 ICGV 02251 hypogaea hypogaea VB ICRISAT, Hyderabad 
225 ICGV 03136 hypogaea hypogaea VB ICRISAT, Hyderabad 
226 ICGV 05198 hypogaea hypogaea VB ICRISAT, Hyderabad 
227 ICGV 06234 hypogaea hypogaea VB ICRISAT, Hyderabad 
228 ICGV 00346 fastigiata vulgaris SB ICRISAT, Hyderabad 
229 ICGV 00362 fastigiata vulgaris SB ICRISAT, Hyderabad 
230 ICGV 00371 fastigiata vulgaris SB ICRISAT, Hyderabad 
231 ICGV 02287 hypogaea hypogaea VB ICRISAT, Hyderabad 
232 ICGV 02298 hypogaea hypogaea VB ICRISAT, Hyderabad 
233 ICGV 02317 hypogaea hypogaea VB ICRISAT, Hyderabad 
234 ICGV 97232 hypogaea hypogaea VB ICRISAT, Hyderabad 
235 ICGV 99051 hypogaea hypogaea VB ICRISAT, Hyderabad 
236 ICGV 99052 hypogaea hypogaea VB ICRISAT, Hyderabad 
237 ICGV 00246 hypogaea hypogaea VB ICRISAT, Hyderabad 
238 ICGV 00248 hypogaea hypogaea VB ICRISAT, Hyderabad 
239 ICGV 01361 hypogaea hypogaea VB ICRISAT, Hyderabad 
240 ICGV 02434 hypogaea hypogaea VB ICRISAT, Hyderabad 
241 ICGV 04087 hypogaea hypogaea VB ICRISAT, Hyderabad 
242 ICGV 06175 hypogaea hypogaea VB ICRISAT, Hyderabad 
243 ICGV 97116 hypogaea hypogaea VB ICRISAT, Hyderabad 
244 ICGV 97128 hypogaea hypogaea VB ICRISAT, Hyderabad 
245 ICGV 98184 hypogaea hypogaea VB ICRISAT, Hyderabad 
246 ICGV 00068 hypogaea hypogaea VB ICRISAT, Hyderabad 
247 ICGV 01495 hypogaea hypogaea VB ICRISAT, Hyderabad 
248 ICGV 05057 hypogaea hypogaea VB ICRISAT, Hyderabad 
249 ICGV 07168 fastigiata vulgaris SB ICRISAT, Hyderabad 
250 ICGV 01265 hypogaea hypogaea VB ICRISAT, Hyderabad 
251 ICGV 98105 fastigiata vulgaris SB ICRISAT, Hyderabad 
252 ICGV 99160 fastigiata vulgaris SB ICRISAT, Hyderabad 
253 ICGV 02323 fastigiata vulgaris SB ICRISAT, Hyderabad 
254 ICGV 04115 fastigiata vulgaris SB ICRISAT, Hyderabad 
255 ICGV 05036 fastigiata vulgaris SB ICRISAT, Hyderabad 
256 ICGV 06042 fastigiata vulgaris SB ICRISAT, Hyderabad 
257 ICGV 86564 hypogaea hypogaea VB ICRISAT, Hyderabad 
258 ICGV 98432 hypogaea hypogaea VB ICRISAT, Hyderabad 
259 BAU 13 hypogaea hypogaea VB BAU, Ranchi, India 
260 ICGV 87846 fastigiata vulgaris SB ICRISAT, Hyderabad 
261 ICR 48 hypogaea hypogaea VB ICRISAT, Hyderabad 
262 ICGV 86699 hypogaea hypogaea VB ICRISAT, Hyderabad 
263 ICGV 98373 fastigiata vulgaris SB ICRISAT, Hyderabad 
264 ICGV 97115 hypogaea hypogaea VB ICRISAT, Hyderabad 
265 ICGV 06040 fastigiata vulgaris SB ICRISAT, Hyderabad 
266 ICGV 06099 hypogaea hypogaea VB ICRISAT, Hyderabad 
267 CS 39 hypogaea hypogaea VB ICRISAT, Hyderabad 
268 ICGV 05032 fastigiata vulgaris SB ICRISAT, Hyderabad 
269 ICGV 05141 hypogaea hypogaea VB ICRISAT, Hyderabad 
270 ICGV 07359 hypogaea hypogaea VB ICRISAT, Hyderabad 
271 ICGV 07368 hypogaea hypogaea VB ICRISAT, Hyderabad 
272 ICGV 06110 hypogaea hypogaea VB ICRISAT, Hyderabad 
273 ICGV 06188 fastigiata vulgaris SB ICRISAT, Hyderabad 
274 ICGV 00440 hypogaea hypogaea VB ICRISAT, Hyderabad 
275 ICGV 86352 hypogaea hypogaea VB ICRISAT, Hyderabad 
276 ICGV 09112 fastigiata vulgaris SB ICRISAT, Hyderabad 
277 ICGV 93920 fastigiata vulgaris SB ICRISAT, Hyderabad 
278 ICGV 93216 fastigiata vulgaris SB ICRISAT, Hyderabad 
279 ICGV 88438 hypogaea hypogaea VB ICRISAT, Hyderabad 
280 ICG 11337 fastigiata vulgaris SB India 
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281 49 × 37-90 hypogaea hypogaea VB UAS, Dharwad, India 
282 49 M-2-2 hypogaea hypogaea VB UAS, Dharwad, India 
283 49 M- 1-1 hypogaea hypogaea VB UAS, Dharwad, India 
284 TG 19 fastigiata vulgaris SB BARC, India 
285 TG 39 hypogaea hypogaea VB BARC, India 
286 TG LPS 3 hypogaea hypogaea VB UAS, Dharwad, India 
287 26 × M-223-1 fastigiata vulgaris SB UAS, Dharwad, India 
288 SPS 2 hypogaea hypogaea VB UAS, Dharwad, India 
289 SPS 3 hypogaea hypogaea VB UAS, Dharwad, India 
290 SPS 6 hypogaea hypogaea VB UAS, Dharwad, India 
291 SPS 7 hypogaea hypogaea VB UAS, Dharwad, India 
292 SPS 8 hypogaea hypogaea VB UAS, Dharwad, India 
293 SPS 11 hypogaea hypogaea VB UAS, Dharwad, India 
294 SPS 15 hypogaea hypogaea VB UAS, Dharwad, India 
295 SPS 20 hypogaea hypogaea VB UAS, Dharwad, India 
296 SPS 21 hypogaea hypogaea VB UAS, Dharwad, India 
297 ICGV 03128 hypogaea hypogaea VB ICRISAT, Hyderabad 
298 TMV 2 NLM hypogaea hypogaea VB TNAU, Tindivanam, India 
299 ICG 1668 hypogaea hypogaea VB USA 
300 ICG 8285 hypogaea hypogaea VB USA 
301 ICG 11426 hypogaea hypogaea VB India 
302 ICGV 02290 hypogaea hypogaea VB ICRISAT, Hyderabad 
303 ICGV 02446 hypogaea hypogaea VB ICRISAT, Hyderabad 
304 ICG 156 (M 13) hypogaea hypogaea VR PAU, Ludhiana, India 
305 ICGS 76 hypogaea hypogaea VB ICRISAT, Hyderabad 
306 ICG 5891 hypogaea hypogaea VB India 
307 CSMG 84-1 hypogaea hypogaea VR CSAUA&T Kanpur, India 
308 ICG 111 hypogaea hypogaea VB UNK 
309 ICG 14834 hypogaea hypogaea VB Pakistan 
310 ICG 11322 hypogaea hypogaea VB India 
311 ICG 532 hypogaea hypogaea VB UNK 
312 ICG 12509 hypogaea hypogaea VB Bolivia 
313 ICG 12672 hypogaea hypogaea VB Bolivia 
314 ICG 10185 hypogaea hypogaea VB USA 
315 ICG 2773 hypogaea hypogaea VR Tanzania 
316 ICG 3027 hypogaea hypogaea VB India 
317 ICG 5745 hypogaea hypogaea VB Puerto Rico 
318 ICG 14482 hypogaea hypogaea VB Nigeria 
319 ICG 4527 hypogaea hypogaea VB Uganda 
320 ICG 4343 hypogaea hypogaea VR India 
321 ICG 13895 hypogaea hypogaea VB India 
322 ICG 5663 hypogaea hypogaea VB China 
323 ICG 721 hypogaea hypogaea VB USA 
324 ICG 12276 hypogaea hypogaea VB Bolivia 
325 ICG 875 hypogaea hypogaea VR India 
326 ICG 14475 hypogaea hypogaea VB Nigeria 
327 ICG 15190 hypogaea hypogaea VB Costa Rica 
328 ICG 12370 hypogaea hypogaea VR India 
329 ICGV 86325 hypogaea hypogaea VB ICRISAT, Hyderabad 
330 ICG 5662 hypogaea hypogaea VB China 
331 ICG 9961 hypogaea hypogaea VB UNK 
332 ICG 14466 hypogaea hypogaea VB Nigeria 
333 ICG 3053 hypogaea hypogaea VB India 
334 ICG 6766 hypogaea hypogaea VB USA 
335 ICG 2381 hypogaea hypogaea VR Brazil 
336 ICG 2857 hypogaea hypogaea VR Argentina 
337 ICGV 13238 fastigiata vulgaris SB ICRISAT, Hyderabad 
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338 ICGV 13241 fastigiata vulgaris SB ICRISAT, Hyderabad 
339 ICGV 13242 fastigiata vulgaris SB ICRISAT, Hyderabad 
340 ICGV 13245 fastigiata vulgaris SB ICRISAT, Hyderabad 

Where SB= Spanish Bunch; VB= Virginia Bunch; VR= Virginia Runner; VL= Valencia and UNK= Unknown; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A8 
 

Appendix II 

Best linear unbiased prediction of mean for different yield and its contributing traits of genomic selection panel 

evaluated at Aliyarnagar during rainy 2015 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

1 ICGV 06423 32 2.0 4.0 7.0 1.0 3.0 5.0 6.0 38.6 18.0 10.6 6.2 59.3 26.7 118.1 337.6 2250.7 
2 ICGV 07246 35 1.0 5.0 8.0 1.0 4.0 8.0 5.0 30.4 21.0 16.8 11.2 62.4 35.8 106.1 467.6 3117.2 
3 ICGV 07247 33 1.0 6.0 8.0 1.0 4.0 7.0 7.0 32.9 20.0 13.7 8.6 63.0 34.0 106.0 393.8 2625.4 
4 ICGV 07268 30 2.0 5.0 8.0 2.0 6.0 8.0 6.0 31.2 20.0 18.3 13.0 69.3 40.8 106.0 188.9 1259.3 
5 ICGV 01005 29 2.0 5.0 8.0 4.0 7.0 7.0 4.0 54.9 7.0 6.3 3.9 63.6 33.0 106.6 97.4 649.6 
6 ICGV 01060 30 2.0 4.0 6.0 1.0 4.0 5.0 4.0 40.5 14.0 9.8 6.7 67.9 29.9 107.0 223.3 1488.4 
7 ICGV 01124 30 3.0 5.0 7.0 2.0 4.0 7.0 5.0 33.3 16.0 10.0 6.2 61.9 32.1 107.9 155.6 1037.5 
8 ICGV 02206 29 2.0 5.0 7.0 1.0 4.0 7.0 5.0 40.9 10.0 7.5 4.8 65.0 34.8 108.1 94.7 631.5 
9 ICGV 03397 34 2.0 5.0 8.0 1.0 4.0 8.0 5.0 34.2 11.0 7.5 4.8 64.6 27.0 106.0 170.2 1134.5 
10 ICGV 03398 32 3.0 6.0 7.0 1.0 5.0 8.0 7.0 35.2 18.0 13.0 7.7 60.1 27.6 105.2 259.5 1729.7 
11 ICGV 04044 30 1.0 5.0 6.0 1.0 4.0 6.0 5.0 34.9 22.0 14.5 8.2 56.6 35.2 105.9 313.9 2092.9 
12 ICGV 06347 32 2.0 5.0 7.0 2.0 7.0 8.0 4.0 29.0 12.0 8.2 5.5 65.8 28.8 105.0 339.1 2260.8 
13 ICGV 93280 30 2.0 4.0 8.0 1.0 3.0 7.0 5.0 28.8 20.0 10.4 6.1 59.8 27.1 107.0 211.4 1409.2 
14 ICGV 95469 29 3.0 6.0 8.0 3.0 5.0 6.0 5.0 33.8 20.0 14.5 10.2 70.6 33.8 101.5 177.9 1186.2 
15 ICGV 00387 30 2.0 5.0 6.0 2.0 5.0 8.0 5.0 42.6 11.0 9.5 5.4 57.2 31.1 106.0 312.6 2084.1 
16 ICGV 01393 28 3.0 6.0 7.0 3.0 5.0 7.0 5.0 42.8 7.0 7.6 4.7 60.9 57.7 110.0 196.9 1312.4 
17 ICGV 02242 28 2.0 4.0 7.0 1.0 3.0 8.0 5.0 41.3 12.0 13.7 7.5 54.3 40.3 107.0 376.5 2510.3 
18 ICGV 97058 31 2.0 5.0 6.0 1.0 6.0 7.0 5.0 37.4 13.0 13.8 8.2 59.7 40.1 111.1 318.1 2120.5 
19 ICGV 99083 28 2.0 6.0 8.0 3.0 6.0 8.0 5.0 37.4 9.0 7.8 4.3 53.7 50.3 106.4 136.3 908.6 
20 ICGV 00343 31 2.0 5.0 8.0 3.0 7.0 8.0 4.0 42.7 12.0 11.1 6.6 60.0 32.4 107.2 96.4 642.5 
21 ICGV 00349 30 2.0 6.0 8.0 3.0 6.0 7.0 4.0 30.0 12.0 10.1 5.6 57.2 25.5 106.1 106.1 707.3 
22 ICGV 01263 29 2.0 5.0 7.0 3.0 6.0 8.0 4.0 43.5 22.0 21.5 12.2 62.4 42.7 105.9 293.9 1959.1 
23 ICGV 03056 31 2.0 5.0 8.0 2.0 4.0 7.0 6.0 40.4 10.0 9.4 6.3 65.5 26.4 104.0 278.3 1855.1 
24 ICGV 03064 30 2.0 4.0 8.0 1.0 2.0 6.0 7.0 38.6 9.0 9.3 5.4 57.8 35.6 108.6 391.0 2606.8 
25 ICGV 05161 29 2.0 4.0 8.0 1.0 3.0 8.0 6.0 40.0 11.0 9.8 6.8 68.7 34.6 111.0 384.7 2564.4 
26 ICGV 05163 31 1.0 2.0 8.0 1.0 3.0 7.0 5.0 33.7 23.0 18.6 11.4 60.6 36.7 108.0 534.1 3560.6 
27 ICGV 06422 31 1.0 3.0 4.0 1.0 2.0 3.0 7.0 43.0 25.0 10.8 6.8 60.6 28.3 120.6 309.1 2060.4 
28 ICGV 06431 26 3.0 6.0 8.0 3.0 7.0 8.0 4.0 37.9 23.0 17.1 10.1 60.8 32.4 108.1 315.0 2099.9 
29 ICGV 07220 33 1.0 4.0 8.0 1.0 4.0 7.0 6.0 36.4 21.0 12.3 6.7 55.4 25.6 116.5 187.8 1251.8 
30 ICGV 07223 30 1.0 4.0 7.0 1.0 2.0 6.0 6.0 27.9 16.0 12.6 8.6 68.0 37.1 106.6 352.7 2351.2 
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31 ICGV 07227 32 2.0 5.0 7.0 1.0 3.0 6.0 7.0 34.0 19.0 11.6 7.0 60.8 29.3 102.5 334.3 2228.8 
32 ICGV 07235 33 1.0 2.0 8.0 1.0 2.0 6.0 6.0 30.9 22.0 16.4 10.4 63.4 30.5 111.0 400.3 2668.6 
33 ICGV 99233 28 1.0 5.0 7.0 1.0 3.0 6.0 4.0 34.7 18.0 14.0 7.6 55.1 27.8 104.4 141.3 941.9 
34 ICGV 97165 32 1.0 3.0 6.0 2.0 4.0 6.0 5.0 39.7 10.0 8.8 4.5 51.6 23.8 105.1 215.4 1436.2 
35 ICGV 99029 29 1.0 3.0 4.0 1.0 4.0 5.0 5.0 34.6 23.0 14.7 8.4 56.3 29.2 118.9 299.8 1998.9 
36 ICGV 00191 28 1.0 3.0 5.0 1.0 2.0 3.0 5.0 37.1 18.0 12.9 8.0 61.7 29.9 118.1 264.1 1760.6 
37 ICGV 07120 30 1.0 2.0 4.0 1.0 3.0 5.0 6.0 37.1 25.0 16.1 10.3 64.0 31.2 119.4 410.5 2736.7 
38 ICGV 97092 29 2.0 5.0 8.0 1.0 4.0 7.0 5.0 33.7 17.0 12.0 8.3 69.6 27.2 105.0 343.3 2288.7 
39 ICGV 97120 31 2.0 4.0 7.0 1.0 2.0 4.0 4.0 42.3 11.0 9.2 5.9 65.3 35.5 105.9 324.3 2162.3 
40 ICGV 98163 32 2.0 4.0 8.0 2.0 4.0 7.0 6.0 41.7 22.0 13.6 8.0 58.7 28.6 104.1 305.2 2034.8 
41 ICGV 00005 31 1.0 3.0 6.0 1.0 2.0 5.0 5.0 35.6 20.0 13.5 7.6 58.9 26.4 104.0 184.5 1230.3 
42 ICGV 01273 28 1.0 3.0 7.0 1.0 3.0 5.0 5.0 29.3 23.0 15.8 10.3 67.0 34.9 104.0 316.9 2112.5 
43 ICGV 01274 32 1.0 2.0 5.0 1.0 2.0 6.0 5.0 29.2 20.0 14.2 8.8 61.4 32.0 104.6 386.6 2577.1 
44 ICGV 02321 32 2.0 4.0 7.0 1.0 2.0 6.0 5.0 32.3 20.0 10.5 7.3 63.0 28.7 106.0 332.1 2214.2 
45 ICGV 03043 30 1.0 2.0 4.0 1.0 2.0 3.0 6.0 33.3 17.0 12.8 7.8 61.4 38.9 117.5 442.1 2947.2 
46 ICGV 04124 30 3.0 6.0 8.0 3.0 6.0 8.0 4.0 32.3 14.0 7.6 4.6 59.1 25.4 106.1 93.5 623.1 
47 ICGV 00290 31 2.0 4.0 6.0 2.0 4.0 5.0 5.0 33.3 16.0 13.2 8.0 58.2 36.8 103.6 425.8 2838.9 
48 ICGV 00321 29 2.0 6.0 8.0 3.0 6.0 8.0 5.0 38.5 12.0 10.0 6.8 65.5 36.2 106.1 466.3 3108.6 
49 ICGV 02125 29 2.0 6.0 7.0 3.0 6.0 8.0 4.0 33.8 10.0 6.0 3.6 61.1 22.8 102.4 327.8 2185.1 
50 ICGV 02144 29 2.0 5.0 6.0 3.0 7.0 8.0 5.0 40.4 10.0 6.9 4.3 62.2 26.2 105.5 237.9 1585.9 
51 ICGV 03184 28 3.0 6.0 8.0 4.0 7.0 9.0 4.0 50.0 7.0 5.6 3.8 69.5 27.9 104.0 151.3 1008.4 
52 ICGV 03207 28 3.0 6.0 7.0 2.0 4.0 7.0 5.0 44.1 28.0 21.3 13.9 65.4 26.9 110.0 222.6 1483.7 
53 ICGV 04018 28 3.0 7.0 8.0 4.0 7.0 8.0 4.0 44.0 12.0 8.7 5.8 66.5 30.4 102.4 78.6 523.7 
54 ICGV 07210 27 3.0 6.0 7.0 2.0 4.0 6.0 4.0 36.4 16.0 8.2 5.3 63.4 25.7 102.8 221.7 1478.1 
55 ICGV 07217 29 2.0 7.0 8.0 4.0 8.0 7.0 4.0 31.4 10.0 5.1 3.4 68.2 21.4 101.9 100.2 667.9 
56 ICGV 95290 28 2.0 5.0 8.0 3.0 7.0 8.0 4.0 35.5 17.0 13.2 8.9 66.5 33.8 106.1 115.0 766.7 
57 ICGV 97261 29 2.0 5.0 7.0 3.0 6.0 7.0 4.0 35.9 15.0 8.5 5.8 65.9 27.1 105.6 164.8 1098.8 
58 ICGV 97262 29 3.0 7.0 8.0 4.0 7.0 8.0 5.0 37.5 24.0 17.8 11.8 66.1 29.6 103.6 135.2 901.1 
59 ICGV 99181 27 3.0 6.0 8.0 3.0 6.0 7.0 4.0 34.0 12.0 10.7 6.5 60.7 29.2 102.9 228.6 1524.2 
60 ICGV 99195 29 4.0 6.0 8.0 2.0 5.0 8.0 5.0 30.8 14.0 9.5 6.3 66.5 39.0 106.1 107.3 715.4 
61 ICGV 89104 30 2.0 6.0 7.0 3.0 7.0 8.0 4.0 37.7 13.0 7.2 4.5 61.6 22.6 106.1 90.3 602.0 
62 ICGS 11 29 2.0 6.0 8.0 3.0 6.0 8.0 5.0 37.9 13.0 8.3 5.5 66.1 25.4 106.1 201.1 1340.4 
63 J 11 29 3.0 6.0 7.0 4.0 7.0 8.0 4.0 37.7 14.0 8.5 5.4 63.1 23.5 105.5 113.0 753.5 
64 ICGV 99085 29 1.0 3.0 8.0 1.0 2.0 7.0 4.0 37.3 15.0 9.0 5.3 64.0 29.3 115.4 201.7 1344.5 
65 TKG 19A 30 2.0 5.0 8.0 3.0 6.0 7.0 5.0 43.8 12.0 8.9 5.0 56.9 28.5 105.9 192.9 1285.7 
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66 TPG 41 30 2.0 5.0 8.0 3.0 7.0 8.0 4.0 45.7 15.0 12.6 7.5 57.0 56.8 109.1 209.3 1395.3 
67 ICGV 00350 32 1.0 3.0 7.0 2.0 5.0 8.0 4.0 36.6 14.0 8.1 5.3 69.2 24.9 105.9 224.7 1498.0 
68 DH 86 31 2.0 6.0 7.0 2.0 5.0 6.0 7.0 36.8 15.0 11.7 8.3 70.4 36.4 106.6 459.6 3063.7 
69 ICGV 95058 30 2.0 4.0 8.0 3.0 6.0 8.0 5.0 33.8 17.0 11.4 7.5 65.1 30.2 105.9 235.7 1571.5 
70 ICGV 95070 30 3.0 6.0 8.0 4.0 7.0 8.0 4.0 31.5 12.0 6.6 3.9 59.1 26.1 106.0 108.3 722.1 
71 GPBD 4 29 1.0 2.0 3.0 1.0 2.0 3.0 5.0 34.8 17.0 10.5 6.4 59.8 25.6 118.6 259.7 1731.3 
72 ICGV 91114 29 2.0 6.0 8.0 3.0 6.0 7.0 4.0 35.9 9.0 5.1 3.6 67.8 28.0 105.9 98.2 654.9 
73 TMV 2 29 2.0 8.0 9.0 4.0 7.0 9.0 5.0 33.2 7.0 5.8 2.8 48.9 29.3 106.0 158.7 1057.8 
74 Faizpur 1-5 28 3.0 6.0 8.0 4.0 7.0 8.0 4.0 34.5 11.0 7.7 4.8 64.3 27.2 106.0 99.4 662.4 
75 Mutant 3 27 3.0 6.0 8.0 4.0 7.0 9.0 4.0 47.1 15.0 10.7 6.9 63.8 29.6 106.4 193.0 1286.7 
76 ICGV 03042 31 1.0 3.0 8.0 1.0 2.0 7.0 5.0 29.6 18.0 13.1 8.1 62.3 32.0 108.4 301.5 2009.7 
77 ICGV 05100 31 1.0 2.0 6.0 1.0 2.0 6.0 5.0 33.4 17.0 10.8 6.2 58.1 29.3 118.0 317.7 2117.9 
78 ICGV 06049 27 2.0 5.0 7.0 4.0 6.0 7.0 4.0 35.8 11.0 8.9 6.3 60.3 31.6 110.0 101.5 676.7 
79 ICGV 06420 31 2.0 5.0 8.0 2.0 3.0 5.0 4.0 35.3 22.0 13.6 7.6 57.0 28.0 114.9 283.3 1888.4 
80 ICGV 06424 33 1.0 4.0 7.0 1.0 2.0 5.0 5.0 29.6 17.0 9.7 5.7 58.6 24.2 101.5 291.8 1945.2 
81 ICGV 07145 31 1.0 4.0 6.0 1.0 2.0 7.0 5.0 34.5 14.0 11.4 5.7 50.2 26.8 115.5 227.4 1516.1 
82 ICGV 07148 30 1.0 4.0 3.0 1.0 2.0 4.0 5.0 34.5 18.0 12.4 6.5 52.3 31.3 103.5 235.7 1571.6 
83 ICGV 07166 29 1.0 4.0 7.0 1.0 4.0 8.0 5.0 37.3 27.0 18.6 11.0 59.5 33.5 106.0 394.1 2627.5 
84 ICGV 06142 32 1.0 2.0 4.0 1.0 2.0 5.0 5.0 39.7 27.0 17.3 10.7 64.3 28.2 120.4 492.5 3283.4 
85 ICGV 91116 28 4.0 8.0 8.0 5.0 7.0 8.0 4.0 46.9 18.0 13.9 8.4 66.0 26.4 107.5 120.9 806.2 
86 ICGV 97045 28 2.0 5.0 7.0 3.0 6.0 7.0 4.0 40.9 11.0 11.1 5.8 52.7 53.7 118.4 301.7 2011.4 
87 ICGV 94118 29 2.0 4.0 7.0 1.0 3.0 4.0 6.0 35.7 10.0 8.4 5.4 66.0 31.6 106.1 82.0 546.9 
88 ICGV 05176 30 2.0 5.0 7.0 3.0 6.0 8.0 5.0 46.2 11.0 15.1 9.5 62.5 52.6 110.5 248.2 1654.5 
89 ICGV 04149 26 2.0 5.0 7.0 3.0 7.0 8.0 4.0 31.4 10.0 6.3 3.6 56.8 24.6 110.1 93.8 625.3 
90 ICGV 00351 30 2.0 5.0 8.0 2.0 4.0 7.0 5.0 38.1 16.0 10.9 6.9 64.4 27.9 105.0 240.9 1606.2 
91 ICGV 92195 29 2.0 5.0 8.0 4.0 7.0 9.0 4.0 40.5 13.0 6.9 4.2 59.7 23.1 101.5 124.6 830.6 
92 ICGV 87187 32 2.0 5.0 7.0 3.0 6.0 8.0 6.0 39.5 17.0 10.9 6.8 63.3 29.6 106.0 132.0 879.9 
93 ICGV 86072 29 2.0 6.0 8.0 3.0 6.0 8.0 6.0 34.4 13.0 11.3 7.1 62.4 33.8 108.5 171.6 1144.0 
94 ICGV 86015 30 2.0 5.0 8.0 3.0 6.0 8.0 5.0 28.3 12.0 7.4 4.5 60.9 28.0 106.2 104.5 696.9 
95 ICGV 93437 27 2.0 6.0 8.0 3.0 6.0 7.0 4.0 41.1 12.0 9.9 6.4 69.5 28.6 106.0 192.5 1283.5 
96 ICGV 86143 31 3.0 7.0 8.0 4.0 6.0 8.0 5.0 35.2 17.0 13.0 8.6 67.3 31.9 105.9 157.5 1049.9 
97 ICGV 90320 28 2.0 4.0 8.0 2.0 5.0 7.0 5.0 33.4 17.0 13.4 8.0 59.7 33.2 106.0 261.2 1741.2 
98 ICGV 07273 31 2.0 6.0 8.0 3.0 6.0 8.0 5.0 34.5 14.0 8.8 5.9 67.4 27.5 105.9 140.6 937.0 
99 49 × 37-91 27 2.0 6.0 8.0 4.0 8.0 9.0 4.0 32.3 18.0 9.0 4.6 56.2 33.3 111.4 138.4 922.6 
100 49 × 37-134 30 2.0 4.0 7.0 2.0 4.0 7.0 4.0 43.4 19.0 13.5 7.2 52.9 35.6 106.0 112.0 746.9 
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101 49 × 37-135 28 2.0 6.0 7.0 4.0 7.0 8.0 4.0 37.3 13.0 7.5 4.8 66.7 23.0 107.1 124.3 828.9 
102 49 × 37-97-1 32 2.0 6.0 8.0 5.0 7.0 9.0 5.0 35.6 8.0 10.2 6.1 58.1 61.1 110.5 111.0 739.8 
103 49 × 37- 99(b) tall 32 2.0 5.0 8.0 4.0 7.0 8.0 5.0 31.7 10.0 12.3 6.7 59.0 57.1 110.9 113.2 754.6 
104 39 × 49 -8 28 1.0 4.0 5.0 1.0 3.0 4.0 5.0 32.5 17.0 11.9 6.8 57.7 43.1 108.0 258.0 1719.9 
105 39 × 49 -77 27 1.0 3.0 6.0 1.0 4.0 7.0 4.0 29.8 8.0 6.6 3.6 53.3 45.1 105.7 216.5 1443.3 
106 49 × 39-20-2 27 2.0 6.0 8.0 3.0 7.0 9.0 4.0 26.1 16.0 12.3 6.6 52.9 34.0 105.9 189.4 1262.7 
107 49 × 39-21-2 29 2.0 5.0 7.0 2.0 4.0 5.0 5.0 41.3 15.0 9.5 5.8 53.7 31.5 119.6 169.5 1129.9 
108 49 × 39-8 28 1.0 2.0 6.0 1.0 4.0 7.0 4.0 27.2 11.0 8.2 4.7 57.7 30.3 103.5 206.1 1373.8 
109 49 M-16 33 1.0 2.0 8.0 1.0 3.0 5.0 6.0 39.2 21.0 12.5 7.7 59.4 31.0 118.0 243.5 1623.1 
110 49 × 27-19 31 2.0 6.0 8.0 3.0 6.0 7.0 4.0 34.9 19.0 13.1 6.9 53.9 41.0 107.5 135.0 900.3 
111 49 × 27-13 (ii) 30 2.0 6.0 8.0 3.0 5.0 8.0 4.0 38.6 9.0 8.3 4.3 52.1 42.8 113.4 157.7 1051.2 
112 27 × 49- 16 31 1.0 4.0 8.0 2.0 5.0 7.0 6.0 41.8 7.0 4.9 2.6 53.1 41.6 108.0 144.1 960.5 
113 27 × 49- 12 29 1.0 4.0 6.0 1.0 5.0 7.0 4.0 27.0 13.0 10.9 6.2 57.9 32.8 107.5 153.2 1021.3 
114 27 × 49- 14 29 2.0 4.0 8.0 2.0 6.0 8.0 4.0 36.3 9.0 8.2 4.3 52.9 44.7 106.5 151.4 1009.4 
115 27 × 49- 27-1 29 2.0 5.0 8.0 3.0 6.0 7.0 4.0 25.9 17.0 9.9 5.5 55.9 44.1 105.9 113.6 757.5 
116 26 M 156-2 29 1.0 4.0 8.0 2.0 6.0 8.0 4.0 26.0 8.0 6.7 2.6 52.1 31.3 105.0 261.2 1741.2 
117 26 M- 119-1 28 2.0 6.0 8.0 3.0 7.0 8.0 4.0 35.8 17.0 12.9 8.0 67.6 30.9 104.9 136.2 907.7 
118 24 M-86 28 1.0 3.0 4.0 2.0 4.0 6.0 6.0 36.1 14.0 9.4 4.6 46.8 31.5 117.9 83.7 557.7 
119 MN1-35 28 2.0 4.0 6.0 1.0 4.0 6.0 4.0 33.8 12.0 7.4 3.1 39.0 24.9 105.9 325.0 2166.9 
120 M 110-14 29 1.0 5.0 8.0 1.0 4.0 7.0 5.0 30.9 16.0 13.2 8.1 57.7 40.6 105.1 141.8 945.3 
121 M 28-2 30 2.0 4.0 8.0 2.0 4.0 8.0 4.0 28.1 18.0 13.6 6.5 47.1 33.9 101.4 167.2 1114.6 
122 Somnath 29 2.0 5.0 8.0 3.0 6.0 7.0 5.0 49.8 15.0 10.5 6.3 60.6 29.8 102.5 115.8 772.0 
123 TG 41 28 2.0 6.0 8.0 3.0 7.0 9.0 4.0 35.0 9.0 9.3 5.2 55.5 57.4 106.0 198.2 1321.2 
124 TG 42 29 2.0 5.0 7.0 3.0 6.0 7.0 4.0 32.1 9.0 9.9 6.0 59.8 56.3 106.0 192.7 1284.9 
125 TG 49 27 2.0 6.0 8.0 3.0 7.0 8.0 4.0 25.7 9.0 7.5 4.1 55.2 34.9 104.0 140.8 938.9 
126 TG LPS 4 26 2.0 6.0 8.0 3.0 6.0 8.0 5.0 33.4 16.0 14.3 9.5 68.8 50.0 104.1 128.6 857.1 
127 TG LPS 7 28 2.0 6.0 8.0 3.0 6.0 7.0 5.0 32.2 8.0 6.3 4.0 63.0 42.6 106.0 81.9 546.1 
128 24 × 37-2275 29 2.0 5.0 7.0 1.0 5.0 8.0 4.0 30.6 19.0 14.9 8.9 61.5 33.6 107.5 288.0 1920.1 
129 24 × 39-31 MR 28 2.0 4.0 7.0 1.0 3.0 5.0 5.0 34.2 11.0 6.0 2.4 40.0 25.1 115.5 218.6 1457.5 
130 26 × M-95-1 RI 27 2.0 4.0 7.0 2.0 4.0 6.0 5.0 26.1 17.0 10.4 5.1 49.7 28.6 103.4 248.6 1657.3 
131 26 × 37-IV- 9IR 30 1.0 4.0 7.0 2.0 5.0 6.0 4.0 35.6 20.0 12.7 7.9 62.9 27.3 106.0 156.4 1042.6 
132 26 × 27-164 30 2.0 6.0 8.0 3.0 7.0 8.0 5.0 37.6 14.0 10.5 6.9 65.4 29.7 101.5 132.1 880.7 
133 49 × 39-21-1 29 2.0 4.0 6.0 1.0 3.0 7.0 4.0 30.4 13.0 8.6 5.3 61.2 27.9 104.3 152.3 1015.6 
134 49 × 39-21-2(a) 28 2.0 4.0 8.0 1.0 4.0 8.0 5.0 28.6 34.0 22.1 13.1 63.6 28.3 102.5 144.3 962.0 
135 49 × 39-74 29 1.0 3.0 5.0 1.0 3.0 6.0 4.0 29.3 20.0 9.1 5.8 64.3 24.7 103.4 179.0 1193.1 
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136 39 × 49-81-1 30 1.0 2.0 6.0 1.0 3.0 6.0 4.0 29.4 18.0 10.7 6.4 59.1 29.2 104.7 178.2 1187.7 
137 49 × 27-37 31 1.0 4.0 8.0 1.0 3.0 6.0 5.0 28.4 16.0 7.9 4.2 54.0 30.8 102.1 127.9 852.4 
138 TDG 10 29 2.0 4.0 7.0 2.0 6.0 8.0 4.0 33.3 17.0 10.5 5.9 53.7 27.4 105.9 233.9 1559.0 
139 TDG 13 29 2.0 5.0 8.0 3.0 6.0 8.0 5.0 35.5 16.0 10.6 6.4 60.8 29.3 105.9 276.5 1843.2 
140 TDG 14 27 2.0 5.0 8.0 3.0 6.0 7.0 4.0 29.6 14.0 9.0 5.5 61.6 36.6 106.4 179.6 1197.3 
141 DTG 3 28 2.0 5.0 8.0 3.0 7.0 7.0 5.0 31.5 16.0 10.6 6.8 64.4 27.8 109.1 239.4 1596.0 
142 DTG 15 27 2.0 6.0 8.0 4.0 7.0 8.0 4.0 36.3 12.0 8.1 5.0 64.0 26.4 108.6 162.2 1081.2 
143 M 28-2 32 1.0 2.0 7.0 3.0 5.0 7.0 4.0 28.7 13.0 9.8 5.1 51.9 31.2 106.1 88.3 588.4 
144 JL 24 29 3.0 6.0 8.0 4.0 7.0 9.0 4.0 45.6 11.0 7.1 4.7 65.3 26.0 106.0 82.4 549.5 
145 TAG 24 27 2.0 6.0 8.0 4.0 5.0 7.0 4.0 39.2 12.0 8.4 5.5 67.9 25.4 107.6 127.5 849.7 
146 SPS 1 30 1.0 4.0 6.0 1.0 4.0 8.0 4.0 39.3 11.0 6.9 4.0 59.2 19.6 108.0 174.1 1160.5 
147 SPS 9 30 1.0 3.0 6.0 2.0 4.0 6.0 4.0 41.0 17.0 11.1 5.7 51.7 23.7 103.0 254.4 1696.1 
148 SPS 10 27 3.0 6.0 8.0 5.0 7.0 8.0 4.0 36.8 10.0 7.0 3.8 54.8 24.5 104.1 418.3 2788.9 
149 SPS 13 29 2.0 4.0 6.0 4.0 6.0 8.0 4.0 25.5 11.0 11.3 6.4 56.2 51.6 105.9 159.4 1062.7 
150 SPS 14 29 2.0 4.0 8.0 2.0 4.0 7.0 4.0 28.4 12.0 6.6 3.9 61.4 22.8 114.9 126.3 842.3 
151 SPS 17 28 3.0 6.0 8.0 2.0 4.0 7.0 4.0 36.3 8.0 6.2 3.1 51.9 43.0 105.9 146.4 976.2 
152 ICGV 02411 30 1.0 2.0 3.0 1.0 2.0 5.0 5.0 40.8 19.0 13.9 7.4 52.9 32.4 116.5 346.1 2307.5 
153 ICGV 05155 30 1.0 2.0 6.0 1.0 2.0 3.0 5.0 35.0 22.0 15.7 9.1 58.1 31.9 101.0 429.4 2862.7 
154 ICGV 06100 30 2.0 4.0 8.0 1.0 3.0 7.0 6.0 36.7 23.0 20.3 12.8 63.0 42.3 108.0 490.4 3269.2 
155 ICGV 07023 27 2.0 5.0 8.0 3.0 7.0 8.0 6.0 43.0 8.0 5.7 4.1 69.5 31.0 106.0 129.4 862.6 
156 SunOleic 95R 29 2.0 6.0 8.0 3.0 5.0 7.0 5.0 29.0 10.0 7.1 4.1 56.8 28.6 104.6 134.6 897.2 
157 ICG 434 28 3.0 6.0 7.0 4.0 7.0 8.0 4.0 42.1 7.0 4.6 2.9 64.4 28.5 107.4 103.9 692.4 
158 ICG 2031 27 2.0 6.0 8.0 3.0 7.0 9.0 4.0 40.9 10.0 5.4 3.7 69.7 21.2 105.0 80.5 536.8 
159 ICG 3102 27 2.0 5.0 8.0 4.0 7.0 7.0 4.0 44.0 11.0 8.6 5.7 67.0 30.7 107.0 186.4 1242.4 
160 ICG 3140 28 3.0 5.0 8.0 5.0 7.0 8.0 4.0 42.3 10.0 6.1 3.6 59.0 26.5 106.9 88.5 590.3 
161 ICG 3343 28 2.0 6.0 7.0 3.0 7.0 8.0 4.0 43.7 15.0 11.6 7.3 58.4 27.9 106.1 75.7 504.9 
162 ICG 3421 28 2.0 6.0 8.0 4.0 7.0 8.0 4.0 39.5 15.0 9.3 5.9 65.0 23.6 102.1 107.4 716.3 
163 ICG 4729 28 3.0 7.0 8.0 5.0 8.0 9.0 4.0 45.8 14.0 9.4 6.1 67.1 23.7 105.0 96.9 646.3 
164 ICG 6022 28 1.0 2.0 7.0 2.0 4.0 7.0 4.0 59.0 11.0 15.2 8.1 52.7 38.2 106.0 168.3 1121.7 
165 ICG 6646 29 1.0 3.0 6.0 3.0 5.0 7.0 4.0 53.0 5.0 8.4 4.4 54.4 29.9 105.5 129.3 862.0 
166 ICG 8517 28 2.0 5.0 8.0 2.0 6.0 8.0 4.0 47.7 8.0 6.2 3.8 62.4 24.5 105.6 104.3 695.5 
167 ICG 8751 29 2.0 5.0 8.0 2.0 3.0 7.0 4.0 53.5 10.0 11.1 6.7 59.2 29.5 106.0 255.4 1703.0 
168 ICG 9315 28 2.0 6.0 8.0 4.0 7.0 7.0 4.0 42.1 15.0 8.7 4.5 55.4 24.4 108.0 111.7 744.5 
169 ICG 10036 29 2.0 5.0 6.0 1.0 4.0 7.0 4.0 43.6 13.0 13.2 7.3 54.7 25.2 103.4 207.2 1381.5 
170 ICG 10053 30 2.0 3.0 5.0 2.0 4.0 6.0 4.0 39.9 13.0 11.1 7.3 59.6 35.9 104.6 147.3 982.1 
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171 ICG 10701 26 2.0 6.0 9.0 4.0 7.0 8.0 4.0 27.2 9.0 5.4 3.5 58.9 26.8 110.0 102.8 685.2 
172 ICG 11088 28 2.0 5.0 8.0 2.0 4.0 6.0 3.0 43.1 14.0 12.0 6.9 56.3 26.8 104.5 234.2 1561.3 
173 ICG 11651 29 2.0 5.0 7.0 3.0 6.0 6.0 4.0 36.8 18.0 15.6 8.1 52.0 32.9 103.6 227.0 1513.5 
174 ICG 12625 30 1.0 3.0 7.0 2.0 5.0 6.0 4.0 41.3 10.0 6.4 3.4 53.1 29.9 120.5 99.3 661.8 
175 ICG 12991 27 3.0 7.0 8.0 5.0 7.0 8.0 4.0 45.0 16.0 8.7 5.6 63.9 21.3 105.1 65.5 436.9 
176 ICG 14985 26 3.0 6.0 8.0 4.0 7.0 8.0 5.0 33.6 13.0 10.6 6.4 59.9 35.0 107.5 154.6 1030.5 
177 ICG 15415 27 2.0 4.0 8.0 1.0 4.0 8.0 4.0 40.7 14.0 11.0 6.5 59.3 23.6 104.4 153.9 1025.9 
178 ICG 15419 28 2.0 4.0 7.0 2.0 4.0 6.0 4.0 67.3 3.0 4.8 2.6 53.4 36.7 107.0 188.7 1257.8 
179 ICGV 01232 28 3.0 6.0 8.0 4.0 7.0 8.0 4.0 44.0 10.0 11.3 6.4 56.3 44.3 104.9 250.6 1670.4 
180 ICGV 01276 30 1.0 2.0 5.0 1.0 3.0 6.0 6.0 31.5 28.0 20.2 13.6 65.6 32.0 120.5 341.1 2273.8 
181 ICGV 01328 28 1.0 2.0 5.0 2.0 5.0 7.0 5.0 34.3 20.0 15.0 8.7 62.5 29.1 112.5 448.6 2990.5 
182 ICGV 02022 27 2.0 5.0 8.0 4.0 6.0 7.0 5.0 38.9 13.0 8.6 5.6 66.1 25.1 108.2 187.1 1247.3 
183 ICGV 02038 27 3.0 7.0 8.0 5.0 7.0 9.0 4.0 44.0 15.0 5.2 3.5 67.2 28.9 105.5 87.6 583.7 
184 ICGV 02189 28 3.0 5.0 8.0 4.0 7.0 9.0 4.0 36.6 11.0 10.1 6.4 66.2 29.9 105.9 179.5 1196.5 
185 ICGV 02194 29 3.0 6.0 8.0 2.0 5.0 8.0 4.0 44.1 16.0 8.7 5.4 60.6 23.5 106.1 278.5 1856.9 
186 ICGV 02266 30 1.0 5.0 6.0 1.0 3.0 5.0 6.0 41.3 20.0 16.0 10.0 62.0 37.8 102.9 347.3 2315.6 
187 ICGV 02271 30 2.0 6.0 8.0 3.0 6.0 7.0 5.0 34.5 16.0 12.8 8.7 67.3 30.9 105.5 168.3 1121.8 
188 ICGV 02286 29 1.0 4.0 7.0 2.0 4.0 6.0 5.0 46.0 18.0 10.8 6.7 62.0 27.0 103.4 234.5 1563.3 
189 ICGV 86011 29 2.0 6.0 7.0 3.0 7.0 9.0 5.0 45.7 21.0 14.2 8.5 60.6 28.9 103.9 177.8 1185.2 
190 ICGV 86590 28 2.0 4.0 6.0 1.0 3.0 4.0 5.0 41.3 15.0 13.3 7.6 56.7 30.0 105.9 335.8 2238.4 
191 ICGV 87160 27 2.0 5.0 8.0 3.0 6.0 8.0 4.0 32.5 17.0 9.3 5.6 60.0 28.0 104.4 103.5 690.0 
192 ICGV 87354 31 3.0 6.0 7.0 4.0 6.0 8.0 4.0 36.7 6.0 5.2 2.7 53.6 21.9 103.9 98.7 657.7 
193 ICGV 87378 26 3.0 6.0 6.0 4.0 6.0 7.0 4.0 43.7 12.0 10.0 6.5 64.6 28.8 108.0 169.3 1129.0 
194 ICGV 87921 29 3.0 6.0 8.0 2.0 4.0 7.0 4.0 39.1 14.0 10.5 5.7 54.9 36.9 103.0 333.7 2224.6 
195 ICGV 88145 28 2.0 5.0 8.0 3.0 6.0 7.0 4.0 54.1 14.0 10.6 6.7 63.6 32.5 110.4 234.3 1561.8 
196 ICGV 92267 29 2.0 5.0 7.0 3.0 6.0 8.0 5.0 47.5 12.0 10.6 5.4 61.7 33.7 102.6 195.1 1300.5 
197 ICGV 93470 28 3.0 6.0 8.0 5.0 7.0 9.0 4.0 37.0 16.0 12.5 7.5 60.0 28.0 104.5 339.7 2264.6 
198 ICGV 94169 29 2.0 5.0 7.0 3.0 6.0 9.0 5.0 39.3 8.0 10.6 6.3 61.9 42.3 107.0 188.1 1254.3 
199 ICGV 94361 29 2.0 6.0 8.0 3.0 7.0 8.0 5.0 35.8 14.0 9.1 6.5 69.1 28.8 102.9 111.8 745.0 
200 ICGV 95377 30 2.0 6.0 7.0 3.0 7.0 8.0 4.0 40.1 9.0 8.1 5.7 67.8 37.5 102.5 159.2 1061.2 
201 ICGV 96466 29 2.0 7.0 8.0 4.0 6.0 8.0 4.0 32.6 11.0 6.3 4.3 65.9 32.4 103.0 187.1 1247.6 
202 ICGV 96468 28 3.0 6.0 8.0 4.0 7.0 8.0 4.0 41.5 8.0 6.1 3.4 55.1 40.2 104.0 199.9 1332.8 
203 ICGV 97182 29 2.0 5.0 6.0 1.0 3.0 7.0 5.0 34.3 10.0 6.5 3.6 56.7 26.2 104.9 113.4 756.0 
204 ICGV 97183 29 2.0 5.0 8.0 5.0 7.0 8.0 4.0 38.4 12.0 9.8 6.3 64.5 40.3 103.5 204.4 1362.5 
205 ICGV 98294 33 3.0 5.0 7.0 3.0 6.0 8.0 5.0 35.0 12.0 10.4 6.4 62.3 36.6 103.4 283.5 1890.0 
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206 Gangapuri 27 2.0 4.0 8.0 4.0 6.0 8.0 4.0 38.2 8.0 6.7 4.1 59.0 27.1 105.9 129.5 863.0 
207 ICGS 44 30 2.0 6.0 8.0 2.0 6.0 7.0 5.0 29.6 20.0 15.9 9.7 63.6 32.2 106.0 144.6 964.1 
208 ICG 3312 30 2.0 7.0 8.0 4.0 6.0 8.0 4.0 35.3 14.0 7.8 5.7 70.6 23.9 108.0 112.7 751.6 
209 ICG 14705 28 2.0 4.0 6.0 3.0 6.0 7.0 5.0 32.9 11.0 7.2 4.8 69.2 33.1 109.9 136.7 911.3 
210 ICG 3746 28 3.0 6.0 8.0 5.0 7.0 8.0 4.0 44.2 14.0 8.3 5.9 70.5 21.7 114.0 84.0 559.9 
211 ICG 4955 28 3.0 7.0 7.0 4.0 7.0 8.0 4.0 49.2 13.0 8.6 5.5 65.4 28.4 104.6 187.0 1246.7 
212 ICG 12879 29 2.0 6.0 7.0 3.0 7.0 8.0 4.0 36.7 7.0 3.8 2.3 59.7 25.3 107.5 65.1 434.2 
213 ICG 5221 28 3.0 6.0 8.0 3.0 7.0 8.0 4.0 48.6 9.0 8.6 5.0 58.9 30.3 104.9 141.0 939.7 
214 ICG 4543 26 3.0 7.0 8.0 4.0 7.0 8.0 4.0 38.6 16.0 7.4 4.8 66.3 22.1 105.6 103.2 687.9 
215 ICG 1834 30 2.0 6.0 8.0 4.0 7.0 8.0 4.0 40.9 17.0 11.1 7.4 65.4 27.1 106.6 153.6 1024.1 
216 ICG 2106 29 3.0 5.0 8.0 5.0 7.0 8.0 4.0 41.2 22.0 12.5 8.6 69.6 27.2 105.4 69.0 460.3 
217 ICG 9507 29 2.0 7.0 6.0 3.0 6.0 7.0 4.0 38.6 10.0 6.4 4.3 68.4 28.1 108.2 94.8 632.2 
218 ICG 1973 29 2.0 6.0 8.0 4.0 7.0 9.0 4.0 41.7 19.0 10.2 6.9 69.2 24.7 107.0 57.9 386.3 
219 ICG 3673 29 2.0 6.0 8.0 4.0 7.0 8.0 4.0 41.0 5.0 4.3 2.6 59.0 26.2 116.6 213.2 1421.1 
220 ICG 3584 28 3.0 7.0 8.0 5.0 7.0 9.0 4.0 44.2 10.0 8.5 3.7 43.7 24.9 107.5 149.0 993.4 
221 ICG 442 27 3.0 7.0 8.0 5.0 7.0 8.0 4.0 42.2 12.0 8.0 5.3 66.2 27.1 113.0 143.3 955.6 
222 ICGV 01464 32 2.0 5.0 7.0 1.0 3.0 4.0 6.0 39.3 10.0 11.0 5.6 50.0 42.7 121.4 266.5 1776.7 
223 ICGV 01478 34 2.0 6.0 8.0 3.0 5.0 7.0 6.0 36.8 19.0 23.8 14.6 64.0 53.2 113.1 454.9 3033.0 
224 ICGV 02251 28 2.0 6.0 8.0 3.0 6.0 8.0 4.0 36.1 14.0 10.1 6.8 67.7 28.2 117.0 192.6 1284.2 
225 ICGV 03136 33 2.0 5.0 8.0 3.0 5.0 7.0 5.0 31.5 9.0 10.5 6.4 60.3 44.2 107.0 67.9 452.9 
226 ICGV 05198 29 4.0 7.0 7.0 3.0 5.0 6.0 4.0 43.3 20.0 29.0 17.2 60.2 61.2 110.1 454.9 3032.4 
227 ICGV 06234 32 3.0 6.0 8.0 2.0 5.0 7.0 5.0 33.6 11.0 9.5 5.8 63.5 39.2 112.7 154.1 1027.1 
228 ICGV 00346 31 1.0 3.0 6.0 1.0 2.0 4.0 7.0 39.9 10.0 9.6 5.3 56.8 37.2 109.2 260.6 1737.5 
229 ICGV 00362 33 1.0 2.0 6.0 1.0 2.0 3.0 4.0 36.7 23.0 15.4 9.6 65.7 31.1 108.6 251.0 1673.0 
230 ICGV 00371 33 2.0 4.0 8.0 3.0 6.0 8.0 5.0 36.2 14.0 8.0 4.1 51.5 24.8 108.0 137.3 915.0 
231 ICGV 02287 33 2.0 5.0 7.0 1.0 3.0 6.0 6.0 33.7 22.0 16.7 11.1 66.4 41.7 106.1 167.3 1115.1 
232 ICGV 02298 33 2.0 6.0 8.0 4.0 6.0 7.0 6.0 31.1 15.0 13.6 8.9 66.2 34.8 108.0 189.4 1262.5 
233 ICGV 02317 32 1.0 3.0 5.0 1.0 3.0 5.0 6.0 33.0 13.0 9.0 5.6 62.4 35.7 106.9 187.7 1251.3 
234 ICGV 97232 28 2.0 6.0 8.0 3.0 7.0 8.0 4.0 35.7 11.0 7.5 4.9 64.7 29.4 110.9 274.7 1831.1 
235 ICGV 99051 33 1.0 2.0 4.0 1.0 2.0 5.0 6.0 40.2 35.0 25.9 14.6 59.0 34.4 118.0 330.1 2201.0 
236 ICGV 99052 32 1.0 2.0 3.0 1.0 2.0 4.0 6.0 41.9 18.0 12.9 7.0 55.2 30.2 117.9 345.1 2300.6 
237 ICGV 00246 33 1.0 2.0 4.0 1.0 2.0 3.0 6.0 42.4 12.0 8.6 5.3 60.9 31.6 119.5 240.7 1604.8 
238 ICGV 00248 32 1.0 2.0 5.0 1.0 2.0 4.0 6.0 39.4 12.0 9.0 5.3 58.6 28.2 119.1 366.0 2439.8 
239 ICGV 01361 32 1.0 2.0 3.0 1.0 2.0 3.0 6.0 37.1 12.0 12.1 7.1 59.1 27.7 117.9 379.5 2530.1 
240 ICGV 02434 32 2.0 4.0 5.0 2.0 4.0 6.0 6.0 33.0 17.0 9.6 5.4 56.0 30.9 104.6 245.4 1636.1 



A15 
 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

241 ICGV 04087 34 1.0 2.0 6.0 1.0 2.0 4.0 5.0 35.7 29.0 19.6 10.9 60.1 28.0 117.5 243.9 1625.9 
242 ICGV 06175 33 2.0 5.0 6.0 1.0 3.0 5.0 5.0 36.2 21.0 14.6 8.3 57.2 31.2 114.9 206.7 1378.0 
243 ICGV 97116 32 1.0 4.0 7.0 3.0 5.0 8.0 6.0 33.7 17.0 12.2 8.0 63.5 32.7 106.9 212.5 1416.8 
244 ICGV 97128 31 1.0 5.0 8.0 1.0 3.0 6.0 6.0 38.0 16.0 10.8 6.0 55.9 29.5 117.0 362.7 2418.3 
245 ICGV 98184 29 2.0 4.0 7.0 1.0 3.0 6.0 5.0 39.4 19.0 11.6 6.5 55.0 31.1 120.9 269.7 1797.7 
246 ICGV 00068 33 1.0 2.0 5.0 1.0 3.0 5.0 5.0 32.4 19.0 14.6 7.9 55.2 28.1 117.1 200.5 1336.7 
247 ICGV 01495 31 1.0 2.0 4.0 1.0 4.0 8.0 7.0 36.4 19.0 18.1 11.4 62.1 47.3 112.0 396.1 2640.9 
248 ICGV 05057 32 1.0 4.0 8.0 1.0 3.0 6.0 6.0 35.3 17.0 13.1 7.7 58.1 33.5 115.4 422.0 2813.2 
249 ICGV 07168 32 2.0 5.0 6.0 2.0 5.0 7.0 6.0 38.6 13.0 10.9 6.7 62.4 35.0 106.9 242.3 1615.3 
250 ICGV 01265 34 2.0 4.0 6.0 1.0 3.0 8.0 6.0 35.8 24.0 11.7 6.0 46.1 32.1 110.4 326.5 2176.9 
251 ICGV 98105 30 1.0 4.0 6.0 1.0 2.0 7.0 6.0 32.0 22.0 16.1 10.3 63.7 41.4 118.9 409.0 2726.9 
252 ICGV 99160 33 1.0 2.0 7.0 2.0 2.0 7.0 6.0 36.7 16.0 13.6 7.8 58.1 34.7 117.5 334.1 2227.4 
253 ICGV 02323 32 1.0 2.0 5.0 1.0 2.0 7.0 5.0 34.9 30.0 20.5 14.6 70.4 33.3 121.4 335.2 2234.7 
254 ICGV 04115 33 2.0 4.0 6.0 2.0 3.0 5.0 5.0 33.1 15.0 11.4 6.6 58.5 30.2 102.5 160.9 1072.7 
255 ICGV 05036 30 1.0 2.0 7.0 1.0 2.0 5.0 5.0 35.6 16.0 13.0 7.6 58.6 34.2 115.4 338.1 2254.1 
256 ICGV 06042 30 1.0 2.0 5.0 1.0 2.0 6.0 5.0 36.3 19.0 13.0 8.2 62.9 30.4 106.0 355.2 2368.2 
257 ICGV 86564 33 2.0 5.0 7.0 3.0 5.0 8.0 6.0 41.0 14.0 17.0 9.8 57.3 50.3 121.4 161.5 1076.8 
258 ICGV 98432 33 2.0 4.0 8.0 2.0 4.0 7.0 7.0 40.9 20.0 20.6 12.1 57.7 44.1 118.5 181.4 1209.5 
259 BAU 13 33 2.0 5.0 7.0 2.0 6.0 8.0 6.0 42.1 11.0 13.9 9.7 70.8 53.8 119.6 211.7 1411.6 
260 ICGV 87846 32 1.0 3.0 4.0 1.0 2.0 3.0 6.0 37.1 21.0 14.3 8.4 57.8 32.5 120.0 306.4 2042.7 
261 ICR 48 33 2.0 4.0 9.0 3.0 5.0 8.0 5.0 29.7 13.0 8.4 5.2 63.3 27.7 107.6 169.0 1126.7 
262 ICGV 86699 32 1.0 2.0 4.0 1.0 2.0 5.0 6.0 39.5 27.0 15.5 8.5 53.7 26.6 103.1 183.7 1224.8 
263 ICGV 98373 33 2.0 5.0 7.0 1.0 2.0 3.0 5.0 31.3 21.0 16.4 9.8 56.5 42.2 113.5 318.1 2121.0 
264 ICGV 97115 33 2.0 4.0 6.0 2.0 4.0 6.0 6.0 37.6 18.0 12.9 7.6 60.1 30.8 106.0 219.4 1462.4 
265 ICGV 06040 30 2.0 3.0 6.0 1.0 3.0 5.0 5.0 36.6 18.0 13.9 8.5 61.0 39.4 107.1 350.8 2338.6 
266 ICGV 06099 31 1.0 4.0 6.0 1.0 2.0 6.0 6.0 33.9 23.0 21.4 13.2 62.0 43.5 109.0 427.0 2846.5 
267 CS 39 32 2.0 4.0 8.0 1.0 3.0 8.0 6.0 35.6 11.0 6.9 3.7 50.9 36.2 110.9 175.1 1167.6 
268 ICGV 05032 30 1.0 3.0 6.0 1.0 1.0 2.0 6.0 32.8 12.0 9.5 5.4 50.7 33.9 116.5 336.7 2244.4 
269 ICGV 05141 31 1.0 2.0 6.0 1.0 2.0 4.0 5.0 34.7 10.0 7.7 4.7 61.1 31.6 114.0 223.7 1491.0 
270 ICGV 07359 32 2.0 6.0 8.0 3.0 7.0 8.0 6.0 43.2 8.0 8.9 5.5 63.2 51.2 114.1 236.5 1576.7 
271 ICGV 07368 33 2.0 5.0 8.0 3.0 6.0 7.0 5.0 42.0 9.0 9.6 6.1 63.2 48.5 114.5 224.5 1497.0 
272 ICGV 06110 30 2.0 4.0 8.0 3.0 6.0 7.0 6.0 35.9 10.0 9.7 5.0 50.5 41.4 113.1 137.5 916.7 
273 ICGV 06188 27 2.0 5.0 8.0 2.0 4.0 7.0 5.0 39.3 12.0 14.3 9.4 65.0 48.4 111.5 374.0 2493.2 
274 ICGV 00440 32 2.0 5.0 8.0 2.0 4.0 8.0 6.0 37.4 9.0 12.4 7.9 62.8 66.2 107.5 353.3 2355.2 
275 ICGV 86352 28 2.0 5.0 8.0 3.0 6.0 8.0 4.0 34.0 11.0 8.2 4.9 60.5 24.7 106.0 173.5 1156.4 
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276 ICGV 09112 31 2.0 6.0 8.0 3.0 6.0 8.0 8.0 42.0 16.0 9.6 5.6 58.8 26.8 106.0 123.3 822.0 
277 ICGV 93920 30 2.0 4.0 7.0 2.0 4.0 7.0 5.0 38.6 22.0 13.7 8.4 60.3 29.4 105.1 370.3 2468.8 
278 ICGV 93216 29 1.0 5.0 8.0 2.0 4.0 7.0 5.0 34.7 21.0 13.9 9.2 66.2 29.6 105.0 301.1 2007.3 
279 ICGV 88438 34 1.0 5.0 7.0 1.0 5.0 6.0 5.0 27.6 10.0 6.4 3.8 58.2 26.3 111.5 213.9 1426.2 
280 ICG 11337 32 1.0 2.0 5.0 1.0 2.0 7.0 5.0 33.6 16.0 11.4 5.7 49.5 32.8 116.4 113.5 756.7 
281 49 × 37-90 31 2.0 4.0 7.0 3.0 5.0 8.0 5.0 32.1 15.0 11.5 7.0 60.4 28.8 102.5 246.1 1640.6 
282 49 M-2-2 31 1.0 4.0 7.0 2.0 5.0 7.0 6.0 30.6 18.0 19.2 9.3 62.0 36.8 116.5 303.9 2026.0 
283 49 M- 1-1 31 1.0 2.0 7.0 1.0 2.0 6.0 4.0 25.6 14.0 13.6 8.1 59.4 39.1 114.6 130.3 868.5 
284 TG 19 28 3.0 6.0 8.0 4.0 7.0 7.0 4.0 31.3 18.0 13.8 9.0 65.1 27.8 103.5 109.0 726.4 
285 TG 39 29 2.0 5.0 8.0 3.0 6.0 8.0 5.0 25.2 8.0 7.7 4.6 60.2 48.4 107.6 245.6 1637.3 
286 TG LPS 3 31 2.0 5.0 8.0 3.0 6.0 8.0 5.0 28.1 11.0 15.5 8.7 58.1 49.3 107.4 190.5 1269.8 
287 26 × M-223-1 29 2.0 4.0 7.0 2.0 6.0 8.0 5.0 28.9 11.0 7.4 4.5 58.4 30.6 105.9 167.7 1118.3 
288 SPS 2 33 1.0 2.0 5.0 1.0 2.0 6.0 6.0 36.5 13.0 8.4 4.7 55.3 26.6 104.4 252.4 1682.9 
289 SPS 3 27 2.0 5.0 8.0 4.0 7.0 8.0 4.0 37.1 15.0 11.8 7.6 64.0 32.1 103.4 164.7 1098.1 
290 SPS 6 26 2.0 6.0 8.0 3.0 7.0 7.0 4.0 38.9 14.0 10.9 7.5 68.8 29.4 104.9 98.3 655.0 
291 SPS 7 34 1.0 2.0 3.0 1.0 2.0 6.0 7.0 33.8 24.0 16.1 10.6 62.5 32.9 103.6 365.0 2433.4 
292 SPS 8 32 1.0 2.0 4.0 1.0 3.0 6.0 7.0 36.2 14.0 9.4 5.6 61.1 26.0 106.0 312.0 2079.7 
293 SPS 11 33 1.0 2.0 6.0 1.0 2.0 5.0 6.0 34.7 30.0 21.8 13.4 61.0 33.5 118.6 571.4 3809.3 
294 SPS 15 34 1.0 3.0 4.0 1.0 4.0 6.0 6.0 34.8 11.0 8.1 4.7 57.9 39.1 118.0 272.0 1813.3 
295 SPS 20 33 1.0 2.0 5.0 1.0 2.0 4.0 5.0 29.9 17.0 10.4 6.0 57.7 26.4 119.0 112.2 747.7 
296 SPS 21 32 1.0 2.0 4.0 1.0 2.0 6.0 5.0 34.6 22.0 14.5 8.8 62.0 27.7 117.0 139.4 929.2 
297 ICGV 03128 31 1.0 4.0 6.0 1.0 4.0 7.0 6.0 28.2 30.0 22.9 13.5 64.6 34.9 110.1 260.5 1736.9 
298 TMV 2 NLM 28 3.0 6.0 8.0 4.0 7.0 7.0 4.0 38.2 15.0 10.2 6.9 66.6 27.2 106.4 160.0 1066.3 
299 ICG 1668 28 3.0 6.0 8.0 4.0 7.0 7.0 4.0 37.5 11.0 6.8 4.6 66.8 25.0 108.0 130.8 872.3 
300 ICG 8285 33 2.0 4.0 8.0 3.0 6.0 7.0 6.0 32.9 16.0 13.1 8.0 59.5 36.4 109.0 114.9 766.3 
301 ICG 11426 33 1.0 3.0 5.0 1.0 2.0 6.0 5.0 34.8 17.0 12.1 7.7 60.8 32.9 107.5 149.3 995.2 
302 ICGV 02290 31 2.0 4.0 8.0 3.0 6.0 7.0 6.0 35.4 13.0 11.2 7.8 70.2 35.6 106.2 223.2 1487.8 
303 ICGV 02446 34 1.0 2.0 4.0 1.0 2.0 6.0 5.0 33.7 12.0 10.2 5.2 51.9 27.8 116.6 149.2 994.8 
304 ICG 156 31 1.0 4.0 8.0 2.0 6.0 7.0 6.0 32.6 18.0 4.7 3.6 71.3 38.6 109.5 164.2 1094.5 
305 ICGS 76 34 1.0 6.0 8.0 1.0 5.0 8.0 6.0 32.3 19.0 14.5 7.7 53.5 32.9 104.0 170.9 1139.4 
306 ICG 5891 35 2.0 5.0 8.0 3.0 6.0 8.0 6.0 32.7 14.0 8.7 5.4 62.1 29.1 107.9 112.2 748.0 
307 CSMG 84-1 27 2.0 5.0 7.0 2.0 6.0 6.0 5.0 33.9 15.0 9.6 4.7 59.4 28.3 103.5 164.2 1094.8 
308 ICG 111 32 2.0 6.0 8.0 3.0 6.0 8.0 6.0 32.0 14.0 10.4 6.3 61.4 27.5 108.0 87.2 581.5 
309 ICG 14834 31 2.0 4.0 8.0 2.0 4.0 7.0 6.0 32.0 5.0 3.9 2.2 54.1 31.7 104.4 94.8 631.7 
310 ICG 11322 32 2.0 5.0 8.0 3.0 6.0 7.0 5.0 32.3 11.0 6.4 3.9 60.1 23.4 105.0 146.6 977.2 
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311 ICG 532 34 2.0 5.0 8.0 2.0 4.0 7.0 6.0 31.8 16.0 9.2 5.6 60.9 29.9 102.0 75.4 502.9 
312 ICG 12509 32 2.0 5.0 8.0 2.0 6.0 8.0 6.0 40.1 9.0 6.1 4.1 69.6 28.4 108.6 194.1 1294.3 
313 ICG 12672 28 2.0 4.0 6.0 3.0 6.0 8.0 4.0 51.9 18.0 9.7 5.8 59.9 22.5 106.0 122.1 814.2 
314 ICG 10185 32 2.0 5.0 7.0 2.0 5.0 7.0 6.0 39.8 12.0 8.9 5.2 59.1 38.3 107.1 75.7 505.0 
315 ICG 2773 33 2.0 5.0 8.0 2.0 4.0 7.0 7.0 30.0 11.0 8.3 5.5 66.6 29.9 107.6 63.5 423.5 
316 ICG 3027 33 2.0 6.0 8.0 3.0 6.0 8.0 6.0 38.4 11.0 7.8 4.8 61.6 34.0 105.9 126.3 842.3 
317 ICG 5745 33 2.0 5.0 8.0 3.0 6.0 8.0 5.0 33.6 8.0 7.7 4.9 63.8 41.0 109.5 157.3 1048.5 
318 ICG 14482 35 1.0 5.0 6.0 2.0 6.0 8.0 5.0 34.7 10.0 8.6 5.2 63.6 36.3 108.1 164.8 1098.7 
319 ICG 4527 33 2.0 4.0 8.0 3.0 5.0 7.0 6.0 38.8 17.0 13.6 8.3 60.7 34.4 104.5 163.4 1089.3 
320 ICG 4343 33 3.0 5.0 7.0 3.0 5.0 7.0 6.0 30.1 9.0 7.4 4.8 62.4 29.6 105.4 112.0 746.5 
321 ICG 13895 34 2.0 3.0 6.0 2.0 4.0 6.0 6.0 31.9 5.0 3.6 2.2 60.5 33.5 105.0 106.6 710.5 
322 ICG 5663 33 2.0 5.0 7.0 2.0 6.0 8.0 5.0 38.7 8.0 7.2 5.0 68.2 35.4 109.9 78.2 521.6 
323 ICG 721 34 2.0 5.0 8.0 3.0 6.0 7.0 6.0 37.9 23.0 20.2 12.9 64.7 41.0 108.5 133.1 887.5 
324 ICG 12276 31 1.0 4.0 8.0 1.0 5.0 7.0 5.0 39.3 10.0 7.1 3.9 54.9 28.3 116.0 94.5 629.9 
325 ICG 875 34 3.0 6.0 7.0 3.0 6.0 8.0 7.0 33.8 13.0 10.1 6.2 62.7 35.3 105.1 58.1 387.4 
326 ICG 14475 33 1.0 4.0 7.0 3.0 6.0 8.0 6.0 39.3 10.0 8.3 5.1 61.9 32.6 106.0 109.9 732.7 
327 ICG 15190 34 3.0 6.0 7.0 2.0 5.0 6.0 6.0 35.7 9.0 6.4 4.5 69.0 35.8 103.5 83.3 555.6 
328 ICG 12370 32 1.0 3.0 8.0 2.0 4.0 5.0 6.0 35.3 16.0 10.3 5.9 57.3 33.8 106.0 98.7 657.7 
329 ICGV 86325 31 1.0 4.0 6.0 3.0 6.0 8.0 6.0 35.6 9.0 5.8 3.8 64.1 30.2 104.5 150.1 1000.4 
330 ICG 5662 34 2.0 4.0 8.0 2.0 5.0 7.0 6.0 35.0 11.0 13.6 4.9 40.9 32.5 105.0 330.8 2205.2 
331 ICG 9961 32 2.0 5.0 8.0 3.0 7.0 7.0 7.0 40.5 14.0 8.5 5.5 64.3 27.5 110.5 132.7 884.5 
332 ICG 14466 32 1.0 4.0 5.0 2.0 4.0 7.0 5.0 33.4 17.0 10.7 7.1 63.2 30.7 108.1 413.5 2756.8 
333 ICG 3053 33 2.0 5.0 8.0 2.0 5.0 7.0 6.0 34.5 15.0 11.7 7.1 61.2 34.2 119.4 113.2 754.7 
334 ICG 6766 33 2.0 4.0 5.0 2.0 3.0 6.0 6.0 40.3 8.0 7.6 4.5 59.4 44.3 104.0 70.8 472.0 
335 ICG 2381 35 1.0 3.0 7.0 1.0 3.0 5.0 6.0 34.0 13.0 11.1 6.0 55.2 29.2 105.1 457.5 3049.9 
336 ICG 2857 33 2.0 4.0 8.0 2.0 4.0 6.0 5.0 30.4 13.0 10.1 6.2 62.5 33.1 110.0 99.8 665.6 
337 ICGV 13238 27 2.0 6.0 8.0 3.0 7.0 8.0 4.0 31.4 13.0 9.1 6.2 66.3 29.2 106.0 150.0 999.7 
338 ICGV 13241 28 2.0 6.0 8.0 3.0 6.0 8.0 4.0 33.3 9.0 5.9 3.8 65.8 26.4 108.2 103.7 691.5 
339 ICGV 13242 26 3.0 6.0 8.0 3.0 7.0 8.0 5.0 36.2 16.0 11.6 6.9 59.5 28.6 101.5 146.7 977.8 
340 ICGV 13245 29 2.0 6.0 8.0 3.0 7.0 8.0 4.0 38.9 11.0 7.5 5.0 64.9 26.1 102.9 152.1 1013.8 

Mean 30 1.9 4.6 7.1 2.4 4.9 6.9 5.0 36.7 15 15.0 6.6 60.7 32.6 108.2 209.5 1396.8 
CV 3.4 16.4 6.6 7.2 15.5 8.0 6.8 10.6 5.5 18.2 19.3 20.2 4.4 6.2 1.6 23.3 23.3 
LSD at 5 % level 1.7 0.1 0.1 0.1 0.1 0.1 0.1 0.9 3.3 4.4 3.5 2.2 4.4 3.3 2.9 80.4 536.0 
X1= Days to 50% flowering; X2, X3, X4= Disease score of late leaf spot at 75, 90 and 105 days after sowing, respectively; X5, X6, X7= Disease score of rust at 75, 90 
and 105 days after sowing, respectively; X8= Number of primary branches per plant; X9= Plant height (cm); X10= Number of pods per plant; X11= Pod yield per plant (g); 
X12=Seed yield per plant (g); X13= Shelling percent; X14= Hundred seed weight (g); X15= Days to maturity; X16=Yield per plot (g); X17= Yield per hectare (Kg)
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Appendix III 

Best linear unbiased prediction of mean for nutritional quality traits of Genomic 
Selection Panel of groundnut evaluated at Aliyarnagar during rainy 2015 

S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

1 ICGV 06423 56.0 19.9 35.0 45.9 12.4 1.9 0.8 
2 ICGV 07246 54.5 21.2 38.6 42.2 12.3 2.7 0.9 
3 ICGV 07247 54.3 22.4 34.9 45.2 12.8 2.3 0.8 
4 ICGV 07268 50.2 21.5 38.8 41.6 11.4 2.4 0.9 
5 ICGV 01005 54.8 18.2 48.4 35.7 10.4 1.8 1.4 
6 ICGV 01060 58.0 20.8 36.3 45.2 11.9 3.2 0.8 
7 ICGV 01124 55.9 18.8 43.7 39.2 11.4 2.6 1.2 
8 ICGV 02206 57.2 19.6 38.8 43.8 12.3 2.6 0.9 
9 ICGV 03397 51.7 23.3 33.1 46.2 13.5 2.2 0.7 

10 ICGV 03398 49.5 23.5 36.2 43.1 13.3 2.3 0.8 
11 ICGV 04044 54.5 19.2 34.7 47.4 13.0 2.3 0.7 
12 ICGV 06347 50.6 21.4 33.7 46.0 12.9 1.6 0.8 
13 ICGV 93280 54.5 20.1 34.2 45.6 13.1 2.3 0.7 
14 ICGV 95469 51.9 20.2 30.7 48.1 13.4 2.2 0.6 
15 ICGV 00387 51.6 19.9 32.8 47.2 13.4 2.1 0.7 
16 ICGV 01393 52.2 19.3 48.1 35.7 9.9 2.1 1.4 
17 ICGV 02242 51.4 21.5 43.8 38.9 11.0 2.6 1.1 
18 ICGV 97058 53.7 17.1 49.4 34.2 10.3 2.5 1.4 
19 ICGV 99083 51.9 20.9 46.3 36.2 10.7 2.6 1.3 
20 ICGV 00343 52.1 21.1 40.3 41.4 11.5 2.8 1.0 
21 ICGV 00349 55.9 21.5 34.4 45.7 12.9 2.8 0.7 
22 ICGV 01263 53.7 22.7 45.6 36.6 10.8 2.6 1.3 
23 ICGV 03056 55.7 17.9 39.2 42.1 12.4 2.1 0.9 
24 ICGV 03064 52.6 20.6 42.9 39.9 11.1 2.4 1.1 
25 ICGV 05161 55.2 19.0 40.7 41.6 11.8 2.5 1.0 
26 ICGV 05163 58.5 16.0 35.2 46.4 12.5 2.4 0.8 
27 ICGV 06422 56.8 18.5 35.4 45.8 12.4 2.1 0.8 
28 ICGV 06431 57.5 17.0 38.0 44.1 11.8 2.6 0.9 
29 ICGV 07220 58.0 19.4 49.2 35.1 12.6 1.5 1.4 
30 ICGV 07223 59.4 18.3 35.6 45.6 12.4 2.6 0.8 
31 ICGV 07227 55.5 20.6 37.1 42.0 13.4 2.5 0.9 
32 ICGV 07235 53.0 20.4 39.6 41.2 11.8 2.4 1.0 
33 ICGV 99233 54.7 22.0 39.5 42.0 11.5 2.8 0.9 
34 ICGV 97165 55.3 17.0 37.7 42.3 12.8 2.6 0.9 
35 ICGV 99029 52.5 21.7 40.1 38.5 13.0 3.1 1.1 
36 ICGV 00191 54.0 21.8 38.6 40.9 12.9 2.8 1.0 
37 ICGV 07120 51.4 18.9 39.5 40.8 12.2 2.1 1.0 
38 ICGV 97092 50.8 20.0 34.1 44.9 13.3 2.0 0.8 
39 ICGV 97120 53.9 21.3 53.8 30.9 12.5 1.3 1.7 
40 ICGV 98163 53.7 22.3 37.2 42.4 12.7 2.3 0.9 
41 ICGV 00005 55.2 22.2 37.3 41.1 12.6 2.6 0.9 
42 ICGV 01273 56.1 21.2 35.2 44.3 13.0 2.8 0.8 
43 ICGV 01274 52.6 22.5 37.5 43.0 12.5 1.7 0.9 
44 ICGV 02321 53.7 22.3 37.0 42.0 12.9 2.2 0.9 
45 ICGV 03043 57.5 18.7 31.8 48.6 13.1 2.3 0.7 
46 ICGV 04124 54.0 16.4 42.9 40.3 10.5 2.1 1.1 
47 ICGV 00290 54.3 20.3 37.7 43.5 11.8 2.3 0.9 
48 ICGV 00321 50.1 23.3 39.0 41.5 11.8 2.2 1.0 
49 ICGV 02125 53.6 20.2 42.9 39.1 11.4 2.1 1.1 
50 ICGV 02144 53.5 18.4 49.4 33.9 10.5 2.0 1.5 
51 ICGV 03184 49.1 24.0 41.8 37.8 11.5 2.4 1.1 
52 ICGV 03207 55.6 20.5 42.6 39.3 11.6 2.3 1.1 



A19 
 

S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

53 ICGV 04018 49.2 25.3 43.3 36.4 11.5 2.9 1.3 
54 ICGV 07210 56.1 21.1 44.3 37.8 11.3 2.6 1.2 
55 ICGV 07217 57.5 16.2 40.9 42.4 11.6 2.4 1.0 
56 ICGV 95290 54.0 21.0 37.0 43.3 12.6 2.4 0.9 
57 ICGV 97261 55.6 18.8 39.3 42.5 12.0 2.0 0.9 
58 ICGV 97262 56.9 21.6 40.9 39.4 12.3 3.3 1.0 
59 ICGV 99181 60.0 16.5 38.0 43.4 12.3 3.1 0.9 
60 ICGV 99195 53.9 23.6 31.7 48.4 13.3 2.4 0.7 
61 ICGV 89104 56.4 17.7 44.6 37.8 10.9 2.4 1.2 
62 ICGS 11  48.3 21.5 37.5 43.0 12.1 1.6 0.9 
63 J 11 55.2 19.9 39.3 42.0 12.0 2.2 0.9 
64 ICGV 99085 62.7 16.7 52.9 31.4 9.5 3.3 1.7 
65 TKG 19A 54.3 19.6 34.5 46.3 12.2 2.5 0.7 
66 TPG 41 51.8 22.6 42.1 40.1 11.2 2.8 1.1 
67 ICGV 00350 53.5 19.3 36.0 44.8 12.6 2.1 0.8 
68 DH 86 52.4 21.2 38.5 42.0 11.7 2.2 0.9 
69 ICGV 95058 51.7 19.7 45.7 35.3 11.5 2.0 1.3 
70 ICGV 95070 52.6 17.0 38.3 42.8 11.9 1.7 0.9 
71 GPBD 4 59.5 18.3 50.7 33.1 10.0 2.9 1.5 
72 ICGV 91114 56.1 16.5 51.2 32.9 10.1 2.2 1.6 
73 TMV 2 45.9 24.1 46.8 31.6 10.6 2.6 1.5 
74 Faizpur 1-5 50.1 26.7 34.4 45.8 12.9 2.6 0.7 
75 Mutant 3 55.7 17.1 40.9 41.2 11.6 2.1 1.0 
76 ICGV 03042 56.5 18.3 29.4 51.2 13.6 1.8 0.6 
77 ICGV 05100 56.3 18.9 35.6 45.2 13.0 1.9 0.8 
78 ICGV 06049 54.6 19.8 38.1 44.1 11.8 2.1 0.9 
79 ICGV 06420 55.6 21.1 38.5 43.3 11.9 2.1 0.9 
80 ICGV 06424 55.3 19.4 40.0 41.8 11.6 2.2 1.0 
81 ICGV 07145 51.7 20.2 37.3 44.9 12.0 2.3 0.8 
82 ICGV 07148 55.2 17.5 38.1 43.5 12.4 2.6 0.9 
83 ICGV 07166 54.1 19.3 42.9 39.2 11.5 2.4 1.1 
84 ICGV 06142 59.2 19.7 38.0 43.3 12.1 3.1 0.9 
85 ICGV 91116 50.9 21.3 41.3 38.1 12.1 2.1 1.1 
86 ICGV 97045 52.5 19.4 43.7 38.6 12.1 2.5 1.1 
87 ICGV 94118 52.4 21.8 35.9 43.4 13.0 2.3 0.8 
88 ICGV 05176 52.0 22.6 48.7 33.2 10.7 3.0 1.5 
89 ICGV 04149 54.3 18.0 43.8 39.0 11.3 2.2 1.1 
90 ICGV 00351 50.7 20.5 44.5 37.0 10.9 2.1 1.2 
91 ICGV 92195 51.9 17.8 46.3 36.2 11.3 1.8 1.3 
92 ICGV 87187  49.0 21.6 45.2 36.5 11.3 1.8 1.2 
93 ICGV 86072 50.8 18.6 48.8 33.5 11.1 1.7 1.5 
94 ICGV 86015 49.5 22.3 35.3 43.9 12.7 1.9 0.8 
95 ICGV 93437 50.7 21.9 39.8 41.4 12.1 1.8 1.0 
96 ICGV 86143 48.3 22.4 42.6 38.0 11.2 2.1 1.1 
97 ICGV 90320 53.1 17.1 43.0 39.1 11.0 2.2 1.1 
98 ICGV 07273 59.0 16.2 43.8 38.5 11.7 2.4 1.2 
99 49 × 37-91 47.7 20.1 47.9 34.6 10.6 1.7 1.4 

100 49 × 37-134 53.5 19.5 50.1 33.6 10.1 2.2 1.5 
101 49 × 37-135 53.9 17.6 45.3 37.2 10.9 2.2 1.2 
102 49 × 37-97-1 48.0 21.9 48.6 33.5 10.7 1.6 1.5 
103 49 × 37- 99(b) tall 49.5 21.8 48.8 33.8 10.4 1.7 1.4 
104 39 × 49 -8 52.9 20.0 45.4 36.7 10.8 1.9 1.3 
105 39 × 49 -77 57.9 19.6 43.1 41.3 10.9 2.7 1.0 
106 49 × 39-20-2 48.8 20.3 45.4 36.5 10.8 1.7 1.3 
107 49 × 39-21-2 51.7 19.9 50.9 32.7 9.9 2.3 1.6 
108 49 × 39-8 52.4 18.2 52.7 31.5 9.9 1.8 1.7 
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S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

109 49 M-16 56.5 22.8 33.3 47.9 12.5 2.7 0.7 
110 49 × 27-19 50.6 21.7 41.2 39.9 11.3 1.9 1.0 
111 49 × 27-13 (ii) 46.9 23.9 50.1 30.8 11.1 2.2 1.7 
112 27 × 49- 16 49.0 24.5 44.8 35.9 11.1 2.4 1.3 
113 27 × 49- 12 56.5 18.1 39.0 42.7 12.1 2.0 1.0 
114 27 × 49- 14 53.6 17.3 45.4 37.0 11.6 1.5 1.2 
115 27 × 49- 27-1 48.3 23.1 45.7 38.0 10.5 1.6 1.2 
116 26 M 156-2 54.8 20.1 44.7 38.2 10.8 2.7 1.2 
117 26 M- 119-1 54.2 19.0 44.3 38.6 11.4 2.3 1.1 
118 24 M-86 51.4 21.5 38.8 41.7 12.3 2.7 0.9 
119 MN1-35 60.8 18.7 42.0 41.3 13.5 1.7 1.0 
120 M 110-14 52.0 21.7 37.1 43.0 12.0 2.7 0.9 
121 M 28-2 52.6 21.7 38.7 42.2 12.3 2.5 0.9 
122 Somnath 56.8 18.5 35.1 46.9 11.9 2.8 0.8 
123 TG 41 50.2 21.0 45.6 36.3 11.7 1.4 1.2 
124 TG 42 52.7 18.2 40.4 41.5 12.0 1.6 1.0 
125 TG 49 48.2 22.7 44.1 37.2 11.3 1.8 1.2 
126 TG LPS 4 51.3 20.9 41.5 38.8 11.9 1.9 1.1 
127 TG LPS 7 54.0 18.2 41.4 39.8 11.8 1.9 1.0 
128 24 × 37-2275 51.0 18.6 53.2 30.6 9.6 1.9 1.7 
129 24 × 39-31 MR 54.3 21.9 38.2 42.4 11.8 2.6 0.9 
130 26 × M-95-1 RI 57.3 19.0 51.9 32.3 9.5 2.8 1.6 
131 26 × 37-IV- 9IR 51.3 16.4 45.4 38.0 11.0 1.5 1.2 
132 26 × 27-164 50.0 16.8 33.7 46.4 13.1 1.5 0.7 
133 49 × 39-21-1 54.6 18.5 44.1 38.4 11.5 2.1 1.2 
134 49 × 39-21-2(a) 59.1 17.6 45.9 36.8 10.9 3.4 1.2 
135 49 × 39-74 54.9 16.4 45.1 38.4 10.6 1.9 1.2 
136 39 × 49-81-1 53.8 18.4 44.0 38.8 10.9 2.4 1.2 
137 49 × 27-37 53.7 19.7 33.4 47.1 12.4 2.3 0.7 
138 TDG 10 50.8 20.1 40.4 42.4 11.1 2.3 1.0 
139 TDG 13 55.7 18.5 41.7 40.9 11.2 2.5 1.0 
140 TDG 14 50.9 23.2 41.5 39.8 11.7 2.2 1.1 
141 DTG 3 47.6 16.4 49.0 33.9 10.6 1.1 1.5 
142 DTG 15 52.0 19.7 42.6 39.7 11.4 1.6 1.1 
143 M 28-2 55.0 19.5 40.0 41.7 11.9 2.9 1.0 
144 JL 24 53.4 16.9 48.5 35.3 10.2 1.5 1.4 
145 TAG 24 53.9 19.2 39.8 41.5 11.7 1.8 1.0 
146 SPS 1 58.0 22.7 36.5 43.6 14.9 2.0 0.8 
147 SPS 9 57.9 21.9 40.8 41.0 14.1 1.9 1.0 
148 SPS 10  50.2 21.7 44.3 38.3 11.2 1.5 1.2 
149 SPS 13 54.1 19.6 46.1 36.8 12.0 1.6 1.3 
150 SPS 14 58.8 18.2 44.2 38.3 12.4 2.2 1.2 
151 SPS 17 49.5 20.8 44.3 37.4 11.2 1.6 1.2 
152 ICGV 02411 57.4 20.6 35.1 45.9 12.4 2.8 0.8 
153 ICGV 05155 59.8 16.5 40.0 43.1 11.7 2.1 0.9 
154 ICGV 06100 59.0 22.3 30.8 49.2 13.7 2.7 0.6 
155 ICGV 07023 51.4 20.2 43.3 39.4 11.2 1.6 1.1 
156 SunOleic 95R 52.2 21.5 74.4 5.3 8.5 2.1 14.0 
157 ICG 434 55.9 22.4 37.6 43.2 12.5 2.9 0.9 
158 ICG 2031 55.6 16.0 40.5 41.4 11.6 1.8 1.0 
159 ICG 3102 53.3 21.3 42.9 38.6 11.9 2.1 1.1 
160 ICG 3140 49.0 21.5 43.8 36.8 11.4 1.7 1.2 
161 ICG 3343 49.1 20.4 41.2 39.7 11.7 1.5 1.0 
162 ICG 3421 53.9 17.4 47.5 34.9 10.7 2.1 1.4 
163 ICG 4729 55.4 17.9 40.5 41.3 11.5 2.0 1.0 
164 ICG 6022 62.6 16.6 49.6 40.9 8.1 3.2 1.2 
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S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

165 ICG 6646 54.2 16.2 48.5 37.5 9.0 2.6 1.3 
166 ICG 8517 52.4 22.0 42.2 39.6 14.0 1.4 1.1 
167 ICG 8751 53.2 16.7 37.1 43.1 12.3 2.1 0.9 
168 ICG 9315 53.2 21.4 41.9 40.1 11.7 1.9 1.1 
169 ICG 10036 48.9 18.7 36.7 44.2 11.6 2.4 0.8 
170 ICG 10053 52.8 23.7 45.7 36.9 10.7 2.4 1.2 
171 ICG 10701 48.8 22.1 40.4 40.9 12.2 1.6 1.0 
172 ICG 11088 57.8 16.2 45.4 39.6 10.9 2.3 1.2 
173 ICG 11651 51.6 21.5 35.7 45.6 11.9 1.8 0.8 
174 ICG 12625 63.5 17.5 46.0 44.7 8.2 2.9 1.0 
175 ICG 12991 53.4 16.4 48.2 35.3 10.5 1.6 1.4 
176 ICG 14985 47.9 23.1 40.5 39.2 12.7 1.6 1.0 
177 ICG 15415 51.1 18.6 36.6 44.8 11.9 2.7 0.8 
178 ICG 15419 62.1 19.0 48.5 42.2 7.5 3.5 1.2 
179 ICGV 01232 52.1 19.2 35.5 46.5 11.9 2.3 0.8 
180 ICGV 01276 50.5 25.5 30.4 48.2 13.2 2.1 0.6 
181 ICGV 01328 58.5 19.0 43.5 38.6 14.3 1.3 1.1 
182 ICGV 02022 53.0 20.0 40.2 42.2 11.6 2.0 1.0 
183 ICGV 02038 49.5 28.4 36.5 42.6 12.5 2.4 0.9 
184 ICGV 02189 50.4 21.0 43.7 38.2 11.3 1.6 1.1 
185 ICGV 02194 55.8 19.6 35.4 45.0 12.6 2.7 0.8 
186 ICGV 02266 52.2 21.0 45.1 36.2 11.7 2.4 1.3 
187 ICGV 02271 55.7 20.4 31.9 47.9 13.1 2.7 0.7 
188 ICGV 02286 54.4 18.2 35.1 45.7 12.5 2.2 0.8 
189 ICGV 86011 50.9 19.0 46.3 36.0 10.5 1.9 1.3 
190 ICGV 86590  51.3 19.5 33.4 47.2 12.0 2.4 0.7 
191 ICGV 87160 54.0 20.0 45.9 36.2 11.0 2.6 1.3 
192 ICGV 87354 55.1 20.1 47.0 35.7 10.9 2.5 1.3 
193 ICGV 87378 53.6 21.4 37.3 43.8 12.2 2.4 0.8 
194 ICGV 87921 57.4 16.7 43.0 40.3 11.3 2.5 1.1 
195 ICGV 88145 51.5 21.4 45.2 36.7 11.0 1.8 1.3 
196 ICGV 92267 56.0 21.1 41.3 41.6 11.3 2.8 1.0 
197 ICGV 93470 51.6 20.4 40.0 40.8 12.3 1.6 1.0 
198 ICGV 94169 50.9 20.1 45.7 37.0 11.1 1.9 1.2 
199 ICGV 94361 54.6 20.8 37.9 43.8 12.2 2.5 0.9 
200 ICGV 95377 52.0 23.6 38.1 42.0 12.3 2.6 0.9 
201 ICGV 96466 55.5 21.2 40.1 41.1 11.6 2.9 1.0 
202 ICGV 96468 51.7 22.6 33.4 47.0 12.5 2.4 0.7 
203 ICGV 97182 49.9 24.6 38.3 41.6 12.1 2.0 0.9 
204 ICGV 97183 51.7 20.8 43.8 38.2 11.2 2.0 1.2 
205 ICGV 98294 55.6 24.3 38.2 43.3 11.8 3.4 0.9 
206 Gangapuri 49.5 22.1 41.4 39.7 14.1 1.3 1.1 
207 ICGS 44 50.1 22.6 36.3 44.6 12.2 2.0 0.8 
208 ICG 3312 58.3 16.5 48.3 35.1 10.7 2.7 1.4 
209 ICG 14705 53.1 21.5 41.6 39.6 11.5 2.7 1.0 
210 ICG 3746 55.9 17.8 45.5 37.2 10.9 2.1 1.2 
211 ICG 4955 54.1 17.8 50.5 31.9 12.6 0.7 1.6 
212 ICG 12879 54.9 18.2 48.2 34.1 10.6 2.0 1.4 
213 ICG 5221 60.3 21.7 45.6 43.2 7.7 2.9 1.1 
214 ICG 4543 56.7 16.5 48.9 34.6 10.9 2.2 1.4 
215 ICG 1834 54.2 19.3 40.8 40.8 11.6 2.7 1.0 
216 ICG 2106 55.1 17.9 46.1 36.7 11.0 2.2 1.3 
217 ICG 9507 49.9 22.0 38.5 40.9 12.1 1.9 0.9 
218 ICG 1973 54.9 18.4 49.9 32.6 10.5 2.4 1.5 
219 ICG 3673 58.0 16.0 42.9 40.2 13.4 1.1 1.1 
220 ICG 3584 55.5 16.8 44.2 38.6 11.0 2.0 1.1 
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S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

221 ICG 442 56.0 19.9 35.0 45.9 12.4 1.9 0.8 
222 ICGV 01464 50.2 24.1 41.8 38.0 11.5 1.9 1.1 
223 ICGV 01478 49.8 23.2 42.5 39.2 11.0 2.7 1.1 
224 ICGV 02251 53.6 18.1 45.2 37.6 10.9 2.1 1.2 
225 ICGV 03136 56.0 19.9 35.0 45.9 12.4 1.9 0.8 
226 ICGV 05198 50.3 21.3 51.1 31.7 10.2 2.1 1.6 
227 ICGV 06234 52.4 23.7 52.5 30.8 9.6 2.6 1.7 
228 ICGV 00346 53.5 19.4 37.9 42.6 12.1 2.4 0.9 
229 ICGV 00362 55.3 21.9 45.5 36.2 10.6 2.9 1.3 
230 ICGV 00371 51.8 20.3 32.7 47.6 12.5 2.3 0.7 
231 ICGV 02287 53.8 22.0 46.4 36.1 11.5 2.0 1.3 
232 ICGV 02298 47.6 22.0 47.9 34.0 10.0 1.7 1.4 
233 ICGV 02317 55.0 17.9 38.4 42.2 11.8 2.3 0.9 
234 ICGV 97232 50.5 24.2 40.9 40.2 11.5 2.2 1.0 
235 ICGV 99051 53.8 21.8 35.4 44.6 12.6 2.4 0.8 
236 ICGV 99052 54.7 22.9 34.4 45.0 12.8 2.3 0.8 
237 ICGV 00246 55.9 21.0 33.6 46.6 12.7 2.5 0.7 
238 ICGV 00248 58.8 18.2 33.3 47.1 13.1 2.7 0.7 
239 ICGV 01361 51.8 18.9 37.2 42.7 12.3 1.6 0.9 
240 ICGV 02434 52.7 20.6 35.0 44.1 12.4 2.4 0.8 
241 ICGV 04087 55.7 20.5 33.2 45.4 13.0 2.5 0.7 
242 ICGV 06175 51.0 21.6 41.3 39.0 11.7 2.1 1.1 
243 ICGV 97116 53.6 19.9 43.2 38.4 11.0 2.4 1.2 
244 ICGV 97128 60.9 16.2 34.6 46.3 12.9 2.7 0.8 
245 ICGV 98184 54.3 18.4 37.4 45.0 12.3 2.2 0.8 
246 ICGV 00068 53.9 19.8 42.3 39.8 10.8 2.4 1.1 
247 ICGV 01495 56.1 18.7 40.0 41.6 11.8 2.7 1.0 
248 ICGV 05057 54.4 19.1 32.8 47.7 13.2 2.1 0.7 
249 ICGV 07168 52.9 21.5 38.5 41.5 12.2 2.2 0.9 
250 ICGV 01265 51.6 21.3 38.1 41.4 12.8 2.4 0.9 
251 ICGV 98105 59.7 16.1 34.1 48.2 12.7 2.2 0.7 
252 ICGV 99160 55.1 21.1 31.1 49.8 13.0 2.0 0.6 
253 ICGV 02323 51.3 22.3 35.9 44.3 12.5 1.7 0.8 
254 ICGV 04115 50.5 22.8 40.9 40.1 12.0 2.1 1.0 
255 ICGV 05036 52.4 22.4 35.0 45.3 12.6 1.9 0.8 
256 ICGV 06042 53.1 22.5 37.6 40.9 13.1 2.0 0.9 
257 ICGV 86564 51.2 21.2 45.1 36.0 10.5 3.2 1.3 
258 ICGV 98432 50.1 20.8 47.3 35.5 10.0 2.3 1.3 
259 BAU 13 49.1 21.7 42.9 37.8 11.2 2.0 1.1 
260 ICGV 87846 51.7 21.0 35.2 44.5 12.7 2.2 0.8 
261 ICR 48 46.1 24.7 51.1 29.8 10.2 1.8 1.7 
262 ICGV 86699 54.5 23.5 49.8 34.2 12.3 1.2 1.5 
263 ICGV 98373 51.1 23.6 37.6 41.6 12.3 1.8 0.9 
264 ICGV 97115 51.9 18.9 41.6 37.9 12.4 2.2 1.1 
265 ICGV 06040 59.1 20.5 35.1 45.6 13.0 2.8 0.8 
266 ICGV 06099 58.5 19.2 39.4 42.2 12.4 3.0 0.9 
267 CS 39 52.2 21.7 42.4 38.9 11.3 2.3 1.1 
268 ICGV 05032 52.5 18.4 40.3 40.4 12.2 2.0 1.0 
269 ICGV 05141 58.2 17.9 44.9 37.5 11.5 2.4 1.2 
270 ICGV 07359 49.6 22.4 38.5 40.2 12.7 2.5 1.0 
271 ICGV 07368 46.4 23.4 43.5 35.4 12.0 2.1 1.2 
272 ICGV 06110 45.0 24.3 46.4 32.4 12.1 2.2 1.4 
273 ICGV 06188 49.6 23.1 50.2 32.5 9.9 1.8 1.5 
274 ICGV 00440 49.8 22.7 45.9 35.0 10.8 2.8 1.3 
275 ICGV 86352 52.9 18.7 48.3 35.4 10.7 2.0 1.4 
276 ICGV 09112 48.0 18.5 48.6 33.9 10.6 1.2 1.4 
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S. No. Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic acid 

(%) 
Palmitic acid 

(%) 
Stearic 
acid (%) 

O/L ratio 

277 ICGV 93920 47.9 20.0 40.5 39.1 11.6 1.9 1.0 
278 ICGV 93216 48.8 20.1 46.5 35.7 10.6 1.6 1.3 
279 ICGV 88438 54.6 19.3 47.3 37.5 11.1 1.7 1.3 
280 ICG 11337  57.0 18.8 51.0 35.0 12.5 1.4 1.5 
281 49 × 37-90 58.8 16.9 43.6 40.4 11.5 2.9 1.1 
282 49 M-2-2 52.5 20.2 46.8 36.2 10.7 2.0 1.3 
283 49 M- 1-1 51.9 21.0 37.2 43.5 12.8 2.1 0.8 
284 TG 19 55.1 20.1 40.4 41.1 11.5 2.5 1.0 
285 TG 39 49.0 18.9 47.0 35.7 11.0 1.5 1.3 
286 TG LPS 3 47.9 27.2 42.4 38.4 11.7 1.6 1.1 
287 26 × M-223-1 55.2 22.2 40.9 41.2 12.0 2.8 1.0 
288 SPS 2 54.9 22.3 52.2 32.5 11.8 1.3 1.6 
289 SPS 3 54.4 18.5 43.8 39.2 11.2 2.3 1.1 
290 SPS 6 53.6 18.9 42.7 40.0 11.2 1.8 1.1 
291 SPS 7 57.6 21.9 49.7 35.4 12.2 1.4 1.4 
292 SPS 8 56.3 21.2 50.9 35.0 11.6 1.4 1.5 
293 SPS 11 57.7 22.4 35.7 44.2 12.4 3.0 0.8 
294 SPS 15 56.2 18.2 47.2 38.5 10.9 2.0 1.2 
295 SPS 20 57.6 21.4 52.6 33.5 11.4 1.6 1.6 
296 SPS 21 60.5 16.6 49.8 35.8 12.2 1.8 1.4 
297 ICGV 03128 56.2 22.0 39.2 40.6 12.7 2.5 1.0 
298 TMV 2 NLM 51.8 22.7 40.2 40.4 11.9 2.0 1.0 
299 ICG 1668 56.6 18.2 41.2 41.2 11.1 2.2 1.0 
300 ICG 8285 51.0 22.8 44.2 36.1 11.7 2.3 1.2 
301 ICG 11426 56.9 21.7 52.7 31.6 12.2 1.6 1.7 
302 ICGV 02290 50.3 20.6 47.8 33.0 10.7 2.1 1.5 
303 ICGV 02446 52.7 22.3 38.7 39.4 13.0 2.7 1.0 
304 ICG 156  48.6 20.2 48.9 33.5 9.8 1.9 1.5 
305 ICGS 76 53.8 22.3 39.5 42.1 12.0 2.4 0.9 
306 ICG 5891 53.9 19.9 47.8 33.9 10.9 2.4 1.4 
307 CSMG 84-1 49.2 19.5 46.5 34.4 11.3 1.7 1.4 
308 ICG 111 51.8 18.9 43.9 37.2 11.4 2.0 1.2 
309 ICG 14834 50.3 21.3 47.5 33.5 10.9 1.6 1.4 
310 ICG 11322 48.5 21.4 39.5 41.5 11.8 1.4 1.0 
311 ICG 532 53.1 18.5 44.5 37.2 11.2 1.9 1.2 
312 ICG 12509 60.6 22.5 58.6 28.6 9.7 2.3 2.1 
313 ICG 12672 54.7 20.5 44.2 39.4 13.3 1.1 1.1 
314 ICG 10185 51.3 21.0 43.6 37.4 11.3 2.1 1.2 
315 ICG 2773 49.4 20.4 42.5 38.7 11.3 1.8 1.1 
316 ICG 3027 53.0 20.7 34.5 45.0 13.3 2.0 0.8 
317 ICG 5745 48.6 18.3 49.4 32.5 10.3 1.7 1.5 
318 ICG 14482 64.2 20.9 57.5 30.2 10.0 2.8 1.9 
319 ICG 4527 51.8 20.5 38.6 43.2 10.9 2.4 0.9 
320 ICG 4343 49.5 21.1 42.8 36.4 12.0 1.6 1.2 
321 ICG 13895 51.0 23.7 38.9 41.2 12.1 1.8 1.0 
322 ICG 5663 52.1 19.5 42.9 39.3 11.0 1.9 1.1 
323 ICG 721 52.8 19.4 42.4 38.6 11.1 2.3 1.1 
324 ICG 12276 54.5 20.0 60.3 24.1 10.0 2.3 2.5 
325 ICG 875 48.0 23.4 40.6 39.7 11.9 1.9 1.0 
326 ICG 14475 61.5 19.0 50.0 37.4 10.8 2.3 1.4 
327 ICG 15190 52.5 19.8 40.2 40.7 12.0 2.1 1.0 
328 ICG 12370 52.3 19.5 41.9 38.7 11.4 1.9 1.1 
329 ICGV 86325 53.0 19.2 44.8 36.5 11.3 2.2 1.2 
330 ICG 5662 55.6 17.8 37.0 44.8 12.0 2.2 0.8 
331 ICG 9961 52.4 19.2 49.7 33.0 10.6 1.8 1.5 
332 ICG 14466 52.0 21.2 40.6 39.8 11.8 1.9 1.0 
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333 ICG 3053 52.0 19.4 44.0 35.7 11.8 1.9 1.2 
334 ICG 6766 50.5 20.1 43.6 37.8 11.3 1.9 1.2 
335 ICG 2381 54.8 22.3 35.5 45.9 9.3 3.6 0.8 
336 ICG 2857 51.8 20.8 46.5 35.8 10.8 2.2 1.3 
337 ICGV 13238 55.2 16.1 44.5 38.4 11.4 1.8 1.2 
338 ICGV 13241 52.7 19.8 45.1 37.3 11.4 2.0 1.2 
339 ICGV 13242 54.1 19.2 40.6 40.6 11.7 2.0 1.0 
340 ICGV 13245 53.5 17.4 42.7 39.6 11.6 2.1 1.1 

Mean 53.5 20.2 42.0 39.7 11.7 2.2 1.1 
CV 4.5 10.1 8.4 7.7 5.4 14.9 16.5 
LSD at 5 % level 4.0 3.3 5.8 5.0 1.0 0.5 0.3 
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Appendix IV 

Best linear unbiased prediction (BLUPs) of mean for different traits of Genomic Selection Panel of groundnut 

evaluated at Jalgaon during rainy 2015 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

1 ICGV 06423 35.0 1.0 2.0 3.0 1.0 2.0 2.0 7.0 43.1 25.0 18.2 10.4 56.3 33.5 136.0 501.8 3345.4 
2 ICGV 07246 32.0 1.0 2.0 2.0 1.0 2.0 2.0 9.0 41.9 19.0 11.1 6.6 61.0 35.1 121.1 362.4 2415.7 
3 ICGV 07247 29.0 1.0 3.0 4.0 1.0 2.0 3.0 9.0 38.9 35.0 21.0 13.2 63.0 32.2 120.9 532.2 3547.9 
4 ICGV 07268 29.0 1.0 5.0 7.0 1.0 3.0 5.0 7.0 39.7 21.0 16.8 11.6 69.1 40.6 123.0 471.9 3146.3 
5 ICGV 01005 33.0 3.0 4.0 6.0 1.0 5.0 7.0 5.0 49.5 15.0 11.1 7.3 66.2 34.4 123.0 258.3 1722.3 
6 ICGV 01060 28.0 1.0 2.0 4.0 1.0 3.0 5.0 6.0 48.6 14.0 7.5 4.3 61.4 28.5 126.1 110.6 737.5 
7 ICGV 01124 31.0 1.0 3.0 5.0 1.0 2.0 3.0 8.0 44.6 15.0 8.0 4.8 59.2 33.1 118.0 211.2 1407.7 
8 ICGV 02206 33.0 1.0 4.0 6.0 1.0 2.0 4.0 7.0 50.2 25.0 17.2 11.1 66.0 40.8 128.0 388.7 2591.5 
9 ICGV 03397 37.0 1.0 3.0 4.0 1.0 2.0 3.0 7.0 27.2 21.0 9.5 5.7 61.6 25.0 114.0 155.6 1037.5 
10 ICGV 03398 34.0 1.0 5.0 8.0 1.0 3.0 5.0 8.0 39.3 27.0 17.1 11.5 63.8 28.0 118.0 294.6 1964.2 
11 ICGV 04044 31.0 1.0 3.0 5.0 1.0 2.0 4.0 6.0 44.6 16.0 9.8 4.8 48.4 31.9 122.9 252.3 1682.0 
12 ICGV 06347 33.0 2.0 3.0 4.0 2.0 4.0 6.0 6.0 42.8 23.0 15.6 10.1 64.3 37.5 121.0 355.1 2367.1 
13 ICGV 93280 33.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 49.1 22.0 15.0 9.4 61.7 31.9 120.9 274.4 1829.1 
14 ICGV 95469 26.0 1.0 3.0 4.0 1.0 3.0 4.0 6.0 48.1 27.0 14.6 9.4 67.6 32.7 114.0 366.1 2440.9 
15 ICGV 00387 29.0 1.0 4.0 6.0 1.0 3.0 4.0 7.0 48.4 17.0 12.7 5.8 46.5 30.0 123.1 385.5 2569.8 
16 ICGV 01393 29.0 1.0 3.0 4.0 1.0 3.0 4.0 5.0 44.7 13.0 9.0 4.7 51.6 40.9 135.0 213.2 1421.5 
17 ICGV 02242 27.0 1.0 3.0 5.0 1.0 3.0 6.0 5.0 45.1 15.0 13.5 7.3 54.7 41.8 127.0 323.1 2154.1 
18 ICGV 97058 33.0 1.0 2.0 4.0 1.0 2.0 4.0 5.0 51.9 12.0 8.7 4.3 54.0 38.4 130.0 330.8 2205.3 
19 ICGV 99083 26.0 1.0 4.0 6.0 1.0 2.0 4.0 7.0 53.0 15.0 11.4 4.9 42.0 35.3 126.0 300.0 1999.8 
20 ICGV 00343 33.0 1.0 5.0 7.0 1.0 3.0 4.0 5.0 43.3 12.0 10.5 5.5 54.6 37.7 121.5 381.3 2541.9 
21 ICGV 00349 30.0 2.0 5.0 8.0 1.0 4.0 6.0 6.0 34.9 19.0 11.2 6.7 59.4 30.0 122.0 287.1 1914.0 
22 ICGV 01263 29.0 2.0 4.0 5.0 1.0 2.0 2.0 4.0 55.4 16.0 15.3 9.2 59.9 42.2 119.0 273.3 1821.7 
23 ICGV 03056 26.0 1.0 4.0 5.0 1.0 3.0 3.0 6.0 45.3 21.0 16.4 10.3 63.1 32.0 116.0 729.7 4864.5 
24 ICGV 03064 30.0 1.0 2.0 3.0 1.0 3.0 3.0 6.0 43.4 27.0 23.8 12.9 53.9 40.5 123.0 682.3 4549.0 
25 ICGV 05161 32.0 1.0 3.0 4.0 1.0 3.0 3.0 6.0 46.0 20.0 16.6 8.2 51.8 35.4 130.0 425.7 2838.1 
26 ICGV 05163 29.0 1.0 2.0 4.0 1.0 3.0 3.0 7.0 46.7 32.0 24.0 13.9 57.5 36.9 120.0 520.2 3468.2 
27 ICGV 06422 31.0 1.0 3.0 5.0 1.0 2.0 2.0 8.0 48.4 25.0 17.6 10.5 60.3 34.7 138.0 490.6 3270.5 
28 ICGV 06431 26.0 1.0 4.0 6.0 1.0 4.0 6.0 5.0 45.5 12.0 7.7 4.1 54.5 34.7 114.5 175.4 1169.1 
29 ICGV 07220 31.0 1.0 2.0 3.0 1.0 2.0 3.0 8.0 38.3 18.0 9.0 4.7 54.0 28.9 138.0 161.8 1078.9 
30 ICGV 07223 32.0 1.0 3.0 4.0 1.0 2.0 2.0 8.0 42.9 30.0 20.5 13.0 63.4 32.0 121.0 508.1 3387.3 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

31 ICGV 07227 30.0 1.0 3.0 5.0 1.0 2.0 3.0 8.0 43.1 11.0 5.7 3.3 60.9 31.2 120.0 167.9 1119.0 
32 ICGV 07235 33.0 1.0 2.0 3.0 1.0 2.0 3.0 8.0 39.1 26.0 15.6 9.5 61.8 33.5 130.0 494.4 3296.0 
33 ICGV 99233 27.0 1.0 4.0 5.0 1.0 2.0 3.0 6.0 48.6 17.0 7.3 3.9 55.8 30.1 119.0 199.4 1329.6 
34 ICGV 97165 30.0 1.0 3.0 5.0 1.0 2.0 3.0 5.0 58.2 6.0 6.1 3.2 47.1 28.2 116.1 182.7 1217.8 
35 ICGV 99029 26.0 1.0 3.0 5.0 1.0 2.0 2.0 5.0 52.1 14.0 8.6 4.7 57.4 36.3 138.0 310.6 2070.4 
36 ICGV 00191 28.0 1.0 3.0 5.0 1.0 3.0 4.0 6.0 50.1 23.0 13.2 7.7 60.6 30.9 138.0 416.0 2773.4 
37 ICGV 07120 36.0 1.0 3.0 3.0 1.0 2.0 2.0 7.0 45.4 22.0 15.1 9.6 64.8 36.8 138.0 429.8 2865.2 
38 ICGV 97092 31.0 1.0 3.0 6.0 1.0 3.0 4.0 8.0 47.1 19.0 12.1 5.8 48.5 31.2 116.0 371.3 2475.1 
39 ICGV 97120 31.0 1.0 3.0 6.0 1.0 4.0 6.0 6.0 43.0 13.0 10.0 5.9 58.5 37.3 121.0 261.1 1740.9 
40 ICGV 98163 32.0 1.0 3.0 4.0 1.0 2.0 3.0 7.0 49.0 23.0 13.9 8.6 61.1 31.8 116.1 340.8 2272.0 
41 ICGV 00005 28.0 1.0 3.0 4.0 1.0 3.0 3.0 8.0 42.3 29.0 17.7 11.2 62.2 28.3 116.0 531.9 3546.3 
42 ICGV 01273 32.0 1.0 3.0 4.0 1.0 2.0 3.0 8.0 43.0 26.0 15.6 9.5 61.2 32.0 112.0 442.5 2950.1 
43 ICGV 01274 35.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 45.3 27.0 20.2 12.5 60.5 31.7 116.0 597.3 3982.1 
44 ICGV 02321 32.0 1.0 3.0 4.0 1.0 2.0 4.0 7.0 43.0 21.0 12.6 7.7 61.1 29.5 116.0 283.5 1890.0 
45 ICGV 03043 32.0 1.0 2.0 3.0 1.0 3.0 2.0 7.0 43.7 27.0 19.4 11.1 57.0 37.0 136.5 371.5 2476.8 
46 ICGV 04124 29.0 1.0 4.0 4.0 1.0 2.0 3.0 5.0 39.8 17.0 12.1 7.1 62.9 33.5 116.1 288.2 1921.1 
47 ICGV 00290 35.0 1.0 2.0 4.0 1.0 2.0 3.0 8.0 37.9 24.0 15.0 8.7 57.8 36.0 115.0 333.0 2220.0 
48 ICGV 00321 26.0 2.0 5.0 7.0 1.0 4.0 6.0 5.0 37.2 15.0 11.8 7.6 62.7 36.6 122.0 188.7 1258.0 
49 ICGV 02125 29.0 1.0 4.0 6.0 1.0 3.0 4.0 5.0 42.8 16.0 8.7 5.5 64.6 29.1 114.4 291.4 1942.8 
50 ICGV 02144 29.0 1.0 5.0 7.0 1.0 4.0 6.0 6.0 40.6 18.0 13.4 7.6 59.7 34.1 116.5 247.4 1649.1 
51 ICGV 03184 27.0 1.0 3.0 5.0 1.0 3.0 3.0 5.0 71.6 15.0 10.4 6.3 63.3 36.2 121.9 217.3 1448.8 
52 ICGV 03207 33.0 1.0 3.0 4.0 1.0 4.0 5.0 5.0 38.0 17.0 9.9 6.4 64.7 25.0 125.4 214.7 1431.5 
53 ICGV 04018 26.0 1.0 2.0 4.0 1.0 3.0 4.0 5.0 61.0 15.0 14.2 9.6 68.8 47.8 116.6 254.0 1693.5 
54 ICGV 07210 29.0 1.0 3.0 5.0 1.0 3.0 5.0 5.0 40.3 19.0 9.6 6.2 64.0 29.1 115.5 179.4 1196.1 
55 ICGV 07217 33.0 1.0 4.0 6.0 1.0 3.0 4.0 4.0 42.9 18.0 8.4 5.4 60.8 26.6 112.0 168.1 1120.8 
56 ICGV 95290 27.0 2.0 4.0 6.0 1.0 3.0 4.0 5.0 39.1 16.0 8.3 5.6 67.3 35.4 119.5 191.3 1275.2 
57 ICGV 97261 27.0 1.0 5.0 7.0 1.0 4.0 6.0 5.0 39.6 15.0 9.3 5.2 61.6 32.5 115.5 249.9 1666.0 
58 ICGV 97262 29.0 1.0 4.0 6.0 1.0 3.0 4.0 5.0 43.7 21.0 11.8 7.4 62.6 31.1 115.9 307.0 2046.7 
59 ICGV 99181 27.0 1.0 5.0 7.0 1.0 6.0 8.0 3.0 39.2 20.0 12.0 7.6 64.1 29.6 116.4 307.4 2049.0 
60 ICGV 99195 26.0 1.0 4.0 6.0 1.0 4.0 6.0 6.0 44.9 16.0 10.6 6.6 62.6 29.9 113.0 260.4 1736.3 
61 ICGV 89104 30.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 38.0 12.0 6.6 3.6 50.5 26.5 120.9 127.6 850.7 
62 ICGS 11  28.0 1.0 3.0 4.0 1.0 4.0 6.0 6.0 38.0 17.0 10.5 6.2 58.0 33.3 122.0 231.6 1544.3 
63 J 11 31.0 1.0 5.0 6.0 1.0 5.0 6.0 5.0 42.2 21.0 13.0 8.1 63.0 27.2 114.0 245.8 1638.9 
64 ICGV 99085 31.0 1.0 3.0 3.0 1.0 3.0 4.0 6.0 47.2 16.0 6.5 3.8 61.3 27.8 136.4 184.0 1226.3 
65 TKG 19A 26.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 52.4 15.0 8.3 5.0 59.4 32.1 114.5 219.0 1460.0 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

66 TPG 41 31.0 1.0 2.0 4.0 1.0 4.0 6.0 4.0 59.2 11.0 10.2 4.8 47.9 42.8 128.0 248.8 1658.6 
67 ICGV 00350 33.0 1.0 2.0 5.0 1.0 3.0 5.0 5.0 39.3 29.0 18.2 10.7 59.9 32.2 120.0 366.3 2442.2 
68 DH 86 31.0 2.0 3.0 4.0 1.0 2.0 4.0 8.0 37.7 22.0 17.3 13.2 67.1 36.5 114.5 341.7 2278.3 
69 ICGV 95058 32.0 1.0 3.0 4.0 1.0 3.0 5.0 5.0 37.4 15.0 9.3 6.1 66.3 29.9 118.9 167.3 1115.0 
70 ICGV 95070 29.0 1.0 4.0 7.0 1.0 4.0 6.0 7.0 37.6 31.0 18.0 11.8 67.2 31.5 122.0 407.4 2716.1 
71 GPBD 4 27.0 1.0 2.0 3.0 1.0 2.0 3.0 5.0 51.9 17.0 6.2 3.7 60.1 28.9 136.5 164.7 1098.2 
72 ICGV 91114 26.0 1.0 3.0 5.0 1.0 5.0 6.0 6.0 43.7 11.0 7.5 4.6 60.9 29.1 116.5 340.6 2270.9 
73 TMV 2 29.0 1.0 5.0 7.0 3.0 5.0 7.0 5.0 43.0 8.0 7.0 4.2 56.4 30.1 107.5 251.2 1674.9 
74 Faizpur 1-5 26.0 1.0 3.0 4.0 1.0 6.0 8.0 5.0 49.7 18.0 11.2 7.0 62.0 31.4 114.5 371.1 2474.2 
75 Mutant 3 31.0 1.0 4.0 6.0 1.0 5.0 6.0 5.0 44.8 9.0 6.0 3.6 58.9 33.3 122.0 171.4 1142.8 
76 ICGV 03042 34.0 1.0 2.0 3.0 1.0 2.0 3.0 5.0 43.5 26.0 18.3 11.2 61.5 38.4 119.0 699.0 4660.2 
77 ICGV 05100 34.0 1.0 2.0 2.0 1.0 2.0 2.0 8.0 37.0 26.0 15.5 8.4 55.2 33.9 135.6 223.9 1492.9 
78 ICGV 06049 25.0 1.0 3.0 4.0 1.0 3.0 5.0 6.0 40.5 15.0 9.9 6.4 63.6 33.6 123.5 203.7 1357.9 
79 ICGV 06420 27.0 1.0 3.0 4.0 1.0 3.0 4.0 8.0 46.4 28.0 18.5 11.3 61.1 32.2 136.0 604.8 4032.1 
80 ICGV 06424 31.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 39.9 26.0 16.7 10.4 58.9 30.0 110.5 293.6 1957.4 
81 ICGV 07145 30.0 2.0 3.0 5.0 1.0 2.0 3.0 8.0 43.4 25.0 16.3 8.6 54.3 35.6 135.5 190.6 1270.4 
82 ICGV 07148 32.0 1.0 2.0 3.0 1.0 2.0 3.0 6.0 45.4 8.0 5.4 2.6 48.4 30.1 114.4 269.2 1795.0 
83 ICGV 07166 31.0 1.0 3.0 3.0 1.0 3.0 4.0 7.0 35.2 15.0 7.4 3.6 53.0 35.0 119.6 182.0 1213.3 
84 ICGV 06142 32.0 1.0 3.0 6.0 1.0 2.0 4.0 8.0 49.6 28.0 17.7 10.5 59.2 27.6 138.5 427.7 2851.4 
85 ICGV 91116 26.0 1.0 4.0 7.0 1.0 4.0 5.0 5.0 57.9 19.0 13.4 8.9 67.9 34.3 116.5 302.6 2017.2 
86 ICGV 97045 27.0 1.0 3.0 5.0 1.0 3.0 5.0 5.0 48.0 8.0 7.7 4.3 54.0 39.3 138.5 126.8 845.2 
87 ICGV 94118 28.0 1.0 3.0 4.0 1.0 3.0 3.0 5.0 52.2 12.0 7.5 4.5 62.1 40.7 120.0 241.5 1609.8 
88 ICGV 05176 31.0 1.0 4.0 6.0 1.0 2.0 4.0 7.0 44.1 7.0 7.6 4.3 57.7 48.6 130.5 163.9 1092.9 
89 ICGV 04149 25.0 1.0 5.0 7.0 2.0 6.0 8.0 4.0 38.1 27.0 17.4 9.4 65.6 34.8 126.0 357.0 2379.7 
90 ICGV 00351 32.0 1.0 2.0 3.0 1.0 3.0 3.0 4.0 40.5 19.0 10.7 6.6 59.9 32.0 116.5 421.6 2810.6 
91 ICGV 92195 29.0 1.0 5.0 7.0 1.0 4.0 6.0 6.0 49.1 14.0 5.3 2.8 55.7 22.9 110.1 128.5 856.8 
92 ICGV 87187  29.0 1.0 3.0 4.0 1.0 2.0 3.0 6.0 45.0 16.0 8.6 5.2 58.8 39.5 122.1 128.2 854.8 
93 ICGV 86072 32.0 1.0 4.0 6.0 1.0 4.0 6.0 5.0 51.2 20.0 14.4 8.5 58.5 36.5 121.0 298.5 1990.1 
94 ICGV 86015 28.0 1.0 4.0 6.0 1.0 4.0 5.0 6.0 37.8 13.0 9.6 6.0 65.3 30.1 117.6 275.5 1837.0 
95 ICGV 93437 31.0 1.0 2.0 5.0 1.0 5.0 6.0 5.0 48.5 10.0 7.0 4.2 61.4 26.8 121.0 139.6 930.9 
96 ICGV 86143 32.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 50.6 8.0 5.9 3.5 66.1 29.6 114.5 175.4 1169.4 
97 ICGV 90320 29.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 36.5 19.0 13.9 7.5 54.8 33.8 116.5 367.2 2448.3 
98 ICGV 07273 34.0 2.0 5.0 7.0 1.0 4.0 5.0 5.0 44.9 12.0 7.0 4.5 63.5 31.2 122.0 181.3 1208.5 
99 49 × 37-91 30.0 2.0 6.0 8.0 1.0 5.0 7.0 6.0 32.9 16.0 13.4 8.6 63.2 47.2 130.5 457.6 3050.6 
100 49 × 37-134 32.0 1.0 2.0 4.0 1.0 3.0 4.0 5.0 49.2 14.0 7.4 3.8 55.5 40.6 118.5 149.8 998.4 
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101 49 × 37-135 32.0 1.0 5.0 7.0 1.0 5.0 7.0 6.0 45.2 11.0 9.7 5.2 55.5 24.5 121.0 125.3 835.3 
102 49 × 37-97-1 32.0 1.0 3.0 4.0 1.0 4.0 6.0 5.0 36.5 15.0 12.4 5.7 49.5 43.3 129.5 273.0 1820.3 
103 49 × 37- 99(b) tall 28.0 1.0 4.0 6.0 1.0 5.0 7.0 6.0 38.9 13.0 13.6 8.5 62.0 54.1 130.5 253.4 1689.5 
104 39 × 49 -8 34.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 38.9 21.0 13.7 7.5 53.6 44.2 116.5 260.9 1739.5 
105 39 × 49 -77 29.0 1.0 4.0 6.0 1.0 2.0 4.0 6.0 34.5 22.0 16.8 8.3 48.1 38.5 119.0 254.5 1696.5 
106 49 × 39-20-2 30.0 1.0 5.0 7.0 1.0 4.0 6.0 4.0 31.6 10.0 9.7 5.8 59.6 43.9 127.5 303.5 2023.6 
107 49 × 39-21-2 25.0 1.0 3.0 4.0 1.0 3.0 4.0 6.0 43.1 13.0 7.7 3.1 42.2 28.3 136.0 138.8 925.0 
108 49 × 39-8 28.0 1.0 3.0 5.0 1.0 2.0 4.0 6.0 37.2 16.0 10.7 6.3 59.5 34.1 116.4 219.5 1463.1 
109 49 M-16 35.0 1.0 3.0 3.0 1.0 2.0 4.0 8.0 44.3 22.0 11.0 6.2 57.2 28.2 136.5 289.8 1931.8 
110 49 × 27-19 30.0 1.0 3.0 4.0 1.0 3.0 5.0 4.0 40.9 11.0 8.6 4.5 53.2 41.2 123.0 201.4 1342.5 
111 49 × 27-13 (ii) 31.0 1.0 5.0 7.0 1.0 5.0 7.0 5.0 41.7 14.0 15.0 8.1 56.0 47.5 130.5 264.9 1765.8 
112 27 × 49- 16 31.0 1.0 3.0 4.0 1.0 4.0 4.0 5.0 66.6 12.0 10.3 6.4 62.6 45.3 123.0 223.4 1489.5 
113 27 × 49- 12 27.0 1.0 2.0 5.0 1.0 2.0 4.0 4.0 41.8 14.0 7.5 4.2 55.9 31.1 123.5 147.6 984.0 
114 27 × 49- 14 29.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 49.1 15.0 10.9 6.5 57.6 44.8 123.0 192.0 1280.0 
115 27 × 49- 27-1 28.0 1.0 4.0 7.0 1.0 4.0 6.0 5.0 33.2 18.0 14.6 7.3 51.0 45.9 127.5 314.0 2093.3 
116 26 M 156-2 34.0 1.0 3.0 5.0 1.0 4.0 6.0 5.0 47.4 26.0 14.7 7.4 48.5 36.2 114.5 215.0 1433.5 
117 26 M- 119-1 31.0 1.0 4.0 7.0 1.0 4.0 6.0 6.0 37.2 12.0 8.2 5.2 64.5 33.7 115.5 153.6 1024.2 
118 24 M-86 30.0 1.0 3.0 3.0 1.0 3.0 3.0 7.0 42.5 10.0 6.7 3.2 51.2 33.5 136.5 159.1 1060.8 
119 MN1-35 31.0 1.0 4.0 6.0 1.0 2.0 4.0 6.0 35.3 4.0 2.7 1.4 47.5 13.6 114.5 174.6 1164.2 
120 M 110-14 30.0 1.0 2.0 3.0 1.0 3.0 4.0 7.0 32.3 14.0 9.1 5.3 59.3 37.3 135.1 145.2 968.3 
121 M 28-2 32.0 1.0 2.0 3.0 1.0 3.0 5.0 6.0 28.7 17.0 14.8 9.1 60.6 34.4 115.0 305.4 2036.0 
122 Somnath 31.0 1.0 3.0 4.0 1.0 3.0 4.0 5.0 53.7 16.0 9.1 5.4 59.0 29.6 121.0 167.0 1113.1 
123 TG 41 33.0 1.0 3.0 5.0 1.0 4.0 6.0 5.0 43.0 22.0 13.7 8.4 60.1 51.3 123.9 251.2 1674.4 
124 TG 42 31.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 32.0 16.0 11.0 6.2 56.2 51.9 119.9 280.7 1871.6 
125 TG 49 26.0 1.0 4.0 7.0 1.0 3.0 6.0 6.0 31.1 24.0 17.2 10.5 61.3 43.9 114.9 340.0 2266.6 
126 TG LPS 4 32.0 1.0 3.0 4.0 1.0 2.0 5.0 4.0 43.9 16.0 12.8 7.1 53.0 43.3 117.0 292.4 1949.2 
127 TG LPS 7 28.0 1.0 3.0 4.0 1.0 5.0 7.0 4.0 36.6 10.0 7.9 4.3 56.1 41.0 120.0 238.7 1591.6 
128 24 × 37-2275 27.0 1.0 4.0 5.0 1.0 3.0 4.0 5.0 40.2 14.0 9.5 4.9 53.6 28.7 124.0 114.8 765.2 
129 24 × 39-31 MR 26.0 1.0 3.0 5.0 1.0 3.0 5.0 6.0 44.5 15.0 7.4 3.9 51.8 29.1 135.1 181.9 1212.8 
130 26 × M-95-1 RI 28.0 2.0 3.0 6.0 1.0 3.0 4.0 6.0 41.2 18.0 8.7 5.6 63.4 30.3 108.0 153.8 1025.5 
131 26 × 37-IV- 9IR 32.0 1.0 3.0 4.0 1.0 4.0 6.0 5.0 49.6 24.0 16.4 10.6 66.1 34.2 120.0 456.5 3043.6 
132 26 × 27-164 32.0 1.0 3.0 5.0 1.0 3.0 5.0 6.0 58.0 15.0 11.5 7.6 63.4 36.5 113.0 435.5 2903.6 
133 49 × 39-21-1 30.0 1.0 3.0 5.0 1.0 3.0 5.0 5.0 47.9 15.0 8.6 5.0 57.7 30.2 120.0 199.8 1332.0 
134 49 × 39-21-2(a) 33.0 1.0 4.0 6.0 1.0 4.0 6.0 5.0 40.1 23.0 13.8 8.2 58.6 29.2 113.0 286.0 1906.8 
135 49 × 39-74 31.0 1.0 3.0 5.0 1.0 3.0 4.0 6.0 44.6 32.0 15.0 9.6 63.0 28.9 115.0 257.9 1719.4 
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136 39× 49-81-1 28.0 1.0 3.0 4.0 1.0 3.0 4.0 5.0 43.3 21.0 14.7 8.1 54.7 31.8 107.0 311.9 2079.4 
137 49 × 27-37 29.0 1.0 2.0 3.0 1.0 4.0 6.0 5.0 33.0 12.0 6.1 2.9 49.4 28.2 113.0 133.3 888.4 
138 TDG 10 29.0 1.0 4.0 6.0 1.0 5.0 7.0 5.0 36.4 17.0 10.9 6.6 60.3 31.6 120.0 166.8 1111.9 
139 TDG 13 29.0 1.0 4.0 4.0 1.0 2.0 3.0 5.0 30.2 12.0 7.9 4.9 63.0 34.7 120.0 169.3 1128.5 
140 TDG 14 26.0 1.0 3.0 3.0 1.0 3.0 3.0 6.0 37.8 23.0 16.5 9.8 57.4 38.4 120.0 253.4 1689.2 
141 DTG 3 35.0 1.0 3.0 3.0 1.0 3.0 3.0 6.0 39.8 21.0 12.0 7.4 61.8 34.2 121.0 324.2 2161.4 
142 DTG 15 28.0 1.0 5.0 7.0 1.0 4.0 6.0 6.0 37.3 21.0 13.5 8.8 64.5 29.2 118.0 189.3 1262.3 
143 M 28-2 31.0 1.0 3.0 4.0 1.0 3.0 4.0 5.0 33.3 14.0 10.3 5.8 55.0 37.1 115.4 230.2 1534.6 
144 JL 24 26.0 1.0 4.0 6.0 1.0 4.0 6.0 5.0 47.8 15.0 10.4 6.5 62.4 28.9 114.5 201.9 1345.9 
145 TAG 24 26.0 2.0 5.0 8.0 1.0 4.0 6.0 5.0 45.2 13.0 7.2 4.0 58.1 31.0 114.5 144.3 961.7 
146 SPS 1 27.0 1.0 2.0 3.0 1.0 2.0 2.0 5.0 41.4 16.0 10.3 6.4 61.6 31.2 114.4 265.0 1766.8 
147 SPS 9 25.0 1.0 2.0 3.0 1.0 2.0 3.0 6.0 36.7 8.0 5.6 3.2 50.6 20.7 114.5 89.0 593.1 
148 SPS 10  28.0 1.0 2.0 4.0 1.0 5.0 7.0 6.0 40.3 13.0 7.8 5.2 65.7 30.5 112.4 173.2 1154.6 
149 SPS 13 32.0 1.0 4.0 6.0 1.0 3.0 5.0 4.0 34.1 21.0 18.2 9.6 54.9 47.7 115.5 253.6 1690.4 
150 SPS 14 31.0 1.0 2.0 3.0 1.0 2.0 3.0 4.0 26.1 4.0 2.3 1.5 63.5 16.9 136.5 63.2 421.2 
151 SPS 17 30.0 1.0 3.0 5.0 1.0 3.0 5.0 6.0 47.4 10.0 10.3 5.9 57.9 41.6 121.0 326.7 2177.8 
152 ICGV 02411 27.0 1.0 3.0 5.0 1.0 2.0 3.0 6.0 51.2 21.0 15.3 8.5 55.4 34.4 135.9 413.1 2753.8 
153 ICGV 05155 33.0 1.0 3.0 3.0 1.0 2.0 3.0 5.0 44.9 22.0 16.1 10.0 62.8 37.7 112.9 541.6 3610.4 
154 ICGV 06100 30.0 2.0 4.0 6.0 1.0 2.0 4.0 7.0 47.5 24.0 20.8 12.2 62.4 41.9 128.0 473.1 3154.2 
155 ICGV 07023 27.0 1.0 5.0 7.0 1.0 4.0 6.0 5.0 44.8 10.0 6.0 3.6 56.8 29.7 121.1 169.6 1130.6 
156 SunOleic 95R 28.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 37.4 16.0 10.6 6.7 63.1 32.9 114.0 212.3 1415.3 
157 ICG 434 26.0 1.0 4.0 6.0 1.0 5.0 7.0 5.0 42.9 18.0 9.6 5.9 61.7 29.8 125.1 169.5 1130.1 
158 ICG 2031 31.0 2.0 5.0 6.0 1.0 3.0 5.0 5.0 41.1 17.0 6.9 4.5 64.8 25.6 114.0 182.1 1214.0 
159 ICG 3102 26.0 2.0 5.0 7.0 1.0 4.0 6.0 5.0 41.4 15.0 10.4 6.2 62.4 32.8 125.0 193.5 1289.8 
160 ICG 3140 29.0 1.0 3.0 3.0 1.0 3.0 4.0 6.0 42.1 11.0 8.5 5.1 58.4 34.6 122.0 166.1 1107.1 
161 ICG 3343 30.0 1.0 5.0 7.0 1.0 3.0 5.0 5.0 47.6 17.0 12.3 7.2 58.3 29.1 121.1 232.9 1552.5 
162 ICG 3421 30.0 1.0 4.0 6.0 1.0 4.0 7.0 5.0 47.7 14.0 7.3 4.7 65.0 28.7 112.0 223.7 1491.3 
163 ICG 4729 26.0 1.0 5.0 7.0 1.0 5.0 7.0 5.0 48.1 20.0 11.7 7.2 64.0 28.6 121.0 197.0 1313.0 
164 ICG 6022 27.0 1.0 2.0 4.0 1.0 3.0 5.0 3.0 69.8 8.0 8.8 3.9 47.0 31.1 114.0 139.3 928.6 
165 ICG 6646 31.0 1.0 4.0 6.0 1.0 4.0 6.0 4.0 51.1 5.0 6.9 3.0 43.9 26.6 119.5 93.5 623.1 
166 ICG 8517 36.0 1.0 4.0 6.0 1.0 4.0 6.0 4.0 42.8 8.0 7.3 3.9 56.6 29.5 117.5 162.6 1084.2 
167 ICG 8751 33.0 1.0 3.0 4.0 1.0 3.0 4.0 3.0 48.7 5.0 3.9 1.9 52.4 26.9 115.5 160.0 1066.4 
168 ICG 9315 34.0 1.0 5.0 7.0 1.0 5.0 7.0 5.0 41.7 15.0 9.4 5.6 60.9 29.4 122.0 229.3 1528.8 
169 ICG 10036 30.0 1.0 3.0 4.0 1.0 2.0 3.0 4.0 54.2 12.0 7.8 3.4 44.1 21.3 120.5 143.1 954.2 
170 ICG 10053 29.0 2.0 3.0 4.0 1.0 3.0 4.0 6.0 52.1 14.0 14.7 8.9 57.0 43.8 114.6 255.1 1700.7 
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171 ICG 10701 31.0 1.0 4.0 6.0 1.0 4.0 6.0 7.0 38.5 17.0 13.4 8.6 64.3 37.8 122.0 260.6 1737.2 
172 ICG 11088 34.0 1.0 5.0 7.0 1.0 6.0 8.0 5.0 52.3 10.0 5.8 3.6 59.4 26.8 117.5 113.2 754.4 
173 ICG 11651 30.0 1.0 3.0 4.0 1.0 3.0 5.0 5.0 31.0 5.0 3.7 1.8 51.3 33.1 116.1 266.7 1778.0 
174 ICG 12625 32.0 1.0 3.0 3.0 1.0 3.0 4.0 4.0 41.7 9.0 6.3 3.2 53.5 26.5 140.0 176.3 1175.7 
175 ICG 12991 27.0 1.0 4.0 5.0 1.0 3.0 6.0 7.0 38.5 24.0 14.8 10.3 68.6 29.2 118.0 198.9 1325.7 
176 ICG 14985 28.0 1.0 4.0 6.0 1.0 6.0 8.0 6.0 40.2 16.0 11.7 7.2 60.9 40.4 118.5 366.3 2441.7 
177 ICG 15415 26.0 1.0 4.0 6.0 1.0 3.0 4.0 5.0 45.7 16.0 10.3 5.8 56.3 25.1 115.6 174.2 1161.2 
178 ICG 15419 28.0 1.0 3.0 3.0 1.0 3.0 3.0 4.0 64.4 8.0 10.5 5.2 47.7 35.4 120.9 206.6 1377.4 
179 ICGV 01232 33.0 1.0 5.0 7.0 1.0 3.0 4.0 5.0 49.4 14.0 12.6 6.4 51.5 35.9 118.0 212.3 1415.6 
180 ICGV 01276 29.0 1.0 4.0 5.0 1.0 2.0 3.0 7.0 47.5 23.0 15.4 9.2 60.2 36.1 136.5 422.1 2813.9 
181 ICGV 01328 30.0 1.0 2.0 4.0 1.0 2.0 3.0 5.0 23.8 6.0 3.0 1.5 55.4 20.9 136.5 88.2 587.7 
182 ICGV 02022 27.0 1.0 3.0 5.0 1.0 3.0 3.0 6.0 43.8 20.0 12.1 7.2 61.4 30.7 122.0 223.9 1492.5 
183 ICGV 02038 29.0 1.0 5.0 7.0 1.0 4.0 5.0 5.0 44.0 18.0 14.0 9.2 70.2 38.4 115.5 224.6 1497.1 
184 ICGV 02189 26.0 2.0 3.0 6.0 1.0 3.0 4.0 5.0 37.5 16.0 8.6 5.3 62.6 29.4 116.0 145.4 969.0 
185 ICGV 02194 35.0 1.0 5.0 6.0 1.0 3.0 5.0 5.0 46.5 12.0 7.3 4.4 60.1 25.2 114.5 148.2 988.3 
186 ICGV 02266 30.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 35.4 8.0 5.0 2.8 58.3 38.6 114.0 123.2 821.2 
187 ICGV 02271 27.0 1.0 3.0 6.0 1.0 3.0 6.0 5.0 46.4 16.0 9.1 5.0 55.9 34.7 114.5 340.5 2270.3 
188 ICGV 02286 32.0 1.0 3.0 5.0 1.0 4.0 5.0 4.0 57.3 17.0 11.1 7.4 67.7 32.0 114.5 261.6 1743.9 
189 ICGV 86011 26.0 1.0 4.0 6.0 1.0 4.0 6.0 6.0 48.2 20.0 12.4 7.2 59.2 27.1 113.5 227.2 1514.6 
190 ICGV 86590  33.0 1.0 3.0 4.0 1.0 2.0 4.0 4.0 48.8 16.0 10.6 5.7 54.2 41.1 121.5 204.7 1364.9 
191 ICGV 87160 32.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 39.7 11.0 6.6 3.3 53.2 26.3 113.5 86.7 577.9 
192 ICGV 87354 36.0 1.0 3.0 5.0 1.0 3.0 5.0 5.0 33.9 13.0 8.0 2.8 51.1 19.4 110.4 93.5 623.4 
193 ICGV 87378 26.0 1.0 4.0 6.0 1.0 4.0 6.0 5.0 49.2 19.0 15.5 9.3 61.0 30.7 124.5 225.2 1501.2 
194 ICGV 87921 32.0 1.0 3.0 5.0 1.0 2.0 4.0 6.0 45.8 23.0 18.7 10.9 56.9 38.3 113.5 468.6 3124.3 
195 ICGV 88145 27.0 2.0 5.0 7.0 1.0 4.0 6.0 6.0 58.0 17.0 11.9 7.0 57.7 33.7 124.4 181.9 1212.5 
196 ICGV 92267 35.0 2.0 5.0 7.0 1.0 4.0 6.0 6.0 47.6 18.0 12.3 7.6 61.1 33.9 113.6 195.8 1305.4 
197 ICGV 93470 28.0 1.0 6.0 8.0 1.0 4.0 6.0 5.0 43.9 17.0 8.8 5.5 62.7 33.8 113.5 162.5 1083.6 
198 ICGV 94169 30.0 1.0 4.0 5.0 1.0 4.0 5.0 6.0 45.3 23.0 19.6 12.6 62.5 44.3 124.5 429.7 2864.6 
199 ICGV 94361 27.0 1.0 4.0 6.0 1.0 2.0 3.0 5.0 40.5 14.0 9.2 5.4 59.5 36.4 113.5 282.0 1880.0 
200 ICGV 95377 26.0 1.0 3.0 5.0 1.0 3.0 6.0 6.0 54.3 12.0 10.3 5.8 57.6 45.7 113.5 198.2 1321.3 
201 ICGV 96466 35.0 1.0 5.0 6.0 1.0 2.0 4.0 6.0 34.2 16.0 10.9 6.5 59.4 35.3 112.5 172.0 1146.9 
202 ICGV 96468 28.0 1.0 4.0 6.0 1.0 5.0 6.0 6.0 59.7 16.0 15.9 9.4 58.7 44.8 114.5 448.2 2987.8 
203 ICGV 97182 34.0 1.0 2.0 3.0 1.0 2.0 3.0 6.0 48.3 28.0 18.4 10.2 56.5 30.4 122.5 314.3 2095.4 
204 ICGV 97183 31.0 1.0 4.0 6.0 1.0 3.0 5.0 5.0 32.5 11.0 8.2 4.7 55.2 35.0 113.6 231.4 1542.9 
205 ICGV 98294 32.0 1.0 5.0 7.0 1.0 3.0 4.0 5.0 39.0 19.0 14.1 8.0 56.3 35.1 115.5 375.6 2504.0 



A31 
 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

206 Gangapuri 28.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 48.8 9.0 6.1 3.5 57.5 30.2 113.5 155.9 1039.6 
207 ICGS 44 33.0 1.0 4.0 7.0 1.0 4.0 6.0 7.0 38.8 11.0 9.1 5.2 59.5 29.9 120.5 170.3 1135.5 
208 ICG 3312 31.0 2.0 5.0 7.0 1.0 3.0 4.0 4.0 37.2 12.0 5.2 3.1 61.4 27.3 113.6 111.7 744.4 
209 ICG 14705 31.0 1.0 4.0 5.0 1.0 3.0 4.0 5.0 35.2 15.0 10.8 6.5 62.6 39.1 113.5 270.7 1804.9 
210 ICG 3746 30.0 1.0 4.0 6.0 1.0 4.0 6.0 6.0 59.2 23.0 9.8 6.3 65.9 24.7 125.1 168.7 1124.6 
211 ICG 4955 28.0 1.0 3.0 4.0 1.0 3.0 4.0 6.0 42.7 22.0 12.8 8.2 64.9 29.9 114.0 146.5 976.7 
212 ICG 12879 27.0 1.0 5.0 7.0 1.0 3.0 5.0 5.0 40.0 23.0 13.6 9.2 66.7 27.4 121.0 257.5 1716.9 
213 ICG 5221 26.0 1.0 2.0 4.0 1.0 3.0 4.0 5.0 47.5 12.0 11.2 6.5 55.7 37.5 117.1 160.0 1066.6 
214 ICG 4543 26.0 2.0 4.0 6.0 1.0 4.0 5.0 5.0 51.0 19.0 9.6 6.1 64.2 28.4 113.1 184.5 1230.3 
215 ICG 1834 33.0 1.0 3.0 5.0 1.0 5.0 6.0 5.0 26.5 12.0 8.7 5.6 60.7 26.4 114.5 148.7 991.5 
216 ICG 2106 27.0 1.0 3.0 5.0 1.0 2.0 4.0 6.0 42.0 17.0 10.5 6.8 64.6 29.4 114.5 121.5 809.9 
217 ICG 9507 29.0 1.0 6.0 8.0 1.0 4.0 6.0 5.0 38.5 11.0 9.4 5.7 62.0 33.8 121.0 286.2 1907.9 
218 ICG 1973 26.0 1.0 5.0 7.0 1.0 5.0 7.0 5.0 46.7 18.0 10.1 6.8 66.4 28.0 121.0 239.7 1597.7 
219 ICG 3673 29.0 1.0 5.0 6.0 1.0 4.0 7.0 5.0 49.3 9.0 5.8 4.3 60.4 34.5 128.5 138.8 925.2 
220 ICG 3584 26.0 1.0 6.0 8.0 1.0 4.0 6.0 6.0 45.4 25.0 15.2 9.1 58.9 34.2 120.0 352.0 2346.6 
221 ICG 442 27.0 1.0 4.0 6.0 1.0 5.0 7.0 5.0 49.7 10.0 5.9 3.9 62.6 27.0 118.5 93.6 624.1 
222 ICGV 01464 33.0 1.0 3.0 4.0 1.0 2.0 3.0 6.0 45.1 8.0 5.8 2.6 47.9 37.1 136.5 124.3 828.6 
223 ICGV 01478 37.0 1.0 5.0 7.0 1.0 2.0 4.0 6.0 33.0 12.0 10.3 5.1 51.2 38.2 126.9 138.9 926.0 
224 ICGV 02251 28.0 1.0 4.0 6.0 1.0 4.0 5.0 5.0 40.4 9.0 5.0 3.0 62.4 34.7 125.0 114.0 759.7 
225 ICGV 03136 32.0 1.0 4.0 6.0 1.0 2.0 3.0 8.0 36.6 9.0 9.0 5.0 57.3 38.6 118.5 169.9 1132.4 
226 ICGV 05198 32.0 1.0 4.0 5.0 1.0 3.0 4.0 5.0 43.3 8.0 9.9 4.7 46.2 39.5 123.0 163.0 1086.9 
227 ICGV 06234 31.0 1.0 3.0 5.0 1.0 4.0 6.0 6.0 42.7 8.0 7.7 4.6 57.8 55.2 128.5 163.6 1090.8 
228 ICGV 00346 32.0 1.0 3.0 4.0 1.0 2.0 2.0 6.0 44.7 13.0 7.1 4.1 63.3 37.5 114.1 214.5 1429.7 
229 ICGV 00362 31.0 1.0 3.0 3.0 1.0 2.0 3.0 7.0 46.5 11.0 5.6 2.8 52.2 23.3 118.5 166.1 1107.2 
230 ICGV 00371 33.0 1.0 3.0 4.0 1.0 4.0 5.0 6.0 40.0 19.0 9.1 5.1 54.2 26.8 117.5 197.5 1316.6 
231 ICGV 02287 31.0 1.0 2.0 3.0 1.0 3.0 4.0 7.0 44.0 15.0 9.2 5.8 61.4 36.4 114.5 263.4 1755.8 
232 ICGV 02298 32.0 1.0 3.0 4.0 1.0 3.0 4.0 8.0 43.5 21.0 15.1 9.3 62.2 39.0 121.0 166.1 1107.4 
233 ICGV 02317 34.0 1.0 4.0 5.0 1.0 3.0 4.0 6.0 40.9 16.0 9.2 5.4 59.8 33.2 120.4 367.6 2450.4 
234 ICGV 97232 31.0 1.0 4.0 5.0 1.0 3.0 5.0 5.0 35.4 17.0 10.6 6.9 63.9 27.4 125.0 190.0 1266.9 
235 ICGV 99051 34.0 1.0 2.0 4.0 1.0 3.0 3.0 8.0 49.7 16.0 8.9 4.5 51.4 29.5 136.4 196.8 1311.8 
236 ICGV 99052 31.0 1.0 3.0 4.0 1.0 2.0 3.0 9.0 49.0 28.0 16.4 8.2 53.1 33.5 136.5 204.1 1360.5 
237 ICGV 00246 33.0 1.0 3.0 4.0 1.0 2.0 3.0 7.0 46.3 9.0 5.9 3.0 50.8 29.5 136.5 97.4 649.3 
238 ICGV 00248 27.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 43.1 19.0 11.1 6.4 57.3 28.3 135.5 248.5 1656.8 
239 ICGV 01361 35.0 1.0 3.0 4.0 1.0 2.0 4.0 9.0 40.1 18.0 12.4 7.9 65.3 30.0 136.5 256.8 1712.0 
240 ICGV 02434 28.0 1.0 3.0 4.0 1.0 2.0 3.0 6.0 35.1 7.0 3.0 1.5 51.0 35.5 114.5 55.1 367.3 
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241 ICGV 04087 28.0 1.0 2.0 3.0 1.0 2.0 2.0 9.0 54.9 21.0 14.7 7.5 52.2 27.2 136.5 290.6 1937.6 
242 ICGV 06175 30.0 1.0 2.0 3.0 1.0 2.0 3.0 6.0 36.9 14.0 8.1 4.4 55.4 31.6 121.6 157.5 1049.9 
243 ICGV 97116 32.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 39.6 9.0 4.9 2.9 61.0 31.6 122.0 153.3 1021.7 
244 ICGV 97128 34.0 1.0 2.0 4.0 1.0 2.0 2.0 9.0 39.5 22.0 11.9 6.7 56.1 29.1 136.5 217.5 1449.9 
245 ICGV 98184 35.0 1.0 4.0 4.0 1.0 3.0 3.0 5.0 34.5 12.0 6.5 3.1 48.6 31.7 135.5 225.3 1502.0 
246 ICGV 00068 30.0 1.0 3.0 3.0 1.0 2.0 3.0 8.0 42.5 15.0 9.5 4.7 55.1 26.4 136.5 324.0 2159.9 
247 ICGV 01495 30.0 1.0 4.0 6.0 1.0 2.0 4.0 6.0 41.5 20.0 18.8 11.3 57.1 42.1 123.0 342.2 2281.6 
248 ICGV 05057 28.0 1.0 2.0 3.0 1.0 1.0 2.0 7.0 33.0 13.0 8.8 5.3 59.9 35.8 136.5 183.3 1222.3 
249 ICGV 07168 32.0 1.0 3.0 3.0 1.0 2.0 2.0 6.0 34.6 14.0 7.4 4.6 63.5 34.9 121.1 203.7 1358.2 
250 ICGV 01265 29.0 1.0 2.0 2.0 1.0 2.0 2.0 9.0 37.8 18.0 11.2 6.3 56.6 37.1 119.0 217.0 1446.6 
251 ICGV 98105 34.0 1.0 3.0 3.0 1.0 3.0 4.0 6.0 38.7 20.0 11.6 6.6 55.9 32.8 135.5 314.9 2099.5 
252 ICGV 99160 28.0 1.0 2.0 2.0 1.0 2.0 2.0 5.0 48.9 20.0 16.1 9.5 57.8 39.3 136.4 394.4 2629.3 
253 ICGV 02323 31.0 1.0 2.0 3.0 1.0 2.0 2.0 9.0 39.5 29.0 21.2 11.9 57.0 35.5 136.5 473.6 3157.5 
254 ICGV 04115 33.0 1.0 3.0 3.0 1.0 3.0 3.0 8.0 31.3 10.0 5.6 4.0 60.4 34.1 117.0 104.5 696.5 
255 ICGV 05036 30.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 45.2 27.0 19.9 11.0 55.9 40.2 136.4 388.6 2590.9 
256 ICGV 06042 30.0 1.0 3.0 5.0 1.0 3.0 4.0 8.0 48.2 27.0 15.1 9.3 62.8 31.3 114.6 364.2 2427.7 
257 ICGV 86564 33.0 1.0 4.0 6.0 1.0 3.0 4.0 7.0 36.4 6.0 4.8 2.5 53.1 43.9 129.4 212.6 1417.0 
258 ICGV 98432 30.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 41.1 10.0 6.7 3.9 59.8 44.6 128.5 170.1 1133.8 
259 BAU 13 30.0 1.0 2.0 3.0 1.0 2.0 2.0 8.0 46.5 10.0 10.1 5.1 54.9 48.6 136.5 183.9 1226.0 
260 ICGV 87846 35.0 1.0 3.0 4.0 1.0 2.0 3.0 8.0 40.6 13.0 10.2 5.8 56.2 38.6 135.5 358.7 2391.4 
261 ICR 48 32.0 1.0 3.0 5.0 1.0 4.0 5.0 8.0 42.3 21.0 16.4 10.5 64.8 35.7 122.0 267.0 1780.3 
262 ICGV 86699 31.0 1.0 2.0 3.0 1.0 3.0 3.0 8.0 43.3 12.0 7.3 4.7 58.7 28.2 108.5 142.4 949.6 
263 ICGV 98373 31.0 1.0 3.0 5.0 1.0 3.0 5.0 5.0 47.0 9.0 5.3 2.2 43.1 33.5 130.5 178.9 1192.9 
264 ICGV 97115 32.0 1.0 3.0 4.0 1.0 3.0 4.0 6.0 36.0 12.0 7.2 3.9 50.2 29.5 116.6 122.7 817.8 
265 ICGV 06040 32.0 1.0 3.0 4.0 1.0 3.0 3.0 8.0 39.5 18.0 14.3 8.9 63.8 40.4 123.0 498.3 3321.8 
266 ICGV 06099 35.0 1.0 4.0 6.0 1.0 3.0 4.0 7.0 47.2 26.0 20.8 14.0 66.5 42.7 127.5 518.6 3457.5 
267 CS 39 33.0 1.0 3.0 5.0 1.0 2.0 3.0 7.0 31.5 12.0 8.1 4.5 55.4 31.8 126.4 141.4 942.9 
268 ICGV 05032 28.0 1.0 2.0 3.0 1.0 2.0 3.0 8.0 43.1 20.0 12.8 6.5 52.5 37.1 136.5 330.7 2204.4 
269 ICGV 05141 34.0 1.0 2.0 3.0 1.0 3.0 3.0 10.0 45.8 22.0 15.3 9.0 58.7 35.5 136.5 387.2 2581.1 
270 ICGV 07359 33.0 1.0 3.0 4.0 1.0 2.0 3.0 7.0 48.1 11.0 9.8 4.6 50.2 42.4 128.0 164.3 1095.3 
271 ICGV 07368 33.0 1.0 2.0 3.0 1.0 3.0 4.0 6.0 46.6 9.0 9.3 4.8 53.2 42.1 136.6 246.8 1645.0 
272 ICGV 06110 32.0 1.0 3.0 5.0 1.0 5.0 7.0 8.0 35.7 11.0 14.3 7.9 53.9 51.8 134.0 293.1 1954.2 
273 ICGV 06188 33.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 35.8 12.0 10.9 6.3 57.2 50.0 124.5 231.9 1545.8 
274 ICGV 00440 33.0 1.0 4.0 6.0 1.0 4.0 5.0 9.0 42.7 11.0 11.6 6.3 52.9 46.9 123.5 210.8 1405.2 
275 ICGV 86352 32.0 1.0 3.0 5.0 1.0 4.0 5.0 5.0 49.8 12.0 8.4 4.5 56.8 40.2 114.5 158.4 1055.7 
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276 ICGV 09112 31.0 1.0 4.0 7.0 1.0 3.0 4.0 7.0 38.0 10.0 5.3 3.2 62.2 31.5 124.5 131.6 877.1 
277 ICGV 93920 31.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 30.0 18.0 8.5 4.6 57.5 30.9 115.5 141.0 940.2 
278 ICGV 93216 32.0 1.0 4.0 5.0 1.0 3.0 4.0 6.0 42.4 13.0 7.0 4.2 57.7 25.7 124.5 109.1 727.6 
279 ICGV 88438 34.0 1.0 3.0 4.0 1.0 2.0 2.0 8.0 34.4 9.0 7.5 4.2 54.4 39.5 129.5 138.4 922.8 
280 ICG 11337  29.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 50.3 9.0 6.7 4.5 56.1 31.0 137.5 109.4 729.1 
281 49 × 37-90 33.0 1.0 3.0 4.0 1.0 2.0 4.0 7.0 31.6 14.0 10.1 6.2 60.4 31.1 115.5 268.7 1791.6 
282 49 M-2-2 28.0 1.0 3.0 5.0 1.0 2.0 3.0 8.0 50.9 13.0 8.7 5.1 59.0 39.7 137.5 140.7 938.1 
283 49 M- 1-1 29.0 1.0 2.0 4.0 1.0 3.0 5.0 5.0 26.5 20.0 15.6 9.7 67.4 54.3 137.5 187.9 1252.5 
284 TG 19 31.0 1.0 4.0 6.0 1.0 6.0 8.0 4.0 35.0 17.0 10.4 6.7 62.7 31.8 115.4 232.7 1551.3 
285 TG 39 34.0 1.0 5.0 7.0 1.0 5.0 7.0 7.0 30.4 16.0 10.7 5.6 51.7 43.5 122.5 237.1 1580.4 
286 TG LPS 3 31.0 1.0 4.0 6.0 1.0 4.0 6.0 6.0 34.1 17.0 13.7 8.7 61.1 51.6 119.5 326.2 2174.6 
287 26 × M-223-1 30.0 1.0 4.0 6.0 1.0 3.0 4.0 7.0 41.6 21.0 9.0 4.4 51.8 26.4 108.5 199.5 1329.9 
288 SPS 2 35.0 1.0 2.0 3.0 1.0 2.0 3.0 8.0 35.0 14.0 7.6 4.3 55.0 36.0 122.5 127.7 851.3 
289 SPS 3 26.0 1.0 5.0 7.0 1.0 2.0 4.0 6.0 64.2 9.0 6.7 4.2 62.7 36.5 114.5 203.5 1356.5 
290 SPS 6 27.0 1.0 4.0 6.0 1.0 3.0 5.0 5.0 41.6 16.0 11.6 7.5 66.4 28.1 115.5 256.3 1708.7 
291 SPS 7 32.0 1.0 3.0 4.0 1.0 2.0 2.0 8.0 38.3 15.0 7.8 5.4 68.9 40.4 115.5 110.3 735.3 
292 SPS 8 30.0 1.0 2.0 3.0 1.0 2.0 2.0 8.0 40.3 21.0 10.0 4.0 54.5 24.6 119.6 160.8 1072.2 
293 SPS 11 31.0 1.0 3.0 5.0 1.0 2.0 3.0 9.0 52.0 22.0 16.1 9.4 58.5 27.7 137.5 529.3 3528.5 
294 SPS 15 30.0 1.0 2.0 3.0 1.0 2.0 2.0 7.0 47.1 8.0 4.4 2.3 55.7 27.6 137.5 159.2 1061.4 
295 SPS 20 33.0 1.0 2.0 5.0 1.0 2.0 3.0 7.0 36.8 17.0 9.4 6.1 66.1 26.9 137.5 136.6 910.8 
296 SPS 21 32.0 1.0 4.0 3.0 1.0 2.0 2.0 8.0 44.0 7.0 3.5 1.9 53.0 21.3 137.5 96.5 643.5 
297 ICGV 03128 33.0 1.0 3.0 5.0 1.0 3.0 5.0 6.0 39.7 21.0 13.4 8.8 67.2 34.4 122.0 557.8 3718.8 
298 TMV 2 NLM 26.0 1.0 4.0 6.0 1.0 3.0 5.0 6.0 41.7 16.0 9.3 5.7 61.8 30.4 121.9 136.1 907.4 
299 ICG 1668 26.0 1.0 2.0 5.0 1.0 2.0 5.0 5.0 36.9 14.0 9.1 6.1 65.8 33.0 124.0 235.2 1568.0 
300 ICG 8285 34.0 1.0 2.0 3.0 1.0 2.0 3.0 9.0 40.1 10.0 6.0 2.9 50.6 31.3 122.0 99.5 663.1 
301 ICG 11426 30.0 1.0 2.0 6.0 1.0 2.0 3.0 5.0 35.1 5.0 2.1 0.9 54.1 24.1 122.0 102.7 684.8 
302 ICGV 02290 31.0 1.0 4.0 5.0 1.0 3.0 3.0 7.0 37.0 11.0 6.1 3.6 60.2 33.4 129.0 99.2 661.6 
303 ICGV 02446 32.0 1.0 2.0 3.0 1.0 2.0 2.0 7.0 43.4 18.0 10.3 5.9 54.1 32.2 136.9 187.6 1250.4 
304 ICG 156  32.0 1.0 2.0 3.0 1.0 3.0 4.0 6.0 30.3 10.0 6.7 4.0 61.8 43.3 122.0 151.7 1011.3 
305 ICGS 76 31.0 1.0 2.0 2.0 1.0 2.0 3.0 5.0 36.3 13.0 9.5 5.4 55.5 33.3 115.0 186.4 1242.8 
306 ICG 5891 36.0 1.0 3.0 4.0 1.0 3.0 3.0 6.0 32.3 18.0 11.8 7.0 58.8 31.3 121.9 144.8 965.1 
307 CSMG 84-1 28.0 1.0 1.0 2.0 1.0 2.0 3.0 7.0 43.1 21.0 13.1 8.2 65.9 29.5 111.0 277.9 1852.6 
308 ICG 111 33.0 1.0 3.0 4.0 1.0 3.0 3.0 7.0 36.5 20.0 16.1 8.8 56.8 32.8 126.0 133.5 890.1 
309 ICG 14834 33.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 39.3 18.0 10.5 6.3 56.2 26.2 120.0 245.4 1636.0 
310 ICG 11322 34.0 1.0 2.0 5.0 1.0 4.0 5.0 6.0 36.2 15.0 8.2 5.1 61.9 31.2 124.0 187.9 1252.6 
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311 ICG 532 35.0 1.0 3.0 4.0 1.0 3.0 3.0 6.0 30.0 10.0 5.3 3.0 52.4 30.3 118.0 99.7 665.0 
312 ICG 12509 29.0 1.0 3.0 5.0 1.0 3.0 4.0 5.0 40.4 8.0 5.2 2.9 48.4 40.3 124.0 99.6 664.2 
313 ICG 12672 33.0 1.0 5.0 7.0 1.0 3.0 5.0 4.0 46.0 15.0 8.9 4.9 57.1 24.0 115.0 121.0 806.6 
314 ICG 10185 31.0 1.0 3.0 5.0 1.0 4.0 5.0 7.0 54.0 10.0 6.5 3.6 53.7 38.7 123.1 120.9 806.2 
315 ICG 2773 29.0 1.0 2.0 4.0 1.0 2.0 3.0 7.0 32.8 5.0 2.5 1.8 49.4 17.6 126.0 74.3 495.6 
316 ICG 3027 31.0 1.0 3.0 5.0 1.0 2.0 3.0 8.0 46.2 9.0 6.0 3.2 54.0 33.9 122.1 132.1 880.8 
317 ICG 5745 32.0 1.0 3.0 5.0 1.0 2.0 3.0 7.0 31.1 11.0 6.4 3.8 62.1 39.9 126.0 112.4 749.1 
318 ICG 14482 36.0 1.0 2.0 3.0 1.0 2.0 4.0 8.0 44.9 7.0 6.2 3.3 50.7 29.3 125.0 131.8 878.6 
319 ICG 4527 33.0 1.0 2.0 3.0 1.0 3.0 3.0 7.0 43.3 9.0 5.3 2.8 52.4 36.8 114.9 68.5 456.5 
320 ICG 4343 32.0 1.0 2.0 3.0 1.0 2.0 3.0 5.0 36.7 9.0 5.5 2.9 55.8 30.6 119.0 102.3 681.9 
321 ICG 13895 31.0 1.0 2.0 4.0 1.0 3.0 5.0 7.0 43.7 11.0 7.4 3.6 49.1 34.1 119.0 120.3 801.9 
322 ICG 5663 27.0 1.0 4.0 7.0 1.0 3.0 5.0 6.0 49.3 6.0 3.5 1.7 55.9 37.8 126.0 81.5 543.4 
323 ICG 721 34.0 1.0 3.0 4.0 1.0 4.0 5.0 7.0 46.4 13.0 7.3 3.4 49.6 28.1 124.0 110.4 735.9 
324 ICG 12276 32.0 1.0 3.0 3.0 1.0 2.0 3.0 5.0 44.6 5.0 2.0 0.8 46.3 22.4 137.0 77.3 515.3 
325 ICG 875 29.0 1.0 2.0 3.0 1.0 3.0 5.0 6.0 39.6 13.0 7.0 3.8 52.7 35.2 122.0 116.7 778.2 
326 ICG 14475 35.0 1.0 2.0 3.0 1.0 2.0 3.0 5.0 40.7 17.0 8.4 3.9 45.6 27.0 123.0 439.2 2927.7 
327 ICG 15190 30.0 1.0 3.0 3.0 1.0 2.0 3.0 8.0 42.4 8.0 4.2 2.0 50.5 30.5 137.0 99.7 664.8 
328 ICG 12370 33.0 1.0 3.0 5.0 1.0 2.0 3.0 7.0 46.3 6.0 2.3 1.2 49.4 19.0 119.0 72.4 482.4 
329 ICGV 86325 31.0 1.0 3.0 4.0 1.0 2.0 4.0 7.0 39.7 22.0 11.6 7.5 63.9 34.8 120.0 258.6 1723.9 
330 ICG 5662 30.0 1.0 2.0 3.0 1.0 2.0 3.0 6.0 41.0 6.0 4.0 1.8 43.7 41.0 122.0 55.8 371.7 
331 ICG 9961 32.0 1.0 3.0 4.0 1.0 3.0 4.0 5.0 38.2 13.0 6.4 3.6 58.1 29.9 126.1 149.4 996.1 
332 ICG 14466 32.0 1.0 3.0 3.0 1.0 3.0 3.0 6.0 46.1 8.0 3.2 1.7 52.4 24.5 124.0 111.2 741.6 
333 ICG 3053 29.0 1.0 4.0 5.0 1.0 3.0 3.0 5.0 36.7 7.0 3.9 2.4 62.6 36.5 137.1 94.4 629.2 
334 ICG 6766 32.0 1.0 2.0 3.0 1.0 2.0 3.0 5.0 41.6 4.0 4.3 2.3 54.7 31.8 119.0 87.4 582.6 
335 ICG 2381 30.0 1.0 2.0 4.0 1.0 2.0 5.0 7.0 46.3 4.0 2.3 1.3 48.9 28.9 118.0 171.1 1140.9 
336 ICG 2857 33.0 1.0 2.0 3.0 1.0 2.0 3.0 7.0 45.0 10.0 7.6 4.1 52.2 25.6 124.0 102.5 683.3 
337 ICGV 13238 26.0 1.0 3.0 5.0 1.0 4.0 6.0 5.0 42.3 11.0 7.9 4.9 62.3 29.5 115.0 229.3 1528.5 
338 ICGV 13241 30.0 1.0 4.0 6.0 1.0 2.0 4.0 6.0 33.1 10.0 7.1 4.3 59.4 29.7 122.0 116.2 774.5 
339 ICGV 13242 31.0 3.0 4.0 6.0 1.0 3.0 5.0 5.0 38.3 12.0 8.7 5.1 55.7 29.4 111.0 196.6 1310.8 
340 ICGV 13245 28.0 1.0 4.0 6.0 1.0 3.0 5.0 5.0 39.2 14.0 9.7 6.3 63.0 32.0 112.0 188.6 1257.5 

Mean 30.0 1.1 3.3 4.8 1.0 3.0 4.3 6.0 42.8 16.0 10.5 6.1 58.1 33.7 122.2 238.9 1592.3 
CV (%) 6.09 10.54 11.80 9.52 3.54 14.62 19.96 8.01 7.52 17.91 20.12 21.93 3.91 7.29 1.10 21.58 21.58 
LSD at 5 % level 3.05 0.05 0.11 0.11 0.02 0.13 0.18 0.78 5.30 4.64 3.48 2.22 3.74 4.04 2.22 84.91 566.09 

X1= Days to 50% flowering; X2, X3, X4= Disease score of late leaf spot at 75, 90 and 105 days after sowing, respectively; X5, X6, X7= Disease score of rust at 75, 90 
and 105 days after sowing, respectively; X8= Number of primary branches per plant; X9= Plant height (cm); X10= Number of pods per plant; X11= Pod yield per plant (g); 
X12=Seed yield per plant (g); X13= Shelling percent; X14= Hundred seed weight (g); X15= Days to maturity; X16=Yield per plot (g); X17= Yield per hectare (Kg) 
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Appendix V 

Best linear unbiased prediction of mean for nutritional quality traits of Genomic 
Selection Panel of groundnut evaluated at Jalgaon during rainy 2015 

S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

1 ICGV 06423 56.4 18.2 32.0 48.5 13.0 2.0 0.7 
2 ICGV 07246 54.3 19.9 33.5 46.7 12.6 2.1 0.7 
3 ICGV 07247 55.4 20.4 32.6 47.6 12.9 2.2 0.7 
4 ICGV 07268 51.9 18.7 39.5 41.2 11.1 2.3 1.0 
5 ICGV 01005 52.1 20.0 42.1 39.3 11.0 2.0 1.1 
6 ICGV 01060 56.4 19.6 34.8 46.0 11.8 2.9 0.8 
7 ICGV 01124 53.2 19.7 38.6 40.3 13.6 1.4 1.0 
8 ICGV 02206 56.2 20.5 34.1 46.9 12.6 2.6 0.7 
9 ICGV 03397 55.1 20.4 29.3 50.1 13.5 2.4 0.6 
10 ICGV 03398 48.9 23.9 29.9 49.0 13.6 2.2 0.6 
11 ICGV 04044 53.9 18.1 33.4 47.9 12.6 2.6 0.7 
12 ICGV 06347 54.8 19.7 27.1 52.1 13.8 2.3 0.5 
13 ICGV 93280 56.6 18.3 33.1 45.9 13.2 2.6 0.7 
14 ICGV 95469 55.6 18.0 28.7 49.8 14.0 2.3 0.6 
15 ICGV 00387 51.3 18.2 31.3 47.4 13.4 1.9 0.7 
16 ICGV 01393 49.4 19.1 40.5 41.3 11.4 1.4 1.0 
17 ICGV 02242 49.6 21.0 40.4 39.9 11.9 2.6 1.0 
18 ICGV 97058 53.1 19.0 42.9 38.7 11.6 2.2 1.1 
19 ICGV 99083 54.3 21.2 37.7 44.2 12.3 2.0 0.8 
20 ICGV 00343 51.6 22.2 34.3 46.2 12.6 2.4 0.7 
21 ICGV 00349 56.1 18.9 40.3 41.1 11.7 2.3 1.0 
22 ICGV 01263 51.6 22.3 43.0 39.0 11.1 2.2 1.1 
23 ICGV 03056 56.6 18.8 36.1 45.0 12.8 2.2 0.8 
24 ICGV 03064 57.7 18.0 35.4 46.4 12.1 2.6 0.8 
25 ICGV 05161 57.0 17.8 33.0 49.0 12.6 2.3 0.7 
26 ICGV 05163 58.8 17.0 35.6 47.1 12.1 2.0 0.8 
27 ICGV 06422 55.5 18.3 32.7 49.0 12.3 2.3 0.7 
28 ICGV 06431 55.0 17.7 42.7 40.5 10.7 2.3 1.1 
29 ICGV 07220 57.3 19.0 47.7 36.5 12.7 1.0 1.3 
30 ICGV 07223 54.1 20.7 32.7 48.4 12.7 1.9 0.7 
31 ICGV 07227 57.8 19.8 27.4 51.3 14.2 2.3 0.5 
32 ICGV 07235 55.7 22.0 28.0 51.8 13.3 2.1 0.5 
33 ICGV 99233 57.2 18.4 35.7 46.0 12.2 2.3 0.8 
34 ICGV 97165 50.6 20.7 33.5 44.9 13.3 2.1 0.8 
35 ICGV 99029 53.3 21.3 34.3 45.0 13.0 2.8 0.8 
36 ICGV 00191 56.1 17.6 31.3 47.7 13.5 2.8 0.7 
37 ICGV 07120 56.1 17.2 30.5 48.2 13.7 2.3 0.6 
38 ICGV 97092 50.6 19.0 31.0 48.4 13.1 1.6 0.6 
39 ICGV 97120 55.7 19.3 53.7 32.3 12.1 1.5 1.7 
40 ICGV 98163 58.7 20.5 28.9 49.0 14.2 2.5 0.6 
41 ICGV 00005 58.2 21.0 29.9 48.5 13.8 2.8 0.6 
42 ICGV 01273 56.5 19.3 30.6 48.7 13.3 2.2 0.6 
43 ICGV 01274 52.5 19.0 38.7 41.7 11.9 1.6 1.0 
44 ICGV 02321 58.0 20.8 31.0 47.0 13.6 2.7 0.7 
45 ICGV 03043 56.6 17.8 32.4 48.5 13.0 1.9 0.7 
46 ICGV 04124 52.1 19.8 34.7 47.0 11.9 1.8 0.7 
47 ICGV 00290 53.7 19.8 35.4 45.3 12.1 2.1 0.8 
48 ICGV 00321 50.6 25.1 41.6 38.4 11.1 2.4 1.1 
49 ICGV 02125 55.3 20.1 37.2 44.5 11.9 1.8 0.8 
50 ICGV 02144 48.1 24.6 41.6 38.8 10.9 1.6 1.1 
51 ICGV 03184 50.1 23.3 38.8 40.5 11.6 2.3 1.0 
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S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

52 ICGV 03207 56.5 17.6 40.1 42.2 11.7 2.0 1.0 
53 ICGV 04018 55.3 22.2 36.4 43.3 12.0 2.9 0.8 
54 ICGV 07210 58.2 18.5 40.2 42.2 11.4 2.8 0.9 
55 ICGV 07217 54.9 19.2 32.1 48.8 12.4 2.1 0.7 
56 ICGV 95290 51.7 23.0 35.5 44.2 12.1 2.4 0.8 
57 ICGV 97261 56.6 20.2 40.2 41.6 11.6 2.4 1.0 
58 ICGV 97262 53.3 19.5 38.7 41.8 11.9 2.4 0.9 
59 ICGV 99181 53.8 20.4 38.0 44.0 11.5 2.4 0.9 
60 ICGV 99195 54.2 20.2 28.5 52.1 13.2 2.3 0.6 
61 ICGV 89104 54.6 19.9 41.1 40.4 11.8 1.9 1.0 
62 ICGS 11  52.9 20.1 35.6 45.6 11.8 2.2 0.8 
63 J 11 55.7 19.0 34.0 47.5 12.4 2.1 0.7 
64 ICGV 99085 62.5 18.5 45.3 37.0 10.5 3.6 1.2 
65 TKG 19A 56.7 17.3 38.5 43.4 11.3 3.0 0.9 
66 TPG 41 53.1 18.8 43.6 38.1 10.4 2.7 1.2 
67 ICGV 00350 57.1 17.3 31.2 49.3 12.7 2.2 0.6 
68 DH 86 53.4 21.9 32.3 47.3 12.6 2.4 0.7 
69 ICGV 95058 53.2 18.8 44.6 36.1 11.4 2.2 1.2 
70 ICGV 95070 57.6 16.4 36.6 45.1 12.1 2.4 0.8 
71 GPBD 4 62.0 17.4 48.2 35.4 10.0 3.3 1.4 
72 ICGV 91114 53.0 19.0 45.9 37.4 10.5 2.0 1.2 
73 TMV 2 46.1 27.8 45.4 33.0 10.9 2.3 1.4 
74 Faizpur 1-5 52.0 22.7 33.9 46.7 12.5 2.3 0.7 
75 Mutant 3 54.3 18.0 37.5 43.2 12.2 1.8 0.9 
76 ICGV 03042 60.3 16.4 31.5 50.1 13.1 2.0 0.6 
77 ICGV 05100 58.7 16.5 32.6 48.8 12.9 1.9 0.7 
78 ICGV 06049 52.7 21.4 39.8 42.0 11.8 1.8 0.9 
79 ICGV 06420 64.9 16.2 24.8 55.3 14.2 2.6 0.5 
80 ICGV 06424 59.8 16.8 32.0 48.6 13.1 2.2 0.7 
81 ICGV 07145 54.7 18.8 34.3 46.4 12.5 2.6 0.7 
82 ICGV 07148 54.3 17.4 34.0 46.4 13.0 1.9 0.7 
83 ICGV 07166 53.1 18.8 35.3 45.8 12.2 2.4 0.8 
84 ICGV 06142 58.6 20.6 35.4 46.2 12.1 2.8 0.8 
85 ICGV 91116 52.6 23.6 33.7 45.5 12.8 2.0 0.7 
86 ICGV 97045 52.9 18.7 37.5 43.0 12.4 2.6 0.9 
87 ICGV 94118 53.4 20.2 37.8 40.9 12.8 2.9 0.9 
88 ICGV 05176 49.8 24.4 39.2 40.4 11.6 2.5 1.0 
89 ICGV 04149 57.0 19.7 39.4 42.5 11.9 2.4 0.9 
90 ICGV 00351 58.6 18.5 21.3 57.2 14.1 2.8 0.4 
91 ICGV 92195 51.8 18.7 41.1 39.3 11.3 1.6 1.0 
92 ICGV 87187  51.9 20.0 43.8 38.3 10.9 1.9 1.2 
93 ICGV 86072 51.8 16.5 40.2 41.0 11.7 1.6 1.0 
94 ICGV 86015 51.0 20.5 36.1 43.4 12.7 1.9 0.8 
95 ICGV 93437 51.1 22.6 34.5 45.9 12.1 2.0 0.8 
96 ICGV 86143 55.1 19.1 50.2 32.7 11.5 1.9 1.5 
97 ICGV 90320 53.4 16.4 36.3 45.2 11.7 2.3 0.8 
98 ICGV 07273 48.3 22.5 41.8 39.8 11.0 1.3 1.1 
99 49 × 37-91 52.1 18.6 45.5 36.8 10.6 1.8 1.2 
100 49 × 37-134 54.7 19.8 40.6 41.8 11.1 1.7 1.0 
101 49 × 37-135 51.6 17.5 43.2 38.4 10.9 1.5 1.1 
102 49 × 37-97-1 47.8 21.6 42.1 38.5 11.5 1.5 1.1 
103 49 × 37- 99(b) tall 51.7 20.4 44.9 36.8 11.3 1.9 1.2 
104 39 × 49 -8 49.6 23.6 40.1 41.3 10.8 1.9 1.0 
105 39 × 49 -77 54.5 19.9 36.5 45.1 11.7 2.5 0.8 
106 49 × 39-20-2 50.6 19.2 44.8 37.5 10.4 1.8 1.2 
107 49 × 39-21-2 51.8 20.6 40.8 39.6 11.5 2.6 1.0 
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S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

108 49 × 39-8 54.0 17.1 47.9 35.4 10.5 1.8 1.4 
109 49 M-16 60.8 18.5 36.3 45.4 12.2 2.8 0.8 
110 49 × 27-19 49.3 21.0 44.6 36.6 10.3 1.8 1.2 
111 49 × 27-13 (ii) 46.2 20.9 43.5 38.4 11.2 1.4 1.2 
112 27 × 49- 16 50.9 22.0 41.2 39.4 11.0 2.6 1.1 
113 27 × 49- 12 52.8 17.9 44.0 39.1 10.8 1.7 1.1 
114 27 × 49- 14 54.3 20.3 41.5 39.5 11.6 2.0 1.0 
115 27 × 49- 27-1 50.0 19.0 42.0 40.1 11.1 1.5 1.0 
116 26 M 156-2 55.0 18.6 39.8 41.4 12.0 2.3 1.0 
117 26 M- 119-1 50.2 23.5 36.9 43.9 11.5 1.8 0.8 
118 24 M-86 50.5 23.7 35.2 44.8 12.7 1.9 0.8 
119 MN1-35 51.5 20.9 46.7 35.4 11.9 1.2 1.3 
120 M 110-14 56.3 19.3 35.4 44.7 12.7 2.8 0.8 
121 M 28-2 56.5 19.7 35.6 44.4 12.7 3.0 0.8 
122 Somnath 55.1 19.5 33.3 47.4 12.2 2.6 0.7 
123 TG 41 50.3 21.2 39.1 42.0 12.1 1.6 0.9 
124 TG 42 48.8 20.2 37.0 43.3 12.3 1.6 0.9 
125 TG 49 50.0 19.9 45.3 36.5 10.8 1.9 1.2 
126 TG LPS 4 48.6 22.1 40.5 40.1 11.6 1.5 1.0 
127 TG LPS 7 49.7 19.7 36.4 44.2 11.8 1.6 0.8 
128 24 × 37-2275 54.3 20.1 49.2 33.7 9.8 2.5 1.5 
129 24 × 39-31 MR 54.7 20.6 39.5 41.9 11.5 2.6 0.9 
130 26 × M-95-1 RI 54.4 21.2 36.9 44.1 11.6 2.2 0.9 
131 26 × 37-IV- 9IR 50.3 16.7 42.4 39.3 11.3 1.3 1.1 
132 26 × 27-164 46.7 20.7 32.2 47.4 12.9 1.4 0.7 
133 49 × 39-21-1 52.4 18.2 37.0 45.0 11.9 1.7 0.8 
134 49 × 39-21-2(a) 54.9 20.4 41.5 40.1 10.9 2.8 1.0 
135 49 × 39-74 57.5 16.5 49.4 34.7 10.0 2.2 1.4 
136 39× 49-81-1 55.6 16.7 42.2 40.2 10.9 2.1 1.1 
137 49 × 27-37 53.9 19.0 36.6 43.3 12.3 2.4 0.8 
138 TDG 10 53.1 21.1 39.8 43.3 11.2 2.5 0.9 
139 TDG 13 53.9 20.3 38.9 42.2 11.7 2.0 0.9 
140 TDG 14 52.7 21.8 37.1 42.8 11.9 2.1 0.9 
141 DTG 3 50.7 19.5 38.1 42.9 11.5 1.5 0.9 
142 DTG 15 54.6 17.9 43.8 38.6 11.2 2.0 1.1 
143 M 28-2 55.5 21.0 38.6 41.4 12.3 3.3 0.9 
144 JL 24 51.5 18.2 42.6 39.3 10.6 1.6 1.1 
145 TAG 24 49.8 22.5 43.6 37.8 11.3 1.8 1.2 
146 SPS 1 54.2 21.4 40.3 40.7 13.0 1.9 1.0 
147 SPS 9 55.8 18.6 39.3 40.5 14.4 1.6 1.0 
148 SPS 10  54.4 18.3 40.9 40.2 11.3 2.1 1.0 
149 SPS 13 52.5 20.6 39.0 42.1 12.1 1.5 0.9 
150 SPS 14 56.3 18.7 43.3 38.9 14.1 1.3 1.1 
151 SPS 17 47.5 22.9 44.0 37.3 10.9 2.1 1.2 
152 ICGV 02411 58.0 17.8 34.4 46.2 12.7 2.7 0.7 
153 ICGV 05155 62.0 16.5 37.4 45.1 11.6 2.6 0.8 
154 ICGV 06100 59.3 20.0 32.6 47.0 13.6 2.7 0.7 
155 ICGV 07023 54.1 20.6 40.2 40.7 11.3 2.3 1.0 
156 SunOleic 95R 54.2 19.0 80.5 5.1 7.0 1.9 15.7 
157 ICG 434 52.6 22.3 31.4 48.3 12.9 2.0 0.7 
158 ICG 2031 51.6 18.5 45.8 36.5 10.5 1.6 1.3 
159 ICG 3102 55.0 19.0 39.3 42.0 11.9 1.8 0.9 
160 ICG 3140 51.9 20.1 41.5 39.4 11.4 1.9 1.1 
161 ICG 3343 51.9 21.1 38.1 42.7 11.8 1.6 0.9 
162 ICG 3421 53.9 18.2 43.0 39.3 10.8 1.8 1.1 
163 ICG 4729 53.8 16.6 43.5 37.9 10.7 1.9 1.2 
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S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

164 ICG 6022 58.9 18.0 45.2 43.7 8.8 3.0 1.0 
165 ICG 6646 55.1 17.1 43.7 41.6 9.3 3.0 1.1 
166 ICG 8517 52.7 21.7 43.2 38.9 13.9 1.1 1.1 
167 ICG 8751 48.1 18.3 36.8 43.5 11.6 1.7 0.9 
168 ICG 9315 54.6 19.2 42.8 40.4 11.2 2.1 1.1 
169 ICG 10036 48.1 18.4 39.2 41.8 11.2 2.1 0.9 
170 ICG 10053 51.8 19.8 46.7 35.8 10.5 2.4 1.3 
171 ICG 10701 52.9 21.5 35.8 45.4 12.1 2.3 0.8 
172 ICG 11088 54.5 18.6 47.0 37.8 9.7 2.1 1.3 
173 ICG 11651 50.2 22.6 36.5 43.3 11.9 1.9 0.8 
174 ICG 12625 58.9 17.9 49.1 42.7 7.0 2.6 1.2 
175 ICG 12991 52.3 18.9 43.7 37.3 11.2 1.7 1.2 
176 ICG 14985 50.0 19.0 39.6 41.5 11.4 1.8 1.0 
177 ICG 15415 50.7 20.2 37.1 44.9 11.6 2.7 0.8 
178 ICG 15419 59.4 21.5 46.4 44.0 6.5 3.9 1.1 
179 ICGV 01232 53.4 19.8 33.9 46.4 12.5 2.0 0.7 
180 ICGV 01276 53.6 22.8 31.4 48.7 13.0 2.0 0.7 
181 ICGV 01328 55.5 20.0 44.6 36.2 14.5 1.0 1.3 
182 ICGV 02022 50.8 23.8 34.7 45.7 12.1 2.1 0.8 
183 ICGV 02038 49.2 25.1 32.8 45.6 12.7 2.4 0.7 
184 ICGV 02189 51.3 21.9 41.0 40.4 11.5 1.8 1.0 
185 ICGV 02194 55.5 19.0 37.7 43.3 12.0 2.7 0.9 
186 ICGV 02266 53.4 20.3 40.7 39.4 11.8 2.3 1.0 
187 ICGV 02271 54.9 24.8 29.3 50.4 13.0 3.1 0.6 
188 ICGV 02286 52.9 21.7 32.1 47.5 12.8 2.1 0.7 
189 ICGV 86011 52.6 18.3 46.6 35.9 10.4 1.8 1.3 
190 ICGV 86590  51.8 20.8 34.5 46.4 12.0 2.3 0.7 
191 ICGV 87160 47.1 23.4 44.9 36.3 10.6 1.6 1.3 
192 ICGV 87354 50.6 21.1 43.3 36.3 11.7 1.4 1.2 
193 ICGV 87378 53.3 18.5 39.4 42.7 11.1 2.2 0.9 
194 ICGV 87921 54.3 18.8 32.4 49.3 12.3 2.5 0.7 
195 ICGV 88145 53.3 20.4 42.7 40.0 11.0 1.8 1.1 
196 ICGV 92267 54.0 19.1 41.6 40.7 11.1 2.4 1.0 
197 ICGV 93470 53.2 22.5 38.1 42.4 11.9 2.1 0.9 
198 ICGV 94169 55.5 17.2 45.5 36.3 11.2 2.0 1.2 
199 ICGV 94361 54.7 21.5 29.7 49.8 13.0 2.3 0.6 
200 ICGV 95377 55.5 20.3 40.7 42.6 11.1 2.9 1.0 
201 ICGV 96466 51.9 21.6 37.0 42.6 12.4 2.1 0.9 
202 ICGV 96468 57.6 18.3 33.8 47.3 12.9 2.8 0.7 
203 ICGV 97182 56.5 17.4 32.2 48.4 13.2 2.7 0.7 
204 ICGV 97183 53.7 19.7 39.1 41.5 11.6 2.1 1.0 
205 ICGV 98294 54.6 22.3 37.0 43.3 11.9 3.4 0.9 
206 Gangapuri 50.0 19.1 42.0 38.3 13.7 1.1 1.1 
207 ICGS 44 51.6 18.7 33.7 46.5 12.4 1.9 0.7 
208 ICG 3312 52.6 18.1 42.2 39.8 11.0 1.8 1.1 
209 ICG 14705 54.3 21.5 35.4 44.5 12.5 2.4 0.8 
210 ICG 3746 51.4 19.1 43.5 37.6 10.7 1.5 1.2 
211 ICG 4955 53.6 19.1 49.7 33.4 12.8 0.3 1.5 
212 ICG 12879 52.8 18.8 42.8 39.5 10.9 1.8 1.1 
213 ICG 5221 61.0 18.6 44.1 44.0 8.6 2.9 1.0 
214 ICG 4543 54.2 17.3 40.6 41.3 11.6 1.9 1.0 
215 ICG 1834 52.3 22.9 47.6 31.9 10.7 1.8 1.6 
216 ICG 2106 50.8 17.3 44.9 36.6 10.5 1.2 1.3 
217 ICG 9507 51.9 24.7 33.6 46.7 12.3 2.3 0.7 
218 ICG 1973 52.8 16.6 44.6 38.0 10.5 1.7 1.2 
219 ICG 3673 52.2 20.8 41.0 40.6 12.9 1.6 1.1 
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220 ICG 3584 54.9 17.1 46.5 35.6 10.6 2.1 1.3 
221 ICG 442 57.1 16.4 43.2 38.2 13.8 0.8 1.1 
222 ICGV 01464 49.2 19.3 40.9 37.6 12.7 1.7 1.1 
223 ICGV 01478 48.8 20.9 42.3 38.3 11.2 2.5 1.1 
224 ICGV 02251 54.1 22.8 36.4 45.0 11.9 2.4 0.8 
225 ICGV 03136 48.8 22.2 38.5 40.6 12.0 2.2 1.0 
226 ICGV 05198 47.6 25.4 47.4 34.4 10.6 1.7 1.4 
227 ICGV 06234 55.4 19.1 47.1 34.6 10.9 2.3 1.4 
228 ICGV 00346 55.3 17.9 30.1 50.1 13.4 2.0 0.6 
229 ICGV 00362 53.6 22.4 42.4 38.4 11.0 2.9 1.1 
230 ICGV 00371 54.8 16.3 29.4 51.2 12.8 2.3 0.6 
231 ICGV 02287 53.2 21.1 38.9 41.7 11.9 2.2 0.9 
232 ICGV 02298 52.5 17.9 45.4 37.0 10.6 2.3 1.2 
233 ICGV 02317 57.9 18.8 30.8 48.2 13.6 2.3 0.6 
234 ICGV 97232 52.3 21.6 39.9 42.5 11.2 1.7 1.0 
235 ICGV 99051 59.6 16.5 28.5 51.8 13.2 2.5 0.6 
236 ICGV 99052 58.6 17.7 32.1 47.0 13.3 2.7 0.7 
237 ICGV 00246 60.5 17.0 28.6 51.3 13.5 2.5 0.6 
238 ICGV 00248 61.5 16.5 32.4 49.5 12.5 2.9 0.7 
239 ICGV 01361 54.2 18.7 36.5 43.0 12.6 1.9 0.9 
240 ICGV 02434 51.8 20.6 37.9 41.6 11.9 2.0 0.9 
241 ICGV 04087 56.4 19.8 26.7 51.3 13.7 2.5 0.5 
242 ICGV 06175 52.4 18.9 32.7 45.2 13.4 2.0 0.7 
243 ICGV 97116 50.5 20.0 43.8 37.0 10.6 2.1 1.2 
244 ICGV 97128 59.2 17.5 27.8 52.3 13.3 2.6 0.5 
245 ICGV 98184 54.2 18.2 34.1 46.6 12.9 2.1 0.7 
246 ICGV 00068 52.2 22.4 35.7 45.8 11.9 1.9 0.8 
247 ICGV 01495 54.8 19.0 39.4 41.1 12.0 2.3 1.0 
248 ICGV 05057 54.6 18.7 33.8 45.3 13.0 2.2 0.7 
249 ICGV 07168 51.5 19.3 44.6 36.6 10.5 2.4 1.2 
250 ICGV 01265 54.7 17.6 40.8 38.3 12.9 2.3 1.1 
251 ICGV 98105 56.7 16.5 27.4 52.4 13.8 1.6 0.5 
252 ICGV 99160 54.9 19.8 33.8 47.4 12.8 1.9 0.7 
253 ICGV 02323 52.2 20.8 33.7 46.7 12.9 1.6 0.7 
254 ICGV 04115 56.4 17.6 34.3 46.5 12.2 1.9 0.7 
255 ICGV 05036 56.2 19.9 33.8 47.7 12.8 1.9 0.7 
256 ICGV 06042 55.8 21.4 34.5 44.1 12.8 2.5 0.8 
257 ICGV 86564 50.3 21.4 46.0 35.2 10.6 3.0 1.3 
258 ICGV 98432 52.1 19.0 42.6 40.9 10.8 1.9 1.0 
259 BAU 13 49.6 21.4 43.7 36.0 11.1 2.7 1.2 
260 ICGV 87846 55.4 20.1 31.7 47.9 13.3 2.3 0.7 
261 ICR 48 53.1 19.2 40.4 40.0 11.1 2.6 1.1 
262 ICGV 86699 58.5 17.7 45.7 38.1 13.3 1.1 1.2 
263 ICGV 98373 49.9 18.6 34.3 45.6 12.0 1.9 0.7 
264 ICGV 97115 53.1 17.9 36.7 42.9 12.6 2.1 0.9 
265 ICGV 06040 58.4 22.6 28.6 50.7 13.9 3.0 0.6 
266 ICGV 06099 60.3 19.1 29.8 50.5 14.0 2.8 0.6 
267 CS 39 52.0 22.1 36.8 41.9 12.4 2.3 0.9 
268 ICGV 05032 59.1 17.7 31.3 49.7 13.5 2.3 0.6 
269 ICGV 05141 56.4 17.7 42.5 39.0 11.9 2.2 1.1 
270 ICGV 07359 48.7 23.0 40.1 38.4 12.3 2.4 1.0 
271 ICGV 07368 46.0 23.0 39.3 39.8 12.3 2.0 1.0 
272 ICGV 06110 46.2 23.0 38.2 40.7 12.6 1.5 0.9 
273 ICGV 06188 51.3 21.4 43.4 38.2 10.9 1.8 1.1 
274 ICGV 00440 48.9 20.3 39.1 40.3 11.9 2.7 1.0 
275 ICGV 86352 51.9 23.6 37.8 42.3 11.9 2.4 0.9 
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Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
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276 ICGV 09112 51.1 19.6 44.5 37.5 11.6 1.9 1.2 
277 ICGV 93920 52.9 21.0 38.7 42.6 11.9 2.2 0.9 
278 ICGV 93216 49.4 17.9 39.6 40.8 11.1 2.3 1.0 
279 ICGV 88438 50.3 18.8 42.6 38.2 11.0 2.2 1.1 
280 ICG 11337  59.6 17.1 47.1 37.0 12.8 1.5 1.3 
281 49 × 37-90 57.1 16.4 36.8 45.4 12.3 2.6 0.8 
282 49 M-2-2 50.1 20.6 39.5 41.2 11.4 1.7 1.0 
283 49 M- 1-1 52.3 20.9 34.8 44.5 12.8 2.2 0.8 
284 TG 19 59.8 18.7 39.6 42.4 11.5 2.9 0.9 
285 TG 39 51.2 22.2 44.6 38.1 10.8 1.7 1.2 
286 TG LPS 3 51.8 19.6 45.2 37.9 10.7 1.6 1.2 
287 26 × M-223-1 50.8 24.6 32.1 46.8 12.8 2.3 0.7 
288 SPS 2 57.2 18.4 45.3 39.1 12.9 1.0 1.2 
289 SPS 3 53.8 19.7 43.7 38.9 10.9 2.0 1.1 
290 SPS 6 49.0 21.9 43.0 38.3 11.0 1.6 1.1 
291 SPS 7 54.4 19.1 42.6 40.2 12.2 1.7 1.1 
292 SPS 8 55.7 17.9 46.1 38.0 13.0 1.1 1.2 
293 SPS 11 59.0 18.9 36.6 44.5 12.3 2.8 0.8 
294 SPS 15 56.5 17.0 47.7 36.4 12.9 1.2 1.3 
295 SPS 20 54.2 21.0 48.6 34.5 13.1 0.9 1.5 
296 SPS 21 56.0 19.1 46.7 37.1 13.1 0.9 1.3 
297 ICGV 03128 56.7 20.9 31.3 47.1 13.6 2.7 0.7 
298 TMV 2 NLM 52.7 20.2 37.0 44.7 11.7 2.0 0.8 
299 ICG 1668 54.9 18.4 41.8 39.4 11.7 2.6 1.1 
300 ICG 8285 52.3 17.4 40.0 39.0 12.0 2.0 1.0 
301 ICG 11426 57.3 18.4 52.0 32.1 11.7 1.6 1.6 
302 ICGV 02290 54.8 20.2 32.4 47.3 13.4 2.2 0.7 
303 ICGV 02446 59.0 18.2 38.5 44.0 9.6 2.9 0.9 
304 ICG 156  49.1 20.7 45.3 36.2 10.4 1.8 1.3 
305 ICGS 76 52.8 16.9 40.3 40.6 11.5 1.7 1.1 
306 ICG 5891 55.3 16.2 40.0 41.7 11.6 2.2 1.0 
307 CSMG 84-1 49.7 19.1 43.2 37.6 11.2 1.5 1.2 
308 ICG 111 52.2 21.3 37.8 42.6 12.1 2.5 0.9 
309 ICG 14834 52.0 19.9 39.1 41.2 12.0 1.8 0.9 
310 ICG 11322 52.3 16.6 32.9 48.1 12.3 1.8 0.7 
311 ICG 532 52.0 18.1 41.0 40.3 11.4 1.5 1.0 
312 ICG 12509 52.9 18.6 38.4 42.1 12.2 1.8 0.9 
313 ICG 12672 57.7 18.1 44.5 39.4 12.7 1.2 1.2 
314 ICG 10185 52.6 18.7 43.1 37.8 11.4 1.9 1.1 
315 ICG 2773 50.2 17.7 41.6 39.7 11.6 1.1 1.1 
316 ICG 3027 51.9 18.5 34.1 45.1 12.8 1.6 0.8 
317 ICG 5745 49.4 19.1 44.2 36.6 10.6 2.2 1.3 
318 ICG 14482 59.3 18.2 56.9 30.7 11.2 1.4 2.0 
319 ICG 4527 51.9 20.0 34.1 45.9 12.3 2.0 0.7 
320 ICG 4343 51.7 19.4 41.4 39.5 11.3 1.8 1.1 
321 ICG 13895 52.1 20.1 34.5 44.2 13.2 2.2 0.8 
322 ICG 5663 53.1 20.6 36.1 42.9 12.6 2.3 0.8 
323 ICG 721 50.3 18.0 41.1 39.9 11.6 1.6 1.0 
324 ICG 12276 51.3 19.3 55.8 26.7 10.6 1.6 2.1 
325 ICG 875 52.3 18.8 38.6 40.5 12.6 2.3 0.9 
326 ICG 14475 54.2 19.3 53.1 34.1 10.8 1.8 1.5 
327 ICG 15190 51.0 19.2 39.8 39.2 12.3 1.9 1.0 
328 ICG 12370 48.9 22.3 36.6 41.8 12.2 1.6 0.9 
329 ICGV 86325 53.5 16.5 41.8 39.8 11.6 2.0 1.1 
330 ICG 5662 53.2 16.7 40.1 41.7 10.9 2.1 1.0 
331 ICG 9961 51.6 18.9 43.7 36.7 11.6 1.6 1.2 
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332 ICG 14466 49.6 19.6 41.9 37.3 12.2 1.6 1.1 
333 ICG 3053 54.2 18.6 36.7 43.9 12.1 1.8 0.9 
334 ICG 6766 51.1 21.2 40.2 39.5 12.0 2.0 1.0 
335 ICG 2381 61.3 16.6 42.2 43.9 7.3 3.6 1.0 
336 ICG 2857 49.4 21.0 40.8 39.3 11.8 1.5 1.0 
337 ICGV 13238 53.8 18.1 40.4 41.1 11.5 2.0 1.0 
338 ICGV 13241 52.1 19.5 40.0 40.7 11.8 1.9 1.0 
339 ICGV 13242 51.7 22.3 43.0 39.4 11.8 1.4 1.1 
340 ICGV 13245 51.7 20.0 42.3 39.7 11.4 1.6 1.1 

Mean 53.7 19.6 38.9 42.2 11.9 2.1 1.0 
CV (%) 3.9 10.5 9.0 7.3 5.4 16.8 18.2 
LSD at 5 % level 3.5 3.4 5.8 5.1 1.1 0.6 0.3 
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Appendix VI 

Best linear unbiased prediction of mean for different traits of Genomic Selection Panel of groundnut evaluated at ICRISAT during 
rainy 2015 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 

1 ICGV 06423 32.0 2.0 5.0 8.0 2.0 3.0 6.0 6.0 39.2 23.0 16.9 10.5 62.0 27.5 121.8 435.3 2901.7 20.0 
2 ICGV 07246 31.0 2.0 5.0 8.0 1.0 4.0 6.0 7.0 32.0 23.0 16.4 9.9 59.8 37.6 106.9 450.5 3003.6 18.3 
3 ICGV 07247 32.0 2.0 5.0 8.0 1.0 3.0 6.0 9.0 29.4 22.0 17.3 11.0 63.8 38.2 107.1 433.0 2886.5 18.6 
4 ICGV 07268 28.0 5.0 7.0 9.0 5.0 7.0 9.0 6.0 33.8 7.0 6.0 3.9 66.0 39.4 109.1 227.8 1518.6 13.6 
5 ICGV 01005 27.0 4.0 7.0 9.0 4.0 7.0 9.0 4.0 47.4 11.0 7.1 3.7 52.3 30.9 108.6 202.2 1348.2 17.1 
6 ICGV 01060 29.0 2.0 6.0 9.0 2.0 5.0 7.0 6.0 35.8 21.0 15.7 10.1 63.8 32.7 112.0 357.8 2385.4 14.2 
7 ICGV 01124 28.0 4.0 7.0 9.0 2.0 6.0 8.0 7.0 40.0 16.0 10.0 5.6 55.7 25.1 104.1 246.1 1640.8 18.8 
8 ICGV 02206 29.0 5.0 7.0 9.0 5.0 7.0 8.0 5.0 35.4 12.0 7.9 5.7 60.6 31.3 114.1 260.9 1739.1 12.4 
9 ICGV 03397 32.0 3.0 7.0 8.0 3.0 5.0 7.0 8.0 34.6 15.0 6.5 4.0 60.1 25.0 100.0 255.4 1702.6 14.6 
10 ICGV 03398 32.0 4.0 7.0 9.0 2.0 6.0 7.0 7.0 37.7 18.0 11.2 6.5 58.7 29.5 104.0 216.6 1443.8 14.1 
11 ICGV 04044 29.0 3.0 7.0 8.0 3.0 6.0 8.0 6.0 30.4 18.0 12.8 6.3 48.9 34.7 108.7 336.5 2243.5 18.3 
12 ICGV 06347 29.0 3.0 8.0 9.0 2.0 7.0 8.0 6.0 33.0 15.0 10.7 6.5 60.3 32.7 107.4 261.5 1743.1 11.2 
13 ICGV 93280 29.0 3.0 7.0 9.0 2.0 5.0 7.0 6.0 31.0 22.0 12.0 7.2 59.9 26.7 107.0 350.3 2335.6 12.6 
14 ICGV 95469 29.0 3.0 7.0 8.0 2.0 6.0 8.0 4.0 32.7 15.0 10.1 7.0 68.7 28.8 99.8 290.0 1933.1 14.4 
15 ICGV 00387 32.0 3.0 8.0 9.0 3.0 7.0 8.0 5.0 39.6 13.0 7.7 3.8 51.0 25.3 109.3 234.5 1563.2 13.4 
16 ICGV 01393 29.0 3.0 6.0 9.0 3.0 5.0 8.0 5.0 38.9 9.0 9.8 5.0 51.6 48.4 121.1 248.0 1653.1 16.9 
17 ICGV 02242 28.0 5.0 7.0 9.0 4.0 4.0 8.0 4.0 38.9 14.0 14.5 7.9 54.2 39.2 113.2 344.4 2295.7 12.4 
18 ICGV 97058 29.0 4.0 8.0 9.0 3.0 6.0 8.0 4.0 34.1 10.0 7.8 4.9 63.7 37.2 116.1 222.3 1481.9 12.3 
19 ICGV 99083 25.0 5.0 8.0 9.0 4.0 7.0 9.0 6.0 35.5 7.0 5.0 2.2 45.1 28.2 111.6 137.1 914.1 12.5 
20 ICGV 00343 29.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 34.2 8.0 6.6 4.1 59.5 38.7 108.7 194.6 1297.2 18.0 
21 ICGV 00349 32.0 5.0 9.0 9.0 5.0 8.0 9.0 5.0 30.2 13.0 7.2 4.6 64.6 25.0 108.0 157.0 1046.5 9.8 
22 ICGV 01263 27.0 4.0 7.0 9.0 3.0 7.0 8.0 5.0 40.3 16.0 14.3 8.4 58.4 36.1 104.6 259.8 1732.0 16.5 
23 ICGV 03056 30.0 2.0 6.0 8.0 1.0 5.0 8.0 7.0 36.1 24.0 14.6 4.6 48.3 30.3 102.1 347.5 2316.5 16.9 
24 ICGV 03064 31.0 2.0 6.0 9.0 2.0 4.0 7.0 6.0 40.9 23.0 19.8 11.1 55.9 37.8 110.0 522.6 3484.0 18.0 
25 ICGV 05161 31.0 2.0 7.0 9.0 2.0 5.0 7.0 6.0 38.7 21.0 18.8 10.8 57.3 36.5 115.9 472.5 3149.8 13.1 
26 ICGV 05163 29.0 2.0 5.0 7.0 2.0 3.0 6.0 6.0 40.0 20.0 18.3 10.0 54.2 39.7 106.6 471.3 3142.3 21.1 
27 ICGV 06422 30.0 2.0 5.0 8.0 2.0 3.0 6.0 6.0 33.1 22.0 17.4 10.8 61.8 35.9 123.6 421.9 2812.9 16.3 
28 ICGV 06431 26.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 38.4 17.0 10.0 5.7 58.9 25.0 101.7 165.9 1105.9 18.6 
29 ICGV 07220 30.0 1.0 4.0 5.0 1.0 3.0 4.0 7.0 37.1 20.0 14.5 7.8 53.9 31.1 123.8 262.9 1752.4 24.7 
30 ICGV 07223 33.0 2.0 5.0 8.0 2.0 3.0 7.0 6.0 27.2 13.0 8.8 4.7 51.9 36.5 108.8 416.9 2779.1 12.7 
31 ICGV 07227 29.0 3.0 7.0 9.0 2.0 4.0 7.0 8.0 31.8 23.0 14.1 8.4 59.3 31.5 106.3 418.3 2788.5 15.0 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 

32 ICGV 07235 32.0 2.0 5.0 7.0 2.0 3.0 6.0 9.0 27.7 19.0 14.7 8.8 59.5 37.3 115.7 421.7 2811.4 15.0 
33 ICGV 99233 27.0 4.0 7.0 9.0 3.0 7.0 8.0 5.0 38.5 19.0 15.2 8.7 56.8 35.1 104.8 290.8 1938.6 13.0 
34 ICGV 97165 29.0 2.0 7.0 8.0 2.0 4.0 6.0 6.0 39.2 9.0 8.7 4.7 54.5 22.8 102.0 130.8 871.8 15.3 
35 ICGV 99029 27.0 2.0 5.0 6.0 1.0 3.0 5.0 6.0 38.2 21.0 14.7 8.7 59.5 34.2 124.5 361.1 2407.3 27.8 
36 ICGV 00191 28.0 2.0 5.0 5.0 1.0 4.0 5.0 5.0 40.7 20.0 15.4 9.4 61.1 37.0 124.5 335.8 2238.5 16.9 
37 ICGV 07120 31.0 2.0 5.0 6.0 1.0 3.0 5.0 6.0 33.1 17.0 13.6 8.5 62.3 40.9 124.2 369.5 2463.2 25.2 
38 ICGV 97092 28.0 4.0 7.0 8.0 2.0 6.0 8.0 5.0 38.7 17.0 10.9 5.8 53.9 30.4 102.5 280.7 1871.4 16.1 
39 ICGV 97120 28.0 3.0 7.0 9.0 3.0 4.0 8.0 5.0 37.6 13.0 12.0 5.8 47.3 37.5 107.0 343.0 2286.6 14.7 
40 ICGV 98163 28.0 3.0 7.0 9.0 2.0 7.0 8.0 7.0 37.3 19.0 11.7 7.3 62.0 29.7 101.9 328.6 2191.0 14.6 
41 ICGV 00005 33.0 3.0 6.0 9.0 2.0 4.0 7.0 7.0 35.3 15.0 10.0 6.5 53.8 30.2 101.7 174.5 1163.1 12.1 
42 ICGV 01273 31.0 2.0 4.0 8.0 1.0 3.0 7.0 7.0 29.9 20.0 12.6 8.0 63.6 31.3 97.8 436.2 2908.3 13.4 
43 ICGV 01274 30.0 2.0 5.0 7.0 2.0 3.0 6.0 7.0 27.7 16.0 14.5 9.3 63.6 37.1 103.2 403.2 2688.0 13.0 
44 ICGV 02321 32.0 2.0 7.0 9.0 2.0 6.0 7.0 8.0 33.6 22.0 16.2 9.9 61.1 34.2 102.1 458.9 3059.3 14.2 
45 ICGV 03043 29.0 3.0 5.0 6.0 4.0 3.0 4.0 6.0 32.1 23.0 19.2 11.5 60.3 37.1 124.2 433.2 2887.8 14.8 
46 ICGV 04124 29.0 5.0 6.0 9.0 5.0 5.0 8.0 6.0 32.9 14.0 10.9 6.4 59.3 39.0 101.8 225.2 1501.6 13.9 
47 ICGV 00290 29.0 4.0 7.0 9.0 4.0 4.0 6.0 4.0 36.0 16.0 13.5 9.2 60.8 34.6 100.5 228.3 1522.1 22.6 
48 ICGV 00321 28.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 36.8 13.0 11.1 6.7 60.4 30.5 108.7 271.7 1811.2 14.2 
49 ICGV 02125 26.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 30.2 9.0 6.0 4.4 66.5 21.6 102.8 108.8 725.2 14.7 
50 ICGV 02144 27.0 5.0 7.0 9.0 5.0 7.0 9.0 6.0 37.9 17.0 11.4 6.5 56.4 28.2 102.4 255.6 1703.8 12.2 
51 ICGV 03184 27.0 4.0 7.0 9.0 3.0 7.0 8.0 5.0 45.2 22.0 15.2 9.5 62.4 34.6 109.8 339.5 2263.4 16.6 
52 ICGV 03207 27.0 4.0 8.0 9.0 3.0 7.0 9.0 5.0 32.7 18.0 8.0 4.5 57.5 24.3 111.4 180.1 1200.4 10.4 
53 ICGV 04018 25.0 3.0 8.0 9.0 4.0 7.0 9.0 5.0 44.6 11.0 6.9 4.3 62.3 36.0 102.5 189.1 1260.8 19.6 
54 ICGV 07210 27.0 4.0 7.0 9.0 2.0 6.0 9.0 4.0 30.6 22.0 10.4 8.6 68.9 25.3 102.5 279.5 1863.1 10.7 
55 ICGV 07217 27.0 3.0 8.0 9.0 3.0 7.0 9.0 4.0 28.9 19.0 10.3 6.5 67.4 25.3 100.0 150.6 1004.1 8.8 
56 ICGV 95290 26.0 3.0 8.0 9.0 4.0 7.0 9.0 5.0 33.0 20.0 12.8 8.7 67.7 36.0 105.0 253.3 1689.0 12.0 
57 ICGV 97261 27.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 36.5 21.0 10.5 6.7 67.6 24.9 101.8 177.9 1185.7 14.5 
58 ICGV 97262 28.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 32.4 11.0 6.6 4.7 71.2 24.1 103.2 175.5 1170.2 11.1 
59 ICGV 99181 24.0 4.0 8.0 9.0 4.0 8.0 9.0 4.0 33.6 12.0 8.0 5.3 65.8 31.3 102.8 158.9 1059.4 14.6 
60 ICGV 99195 28.0 4.0 8.0 9.0 3.0 6.0 8.0 5.0 36.9 10.0 8.9 5.4 60.3 33.1 101.3 213.0 1419.9 10.6 
61 ICGV 89104 29.0 5.0 8.0 9.0 5.0 8.0 9.0 4.0 37.9 7.0 3.7 1.9 53.8 16.1 109.4 84.6 564.0 10.9 
62 ICGS 11 26.0 5.0 9.0 9.0 5.0 8.0 9.0 6.0 29.1 12.0 6.5 3.9 60.3 28.9 109.2 160.6 1070.4 11.7 
63 J 11 25.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 39.2 19.0 9.6 5.5 58.5 21.7 102.4 176.4 1176.3 15.7 
64 ICGV 99085 27.0 2.0 5.0 6.0 2.0 4.0 5.0 6.0 40.4 25.0 14.5 7.9 55.3 31.6 124.5 272.6 1817.4 18.2 
65 TKG 19A 28.0 2.0 7.0 8.0 3.0 7.0 9.0 6.0 39.0 14.0 8.3 4.8 57.6 24.9 102.7 228.9 1526.3 15.1 
66 TPG 41 27.0 3.0 8.0 8.0 3.0 7.0 9.0 4.0 35.4 7.0 7.5 3.6 46.9 50.8 115.9 200.3 1335.3 18.2 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 

67 ICGV 00350 28.0 3.0 7.0 9.0 3.0 6.0 9.0 5.0 35.8 13.0 10.9 6.4 58.9 29.6 107.6 377.6 2517.2 17.3 
68 DH 86 30.0 3.0 6.0 9.0 2.0 6.0 8.0 6.0 31.6 17.0 11.4 6.3 56.5 34.3 102.5 257.6 1717.2 12.8 
69 ICGV 95058 30.0 3.0 7.0 8.0 3.0 7.0 9.0 6.0 35.9 10.0 8.4 5.4 63.6 29.0 106.6 274.9 1832.7 14.1 
70 ICGV 95070 31.0 4.0 8.0 9.0 3.0 8.0 9.0 5.0 31.4 21.0 10.5 5.1 51.9 28.0 109.6 196.4 1309.2 13.8 
71 GPBD 4 27.0 2.0 3.0 4.0 2.0 3.0 3.0 5.0 40.0 21.0 13.3 8.9 66.5 29.9 124.6 291.1 1940.4 20.9 
72 ICGV 91114 26.0 5.0 9.0 9.0 5.0 8.0 9.0 4.0 38.2 13.0 9.7 6.1 62.6 30.1 104.7 208.3 1388.6 17.8 
73 TMV 2 34.0 3.0 8.0 9.0 4.0 8.0 9.0 5.0 36.5 7.0 10.1 4.4 49.6 30.7 105.9 128.8 858.6 10.7 
74 Faizpur 1-5 28.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 36.6 13.0 8.9 5.7 62.7 33.1 102.4 215.4 1436.2 9.6 
75 Mutant 3 28.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 35.3 13.0 5.7 3.0 57.7 24.5 109.4 124.7 831.5 15.8 
76 ICGV 03042 27.0 2.0 5.0 7.0 1.0 4.0 5.0 7.0 31.3 20.0 19.1 10.9 57.2 36.9 107.7 372.5 2483.1 17.5 
77 ICGV 05100 31.0 2.0 5.0 7.0 2.0 3.0 4.0 6.0 31.2 20.0 15.5 6.2 59.9 34.2 124.1 358.0 2386.9 21.4 
78 ICGV 06049 26.0 5.0 9.0 9.0 5.0 8.0 9.0 5.0 37.4 16.0 8.2 4.4 53.1 26.9 110.2 170.8 1139.0 14.7 
79 ICGV 06420 33.0 2.0 5.0 7.0 1.0 4.0 6.0 7.0 33.2 16.0 11.9 7.4 61.5 32.0 124.6 355.1 2367.4 19.2 
80 ICGV 06424 29.0 3.0 6.0 7.0 3.0 4.0 5.0 6.0 29.2 23.0 13.9 8.3 59.6 27.4 98.4 361.8 2411.9 24.8 
81 ICGV 07145 28.0 2.0 5.0 8.0 1.0 4.0 6.0 6.0 34.7 18.0 11.3 5.8 50.4 32.3 124.5 357.0 2380.2 14.5 
82 ICGV 07148 26.0 3.0 8.0 9.0 4.0 8.0 9.0 4.0 38.0 19.0 10.7 6.4 60.6 27.3 101.9 171.7 1144.7 12.0 
83 ICGV 07166 28.0 2.0 5.0 8.0 1.0 4.0 7.0 7.0 32.3 21.0 14.3 8.1 56.9 34.5 105.6 382.0 2546.3 16.5 
84 ICGV 06142 30.0 2.0 3.0 4.0 1.0 3.0 4.0 7.0 33.0 21.0 21.1 11.8 57.6 35.9 124.5 521.7 3477.8 23.0 
85 ICGV 91116 24.0 4.0 8.0 9.0 4.0 7.0 9.0 4.0 40.3 15.0 8.5 5.1 59.4 23.4 102.4 151.3 1009.0 16.4 
86 ICGV 97045 31.0 2.0 7.0 8.0 2.0 6.0 8.0 5.0 34.6 10.0 11.0 6.3 56.3 41.1 124.3 252.5 1683.4 21.3 
87 ICGV 94118 29.0 2.0 6.0 8.0 1.0 4.0 8.0 5.0 43.0 15.0 11.9 6.6 55.7 39.1 108.2 344.6 2297.3 17.3 
88 ICGV 05176 31.0 3.0 7.0 9.0 3.0 6.0 9.0 6.0 42.0 11.0 13.1 8.3 63.8 47.2 116.9 278.3 1855.6 20.2 
89 ICGV 04149 26.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 31.6 17.0 11.7 6.9 61.1 28.5 113.8 243.7 1624.4 11.8 
90 ICGV 00351 26.0 2.0 7.0 9.0 2.0 5.0 8.0 4.0 36.7 18.0 13.5 9.4 58.6 32.9 102.5 429.4 2862.3 11.4 
91 ICGV 92195 28.0 3.0 7.0 9.0 4.0 7.0 9.0 5.0 38.8 19.0 8.7 5.0 56.7 21.1 97.4 138.4 922.7 20.3 
92 ICGV 87187 28.0 3.0 7.0 8.0 2.0 7.0 8.0 8.0 37.0 17.0 9.2 6.4 69.4 33.7 110.3 293.2 1954.7 19.0 
93 ICGV 86072 29.0 5.0 8.0 9.0 5.0 8.0 9.0 6.0 32.2 15.0 10.8 5.6 52.7 32.1 109.5 249.4 1662.8 15.4 
94 ICGV 86015 26.0 3.0 7.0 9.0 3.0 7.0 9.0 6.0 28.2 15.0 9.6 5.9 61.8 28.9 103.3 248.7 1657.8 18.4 
95 ICGV 93437 26.0 4.0 8.0 9.0 4.0 7.0 9.0 4.0 38.2 23.0 10.2 6.5 62.9 23.0 109.6 203.8 1358.8 16.0 
96 ICGV 86143 30.0 4.0 8.0 9.0 3.0 8.0 8.0 7.0 31.3 11.0 8.7 5.7 65.7 30.1 102.0 205.9 1372.9 13.2 
97 ICGV 90320 27.0 3.0 6.0 9.0 3.0 6.0 8.0 4.0 32.3 13.0 11.0 6.2 56.6 32.5 102.7 369.0 2459.7 12.5 
98 ICGV 07273 26.0 4.0 8.0 9.0 3.0 7.0 9.0 5.0 32.5 21.0 11.7 7.5 63.9 22.9 109.6 175.5 1169.7 15.3 
99 49 x 37-91 26.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 25.6 11.0 8.2 4.5 55.3 37.0 116.5 184.9 1232.5 7.9 
100 49 x 37-134 26.0 3.0 5.0 8.0 2.0 3.0 8.0 4.0 32.7 13.0 7.2 3.7 52.2 45.1 106.4 218.1 1454.3 15.0 
101 49 x 37-135 27.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 31.6 18.0 7.8 4.7 61.6 20.4 109.1 88.0 586.4 12.9 
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102 49 x 37-97-1 34.0 4.0 8.0 9.0 4.0 7.0 9.0 4.0 22.6 6.0 6.4 3.4 52.8 43.6 116.7 147.7 984.4 11.2 
103 49 x 37- 99(b) tall 34.0 4.0 8.0 9.0 4.0 7.0 9.0 6.0 24.4 10.0 9.2 4.0 42.2 41.8 116.2 155.2 1034.7 13.2 
104 39 x 49 -8 27.0 2.0 5.0 8.0 2.0 4.0 8.0 5.0 26.0 9.0 9.2 4.9 53.6 49.9 104.6 283.6 1890.7 10.7 
105 39 x 49 -77 25.0 3.0 5.0 7.0 2.0 6.0 7.0 5.0 28.2 19.0 10.4 4.0 39.3 37.5 107.8 297.6 1984.3 11.8 
106 49 x 39-20-2 26.0 4.0 8.0 9.0 4.0 7.0 8.0 5.0 26.8 12.0 8.9 4.0 45.1 36.9 114.1 218.3 1455.4 11.3 
107 49 x 39-21-2 31.0 4.0 6.0 8.0 4.0 6.0 8.0 5.0 29.5 18.0 7.0 2.7 41.8 33.4 125.0 108.6 723.7 13.1 
108 49 x 39-8 32.0 2.0 6.0 8.0 2.0 6.0 8.0 6.0 25.5 12.0 8.7 4.7 53.6 32.6 102.3 227.6 1517.3 11.4 
109 49 M-16 29.0 1.0 4.0 4.0 1.0 2.0 3.0 7.0 36.5 29.0 20.3 12.9 64.5 31.7 124.0 564.7 3764.5 18.2 
110 49 x 27-19 27.0 4.0 8.0 8.0 3.0 7.0 9.0 5.0 33.4 11.0 6.8 3.0 46.6 30.0 111.5 181.3 1208.4 15.9 
111 49 x 27-13 (ii) 25.0 5.0 8.0 8.0 5.0 7.0 9.0 4.0 36.1 9.0 9.0 4.1 46.5 43.6 116.5 267.3 1782.2 16.6 
112 27 x 49- 16 29.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 40.3 10.0 7.6 4.3 56.9 36.6 111.5 175.1 1167.4 15.4 
113 27 x 49- 12 28.0 3.0 6.0 8.0 3.0 5.0 8.0 5.0 35.2 28.0 15.9 9.5 64.7 33.9 109.5 167.2 1114.5 12.5 
114 27 x 49- 14 28.0 3.0 6.0 9.0 3.0 6.0 9.0 5.0 31.8 10.0 7.4 3.4 50.1 37.0 111.4 143.5 956.9 14.1 
115 27 x 49- 27-1 26.0 3.0 8.0 9.0 3.0 8.0 9.0 4.0 20.6 8.0 6.7 3.8 56.1 55.6 113.3 148.5 989.8 8.9 
116 26 M 156-2 31.0 3.0 6.0 8.0 3.0 6.0 9.0 5.0 39.6 10.0 5.4 2.9 53.0 29.7 102.4 192.2 1281.3 17.4 
117 26 M- 119-1 27.0 6.0 8.0 9.0 6.0 7.0 9.0 4.0 36.6 15.0 8.6 5.8 69.3 24.3 102.6 171.3 1142.0 14.6 
118 24 M-86 28.0 2.0 4.0 7.0 2.0 4.0 8.0 7.0 26.1 9.0 8.0 5.0 66.0 33.5 124.7 137.0 913.3 13.3 
119 MN1-35 27.0 3.0 7.0 8.0 2.0 6.0 7.0 5.0 37.2 7.0 5.3 2.5 48.7 15.3 102.4 215.3 1435.4 17.9 
120 M 110-14 29.0 2.0 5.0 8.0 2.0 5.0 7.0 6.0 30.4 9.0 9.4 5.2 52.1 37.0 121.5 180.0 1199.8 17.8 
121 M 28-2 30.0 2.0 4.0 7.0 2.0 5.0 6.0 5.0 27.0 13.0 10.7 6.6 56.5 36.3 100.7 333.7 2224.6 11.3 
122 Somnath 27.0 4.0 7.0 9.0 5.0 7.0 9.0 5.0 40.2 19.0 11.1 6.5 59.5 25.4 106.8 241.4 1609.6 16.0 
123 TG 41 26.0 3.0 8.0 9.0 3.0 8.0 9.0 4.0 31.9 12.0 9.9 4.9 49.3 50.0 109.8 249.5 1663.1 11.0 
124 TG 42 27.0 3.0 7.0 9.0 3.0 6.0 9.0 6.0 31.9 8.0 7.3 4.6 63.4 54.0 106.5 236.3 1575.3 11.4 
125 TG 49 25.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 28.0 10.0 9.2 5.0 56.0 37.3 100.7 188.1 1254.1 8.4 
126 TG LPS 4 26.0 4.0 8.0 9.0 3.0 7.0 9.0 5.0 34.4 10.0 7.6 4.2 55.0 34.0 102.8 210.1 1400.9 13.1 
127 TG LPS 7 26.0 4.0 8.0 9.0 4.0 8.0 9.0 4.0 35.5 14.0 7.1 3.9 56.7 35.1 106.2 184.2 1228.2 10.0 
128 24 x 37-2275 30.0 3.0 7.0 8.0 3.0 6.0 9.0 5.0 31.3 13.0 9.3 5.2 54.5 31.3 110.1 252.7 1684.5 11.5 
129 24 x 39-31 MR 28.0 2.0 4.0 6.0 2.0 4.0 5.0 5.0 34.9 13.0 8.7 4.3 50.1 27.1 121.0 272.7 1817.8 19.1 
130 26 x M-95-1 RI 25.0 2.0 5.0 7.0 2.0 5.0 5.0 5.0 21.0 19.0 10.3 6.0 57.9 31.9 97.3 417.9 2785.9 16.0 
131 26 x 37-IV- 9IR 29.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 34.0 12.0 7.1 4.2 59.3 28.2 106.4 199.9 1332.5 19.6 
132 26 x 27-164 33.0 4.0 7.0 9.0 4.0 7.0 9.0 6.0 34.2 11.0 7.9 5.3 66.4 36.3 99.4 214.8 1431.8 13.1 
133 49 x 39-21-1 30.0 3.0 7.0 8.0 3.0 5.0 8.0 4.0 35.9 13.0 8.4 5.3 63.5 29.9 106.0 200.6 1337.6 12.8 
134 49 x 39-21-2(a) 27.0 3.0 7.0 9.0 2.0 6.0 9.0 5.0 26.7 16.0 8.9 4.9 55.8 35.4 99.3 204.5 1363.3 7.2 
135 49 x 39-74 29.0 2.0 5.0 8.0 2.0 3.0 9.0 5.0 29.9 22.0 10.7 5.7 56.1 25.6 100.9 259.0 1726.6 9.9 
136 39 x 49-81-1 28.0 1.0 5.0 6.0 2.0 3.0 8.0 5.0 28.8 26.0 16.8 9.7 57.8 33.6 97.1 358.1 2387.4 12.4 
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137 49 x 27-37 27.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 35.8 24.0 18.4 9.8 53.4 30.5 99.1 245.6 1637.4 15.4 
138 TDG 10 27.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 37.7 11.0 7.6 4.7 61.9 29.2 105.9 219.4 1462.9 9.7 
139 TDG 13 27.0 2.0 6.0 8.0 2.0 6.0 7.0 5.0 34.3 17.0 10.0 5.7 57.3 30.8 106.2 224.6 1497.3 12.3 
140 TDG 14 26.0 3.0 6.0 8.0 2.0 5.0 7.0 5.0 30.5 11.0 8.4 5.1 60.2 39.4 106.1 222.2 1481.2 13.0 
141 DTG 3 26.0 4.0 8.0 9.0 4.0 8.0 9.0 6.0 30.1 12.0 6.0 3.6 59.3 24.5 109.2 175.0 1166.9 9.2 
142 DTG 15 27.0 4.0 8.0 9.0 3.0 7.0 9.0 5.0 32.8 17.0 10.4 6.5 62.6 28.8 109.8 192.4 1282.7 16.9 
143 M 28-2 31.0 2.0 4.0 8.0 2.0 4.0 7.0 5.0 29.3 20.0 5.7 3.5 62.1 37.1 102.6 101.1 674.1 10.6 
144 JL 24 30.0 5.0 8.0 9.0 4.0 7.0 9.0 5.0 43.7 23.0 10.0 6.2 62.0 24.3 102.1 192.4 1282.8 15.7 
145 TAG 24 28.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 36.9 11.0 5.4 2.8 58.6 23.2 102.2 110.0 733.4 13.5 
146 SPS 1 27.0 2.0 5.0 6.0 3.0 5.0 7.0 5.0 39.1 21.0 13.7 8.8 63.9 29.4 102.4 261.6 1744.3 29.3 
147 SPS 9 31.0 3.0 5.0 6.0 3.0 5.0 6.0 6.0 38.0 13.0 8.1 3.9 47.9 23.2 102.3 175.3 1169.0 19.5 
148 SPS 10 27.0 6.0 8.0 9.0 6.0 7.0 9.0 5.0 39.4 12.0 6.6 2.6 51.4 21.8 100.8 148.3 988.7 20.1 
149 SPS 13 26.0 3.0 8.0 9.0 3.0 7.0 9.0 5.0 20.9 11.0 10.1 4.7 44.9 41.5 102.1 232.3 1548.9 8.7 
150 SPS 14 27.0 2.0 4.0 4.0 2.0 4.0 5.0 7.0 25.5 12.0 7.7 5.0 57.6 24.9 124.3 108.7 724.8 12.1 
151 SPS 17 27.0 5.0 7.0 9.0 5.0 7.0 9.0 5.0 34.6 10.0 9.3 4.5 48.3 40.2 110.0 210.8 1405.1 17.6 
152 ICGV 02411 29.0 2.0 3.0 5.0 1.0 3.0 4.0 7.0 40.3 23.0 21.0 13.3 63.4 38.4 122.4 458.8 3058.4 26.7 
153 ICGV 05155 27.0 2.0 6.0 8.0 2.0 3.0 8.0 7.0 35.9 22.0 15.6 10.0 64.4 37.9 98.7 488.6 3257.3 16.6 
154 ICGV 06100 29.0 3.0 7.0 9.0 2.0 6.0 7.0 7.0 39.3 18.0 15.4 7.2 51.8 35.1 114.0 504.1 3360.5 16.3 
155 ICGV 07023 26.0 6.0 8.0 9.0 6.0 7.0 9.0 4.0 40.9 16.0 10.2 5.1 53.4 31.0 107.3 184.9 1232.7 16.7 
156 SunOleic 95R 27.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 28.2 12.0 7.1 4.4 62.2 25.7 100.3 146.7 977.8 15.4 
157 ICG 434 27.0 5.0 8.0 9.0 5.0 8.0 9.0 4.0 36.5 10.0 6.2 3.1 54.6 25.0 111.2 147.2 981.0 11.4 
158 ICG 2031 27.0 4.0 8.0 9.0 4.0 7.0 9.0 6.0 42.2 18.0 8.9 4.1 49.1 25.4 100.0 230.1 1534.2 11.3 
159 ICG 3102 25.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 44.4 14.0 7.5 3.6 46.8 29.2 111.4 164.5 1096.7 14.7 
160 ICG 3140 27.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 43.0 12.0 5.2 2.6 51.7 24.8 108.0 141.5 943.3 11.5 
161 ICG 3343 26.0 5.0 8.0 9.0 5.0 7.0 9.0 5.0 35.8 17.0 9.0 4.7 51.6 22.5 106.5 168.2 1121.2 15.2 
162 ICG 3421 27.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 35.2 10.0 4.6 2.6 55.6 19.2 97.5 102.6 683.7 11.1 
163 ICG 4729 28.0 4.0 9.0 9.0 5.0 8.0 9.0 4.0 45.2 16.0 7.7 5.0 65.4 20.3 106.6 109.8 732.3 13.3 
164 ICG 6022 26.0 2.0 5.0 6.0 2.0 4.0 5.0 4.0 57.0 6.0 8.4 4.8 57.7 33.3 101.6 149.3 995.6 22.6 
165 ICG 6646 26.0 3.0 6.0 8.0 3.0 4.0 7.0 4.0 58.2 6.0 5.2 2.8 55.2 28.4 108.0 117.2 781.4 24.2 
166 ICG 8517 26.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 45.7 9.0 8.5 4.7 55.7 28.4 105.9 165.7 1104.5 13.3 
167 ICG 8751 27.0 3.0 6.0 8.0 2.0 3.0 7.0 4.0 57.0 15.0 15.7 8.2 52.8 34.0 104.1 312.5 2083.4 23.9 
168 ICG 9315 32.0 3.0 8.0 9.0 3.0 8.0 9.0 5.0 38.4 15.0 7.5 4.3 58.8 25.3 111.0 198.6 1324.1 16.8 
169 ICG 10036 29.0 3.0 6.0 8.0 2.0 5.0 7.0 4.0 42.1 10.0 10.5 5.8 56.0 25.5 103.8 161.6 1077.3 12.7 
170 ICG 10053 27.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 32.5 13.0 12.2 6.4 52.6 37.2 103.8 207.3 1382.1 15.1 
171 ICG 10701 25.0 5.0 8.0 9.0 5.0 8.0 9.0 4.0 25.2 18.0 10.0 5.7 56.5 34.9 111.3 202.5 1350.2 7.1 
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172 ICG 11088 29.0 4.0 6.0 8.0 3.0 4.0 7.0 4.0 38.0 7.0 7.6 4.9 63.4 27.8 106.2 220.8 1471.8 14.8 
173 ICG 11651 28.0 5.0 8.0 9.0 5.0 7.0 9.0 5.0 34.4 12.0 8.6 5.1 59.0 30.3 104.0 240.6 1604.3 11.8 
174 ICG 12625 28.0 2.0 5.0 6.0 2.0 3.0 5.0 4.0 46.3 9.0 7.3 3.8 53.9 34.3 126.1 183.4 1222.4 17.0 
175 ICG 12991 26.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 42.2 16.0 6.8 4.3 62.6 22.2 106.0 127.2 847.9 12.2 
176 ICG 14985 24.0 4.0 8.0 9.0 4.0 7.0 9.0 6.0 33.8 9.0 6.5 2.9 51.1 22.9 108.2 170.6 1137.1 15.2 
177 ICG 15415 25.0 3.0 7.0 8.0 2.0 5.0 7.0 5.0 40.0 14.0 10.6 6.2 59.0 27.0 103.8 299.1 1994.3 13.2 
178 ICG 15419 26.0 3.0 6.0 8.0 3.0 5.0 8.0 4.0 59.7 7.0 8.5 4.7 54.2 35.6 109.3 190.2 1268.0 20.3 
179 ICGV 01232 26.0 5.0 8.0 9.0 4.0 8.0 9.0 7.0 45.1 17.0 16.8 8.9 52.8 39.1 106.0 342.1 2280.9 19.4 
180 ICGV 01276 30.0 4.0 5.0 8.0 4.0 3.0 7.0 6.0 31.9 26.0 19.7 12.1 61.6 37.3 126.0 430.2 2868.3 17.7 
181 ICGV 01328 27.0 2.0 4.0 5.0 2.0 5.0 6.0 6.0 33.2 15.0 9.2 6.1 65.7 30.5 126.0 202.6 1350.4 20.3 
182 ICGV 02022 27.0 3.0 8.0 9.0 3.0 8.0 9.0 5.0 42.0 13.0 6.9 4.1 58.4 25.6 111.3 176.1 1174.2 11.4 
183 ICGV 02038 26.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 45.0 5.0 3.1 1.9 62.9 25.3 104.1 53.5 356.8 15.0 
184 ICGV 02189 25.0 5.0 7.0 9.0 5.0 7.0 9.0 5.0 39.2 20.0 14.2 8.6 60.2 30.6 103.8 231.0 1539.7 17.5 
185 ICGV 02194 28.0 4.0 8.0 9.0 3.0 7.0 9.0 4.0 39.1 18.0 8.4 5.0 58.0 26.4 104.0 212.1 1413.8 18.4 
186 ICGV 02266 27.0 4.0 8.0 9.0 4.0 8.0 8.0 5.0 45.6 19.0 9.7 5.6 59.3 30.3 104.0 312.8 2085.4 19.8 
187 ICGV 02271 26.0 3.0 8.0 8.0 3.0 7.0 9.0 5.0 31.6 16.0 11.4 7.0 61.1 32.5 104.7 286.4 1909.1 12.7 
188 ICGV 02286 30.0 2.0 6.0 9.0 3.0 6.0 8.0 5.0 35.3 27.0 19.9 13.5 61.8 33.2 100.3 350.5 2336.6 17.8 
189 ICGV 86011 26.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 39.2 20.0 10.5 6.1 57.6 29.1 99.7 210.6 1403.9 16.2 
190 ICGV 86590 29.0 3.0 4.0 6.0 2.0 4.0 5.0 4.0 40.3 15.0 12.4 7.0 56.3 34.6 107.8 265.8 1771.9 14.9 
191 ICGV 87160 27.0 3.0 7.0 9.0 4.0 7.0 9.0 5.0 31.6 9.0 4.1 2.5 60.2 21.0 99.2 104.4 696.1 10.1 
192 ICGV 87354 28.0 4.0 8.0 9.0 4.0 7.0 9.0 6.0 38.7 10.0 4.8 2.2 46.0 19.1 96.0 105.1 700.5 12.3 
193 ICGV 87378 23.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 40.9 15.0 10.7 6.5 61.6 23.9 110.6 190.5 1270.0 16.2 
194 ICGV 87921 27.0 3.0 7.0 9.0 2.0 4.0 7.0 5.0 43.2 19.0 11.8 5.8 49.2 32.7 99.2 237.9 1585.9 16.7 
195 ICGV 88145 25.0 5.0 8.0 9.0 5.0 7.0 9.0 5.0 41.2 16.0 12.0 6.4 52.5 26.1 110.2 183.3 1222.2 22.0 
196 ICGV 92267 27.0 5.0 8.0 9.0 5.0 7.0 9.0 5.0 39.6 16.0 11.7 6.4 58.7 33.0 99.7 376.9 2512.7 14.7 
197 ICGV 93470 25.0 4.0 9.0 9.0 4.0 8.0 9.0 5.0 33.8 16.0 9.5 5.8 59.9 27.8 100.0 201.0 1339.9 16.9 
198 ICGV 94169 28.0 3.0 7.0 9.0 3.0 7.0 9.0 6.0 33.1 17.0 12.0 6.7 55.5 36.3 110.0 271.3 1808.4 18.4 
199 ICGV 94361 29.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 36.3 11.0 6.9 4.0 58.1 30.3 99.6 188.7 1257.8 11.1 
200 ICGV 95377 31.0 3.0 7.0 8.0 3.0 7.0 8.0 5.0 41.9 14.0 9.6 5.8 62.1 39.9 99.3 259.4 1729.2 15.0 
201 ICGV 96466 27.0 4.0 8.0 9.0 3.0 7.0 9.0 4.0 35.3 13.0 8.4 5.3 64.2 33.8 98.6 165.0 1099.7 16.3 
202 ICGV 96468 25.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 37.4 12.0 9.2 5.3 57.5 31.5 100.5 255.4 1702.5 15.7 
203 ICGV 97182 27.0 3.0 8.0 9.0 3.0 7.0 7.0 6.0 38.2 17.0 11.1 6.8 60.8 30.6 108.6 286.0 1906.8 17.1 
204 ICGV 97183 32.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 36.2 11.0 8.7 5.0 56.7 30.8 99.7 182.7 1218.0 12.4 
205 ICGV 98294 30.0 3.0 8.0 9.0 2.0 6.0 8.0 6.0 43.7 14.0 13.7 8.0 58.6 40.0 101.2 361.6 2410.9 12.6 
206 Gangapuri 25.0 3.0 7.0 8.0 3.0 7.0 8.0 5.0 36.9 9.0 8.3 5.2 63.4 27.6 100.1 137.0 913.6 19.6 
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207 ICGS 44 32.0 4.0 8.0 9.0 4.0 7.0 9.0 6.0 28.8 12.0 7.1 4.3 62.6 25.9 107.0 164.5 1096.5 11.2 
208 ICG 3312 27.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 35.8 21.0 10.0 5.6 55.2 27.8 99.9 197.1 1313.8 12.0 
209 ICG 14705 27.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 30.6 9.0 6.8 4.2 60.0 31.7 99.7 182.9 1219.6 10.1 
210 ICG 3746 27.0 5.0 7.0 9.0 5.0 7.0 9.0 4.0 42.4 13.0 6.4 3.7 57.4 17.9 114.4 130.3 868.3 13.4 
211 ICG 4955 26.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 43.0 14.0 7.3 4.7 67.0 29.3 103.9 154.5 1029.9 16.7 
212 ICG 12879 26.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 34.7 21.0 9.4 5.3 55.4 22.7 110.3 174.5 1163.2 13.4 
213 ICG 5221 28.0 5.0 7.0 8.0 5.0 6.0 9.0 4.0 50.9 10.0 7.3 4.0 53.6 26.6 106.3 98.5 656.6 19.2 
214 ICG 4543 27.0 6.0 8.0 9.0 5.0 7.0 9.0 5.0 41.8 13.0 6.1 3.0 47.8 22.1 102.2 109.4 729.4 13.2 
215 ICG 1834 31.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 36.1 12.0 7.9 5.0 64.4 22.2 104.3 122.8 818.7 13.8 
216 ICG 2106 27.0 6.0 9.0 9.0 5.0 8.0 9.0 4.0 36.7 18.0 8.3 5.1 63.5 22.8 103.6 147.0 979.9 12.1 
217 ICG 9507 31.0 5.0 8.0 9.0 6.0 7.0 9.0 5.0 37.0 10.0 5.3 2.8 54.2 25.9 110.6 162.8 1085.1 14.6 
218 ICG 1973 25.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 41.9 14.0 6.4 3.3 52.8 20.9 110.6 129.6 864.2 16.1 
219 ICG 3673 28.0 4.0 8.0 9.0 4.0 7.0 9.0 4.0 38.9 14.0 6.2 3.8 59.2 22.6 117.9 110.4 735.7 18.3 
220 ICG 3584 27.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 38.7 14.0 6.4 4.1 61.5 24.4 109.9 118.9 792.6 12.6 
221 ICG 442 26.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 42.6 14.0 5.9 3.5 60.0 19.8 107.7 95.6 637.5 14.9 
222 ICGV 01464 30.0 3.0 6.0 9.0 2.0 3.0 7.0 6.0 38.9 10.0 11.3 4.7 40.6 44.3 125.4 262.2 1747.7 27.7 
223 ICGV 01478 30.0 2.0 7.0 8.0 2.0 7.0 8.0 8.0 33.0 10.0 11.9 5.5 50.3 42.4 116.5 254.2 1694.5 20.4 
224 ICGV 02251 28.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 33.6 17.0 9.3 4.9 63.2 29.4 114.8 136.1 907.5 14.1 
225 ICGV 03136 35.0 3.0 6.0 8.0 3.0 5.0 8.0 8.0 36.2 9.0 11.9 5.3 44.8 50.1 107.5 309.1 2060.7 17.8 
226 ICGV 05198 29.0 4.0 7.0 9.0 3.0 6.0 8.0 5.0 36.7 7.0 8.7 4.8 57.6 59.0 112.1 295.6 1971.0 15.0 
227 ICGV 06234 30.0 4.0 8.0 9.0 3.0 7.0 8.0 5.0 34.6 11.0 9.3 5.0 53.5 42.0 117.8 238.2 1587.8 16.9 
228 ICGV 00346 31.0 2.0 6.0 8.0 2.0 4.0 7.0 6.0 35.9 14.0 13.6 6.6 57.7 40.9 103.7 318.0 2120.2 21.2 
229 ICGV 00362 34.0 2.0 4.0 6.0 2.0 3.0 4.0 6.0 34.3 19.0 13.5 7.0 50.4 29.5 107.3 336.1 2240.5 24.4 
230 ICGV 00371 33.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 36.9 13.0 8.4 4.3 52.0 28.7 105.3 182.5 1216.7 17.1 
231 ICGV 02287 30.0 3.0 7.0 8.0 3.0 5.0 7.0 7.0 37.6 15.0 14.3 6.7 55.6 30.3 102.8 300.2 2001.5 19.3 
232 ICGV 02298 34.0 5.0 8.0 9.0 4.0 8.0 9.0 6.0 29.7 9.0 6.8 3.4 52.7 30.0 110.4 157.3 1048.4 12.6 
233 ICGV 02317 28.0 2.0 5.0 7.0 2.0 3.0 6.0 7.0 37.3 23.0 17.3 6.1 36.5 32.4 108.5 373.9 2492.4 21.7 
234 ICGV 97232 27.0 5.0 8.0 9.0 5.0 8.0 9.0 4.0 34.8 15.0 6.9 4.1 59.1 23.8 113.9 148.9 992.4 15.0 
235 ICGV 99051 32.0 2.0 4.0 6.0 1.0 2.0 4.0 5.0 44.0 18.0 16.8 10.2 60.7 43.1 124.7 334.5 2230.0 21.4 
236 ICGV 99052 32.0 2.0 4.0 4.0 1.0 2.0 4.0 6.0 48.7 16.0 17.2 10.7 62.2 38.6 124.7 436.4 2909.6 26.2 
237 ICGV 00246 32.0 1.0 3.0 4.0 1.0 3.0 4.0 6.0 50.1 14.0 15.4 9.5 61.8 43.0 124.7 324.4 2162.9 27.7 
238 ICGV 00248 33.0 2.0 3.0 4.0 2.0 3.0 4.0 5.0 44.9 14.0 12.4 6.6 58.6 37.4 124.9 299.0 1993.4 21.5 
239 ICGV 01361 30.0 2.0 5.0 7.0 2.0 3.0 5.0 7.0 32.6 15.0 12.5 7.8 62.5 37.3 124.5 396.6 2644.2 15.9 
240 ICGV 02434 30.0 2.0 6.0 8.0 2.0 4.0 7.0 6.0 32.9 23.0 15.3 8.6 55.7 29.9 102.9 353.3 2355.6 15.6 
241 ICGV 04087 33.0 2.0 5.0 6.0 2.0 4.0 4.0 7.0 40.7 16.0 13.4 7.5 55.9 35.6 125.3 376.2 2508.2 23.3 
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242 ICGV 06175 33.0 3.0 5.0 8.0 2.0 4.0 6.0 6.0 33.6 18.0 12.9 7.4 57.2 30.3 109.3 295.8 1971.9 19.2 
243 ICGV 97116 35.0 3.0 7.0 9.0 3.0 7.0 9.0 6.0 34.0 7.0 5.2 3.2 61.8 33.1 109.7 128.3 855.6 14.3 
244 ICGV 97128 30.0 1.0 5.0 6.0 1.0 3.0 5.0 6.0 39.0 21.0 18.2 11.4 62.0 38.4 125.2 413.1 2754.2 18.6 
245 ICGV 98184 30.0 2.0 6.0 8.0 2.0 5.0 6.0 5.0 34.6 22.0 14.9 7.6 51.1 38.7 125.1 279.9 1866.2 16.3 
246 ICGV 00068 32.0 2.0 3.0 4.0 1.0 3.0 4.0 6.0 30.8 20.0 17.6 9.5 54.2 32.8 124.8 332.9 2219.5 14.8 
247 ICGV 01495 34.0 4.0 6.0 9.0 4.0 6.0 8.0 7.0 38.8 13.0 13.9 8.4 60.2 44.2 111.9 407.8 2718.8 13.9 
248 ICGV 05057 30.0 2.0 6.0 6.0 2.0 4.0 5.0 8.0 28.8 19.0 19.6 11.7 59.3 38.9 125.1 278.5 1856.6 16.0 
249 ICGV 07168 33.0 3.0 7.0 8.0 3.0 7.0 9.0 6.0 28.2 15.0 10.0 5.7 63.6 34.1 109.2 156.6 1043.9 19.2 
250 ICGV 01265 32.0 2.0 6.0 7.0 2.0 3.0 6.0 6.0 31.9 15.0 12.7 7.8 61.5 41.7 107.2 236.3 1575.4 24.8 
251 ICGV 98105 30.0 2.0 4.0 7.0 4.0 4.0 6.0 6.0 33.5 17.0 14.2 7.8 55.9 35.8 125.2 345.3 2302.3 24.2 
252 ICGV 99160 29.0 2.0 5.0 6.0 2.0 3.0 5.0 6.0 37.9 19.0 17.2 10.5 60.9 39.1 124.9 380.4 2536.2 21.0 
253 ICGV 02323 30.0 2.0 5.0 7.0 2.0 3.0 5.0 7.0 30.4 18.0 14.7 9.5 65.1 39.4 125.0 420.6 2803.7 17.1 
254 ICGV 04115 30.0 2.0 6.0 9.0 2.0 5.0 7.0 7.0 31.3 23.0 18.6 10.4 56.1 35.3 102.9 275.8 1838.5 21.3 
255 ICGV 05036 29.0 2.0 4.0 6.0 1.0 3.0 4.0 7.0 36.2 16.0 15.1 8.4 54.6 37.5 125.5 436.4 2909.1 19.5 
256 ICGV 06042 33.0 3.0 7.0 8.0 2.0 6.0 7.0 7.0 34.4 15.0 11.4 7.1 62.0 31.1 103.3 384.5 2563.4 11.7 
257 ICGV 86564 36.0 3.0 7.0 9.0 2.0 4.0 8.0 7.0 36.0 7.0 5.9 4.2 54.8 40.3 117.7 150.8 1005.4 16.9 
258 ICGV 98432 30.0 3.0 7.0 9.0 3.0 6.0 7.0 6.0 34.0 8.0 8.0 4.6 61.4 29.0 117.9 127.8 852.0 16.5 
259 BAU 13 35.0 3.0 6.0 8.0 2.0 5.0 6.0 7.0 47.2 12.0 13.0 7.4 57.7 43.9 124.9 255.3 1702.2 17.1 
260 ICGV 87846 31.0 2.0 5.0 6.0 2.0 3.0 4.0 5.0 38.1 12.0 11.6 5.6 55.6 43.1 125.1 324.7 2164.3 23.6 
261 ICR 48 32.0 3.0 7.0 9.0 3.0 7.0 9.0 8.0 29.6 15.0 11.2 7.2 64.0 35.5 110.3 254.5 1696.9 14.2 
262 ICGV 86699 33.0 1.0 2.0 4.0 1.0 2.0 4.0 6.0 34.7 12.0 9.0 5.2 58.4 33.0 96.8 176.0 1173.1 19.4 
263 ICGV 98373 32.0 2.0 6.0 8.0 2.0 4.0 7.0 6.0 33.2 17.0 10.4 5.7 55.4 38.7 118.7 182.6 1217.4 19.3 
264 ICGV 97115 32.0 3.0 6.0 9.0 2.0 4.0 7.0 6.0 33.9 22.0 15.1 8.5 55.9 31.0 104.8 265.9 1772.9 15.7 
265 ICGV 06040 31.0 3.0 7.0 8.0 2.0 6.0 7.0 7.0 38.3 20.0 13.4 5.9 44.6 41.6 112.3 371.6 2477.1 19.8 
266 ICGV 06099 30.0 3.0 7.0 9.0 2.0 6.0 8.0 7.0 38.2 15.0 11.4 6.6 57.4 35.7 117.0 271.0 1806.6 16.4 
267 CS 39 33.0 2.0 5.0 8.0 2.0 4.0 8.0 6.0 31.7 16.0 12.0 7.0 59.2 37.8 114.8 329.8 2198.8 22.1 
268 ICGV 05032 31.0 2.0 5.0 7.0 2.0 4.0 5.0 7.0 34.8 16.0 13.8 6.7 48.6 36.9 124.8 354.1 2360.6 15.9 
269 ICGV 05141 30.0 2.0 4.0 4.0 1.0 3.0 4.0 6.0 32.1 22.0 19.9 12.7 63.9 40.9 124.4 443.9 2959.2 20.1 
270 ICGV 07359 32.0 4.0 7.0 9.0 4.0 7.0 8.0 8.0 42.3 17.0 11.6 5.8 50.7 40.0 117.2 247.3 1648.5 21.8 
271 ICGV 07368 34.0 4.0 7.0 9.0 3.0 6.0 9.0 6.0 37.0 9.0 8.7 5.7 65.9 51.8 125.0 176.6 1177.6 21.0 
272 ICGV 06110 31.0 4.0 8.0 8.0 4.0 8.0 9.0 7.0 30.0 11.0 12.8 6.8 52.6 45.9 122.5 307.3 2048.8 14.6 
273 ICGV 06188 30.0 4.0 6.0 8.0 2.0 5.0 8.0 5.0 35.7 11.0 12.7 7.6 56.1 52.0 110.7 235.0 1566.4 13.1 
274 ICGV 00440 35.0 4.0 7.0 8.0 4.0 6.0 8.0 7.0 37.7 10.0 10.2 4.5 48.6 49.4 109.8 250.3 1668.4 15.6 
275 ICGV 86352 30.0 5.0 8.0 9.0 4.0 7.0 9.0 4.0 37.4 18.0 10.6 6.5 61.7 26.4 100.8 212.3 1415.7 19.0 
276 ICGV 09112 32.0 4.0 7.0 9.0 4.0 7.0 9.0 8.0 36.7 18.0 9.8 5.9 60.8 31.4 110.9 260.0 1733.2 15.8 
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277 ICGV 93920 31.0 2.0 7.0 9.0 2.0 4.0 8.0 7.0 36.3 17.0 10.2 6.1 60.2 27.6 101.8 350.3 2335.1 12.8 
278 ICGV 93216 26.0 2.0 6.0 8.0 2.0 6.0 8.0 6.0 31.0 22.0 12.6 7.1 55.8 29.1 110.2 337.7 2251.1 10.4 
279 ICGV 88438 32.0 3.0 8.0 9.0 3.0 8.0 9.0 8.0 28.1 11.0 9.1 4.3 48.6 38.5 115.8 127.8 851.7 15.9 
280 ICG 11337 32.0 2.0 4.0 6.0 1.0 3.0 4.0 6.0 38.3 9.0 7.5 4.0 54.8 36.7 123.7 179.8 1198.9 23.7 
281 49 x 37-90 28.0 4.0 5.0 9.0 3.0 5.0 8.0 6.0 34.7 11.0 7.7 4.6 60.6 34.3 101.9 200.8 1338.4 17.8 
282 49 M-2-2 30.0 2.0 6.0 7.0 3.0 5.0 7.0 10.0 33.1 10.0 6.7 3.8 56.7 35.9 123.1 131.3 875.6 21.9 
283 49 M- 1-1 33.0 2.0 5.0 6.0 2.0 3.0 4.0 5.0 27.1 13.0 10.6 6.4 59.7 43.3 123.3 223.9 1492.6 16.1 
284 TG 19 30.0 4.0 8.0 9.0 4.0 8.0 9.0 5.0 29.7 12.0 7.7 4.9 63.7 23.1 101.0 214.2 1428.2 10.0 
285 TG 39 29.0 4.0 8.0 9.0 4.0 7.0 9.0 5.0 21.4 13.0 8.2 3.9 48.0 44.2 108.5 189.9 1266.3 10.6 
286 TG LPS 3 32.0 3.0 8.0 9.0 4.0 7.0 9.0 6.0 24.3 10.0 8.3 4.8 56.7 44.6 104.9 205.8 1372.1 20.0 
287 26 X M-223-1 25.0 2.0 6.0 8.0 3.0 5.0 8.0 6.0 26.3 19.0 10.9 4.4 49.6 32.6 94.2 266.9 1779.2 10.6 
288 SPS 2 32.0 2.0 4.0 5.0 2.0 3.0 4.0 7.0 37.4 15.0 12.3 7.2 58.0 37.4 108.5 321.9 2146.0 23.8 
289 SPS 3 26.0 5.0 8.0 9.0 5.0 8.0 9.0 5.0 38.3 15.0 8.7 5.9 60.9 25.1 99.9 140.2 934.9 16.3 
290 SPS 6 28.0 5.0 8.0 9.0 5.0 7.0 9.0 4.0 36.2 17.0 10.0 6.1 60.6 25.5 101.5 157.2 1048.0 13.0 
291 SPS 7 31.0 1.0 5.0 6.0 1.0 3.0 4.0 8.0 35.4 14.0 13.1 7.8 59.5 34.6 101.8 301.5 2009.7 23.1 
292 SPS 8 33.0 1.0 4.0 5.0 1.0 3.0 4.0 6.0 37.4 10.0 9.4 5.4 58.6 37.4 105.5 196.2 1308.2 24.7 
293 SPS 11 31.0 2.0 3.0 4.0 1.0 3.0 4.0 8.0 39.6 28.0 20.3 12.7 62.7 30.9 123.9 512.7 3418.1 17.2 
294 SPS 15 33.0 3.0 5.0 7.0 1.0 6.0 9.0 6.0 40.5 18.0 13.2 7.6 58.0 33.4 123.4 198.0 1320.1 15.3 
295 SPS 20 32.0 1.0 3.0 4.0 1.0 2.0 3.0 6.0 35.8 16.0 12.5 7.4 58.7 36.2 123.4 228.3 1522.1 21.0 
296 SPS 21 32.0 2.0 5.0 5.0 1.0 3.0 4.0 7.0 32.6 12.0 10.9 6.3 61.3 29.2 123.5 189.5 1263.3 28.2 
297 ICGV 03128 33.0 2.0 6.0 9.0 2.0 4.0 6.0 7.0 32.2 13.0 9.2 6.4 69.4 29.1 108.3 306.8 2045.4 11.1 
298 TMV 2 NLM 26.0 5.0 8.0 9.0 5.0 7.0 9.0 5.0 37.3 19.0 10.1 6.2 61.3 29.6 107.8 187.9 1252.4 18.9 
299 ICG 1668 26.0 5.0 8.0 9.0 5.0 8.0 9.0 6.0 34.7 13.0 8.0 4.7 58.2 26.6 109.6 196.6 1310.4 18.9 
300 ICG 8285 34.0 3.0 7.0 8.0 3.0 6.0 8.0 7.0 32.3 13.0 5.7 3.6 63.1 27.9 107.6 86.7 578.1 16.1 
301 ICG 11426 32.0 2.0 6.0 7.0 2.0 4.0 5.0 5.0 27.7 13.0 9.6 5.4 56.0 35.3 108.1 179.8 1198.4 16.2 
302 ICGV 02290 33.0 3.0 7.0 9.0 3.0 6.0 9.0 7.0 35.2 11.0 8.4 5.0 59.9 33.2 114.9 201.2 1341.2 16.3 
303 ICGV 02446 33.0 2.0 5.0 6.0 1.0 3.0 4.0 7.0 30.8 11.0 10.6 6.4 60.2 36.6 123.0 226.5 1510.3 16.0 
304 ICG 156 33.0 3.0 7.0 9.0 3.0 7.0 8.0 6.0 29.9 11.0 8.9 5.4 61.3 35.9 107.7 219.7 1464.8 13.5 
305 ICGS 76 32.0 2.0 5.0 8.0 2.0 3.0 7.0 6.0 34.3 13.0 11.7 6.6 56.3 37.8 101.0 289.6 1930.8 20.1 
306 ICG 5891 31.0 4.0 7.0 9.0 4.0 7.0 8.0 8.0 31.4 10.0 6.6 3.1 56.8 24.4 108.4 100.8 671.7 12.8 
307 CSMG 84-1 27.0 3.0 7.0 8.0 3.0 6.0 8.0 6.0 32.5 14.0 10.3 5.2 50.3 30.6 97.0 222.8 1485.6 15.9 
308 ICG 111 36.0 3.0 7.0 8.0 3.0 6.0 8.0 7.0 29.0 6.0 4.0 1.9 51.5 26.0 111.9 71.8 478.8 17.2 
309 ICG 14834 34.0 3.0 7.0 9.0 3.0 6.0 8.0 6.0 32.3 9.0 7.4 4.4 61.8 37.5 106.1 127.1 847.5 15.6 
310 ICG 11322 30.0 3.0 7.0 9.0 3.0 7.0 9.0 7.0 23.5 13.0 8.3 4.7 63.9 30.2 110.0 142.2 947.7 13.0 
311 ICG 532 34.0 3.0 6.0 9.0 3.0 6.0 8.0 9.0 29.9 8.0 7.1 4.3 60.3 43.2 104.2 170.2 1134.8 14.7 
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312 ICG 12509 33.0 3.0 6.0 8.0 2.0 6.0 8.0 7.0 40.4 9.0 6.4 3.6 56.0 33.2 109.9 98.9 659.1 18.8 
313 ICG 12672 26.0 4.0 7.0 9.0 4.0 7.0 9.0 5.0 41.6 16.0 8.9 5.0 55.0 24.9 101.0 150.6 1003.7 16.9 
314 ICG 10185 32.0 4.0 7.0 9.0 4.0 7.0 8.0 6.0 34.1 7.0 4.2 2.6 60.8 29.0 109.2 99.1 660.7 19.4 
315 ICG 2773 34.0 3.0 8.0 9.0 3.0 7.0 8.0 6.0 25.9 5.0 3.2 1.5 55.5 21.5 111.7 79.1 527.3 14.5 
316 ICG 3027 35.0 3.0 7.0 8.0 2.0 6.0 7.0 7.0 32.7 9.0 5.1 2.8 56.0 29.2 108.2 96.0 639.9 20.1 
317 ICG 5745 33.0 4.0 7.0 9.0 4.0 7.0 9.0 6.0 29.9 10.0 9.5 5.5 65.9 40.9 112.3 227.1 1513.9 13.4 
318 ICG 14482 33.0 3.0 6.0 8.0 3.0 6.0 7.0 8.0 32.2 10.0 8.7 5.1 59.0 36.5 110.9 164.9 1099.5 28.4 
319 ICG 4527 31.0 3.0 7.0 8.0 2.0 7.0 8.0 7.0 31.8 9.0 6.0 4.0 67.2 29.7 101.2 135.1 901.0 22.9 
320 ICG 4343 35.0 3.0 7.0 9.0 3.0 7.0 9.0 5.0 28.6 5.0 3.4 2.1 65.2 25.2 104.9 90.8 605.0 15.2 
321 ICG 13895 36.0 4.0 8.0 9.0 4.0 7.0 9.0 7.0 24.6 4.0 2.7 1.6 59.8 18.3 104.7 69.9 465.8 10.4 
322 ICG 5663 32.0 3.0 7.0 9.0 3.0 8.0 8.0 7.0 39.3 9.0 7.6 4.1 54.6 32.3 112.3 120.0 800.0 16.0 
323 ICG 721 36.0 4.0 6.0 8.0 4.0 6.0 8.0 6.0 36.8 8.0 4.7 2.7 58.9 28.9 110.7 93.5 623.2 18.4 
324 ICG 12276 33.0 3.0 6.0 7.0 2.0 5.0 6.0 5.0 46.4 6.0 5.2 2.7 52.9 26.0 123.4 81.2 541.6 22.2 
325 ICG 875 35.0 3.0 7.0 9.0 3.0 6.0 9.0 7.0 28.2 5.0 2.5 1.6 54.0 20.6 108.3 59.2 394.9 19.1 
326 ICG 14475 32.0 2.0 6.0 9.0 3.0 6.0 7.0 7.0 34.9 9.0 5.7 3.1 54.7 32.1 108.7 86.4 575.8 23.2 
327 ICG 15190 36.0 3.0 7.0 7.0 2.0 5.0 6.0 7.0 36.4 11.0 4.6 2.5 56.7 31.4 123.2 85.9 572.5 17.2 
328 ICG 12370 33.0 2.0 5.0 7.0 2.0 4.0 6.0 6.0 30.7 7.0 4.1 2.0 50.6 24.8 105.0 64.7 431.0 17.5 
329 ICGV 86325 31.0 2.0 6.0 9.0 2.0 5.0 9.0 7.0 37.1 22.0 12.9 7.7 60.1 34.4 105.9 259.4 1729.6 18.0 
330 ICG 5662 35.0 3.0 6.0 8.0 4.0 6.0 8.0 8.0 30.9 5.0 6.2 2.8 45.8 43.1 107.9 142.3 948.8 18.4 
331 ICG 9961 37.0 3.0 7.0 9.0 2.0 6.0 8.0 8.0 31.3 17.0 9.0 5.3 61.8 28.5 111.9 164.8 1098.7 12.9 
332 ICG 14466 33.0 4.0 8.0 8.0 4.0 7.0 8.0 7.0 33.0 5.0 2.9 1.8 60.0 28.6 110.3 92.7 617.8 24.9 
333 ICG 3053 36.0 3.0 7.0 7.0 2.0 6.0 6.0 7.0 34.0 5.0 5.0 2.5 48.7 30.6 122.8 69.8 465.3 16.3 
334 ICG 6766 34.0 2.0 6.0 8.0 2.0 6.0 8.0 6.0 34.4 4.0 4.2 2.6 60.6 36.3 105.2 70.7 471.5 18.9 
335 ICG 2381 32.0 3.0 7.0 8.0 4.0 5.0 8.0 8.0 40.2 11.0 6.2 3.3 53.1 36.3 103.8 150.6 1004.1 17.4 
336 ICG 2857 33.0 3.0 6.0 8.0 3.0 5.0 7.0 7.0 29.1 9.0 5.0 2.2 43.8 24.6 109.8 100.8 672.1 13.6 
337 ICGV 13238 27.0 4.0 8.0 9.0 4.0 7.0 9.0 4.0 34.0 17.0 8.9 5.1 58.1 21.0 101.0 158.0 1053.3 14.0 
338 ICGV 13241 25.0 6.0 8.0 9.0 6.0 7.0 9.0 4.0 39.5 17.0 11.0 5.3 48.5 30.2 108.2 189.4 1262.8 17.4 
339 ICGV 13242 26.0 5.0 9.0 9.0 5.0 8.0 9.0 5.0 36.6 16.0 11.1 7.1 62.8 27.3 97.0 228.5 1523.0 15.2 
340 ICGV 13245 26.0 6.0 8.0 9.0 5.0 7.0 9.0 5.0 39.6 13.0 8.3 4.9 58.7 26.4 97.8 167.5 1116.4 19.9 

Mean 29.0 3.3 6.7 8.2 3.1 5.8 7.7 6.0 35.4 14.0 10.2 5.9 57.5 32.4 109.3 235.3 1569.0 16.1 
CV (%) 5.4 11.7 4.9 3.7 13.2 6.6 4.7 6.9 6.6 23.4 22.7 27.2 8.4 10.8 1.9 18.1 18.1 18.7 
LSD at 5 % level 4.2 0.2 0.1 0.1 0.2 0.2 0.2 0.1 8.7 5.6 3.8 2.6 8.0 5.7 3.4 70.2 467.9 0.4 

X1= Days to 50% flowering; X2, X3, X4= Disease score of late leaf spot at 75, 90 and 105 days after sowing, respectively; X5, X6, X7= Disease score of rust at 75, 90 and 105 days after 
sowing, respectively; X8= Number of primary branches per plant; X9= Plant height (cm); X10= Number of pods per plant; X11= Pod yield per plant (g); X12=Seed yield per plant (g); X13= 
Shelling percent; X14= Hundred seed weight (g); X15= Days to maturity; X16=Yield per plot (g); X17= Yield per hectare (Kg); X18= Haulm yield per plant (g)
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Appendix VII 

Best linear unbiased prediction of mean for nutritional quality traits of Genomic 
Selection Panel of groundnut evaluated at ICRISAT during rainy 2015 
S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

1 ICGV 06423 52.2 21.9 35.1 43.4 12.5 1.8 0.8 
2 ICGV 07246 49.8 26.8 39.6 39.2 12.0 1.8 1.0 
3 ICGV 07247 49.3 26.7 38.5 39.9 12.3 1.9 1.0 
4 ICGV 07268 50.1 19.2 41.9 38.2 11.0 2.1 1.1 
5 ICGV 01005 49.3 24.6 47.4 34.0 10.5 1.5 1.4 
6 ICGV 01060 51.4 24.4 37.0 41.8 11.8 2.4 0.9 
7 ICGV 01124 46.4 26.6 51.7 28.2 10.4 1.7 1.7 
8 ICGV 02206 50.8 21.7 37.2 41.6 12.2 2.2 0.9 
9 ICGV 03397 48.4 25.3 37.2 41.2 12.5 2.3 0.9 
10 ICGV 03398 46.4 27.9 40.2 37.9 12.4 2.1 1.1 
11 ICGV 04044 48.8 24.8 35.2 43.0 12.6 2.2 0.8 
12 ICGV 06347 45.6 24.2 34.1 43.8 12.6 1.3 0.8 
13 ICGV 93280 48.6 23.2 39.8 38.8 12.2 1.8 1.1 
14 ICGV 95469 47.2 24.7 33.2 44.9 12.7 1.6 0.7 
15 ICGV 00387 46.7 22.3 36.6 40.9 12.5 1.7 0.9 
16 ICGV 01393 46.8 24.5 48.7 33.1 10.0 1.5 1.5 
17 ICGV 02242 46.5 24.6 47.6 31.8 10.8 2.2 1.5 
18 ICGV 97058 46.7 23.1 47.6 31.6 11.1 2.0 1.5 
19 ICGV 99083 44.8 25.2 41.3 37.4 11.9 1.5 1.1 
20 ICGV 00343 46.7 26.3 39.9 38.5 11.7 2.1 1.0 
21 ICGV 00349 47.2 25.6 38.2 40.3 12.0 1.5 1.0 
22 ICGV 01263 48.1 25.5 50.2 29.7 10.8 1.9 1.7 
23 ICGV 03056 52.6 21.5 38.7 40.1 12.0 2.0 1.0 
24 ICGV 03064 52.0 24.4 41.0 38.3 11.7 2.3 1.1 
25 ICGV 05161 51.6 24.1 40.1 39.2 11.8 2.5 1.0 
26 ICGV 05163 54.1 22.6 31.4 46.7 12.8 2.1 0.7 
27 ICGV 06422 53.3 22.8 35.4 42.7 12.3 2.1 0.8 
28 ICGV 06431 49.0 21.6 48.4 32.3 10.6 0.9 1.5 
29 ICGV 07220 51.3 22.7 50.3 30.0 13.0 1.1 1.7 
30 ICGV 07223 49.7 25.3 39.7 39.4 11.6 1.7 1.0 
31 ICGV 07227 49.8 26.8 37.7 38.5 13.1 2.2 1.0 
32 ICGV 07235 50.7 26.3 36.8 42.0 12.2 1.9 0.9 
33 ICGV 99233 53.8 22.6 38.6 42.2 11.8 2.5 0.9 
34 ICGV 97165 44.1 26.2 36.0 39.4 13.1 1.7 0.9 
35 ICGV 99029 49.9 25.4 37.4 38.2 13.4 2.6 1.0 
36 ICGV 00191 50.8 24.9 37.9 37.9 13.6 2.9 1.0 
37 ICGV 07120 49.9 24.3 35.3 40.9 13.2 2.1 0.9 
38 ICGV 97092 46.3 24.8 36.4 40.3 12.6 1.9 0.9 
39 ICGV 97120 50.6 24.6 52.3 28.6 13.3 1.4 1.8 
40 ICGV 98163 50.8 25.5 34.5 41.8 13.0 2.2 0.8 
41 ICGV 00005 51.3 26.7 33.7 42.1 13.3 2.2 0.8 
42 ICGV 01273 49.8 25.6 33.4 42.9 12.9 2.1 0.8 
43 ICGV 01274 50.3 25.7 35.4 42.9 12.4 1.8 0.8 
44 ICGV 02321 50.1 26.0 35.2 41.0 13.1 2.1 0.9 
45 ICGV 03043 53.1 22.7 37.5 40.0 13.4 1.8 0.9 
46 ICGV 04124 49.6 24.7 35.4 42.6 12.1 1.6 0.8 
47 ICGV 00290 50.2 25.4 34.5 43.6 12.2 1.7 0.8 
48 ICGV 00321 47.3 27.4 43.9 34.9 11.2 1.5 1.3 
49 ICGV 02125 49.0 23.8 41.9 37.7 11.5 1.1 1.1 
50 ICGV 02144 51.6 24.5 47.7 33.4 10.7 1.7 1.4 
51 ICGV 03184 47.1 27.3 41.5 36.3 11.7 1.7 1.2 
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S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

52 ICGV 03207 49.3 24.1 47.6 33.6 10.4 1.7 1.4 
53 ICGV 04018 50.4 25.1 41.6 37.9 11.7 2.1 1.1 
54 ICGV 07210 50.9 22.8 44.8 35.8 11.2 1.8 1.3 
55 ICGV 07217 51.0 21.8 41.4 39.7 11.7 1.5 1.1 
56 ICGV 95290 49.2 25.6 40.6 38.6 11.5 1.9 1.0 
57 ICGV 97261 48.8 25.0 44.8 35.4 11.1 1.3 1.3 
58 ICGV 97262 48.2 25.2 43.1 36.1 11.2 1.7 1.2 
59 ICGV 99181 52.4 22.7 43.7 37.6 11.2 1.9 1.2 
60 ICGV 99195 49.5 26.5 33.2 44.7 13.0 2.1 0.7 
61 ICGV 89104 45.5 23.3 43.9 34.9 11.0 0.6 1.3 
62 ICGS 11  45.5 25.5 34.6 43.6 12.3 1.3 0.8 
63 J 11 50.5 24.7 41.0 38.3 11.7 1.3 1.1 
64 ICGV 99085 57.9 23.2 52.1 29.4 10.1 3.1 1.8 
65 TKG 19A 48.2 23.5 38.0 41.2 11.3 1.8 0.9 
66 TPG 41 44.7 24.9 44.5 34.1 10.9 1.9 1.3 
67 ICGV 00350 50.9 20.6 35.5 42.6 12.4 1.7 0.8 
68 DH 86 46.6 27.4 40.7 37.9 11.4 1.9 1.1 
69 ICGV 95058 45.7 23.2 47.2 31.7 11.3 1.4 1.5 
70 ICGV 95070 49.2 20.4 38.9 39.9 11.6 1.7 1.0 
71 GPBD 4 57.1 22.5 51.4 30.5 10.0 2.6 1.7 
72 ICGV 91114 48.8 22.5 47.8 33.1 10.4 1.2 1.4 
73 TMV 2 45.0 25.1 50.0 29.6 10.7 1.4 1.7 
74 Faizpur 1-5 47.3 26.5 39.6 38.2 12.4 2.3 1.0 
75 Mutant 3 49.1 23.9 43.2 36.1 11.4 1.2 1.2 
76 ICGV 03042 53.7 24.2 32.1 46.9 12.9 1.9 0.7 
77 ICGV 05100 51.9 24.3 36.8 41.7 13.0 1.5 0.9 
78 ICGV 06049 49.2 20.9 47.7 33.3 10.7 1.2 1.4 
79 ICGV 06420 55.6 21.9 33.8 44.9 12.9 1.8 0.8 
80 ICGV 06424 52.5 22.3 42.7 36.7 11.6 2.2 1.2 
81 ICGV 07145 48.6 26.1 36.3 41.9 12.6 2.0 0.9 
82 ICGV 07148 47.3 24.3 44.9 35.0 11.1 0.8 1.3 
83 ICGV 07166 50.8 24.7 36.3 42.9 12.5 2.2 0.9 
84 ICGV 06142 54.8 28.0 38.3 39.5 12.5 2.9 1.0 
85 ICGV 91116 47.2 24.1 42.2 36.0 11.7 1.5 1.2 
86 ICGV 97045 45.9 24.5 45.8 31.9 12.1 2.0 1.5 
87 ICGV 94118 52.5 23.9 43.0 35.8 12.9 2.5 1.2 
88 ICGV 05176 46.2 28.0 40.5 36.1 11.8 2.3 1.1 
89 ICGV 04149 54.8 20.1 46.6 34.3 11.2 1.7 1.4 
90 ICGV 00351 53.3 23.1 31.4 46.5 13.1 2.4 0.7 
91 ICGV 92195 45.4 25.5 46.2 33.2 10.8 0.9 1.4 
92 ICGV 87187  46.3 23.6 46.3 33.4 11.4 1.3 1.4 
93 ICGV 86072 45.3 21.6 47.4 30.7 11.6 1.4 1.5 
94 ICGV 86015 45.7 25.7 37.0 39.9 12.9 1.5 0.9 
95 ICGV 93437 51.0 20.3 36.4 42.4 12.6 1.0 0.9 
96 ICGV 86143 44.4 26.7 44.6 34.4 10.8 1.7 1.3 
97 ICGV 90320 47.7 21.6 42.0 37.0 11.5 1.9 1.1 
98 ICGV 07273 44.9 26.0 46.1 33.5 11.0 0.8 1.4 
99 49 x 37-91 51.0 23.5 47.3 30.4 11.6 1.6 1.7 
100 49 x 37-134 47.9 22.3 46.0 34.1 10.5 1.5 1.4 
101 49 x 37-135 46.3 23.0 46.2 33.6 10.7 0.9 1.4 
102 49 x 37-97-1 42.3 26.0 50.2 28.1 10.7 1.0 1.8 
103 49 x 37- 99(b) tall 43.5 22.9 48.5 29.6 10.9 1.0 1.6 
104 39 x 49 -8 49.3 24.4 43.8 36.4 10.8 1.9 1.2 
105 39 x 49 -77 52.1 25.6 40.3 40.1 11.2 2.2 1.0 
106 49 x 39-20-2 47.7 25.3 39.4 38.9 11.7 1.7 1.0 
107 49 x 39-21-2 44.6 25.3 46.4 32.4 11.0 1.7 1.4 
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S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

108 49 x 39-8 49.9 21.7 50.6 30.5 10.3 1.4 1.7 
109 49 M-16 53.7 27.4 39.7 39.0 12.1 2.4 1.0 
110 49 x 27-19 42.3 26.0 46.2 31.6 10.9 0.9 1.5 
111 49 x 27-13 (ii) 41.6 26.7 45.6 33.0 11.3 1.1 1.4 
112 27 x 49- 16 45.2 27.0 45.2 32.8 11.1 1.8 1.4 
113 27 x 49- 12 53.3 21.8 47.7 34.4 10.7 2.0 1.4 
114 27 x 49- 14 46.2 25.5 45.6 32.7 11.9 1.2 1.4 
115 27 x 49- 27-1 46.5 22.7 42.0 38.2 11.4 1.1 1.1 
116 26 M 156-2 47.5 24.3 40.2 39.2 11.4 1.5 1.0 
117 26 M- 119-1 47.3 23.0 44.4 35.3 10.8 1.0 1.2 
118 24 M-86 50.6 26.9 38.4 38.7 13.0 2.3 1.0 
119 MN1-35 51.0 24.1 51.5 29.4 12.7 0.9 1.8 
120 M 110-14 51.7 23.3 39.7 37.3 12.9 2.5 1.1 
121 M 28-2 54.0 22.1 40.0 38.8 12.9 2.6 1.0 
122 Somnath 48.1 24.8 36.6 42.6 11.7 1.6 0.9 
123 TG 41 46.5 25.3 43.8 34.1 12.0 1.4 1.3 
124 TG 42 45.3 24.7 40.0 37.1 12.4 1.0 1.1 
125 TG 49 43.0 24.9 45.3 34.0 11.1 1.1 1.4 
126 TG LPS 4 44.8 25.0 44.1 33.1 12.1 1.3 1.3 
127 TG LPS 7 44.3 24.7 43.5 35.0 11.6 1.0 1.2 
128 24 x 37-2275 44.9 25.4 50.4 29.1 10.3 1.4 1.7 
129 24 x 39-31 MR 52.8 24.3 42.7 37.3 11.3 2.6 1.1 
130 26 X M-95-1 RI 51.9 24.5 49.3 32.4 9.9 2.5 1.5 
131 26 X 37-IV- 9IR 43.9 21.0 44.1 35.5 11.1 0.8 1.3 
132 26X 27-164 43.0 23.5 37.5 40.2 12.4 0.6 0.9 
133 49 X 39-21-1 50.1 23.1 46.8 35.0 10.9 1.5 1.3 
134 49 X 39-21-2(a) 50.8 23.7 44.4 36.1 11.0 2.4 1.2 
135 49 x 39-74 51.8 22.3 47.0 33.4 10.7 1.9 1.4 
136 39x 49-81-1 50.7 22.8 47.0 33.0 10.5 2.0 1.4 
137 49 x 27-37 46.0 24.8 39.7 40.1 11.2 1.3 1.0 
138 TDG 10 47.8 22.7 39.3 40.2 11.6 1.5 1.0 
139 TDG 13 51.8 23.1 39.6 39.4 12.0 1.9 1.0 
140 TDG 14 47.2 26.4 44.9 35.8 10.9 1.9 1.3 
141 DTG 3 42.4 20.3 45.0 33.4 11.5 0.5 1.3 
142 DTG 15 48.6 23.0 44.7 35.7 10.7 1.2 1.3 
143 M 28-2 51.1 25.1 40.2 38.0 12.4 2.4 1.1 
144 JL 24 48.4 22.5 47.4 32.8 10.6 0.9 1.4 
145 TAG 24 45.4 23.9 46.1 33.8 10.7 0.5 1.4 
146 SPS 1 54.0 23.2 45.0 34.1 14.4 1.9 1.3 
147 SPS 9 55.3 20.3 42.1 36.9 14.7 1.4 1.1 
148 SPS 10  48.2 23.3 43.6 36.0 11.2 0.9 1.2 
149 SPS 13 44.9 23.2 49.2 31.6 10.9 0.6 1.6 
150 SPS 14 52.4 24.1 42.5 36.2 13.5 2.0 1.2 
151 SPS 17 42.0 26.3 48.4 30.7 11.1 0.9 1.6 
152 ICGV 02411 53.1 26.5 36.3 41.3 13.1 2.5 0.9 
153 ICGV 05155 53.9 23.7 36.3 43.1 12.4 1.9 0.9 
154 ICGV 06100 49.3 24.2 34.9 41.9 12.9 2.0 0.8 
155 ICGV 07023 47.2 25.5 49.2 31.1 10.4 1.3 1.6 
156 SunOleic 95R 46.1 25.4 76.0 6.1 7.9 1.4 12.8 
157 ICG 434 49.7 25.5 39.6 39.2 12.0 1.7 1.0 
158 ICG 2031 50.4 23.0 45.8 34.0 11.0 1.8 1.4 
159 ICG 3102 50.3 22.6 40.2 38.8 11.9 1.1 1.0 
160 ICG 3140 44.8 22.8 46.9 32.6 10.8 0.8 1.4 
161 ICG 3343 46.7 23.8 44.8 33.7 11.5 0.8 1.3 
162 ICG 3421 50.0 21.2 45.0 35.0 10.8 1.2 1.3 
163 ICG 4729 45.4 22.8 47.3 32.3 10.6 0.7 1.5 
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164 ICG 6022 57.6 21.5 53.3 34.5 7.9 3.4 1.6 
165 ICG 6646 48.6 22.6 46.0 36.0 10.4 1.9 1.3 
166 ICG 8517 50.1 22.6 45.6 33.6 14.1 1.0 1.4 
167 ICG 8751 46.7 21.9 35.5 42.1 12.6 1.9 0.9 
168 ICG 9315 50.5 21.4 39.7 40.7 11.7 1.3 1.0 
169 ICG 10036 43.6 25.0 41.1 38.3 11.0 2.2 1.1 
170 ICG 10053 47.4 26.8 46.8 32.1 11.3 1.9 1.5 
171 ICG 10701 46.8 22.4 44.0 35.6 11.4 1.6 1.2 
172 ICG 11088 51.7 22.5 53.2 31.6 10.0 2.0 1.7 
173 ICG 11651 45.9 24.5 38.5 40.0 11.5 1.3 1.0 
174 ICG 12625 55.6 21.7 57.3 30.8 8.9 2.4 1.9 
175 ICG 12991 47.5 21.8 43.8 36.0 10.9 0.7 1.2 
176 ICG 14985 38.2 29.8 47.9 27.7 11.6 1.1 1.7 
177 ICG 15415 47.9 22.1 40.4 39.3 11.5 2.7 1.0 
178 ICG 15419 59.9 21.2 51.6 36.6 8.1 3.1 1.4 
179 ICGV 01232 49.9 24.6 36.6 42.1 12.1 1.8 0.9 
180 ICGV 01276 51.6 25.1 35.3 41.9 13.1 2.1 0.8 
181 ICGV 01328 51.0 23.2 52.2 27.8 13.6 1.1 1.9 
182 ICGV 02022 48.1 22.9 43.6 36.8 11.1 1.3 1.2 
183 ICGV 02038 47.5 24.4 40.7 38.0 11.5 1.5 1.1 
184 ICGV 02189 49.9 23.0 43.7 37.4 11.3 0.9 1.2 
185 ICGV 02194 50.3 23.8 42.8 36.7 11.7 1.4 1.2 
186 ICGV 02266 46.1 26.9 39.6 37.4 12.3 1.3 1.1 
187 ICGV 02271 50.2 26.8 32.8 46.0 12.6 2.5 0.7 
188 ICGV 02286 53.0 19.8 34.6 44.3 12.4 2.4 0.8 
189 ICGV 86011 51.6 22.0 49.4 31.9 10.6 1.7 1.6 
190 ICGV 86590  46.8 25.1 37.1 42.1 11.9 2.4 0.9 
191 ICGV 87160 49.8 23.0 44.4 35.8 11.4 1.7 1.2 
192 ICGV 87354 45.4 23.9 41.9 36.8 11.1 1.0 1.2 
193 ICGV 87378 47.9 24.4 45.9 34.3 11.0 1.8 1.3 
194 ICGV 87921 49.9 23.4 38.0 41.4 11.7 1.6 0.9 
195 ICGV 88145 51.3 21.4 45.8 35.7 10.5 1.8 1.3 
196 ICGV 92267 50.4 25.1 40.9 38.2 11.7 1.8 1.1 
197 ICGV 93470 48.0 22.7 46.1 34.7 10.7 1.0 1.3 
198 ICGV 94169 47.3 22.3 47.0 32.0 11.1 2.0 1.5 
199 ICGV 94361 50.7 22.3 37.0 42.6 12.4 1.4 0.9 
200 ICGV 95377 48.1 25.3 43.7 36.8 10.8 2.3 1.2 
201 ICGV 96466 50.3 24.3 43.9 36.5 11.0 1.7 1.2 
202 ICGV 96468 45.7 23.0 38.9 39.1 12.0 1.4 1.0 
203 ICGV 97182 51.5 22.1 34.5 43.4 12.8 2.5 0.8 
204 ICGV 97183 46.2 26.6 47.3 32.9 10.9 1.4 1.4 
205 ICGV 98294 48.2 27.7 38.9 39.9 11.9 2.8 1.0 
206 Gangapuri 50.9 20.3 44.9 34.1 14.2 1.1 1.3 
207 ICGS 44 44.4 24.0 35.9 42.2 12.2 1.3 0.9 
208 ICG 3312 51.9 19.7 48.0 32.7 10.5 1.7 1.5 
209 ICG 14705 48.4 25.4 41.5 36.0 11.5 2.2 1.1 
210 ICG 3746 46.3 21.1 48.8 31.4 10.1 0.6 1.6 
211 ICG 4955 48.9 22.5 51.9 27.6 12.8 0.0 1.9 
212 ICG 12879 54.1 20.5 46.5 34.1 11.0 1.8 1.4 
213 ICG 5221 58.8 22.7 47.7 38.5 7.9 2.7 1.2 
214 ICG 4543 47.9 22.6 44.2 35.1 11.3 1.0 1.3 
215 ICG 1834 45.9 23.8 45.5 34.1 10.8 0.9 1.4 
216 ICG 2106 48.5 22.5 45.1 34.8 10.9 1.0 1.3 
217 ICG 9507 43.8 27.6 46.1 32.7 10.8 1.3 1.4 
218 ICG 1973 48.3 22.2 46.1 33.7 10.8 1.0 1.4 
219 ICG 3673 47.6 22.1 46.8 31.7 14.0 0.2 1.5 
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220 ICG 3584 48.5 22.9 45.2 35.1 10.9 1.1 1.3 
221 ICG 442 49.0 21.9 49.1 30.0 13.5 0.2 1.7 
222 ICGV 01464 43.1 26.0 44.0 32.7 12.2 1.4 1.4 
223 ICGV 01478 43.6 24.6 40.5 37.3 11.7 1.5 1.1 
224 ICGV 02251 47.1 21.9 45.9 34.2 11.0 0.8 1.4 
225 ICGV 03136 43.7 23.9 43.8 34.0 11.3 2.0 1.3 
226 ICGV 05198 43.8 26.0 50.4 28.1 10.9 1.4 1.8 
227 ICGV 06234 47.0 28.0 49.5 29.6 10.8 2.2 1.7 
228 ICGV 00346 48.0 25.3 36.5 41.2 12.7 2.0 0.9 
229 ICGV 00362 48.8 28.4 42.0 35.6 11.6 2.4 1.2 
230 ICGV 00371 48.1 24.0 33.4 43.7 12.7 2.2 0.8 
231 ICGV 02287 48.3 26.8 41.8 37.1 11.6 1.9 1.1 
232 ICGV 02298 44.7 24.2 49.1 30.3 10.4 1.9 1.6 
233 ICGV 02317 50.0 24.4 36.3 41.3 12.5 1.7 0.9 
234 ICGV 97232 47.0 23.6 45.2 34.7 11.0 0.8 1.3 
235 ICGV 99051 53.4 24.3 36.0 41.4 12.4 2.8 0.9 
236 ICGV 99052 54.9 24.8 32.8 43.8 13.3 2.7 0.7 
237 ICGV 00246 52.2 26.7 34.5 42.6 12.8 2.5 0.8 
238 ICGV 00248 55.8 24.3 34.6 43.7 12.4 2.8 0.8 
239 ICGV 01361 50.0 23.9 36.3 41.8 12.4 1.3 0.9 
240 ICGV 02434 49.5 22.8 38.1 38.1 12.6 2.3 1.0 
241 ICGV 04087 53.0 25.3 34.5 41.5 13.4 2.4 0.8 
242 ICGV 06175 47.7 23.3 36.9 39.3 12.5 1.9 0.9 
243 ICGV 97116 44.8 22.6 45.5 33.3 11.0 1.6 1.4 
244 ICGV 97128 54.6 23.5 35.2 42.0 13.0 2.7 0.8 
245 ICGV 98184 49.1 24.7 37.8 40.4 12.6 1.9 0.9 
246 ICGV 00068 46.4 25.8 38.4 38.5 12.1 2.0 1.0 
247 ICGV 01495 48.1 24.7 42.4 35.9 11.7 1.9 1.2 
248 ICGV 05057 50.4 24.1 33.0 43.4 13.7 1.8 0.8 
249 ICGV 07168 47.1 24.2 42.6 35.3 11.2 2.3 1.2 
250 ICGV 01265 48.1 25.2 38.5 38.2 12.6 2.3 1.0 
251 ICGV 98105 49.6 26.2 35.6 41.6 13.1 1.6 0.8 
252 ICGV 99160 48.3 26.4 37.8 39.1 13.2 1.7 1.0 
253 ICGV 02323 50.3 25.7 38.2 38.7 13.0 1.8 1.0 
254 ICGV 04115 49.8 24.3 37.3 41.3 12.5 1.8 0.9 
255 ICGV 05036 48.5 25.7 36.4 39.5 13.7 1.6 0.9 
256 ICGV 06042 49.8 24.4 34.7 41.1 13.0 1.8 0.8 
257 ICGV 86564 45.4 25.2 45.3 32.9 10.8 2.9 1.4 
258 ICGV 98432 46.7 27.6 50.1 29.1 11.0 2.1 1.7 
259 BAU 13 45.3 24.2 46.0 32.5 11.2 1.9 1.4 
260 ICGV 87846 47.6 25.7 37.2 39.2 12.8 2.0 0.9 
261 ICR 48 46.7 23.1 46.1 32.4 10.7 2.1 1.4 
262 ICGV 86699 53.6 22.4 49.1 32.3 13.1 1.2 1.5 
263 ICGV 98373 47.7 26.6 39.9 38.3 11.8 1.7 1.0 
264 ICGV 97115 46.9 22.7 41.0 36.4 11.8 1.8 1.1 
265 ICGV 06040 51.0 26.8 32.7 44.0 13.5 2.4 0.7 
266 ICGV 06099 49.9 24.1 36.5 40.4 12.7 2.2 0.9 
267 CS 39 50.1 24.3 39.9 38.1 12.1 2.2 1.1 
268 ICGV 05032 47.3 25.3 39.6 37.3 12.7 1.7 1.1 
269 ICGV 05141 52.9 23.0 48.5 30.7 11.2 1.9 1.6 
270 ICGV 07359 43.1 26.0 45.6 30.7 11.7 2.2 1.5 
271 ICGV 07368 40.9 26.8 43.9 31.9 12.4 1.6 1.4 
272 ICGV 06110 41.4 26.5 43.2 34.0 12.2 1.4 1.3 
273 ICGV 06188 44.1 24.6 49.6 30.2 10.4 1.0 1.6 
274 ICGV 00440 44.7 23.5 45.2 33.3 11.0 2.0 1.4 
275 ICGV 86352 47.0 22.9 49.9 31.2 10.1 1.1 1.6 
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276 ICGV 09112 45.5 24.0 45.1 34.0 11.4 1.3 1.3 
277 ICGV 93920 45.4 22.4 44.6 34.4 11.3 2.0 1.3 
278 ICGV 93216 43.9 22.4 46.6 32.9 10.7 1.5 1.4 
279 ICGV 88438 45.6 25.8 46.7 33.4 10.2 2.0 1.4 
280 ICG 11337  50.6 22.3 51.9 29.2 12.9 1.0 1.8 
281 49 x 37-90 48.0 23.4 41.3 38.5 11.5 2.1 1.1 
282 49 M-2-2 44.9 25.7 46.0 31.6 11.6 1.2 1.5 
283 49 M- 1-1 45.2 25.0 35.8 40.3 13.6 1.3 0.9 
284 TG 19 49.9 24.4 38.5 40.9 11.7 1.7 1.0 
285 TG 39 44.2 23.1 47.4 32.3 11.2 0.9 1.5 
286 TG LPS 3 44.3 22.5 51.1 28.8 10.8 1.1 1.8 
287 26 X M-223-1 44.4 25.6 45.6 32.0 11.4 1.3 1.4 
288 SPS 2 54.2 22.2 50.0 31.2 12.8 1.3 1.6 
289 SPS 3 48.8 22.7 47.9 32.6 10.6 1.1 1.5 
290 SPS 6 47.7 23.0 47.1 33.8 10.4 1.3 1.4 
291 SPS 7 52.7 22.7 52.0 28.8 12.5 1.3 1.8 
292 SPS 8 53.4 23.4 49.3 31.4 12.8 1.3 1.6 
293 SPS 11 55.2 26.9 39.6 38.8 12.7 2.8 1.1 
294 SPS 15 52.4 23.6 51.9 29.0 12.8 1.1 1.8 
295 SPS 20 51.8 24.5 51.0 29.8 13.1 1.4 1.8 
296 SPS 21 54.1 21.2 50.2 30.1 13.3 1.4 1.7 
297 ICGV 03128 50.2 26.3 34.4 41.7 13.2 2.0 0.8 
298 TMV 2 NLM 47.4 24.8 41.8 37.3 11.5 1.0 1.1 
299 ICG 1668 49.5 23.0 44.2 35.4 11.3 1.0 1.2 
300 ICG 8285 45.4 23.3 41.9 35.7 11.7 1.2 1.2 
301 ICG 11426 52.4 23.3 51.4 30.0 12.8 1.1 1.7 
302 ICGV 02290 46.5 23.5 45.3 32.3 11.3 2.3 1.4 
303 ICGV 02446 50.7 26.8 33.7 40.7 14.4 2.7 0.8 
304 ICG 156  43.3 23.8 45.8 33.1 10.7 1.4 1.4 
305 ICGS 76 48.8 25.7 38.6 39.1 12.5 2.1 1.0 
306 ICG 5891 46.5 22.8 43.8 35.6 11.1 1.3 1.2 
307 CSMG 84-1 43.7 24.3 47.1 31.8 11.3 0.7 1.5 
308 ICG 111 46.3 26.6 38.9 37.2 13.1 1.5 1.0 
309 ICG 14834 47.3 23.4 47.4 31.6 11.2 1.4 1.5 
310 ICG 11322 44.4 25.9 37.2 40.7 12.3 1.5 0.9 
311 ICG 532 46.0 23.7 49.1 31.2 10.6 1.2 1.6 
312 ICG 12509 52.3 23.9 52.7 29.8 12.5 1.5 1.8 
313 ICG 12672 53.6 20.8 45.5 34.4 14.1 1.1 1.3 
314 ICG 10185 44.1 24.3 43.4 34.5 11.8 1.0 1.3 
315 ICG 2773 41.1 24.3 43.5 34.4 11.6 0.6 1.3 
316 ICG 3027 46.9 23.4 43.9 34.1 11.8 1.7 1.3 
317 ICG 5745 43.8 22.7 49.9 29.0 10.5 1.4 1.7 
318 ICG 14482 55.1 22.7 62.4 23.3 10.5 1.5 2.8 
319 ICG 4527 45.9 25.7 39.3 39.3 11.5 1.8 1.0 
320 ICG 4343 43.8 24.2 43.8 34.4 11.2 0.9 1.3 
321 ICG 13895 41.9 23.8 47.2 31.3 10.9 0.7 1.5 
322 ICG 5663 44.3 24.0 41.2 37.1 11.8 1.1 1.1 
323 ICG 721 45.1 24.8 38.7 39.7 12.0 1.5 1.0 
324 ICG 12276 44.8 22.9 55.4 23.4 12.0 1.3 2.4 
325 ICG 875 43.0 25.0 43.9 33.2 11.8 1.4 1.3 
326 ICG 14475 52.6 22.1 59.3 26.5 10.6 1.7 2.3 
327 ICG 15190 44.7 25.1 40.5 37.8 11.8 1.1 1.1 
328 ICG 12370 44.2 24.6 42.4 35.8 11.3 1.0 1.2 
329 ICGV 86325 47.1 23.3 46.3 33.3 10.7 1.8 1.4 
330 ICG 5662 46.1 23.1 44.7 35.1 10.6 1.8 1.3 
331 ICG 9961 46.9 21.8 45.1 33.8 11.3 1.4 1.4 
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332 ICG 14466 45.2 23.0 44.0 33.5 11.7 1.5 1.3 
333 ICG 3053 47.4 26.4 42.1 33.5 13.0 1.3 1.3 
334 ICG 6766 44.3 24.4 45.8 32.5 10.9 1.6 1.4 
335 ICG 2381 59.3 22.2 44.3 38.7 8.4 3.9 1.1 
336 ICG 2857 43.8 24.2 46.3 32.4 11.1 1.1 1.4 
337 ICGV 13238 43.8 24.7 45.7 34.0 10.9 0.4 1.4 
338 ICGV 13241 47.7 22.7 43.6 36.6 10.7 1.0 1.2 
339 ICGV 13242 46.8 24.2 45.4 35.1 11.0 1.0 1.3 
340 ICGV 13245 48.4 22.4 46.4 33.2 11.0 1.0 1.4 

Mean 48.5 24.1 42.9 36.1 11.7 1.7 1.3 
CV (%) 3.3 6.9 5.7 5.7 4.5 18.6 7.9 
LSD at 5 % level 2.6 2.7 4.0 3.4 0.9 0.5 0.05 
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Appendix VIII 

Best linear unbiased prediction of mean for yield and its contributing traits of 
Genomic Selection Panel of groundnut evaluated at ICRISAT during post-rainy 
season 2015-16 

S. 
No. 

Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

1 ICGV 06423 45.0 9.0 27.6 10.0 6.0 4.0 55.9 41.2 150.2 228.8 1525.0 27.3 
2 ICGV 07246 46.0 10.0 22.2 22.0 10.7 5.7 54.9 28.8 148.0 417.8 2785.4 21.8 
3 ICGV 07247 44.0 7.0 27.2 24.0 17.0 11.6 66.1 32.0 146.0 567.1 3780.9 30.7 
4 ICGV 07268 43.0 7.0 21.8 14.0 10.5 7.1 67.7 35.7 148.0 405.0 2699.9 26.5 
5 ICGV 01005 35.0 6.0 31.8 13.0 9.3 5.5 57.2 40.1 139.9 370.7 2471.5 22.3 
6 ICGV 01060 44.0 6.0 15.4 10.0 5.7 3.8 67.4 31.7 144.5 207.3 1382.2 13.0 
7 ICGV 01124 43.0 6.0 15.8 5.0 3.3 1.8 47.4 23.2 145.0 122.9 819.3 15.7 
8 ICGV 02206 43.0 5.0 22.8 14.0 8.6 4.8 55.4 29.9 145.0 342.1 2280.4 15.3 
9 ICGV 03397 47.0 8.0 20.8 6.0 2.9 1.9 62.9 23.8 148.0 104.2 694.4 31.3 

10 ICGV 03398 48.0 8.0 22.2 6.0 3.0 1.5 50.8 23.3 148.0 119.0 793.1 22.8 
11 ICGV 04044 42.0 8.0 25.3 15.0 9.2 5.9 59.4 33.1 143.9 343.3 2288.4 23.7 
12 ICGV 06347 43.0 6.0 17.1 12.0 7.1 3.9 67.2 31.6 142.0 283.5 1890.1 24.9 
13 ICGV 93280 46.0 6.0 22.6 16.0 9.4 6.8 69.8 35.9 145.1 374.8 2498.3 28.2 
14 ICGV 95469 41.0 7.0 21.4 11.0 6.0 4.2 71.0 40.1 146.6 229.3 1528.5 20.6 
15 ICGV 00387 44.0 6.0 29.9 19.0 10.1 5.0 54.3 31.4 146.2 410.5 2736.5 21.6 
16 ICGV 01393 41.0 5.0 27.2 5.0 3.4 1.5 48.9 29.9 144.1 138.7 924.8 20.0 
17 ICGV 02242 40.0 7.0 26.8 13.0 10.9 6.7 59.2 40.9 146.0 388.0 2586.9 20.9 
18 ICGV 97058 48.0 5.0 26.8 11.0 11.5 6.7 58.5 36.3 148.0 461.1 3073.7 13.3 
19 ICGV 99083 39.0 6.0 22.9 11.0 7.3 3.9 49.6 33.0 146.0 246.7 1644.6 24.7 
20 ICGV 00343 43.0 5.0 17.9 9.0 8.2 4.5 61.3 42.3 142.9 326.3 2175.6 19.3 
21 ICGV 00349 41.0 5.0 25.8 14.0 7.9 5.5 70.1 37.6 144.0 318.1 2120.9 15.3 
22 ICGV 01263 41.0 5.0 20.2 8.0 6.7 3.5 55.3 36.5 143.0 243.1 1620.9 10.1 
23 ICGV 03056 44.0 5.0 20.1 12.0 9.8 5.6 60.3 39.8 147.8 392.6 2617.6 16.6 
24 ICGV 03064 42.0 8.0 20.3 14.0 5.9 3.4 53.2 18.3 150.0 235.2 1568.0 15.5 
25 ICGV 05161 41.0 7.0 22.2 9.0 6.3 3.2 51.0 28.3 149.0 245.9 1639.5 21.1 
26 ICGV 05163 42.0 6.0 20.3 11.0 6.4 3.7 55.6 29.0 149.0 260.9 1739.1 15.8 
27 ICGV 06422 44.0 7.0 21.0 11.0 6.7 3.6 53.4 41.3 148.9 258.4 1722.9 24.9 
28 ICGV 06431 37.0 5.0 27.2 16.0 11.7 7.7 66.3 39.5 123.9 445.2 2968.1 28.2 
29 ICGV 07220 45.0 7.0 19.3 6.0 3.9 2.2 60.5 26.7 149.0 152.3 1015.5 23.1 
30 ICGV 07223 46.0 9.0 20.0 20.0 10.0 6.5 64.2 31.6 146.0 371.9 2479.4 25.8 
31 ICGV 07227 47.0 8.0 23.9 14.0 9.9 6.2 62.7 35.7 149.0 396.7 2644.5 27.2 
32 ICGV 07235 45.0 7.0 22.9 14.0 7.6 5.0 68.1 40.5 148.0 291.0 1940.0 15.8 
33 ICGV 99233 40.0 6.0 20.1 9.0 6.7 3.9 57.7 39.2 140.1 263.8 1758.6 9.8 
34 ICGV 97165 42.0 6.0 19.8 4.0 2.2 1.9 49.4 26.9 148.2 71.2 474.7 31.8 
35 ICGV 99029 42.0 5.0 22.2 12.0 6.0 3.1 57.1 30.5 149.9 221.8 1478.4 24.3 
36 ICGV 00191 41.0 6.0 20.0 10.0 5.2 3.3 53.4 34.3 145.9 188.4 1255.9 25.5 
37 ICGV 07120 43.0 9.0 24.9 12.0 9.2 6.0 66.1 41.0 147.9 355.3 2368.7 30.0 
38 ICGV 97092 45.0 6.0 17.9 7.0 3.7 1.8 52.9 28.3 148.0 138.2 921.1 22.9 
39 ICGV 97120 45.0 7.0 27.6 10.0 7.7 5.2 57.8 51.9 149.1 279.9 1865.9 23.7 
40 ICGV 98163 41.0 7.0 23.5 8.0 4.0 2.6 68.0 35.7 148.0 129.7 864.7 19.5 
41 ICGV 00005 40.0 7.0 24.1 13.0 8.8 5.5 62.3 35.8 147.9 341.6 2277.0 13.7 
42 ICGV 01273 45.0 6.0 23.1 16.0 9.1 5.2 61.4 33.0 146.1 299.2 1994.7 35.9 
43 ICGV 01274 42.0 7.0 17.1 12.0 5.3 3.2 58.8 30.8 148.0 213.7 1424.8 15.6 
44 ICGV 02321 45.0 7.0 18.7 14.0 6.4 4.2 63.7 36.0 149.1 237.3 1581.8 19.3 
45 ICGV 03043 44.0 8.0 21.4 15.0 7.0 4.2 59.9 32.5 148.0 274.2 1828.3 16.7 
46 ICGV 04124 46.0 9.0 24.3 17.0 8.3 4.4 56.9 27.9 148.0 314.7 2098.0 24.8 
47 ICGV 00290 42.0 5.0 16.6 13.0 7.0 3.9 57.8 28.3 148.9 237.8 1585.2 25.7 
48 ICGV 00321 39.0 5.0 33.4 17.0 10.9 6.6 64.3 35.5 123.6 436.5 2910.2 9.8 
49 ICGV 02125 38.0 5.0 22.2 19.0 9.5 6.1 63.9 25.0 125.9 378.2 2521.7 9.5 
50 ICGV 02144 38.0 5.0 29.5 15.0 7.7 4.6 60.4 30.4 142.5 253.0 1686.9 12.4 
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51 ICGV 03184 43.0 6.0 27.9 15.0 10.9 7.1 72.7 38.7 146.1 430.7 2871.2 25.9 
52 ICGV 03207 40.0 5.0 21.2 8.0 4.4 2.8 61.4 32.7 129.1 176.6 1177.3 11.3 
53 ICGV 04018 40.0 5.0 25.6 12.0 9.9 6.0 69.5 37.8 126.4 398.6 2657.1 12.0 
54 ICGV 07210 40.0 5.0 21.4 12.0 7.6 4.8 62.3 27.2 132.5 306.7 2044.7 19.5 
55 ICGV 07217 41.0 5.0 24.6 21.0 11.2 8.0 65.3 29.9 132.4 448.8 2991.7 16.2 
56 ICGV 95290 39.0 5.0 21.3 9.0 5.6 3.5 69.8 45.9 136.9 224.6 1497.4 8.3 
57 ICGV 97261 39.0 5.0 21.7 12.0 7.2 5.2 71.7 26.6 129.0 278.0 1853.2 12.1 
58 ICGV 97262 45.0 5.0 16.1 6.0 3.5 1.8 51.4 25.3 142.8 139.1 927.6 11.4 
59 ICGV 99181 39.0 5.0 19.7 12.0 6.3 3.8 60.6 31.4 135.0 251.7 1678.2 16.8 
60 ICGV 99195 42.0 5.0 22.3 12.0 5.9 3.4 57.0 23.7 141.8 235.7 1571.3 11.5 
61 ICGV 89104 42.0 5.0 24.9 14.0 5.6 3.5 62.8 22.8 135.5 204.9 1366.0 13.6 
62 ICGS 11 41.0 6.0 19.3 12.0 6.1 4.1 67.1 43.3 144.1 218.0 1453.4 23.5 
63 J 11 40.0 5.0 26.5 16.0 8.6 5.4 63.2 25.4 132.1 326.1 2174.3 17.3 
64 ICGV 99085 40.0 5.0 20.2 10.0 5.0 3.3 66.3 32.7 142.0 199.5 1330.2 9.3 
65 TKG 19A 42.0 5.0 36.1 12.0 5.6 3.5 59.4 31.9 147.1 205.2 1368.2 23.3 
66 TPG 41 39.0 4.0 31.9 6.0 5.4 2.7 48.1 32.6 148.9 162.7 1084.8 27.2 
67 ICGV 00350 42.0 6.0 20.4 10.0 8.2 5.3 65.5 41.6 143.1 325.7 2171.0 20.8 
68 DH 86 41.0 7.0 20.8 13.0 6.0 2.9 48.0 34.5 148.1 205.7 1371.6 25.8 
69 ICGV 95058 47.0 5.0 21.3 8.0 3.2 1.9 58.8 23.1 144.0 118.5 790.1 19.9 
70 ICGV 95070 44.0 5.0 18.1 8.0 3.8 1.9 47.4 19.9 148.0 139.7 931.4 22.2 
71 GPBD 4 38.0 5.0 25.8 13.0 7.4 4.5 62.0 25.8 142.1 272.9 1819.5 23.1 
72 ICGV 91114 38.0 4.0 30.5 11.0 7.7 4.7 65.1 31.5 139.9 274.0 1826.4 15.2 
73 TMV 2 41.0 6.0 20.6 10.0 9.1 4.5 58.3 31.4 148.0 317.5 2116.8 21.7 
74 Faizpur 1-5 39.0 5.0 22.4 19.0 14.9 7.7 56.5 27.7 130.5 577.4 3849.6 11.6 
75 Mutant 3 40.0 5.0 19.0 9.0 5.3 2.9 54.9 30.1 144.9 211.6 1410.4 12.8 
76 ICGV 03042 45.0 6.0 19.7 11.0 5.9 3.2 51.9 27.0 149.1 207.9 1386.3 23.2 
77 ICGV 05100 45.0 7.0 18.7 7.0 4.3 2.7 63.1 34.2 147.9 168.8 1125.3 18.8 
78 ICGV 06049 38.0 5.0 20.7 11.0 6.8 4.4 66.0 35.5 135.8 270.7 1804.8 10.7 
79 ICGV 06420 42.0 7.0 18.2 6.0 3.1 1.3 45.3 23.1 148.0 121.9 812.8 22.6 
80 ICGV 06424 46.0 6.0 15.9 3.0 2.9 2.0 59.6 21.1 146.0 114.9 766.3 24.8 
81 ICGV 07145 43.0 6.0 16.7 14.0 7.9 3.8 47.0 25.2 148.0 313.1 2087.5 32.8 
82 ICGV 07148 37.0 5.0 22.1 10.0 5.7 4.1 69.3 34.1 132.4 228.0 1520.2 13.2 
83 ICGV 07166 43.0 7.0 25.9 16.0 13.2 7.5 60.1 35.8 135.4 529.2 3527.8 21.6 
84 ICGV 06142 44.0 7.0 15.7 5.0 4.1 2.7 66.2 27.0 148.0 161.7 1078.0 14.4 
85 ICGV 91116 37.0 4.0 30.1 15.0 11.0 7.3 70.3 37.0 120.9 436.5 2909.8 13.0 
86 ICGV 97045 43.0 5.0 18.2 10.0 5.9 3.9 58.2 35.2 149.1 175.8 1171.8 33.5 
87 ICGV 94118 40.0 5.0 25.3 10.0 7.8 5.4 68.6 42.5 146.9 308.5 2056.5 23.7 
88 ICGV 05176 41.0 6.0 27.5 9.0 7.8 5.5 58.2 51.6 145.9 266.1 1773.8 34.1 
89 ICGV 04149 40.0 7.0 19.0 14.0 7.8 5.1 64.7 33.9 133.9 308.7 2058.1 8.4 
90 ICGV 00351 41.0 8.0 16.0 12.0 8.7 5.6 64.9 53.1 140.9 346.8 2312.0 9.8 
91 ICGV 92195 38.0 5.0 23.2 10.0 5.6 4.0 71.0 26.7 120.5 206.7 1377.9 11.0 
92 ICGV 87187 45.0 8.0 16.2 11.0 5.2 2.8 56.1 28.8 146.9 206.5 1376.7 21.8 
93 ICGV 86072 42.0 5.0 20.7 8.0 5.4 3.4 65.7 41.8 146.1 173.1 1153.7 27.3 
94 ICGV 86015 41.0 5.0 15.0 15.0 7.2 4.2 60.5 28.6 146.0 254.9 1699.6 12.6 
95 ICGV 93437 39.0 5.0 26.5 15.0 10.3 6.3 65.7 30.5 122.5 392.4 2616.1 11.0 
96 ICGV 86143 41.0 6.0 16.0 7.0 3.9 2.2 55.1 31.3 148.9 157.1 1047.2 12.9 
97 ICGV 90320 40.0 5.0 21.0 12.0 11.2 7.1 63.7 45.3 140.2 436.1 2907.3 14.6 
98 ICGV 07273 40.0 5.0 22.3 10.0 5.9 4.1 68.8 36.0 123.9 219.2 1461.6 11.4 
99 49 x 37-91 40.0 6.0 22.6 15.0 8.5 5.7 67.0 40.8 138.0 317.6 2117.1 15.8 

100 49 x 37-134 39.0 5.0 28.0 8.0 6.0 4.0 66.9 46.9 147.5 242.1 1614.2 10.8 
101 49 x 37-135 40.0 4.0 27.3 13.0 8.3 5.6 67.5 30.9 124.4 320.8 2138.7 16.0 
102 49 x 37-97-1 44.0 6.0 16.4 3.0 2.1 1.2 67.9 48.6 149.1 61.4 409.0 20.7 
103 49 x 37- 99(b) tall 45.0 5.0 16.1 4.0 3.7 2.1 49.9 27.5 148.1 110.4 735.8 22.6 
104 39 x 49 -8 41.0 5.0 14.2 9.0 5.4 3.8 68.6 41.1 143.2 175.3 1168.9 11.2 
105 39 x 49 -77 41.0 5.0 17.0 14.0 8.7 4.8 61.8 37.6 137.0 345.7 2304.6 11.4 
106 49 x 39-20-2 40.0 6.0 24.8 8.0 6.1 3.5 56.8 39.2 146.0 227.8 1518.9 18.4 
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107 49 x 39-21-2 42.0 5.0 22.2 9.0 3.8 1.9 47.4 35.8 144.0 113.4 756.1 13.7 
108 49 x 39-8 41.0 5.0 19.3 7.0 5.9 4.0 67.0 43.5 135.5 218.9 1459.3 7.2 
109 49 M-16 42.0 7.0 24.6 22.0 10.9 7.4 69.4 34.1 148.9 428.4 2855.8 20.8 
110 49 x 27-19 45.0 5.0 16.8 16.0 10.3 5.3 53.7 43.9 148.0 411.2 2741.6 21.5 
111 49 x 27-13 (ii) 40.0 5.0 24.2 11.0 7.7 3.9 51.9 33.1 146.1 260.1 1733.9 22.9 
112 27 x 49- 16 42.0 5.0 37.9 15.0 9.5 4.4 47.3 33.1 146.0 340.9 2272.4 32.6 
113 27 x 49- 12 37.0 5.0 15.3 7.0 4.4 3.0 67.8 34.8 130.5 158.7 1058.1 9.1 
114 27 x 49- 14 42.0 6.0 20.3 10.0 7.3 4.6 64.5 45.0 149.1 236.0 1573.1 21.6 
115 27 x 49- 27-1 38.0 6.0 17.9 13.0 8.1 4.9 60.4 46.0 144.5 325.9 2172.4 15.1 
116 26 M 156-2 43.0 5.0 31.2 14.0 6.1 3.3 53.3 32.0 143.6 237.5 1583.2 18.0 
117 26 M- 119-1 40.0 5.0 22.4 17.0 9.5 6.7 65.7 37.7 137.5 350.7 2338.3 11.6 
118 24 M-86 44.0 8.0 19.4 7.0 5.0 2.4 53.8 34.9 149.9 179.1 1193.9 32.4 
119 MN1-35 39.0 5.0 15.0 12.0 7.2 4.1 59.5 26.7 136.5 279.1 1860.9 9.7 
120 M 110-14 45.0 6.0 20.8 4.0 3.0 1.3 46.9 21.4 147.9 102.0 679.7 17.4 
121 M 28-2 47.0 6.0 19.5 7.0 3.2 1.7 51.9 20.8 143.9 121.4 809.0 13.3 
122 Somnath 40.0 4.0 20.3 11.0 6.7 3.6 55.1 38.0 134.1 257.9 1719.1 15.0 
123 TG 41 43.0 5.0 18.4 7.0 4.8 2.7 54.0 39.4 143.0 151.3 1008.4 11.4 
124 TG 42 43.0 5.0 15.1 6.0 4.9 3.2 64.0 45.6 145.1 157.6 1050.7 21.7 
125 TG 49 41.0 4.0 19.3 13.0 9.1 5.8 64.3 50.4 145.8 337.2 2248.2 21.2 
126 TG LPS 4 43.0 5.0 18.0 5.0 2.7 2.9 68.6 28.1 146.1 91.5 609.8 17.7 
127 TG LPS 7 43.0 7.0 18.8 6.0 3.5 1.8 50.3 25.9 146.0 127.6 850.6 14.3 
128 24 x 37-2275 42.0 5.0 22.5 11.0 7.6 4.4 59.7 31.6 144.0 273.7 1824.4 22.3 
129 24 x 39-31 MR 40.0 5.0 17.5 17.0 8.2 4.8 58.2 27.2 143.9 284.6 1897.4 13.4 
130 26 X M-95-1 RI 37.0 5.0 13.0 15.0 9.1 6.3 69.0 43.6 122.0 363.5 2423.3 6.7 
131 26 X 37-IV- 9IR 41.0 5.0 29.3 18.0 10.5 6.8 65.5 40.2 146.0 379.4 2529.6 23.7 
132 26X 27-164 46.0 7.0 24.9 13.0 7.4 5.1 72.3 45.7 143.4 282.2 1881.2 23.1 
133 49 X 39-21-1 43.0 4.0 15.2 9.0 4.6 2.8 61.6 24.6 126.4 136.6 910.4 27.2 
134 49 X 39-21-2(a) 38.0 5.0 19.7 18.0 7.8 4.7 65.4 25.8 141.2 284.8 1898.8 14.5 
135 49 x 39-74 41.0 6.0 15.2 14.0 8.4 6.2 75.5 35.7 124.4 332.9 2219.3 7.6 
136 39x 49-81-1 40.0 5.0 15.7 12.0 7.0 4.7 67.1 37.7 126.6 277.5 1849.8 7.4 
137 49 x 27-37 41.0 5.0 21.8 10.0 5.6 3.1 55.4 30.1 137.1 182.2 1214.9 22.1 
138 TDG 10 41.0 5.0 17.7 12.0 5.7 3.3 55.2 28.9 125.0 219.5 1463.6 8.7 
139 TDG 13 44.0 7.0 20.7 7.0 4.1 2.4 56.9 31.9 144.4 157.9 1053.0 14.3 
140 TDG 14 40.0 6.0 18.1 7.0 4.7 2.5 52.4 41.1 144.1 145.4 969.6 11.7 
141 DTG 3 44.0 7.0 20.8 18.0 9.5 5.6 62.2 30.5 141.0 358.0 2386.9 15.1 
142 DTG 15 36.0 5.0 30.4 17.0 11.9 7.2 60.5 41.0 131.0 447.1 2980.5 17.3 
143 M 28-2 44.0 7.0 29.7 11.0 6.9 3.6 52.6 31.3 148.0 227.9 1519.5 30.7 
144 JL 24 38.0 5.0 29.1 11.0 5.9 4.3 72.1 32.4 122.9 215.0 1433.6 13.6 
145 TAG 24 37.0 5.0 28.8 11.0 6.6 3.8 57.6 29.8 137.5 231.8 1545.5 14.6 
146 SPS 1 43.0 5.0 29.2 11.0 7.8 4.9 62.1 31.5 122.5 280.9 1872.8 11.3 
147 SPS 9 41.0 5.0 21.5 7.0 4.8 2.8 59.2 27.3 133.6 171.5 1143.2 12.8 
148 SPS 10 41.0 5.0 19.4 7.0 5.4 3.4 68.5 32.1 136.0 215.2 1434.4 8.2 
149 SPS 13 42.0 6.0 15.8 9.0 6.6 3.9 57.8 43.7 146.5 258.4 1722.9 13.2 
150 SPS 14 42.0 5.0 13.3 8.0 4.2 2.3 55.1 26.7 127.5 141.1 940.4 4.8 
151 SPS 17 43.0 6.0 23.7 9.0 7.9 4.0 49.3 37.9 144.6 280.8 1871.9 20.8 
152 ICGV 02411 42.0 6.0 26.7 9.0 8.4 5.2 62.0 42.6 148.0 322.4 2149.1 19.5 
153 ICGV 05155 40.0 7.0 21.5 18.0 7.8 4.0 50.9 27.0 148.0 310.5 2070.3 20.6 
154 ICGV 06100 44.0 6.0 19.8 12.0 8.5 5.0 64.8 35.6 148.0 324.4 2162.3 28.1 
155 ICGV 07023 39.0 5.0 32.2 13.0 8.8 5.6 60.8 38.6 127.0 323.0 2153.2 13.8 
156 SunOleic 95R 41.0 5.0 16.9 5.0 2.8 1.4 49.8 29.5 144.0 103.1 687.5 16.6 
157 ICG 434 41.0 5.0 26.1 14.0 6.1 3.9 60.8 30.0 145.0 202.2 1348.2 19.0 
158 ICG 2031 40.0 4.0 22.8 13.0 6.8 4.8 70.7 30.2 122.9 269.4 1796.1 10.4 
159 ICG 3102 39.0 4.0 21.0 11.0 7.4 4.7 62.7 34.7 140.0 277.3 1848.6 18.9 
160 ICG 3140 39.0 5.0 31.0 13.0 9.0 5.5 58.4 31.3 125.9 351.1 2340.4 17.3 
161 ICG 3343 42.0 4.0 24.7 7.0 4.4 2.7 60.6 35.9 142.9 151.8 1011.8 16.1 
162 ICG 3421 40.0 5.0 22.2 17.0 8.3 4.9 67.1 24.9 133.5 335.3 2235.1 8.8 
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163 ICG 4729 37.0 7.0 30.5 16.0 8.7 5.6 64.6 29.3 124.9 341.9 2279.1 21.8 
164 ICG 6022 40.0 4.0 28.2 4.0 5.8 3.1 50.3 27.1 143.1 229.9 1532.7 14.4 
165 ICG 6646 39.0 4.0 37.8 12.0 10.7 5.7 52.7 42.2 151.4 390.4 2602.6 22.9 
166 ICG 8517 39.0 5.0 29.1 10.0 5.1 2.8 53.8 25.6 137.6 206.6 1377.6 13.0 
167 ICG 8751 41.0 5.0 28.3 14.0 6.5 3.2 53.5 35.5 143.9 263.1 1754.3 20.2 
168 ICG 9315 40.0 6.0 26.6 14.0 9.0 5.3 59.8 29.4 126.5 343.7 2291.4 14.6 
169 ICG 10036 40.0 5.0 21.8 5.0 3.2 1.5 50.4 22.9 143.0 118.1 787.6 14.6 
170 ICG 10053 39.0 5.0 29.3 7.0 6.9 3.6 51.6 43.6 143.5 266.7 1778.3 18.9 
171 ICG 10701 40.0 6.0 18.8 14.0 10.2 6.2 60.2 41.5 128.1 369.1 2460.7 11.2 
172 ICG 11088 41.0 5.0 21.7 8.0 8.0 4.3 55.0 34.0 127.7 298.1 1987.3 16.8 
173 ICG 11651 38.0 5.0 24.4 19.0 12.2 7.1 57.3 33.2 138.1 494.7 3298.0 12.5 
174 ICG 12625 41.0 5.0 23.1 10.0 7.6 4.1 53.8 35.4 135.5 302.0 2013.2 14.6 
175 ICG 12991 41.0 5.0 19.8 10.0 5.4 3.6 64.1 33.5 136.0 214.3 1428.6 11.6 
176 ICG 14985 43.0 6.0 24.0 6.0 4.6 2.8 57.1 35.7 143.9 172.2 1148.0 12.9 
177 ICG 15415 42.0 5.0 21.8 6.0 4.0 2.0 50.4 28.9 136.9 141.3 941.9 16.0 
178 ICG 15419 38.0 4.0 34.5 5.0 5.2 2.8 55.3 49.9 124.4 194.9 1299.4 33.3 
179 ICGV 01232 40.0 5.0 30.0 13.0 10.8 6.8 63.3 44.3 139.0 391.4 2609.6 17.3 
180 ICGV 01276 40.0 6.0 23.2 21.0 13.7 7.6 60.1 40.1 135.0 547.0 3646.6 17.1 
181 ICGV 01328 42.0 5.0 19.0 13.0 8.4 5.6 67.8 27.7 140.9 315.4 2102.4 15.5 
182 ICGV 02022 39.0 6.0 26.4 12.0 8.1 5.1 68.6 30.3 140.1 328.9 2192.7 8.9 
183 ICGV 02038 40.0 5.0 25.3 11.0 6.9 5.0 71.6 35.8 132.5 276.7 1844.7 9.5 
184 ICGV 02189 37.0 5.0 19.1 8.0 5.4 3.3 58.9 40.8 132.0 199.6 1330.7 8.9 
185 ICGV 02194 40.0 5.0 26.7 13.0 7.3 4.7 64.1 28.6 140.9 285.9 1906.3 12.8 
186 ICGV 02266 39.0 5.0 37.7 18.0 8.9 6.0 68.4 32.5 124.7 358.4 2389.1 15.4 
187 ICGV 02271 41.0 5.0 19.5 12.0 8.8 5.7 64.8 39.1 148.1 347.9 2319.4 17.6 
188 ICGV 02286 37.0 5.0 25.9 12.0 7.5 4.9 70.7 38.8 131.4 285.0 1900.0 17.3 
189 ICGV 86011 38.0 5.0 37.6 14.0 9.8 6.6 67.5 32.6 127.0 386.7 2577.8 18.7 
190 ICGV 86590 45.0 5.0 19.8 6.0 3.3 1.8 53.9 31.7 147.9 113.6 757.4 30.4 
191 ICGV 87160 39.0 4.0 19.5 17.0 10.6 7.0 63.8 37.2 136.9 376.8 2512.2 7.4 
192 ICGV 87354 40.0 5.0 19.0 7.0 4.3 1.8 49.2 22.7 142.3 160.7 1071.5 15.9 
193 ICGV 87378 40.0 4.0 35.0 13.0 10.5 6.8 66.1 33.6 133.6 409.2 2728.1 14.9 
194 ICGV 87921 38.0 5.0 26.5 13.0 10.9 6.0 54.3 38.6 134.0 434.2 2894.7 13.8 
195 ICGV 88145 40.0 5.0 29.4 15.0 9.2 5.2 54.5 29.4 127.9 315.6 2104.2 22.0 
196 ICGV 92267 40.0 6.0 29.4 13.0 9.7 6.2 63.5 40.3 131.4 362.0 2413.6 14.0 
197 ICGV 93470 36.0 5.0 20.4 13.0 8.7 5.4 63.1 36.6 127.0 330.2 2201.2 11.8 
198 ICGV 94169 44.0 5.0 26.7 11.0 7.0 3.7 56.6 39.7 141.9 266.9 1779.6 28.1 
199 ICGV 94361 41.0 6.0 27.7 13.0 9.2 5.4 59.7 40.0 132.0 348.9 2325.8 22.7 
200 ICGV 95377 39.0 4.0 23.6 11.0 9.9 5.5 71.1 42.3 146.4 339.9 2266.0 19.4 
201 ICGV 96466 41.0 5.0 18.8 9.0 7.4 4.6 63.0 37.1 132.0 296.1 1974.2 9.8 
202 ICGV 96468 39.0 7.0 23.5 12.0 9.7 5.9 64.5 40.5 130.8 388.2 2588.1 18.4 
203 ICGV 97182 40.0 6.0 24.9 13.0 9.8 6.0 58.6 32.5 135.9 379.5 2530.2 16.1 
204 ICGV 97183 40.0 5.0 22.5 11.0 7.6 4.1 54.6 33.7 145.1 228.3 1522.1 16.4 
205 ICGV 98294 44.0 5.0 29.1 13.0 10.2 6.3 62.9 40.0 142.9 398.2 2654.4 18.8 
206 Gangapuri 39.0 5.0 25.1 12.0 7.2 4.1 57.4 26.3 132.6 261.6 1743.8 12.3 
207 ICGS 44 45.0 6.0 15.9 6.0 3.0 1.8 60.7 30.5 148.0 109.5 729.8 21.4 
208 ICG 3312 40.0 5.0 18.5 8.0 5.7 3.9 69.4 29.3 126.9 225.7 1504.8 9.2 
209 ICG 14705 39.0 6.0 24.8 10.0 7.2 4.9 69.3 37.3 143.1 277.3 1848.9 16.0 
210 ICG 3746 38.0 5.0 26.5 14.0 7.4 5.2 71.2 26.1 124.6 250.8 1672.0 11.2 
211 ICG 4955 39.0 5.0 35.3 16.0 10.2 7.8 69.9 37.7 131.0 398.2 2654.6 14.0 
212 ICG 12879 42.0 5.0 18.9 11.0 5.5 3.5 62.7 29.0 125.0 217.6 1450.7 12.5 
213 ICG 5221 41.0 5.0 28.5 8.0 2.8 1.5 49.9 23.1 144.0 92.5 616.7 16.9 
214 ICG 4543 40.0 5.0 21.9 11.0 5.4 3.2 60.0 24.2 139.6 175.1 1167.6 13.2 
215 ICG 1834 41.0 5.0 26.2 14.0 7.2 4.3 60.7 30.2 129.9 281.6 1877.1 16.0 
216 ICG 2106 39.0 5.0 28.2 13.0 7.3 5.5 73.2 32.4 127.2 269.8 1798.9 12.4 
217 ICG 9507 44.0 5.0 21.7 6.0 4.2 2.2 46.1 30.4 132.1 156.0 1040.1 12.0 
218 ICG 1973 40.0 5.0 20.7 9.0 6.0 3.6 64.2 33.3 127.6 240.6 1604.2 11.4 



A63 
 

S. 
No. 

Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

219 ICG 3673 41.0 5.0 27.3 11.0 7.3 5.1 67.3 34.8 136.0 263.2 1754.7 23.5 
220 ICG 3584 38.0 5.0 28.8 17.0 9.3 6.7 73.3 30.6 126.5 322.9 2152.6 18.9 
221 ICG 442 38.0 5.0 25.3 11.0 4.1 2.0 54.0 22.5 137.8 155.8 1038.8 14.7 
222 ICGV 01464 41.0 6.0 20.3 4.0 3.0 1.6 48.0 31.5 147.9 90.2 601.0 32.8 
223 ICGV 01478 44.0 4.0 18.0 4.0 2.6 1.6 58.2 58.5 149.1 81.8 545.1 26.9 
224 ICGV 02251 39.0 5.0 26.6 13.0 8.0 5.4 69.9 35.8 125.6 291.4 1942.8 21.4 
225 ICGV 03136 47.0 6.0 19.3 6.0 4.8 2.6 63.7 51.1 149.1 167.8 1118.9 26.8 
226 ICGV 05198 40.0 6.0 28.3 11.0 10.9 5.8 57.7 48.7 145.9 372.9 2485.8 27.8 
227 ICGV 06234 42.0 7.0 25.5 17.0 14.2 8.2 63.6 58.6 148.9 551.0 3673.5 29.2 
228 ICGV 00346 43.0 7.0 27.0 16.0 10.1 5.9 59.3 44.0 151.8 403.0 2686.9 30.9 
229 ICGV 00362 45.0 6.0 14.5 7.0 3.1 1.6 49.6 24.4 141.9 118.6 790.6 22.9 
230 ICGV 00371 45.0 8.0 18.0 11.0 4.9 3.0 54.8 30.7 146.1 199.3 1328.4 13.9 
231 ICGV 02287 47.0 7.0 18.0 6.0 2.8 1.5 49.5 34.5 147.9 107.1 714.1 15.5 
232 ICGV 02298 44.0 6.0 18.8 8.0 4.3 2.4 59.6 34.9 145.1 144.8 965.0 23.7 
233 ICGV 02317 43.0 7.0 21.8 10.0 6.2 3.8 66.7 39.2 149.0 247.0 1646.4 30.7 
234 ICGV 97232 38.0 6.0 20.2 9.0 5.6 3.5 62.2 30.5 137.0 214.7 1431.3 10.6 
235 ICGV 99051 45.0 6.0 28.2 10.0 6.9 4.1 58.7 29.5 147.9 250.4 1669.1 30.0 
236 ICGV 99052 42.0 5.0 22.8 7.0 3.6 1.9 54.1 23.1 148.9 112.3 748.9 25.6 
237 ICGV 00246 45.0 5.0 23.7 6.0 4.3 2.1 54.8 34.1 149.1 126.1 840.5 15.7 
238 ICGV 00248 41.0 5.0 21.8 7.0 5.0 3.0 57.8 31.1 148.0 179.8 1198.4 19.8 
239 ICGV 01361 44.0 8.0 26.5 14.0 9.6 6.0 61.1 25.2 147.9 364.7 2431.2 25.8 
240 ICGV 02434 43.0 6.0 15.9 12.0 6.2 4.3 69.3 42.1 149.7 220.2 1468.2 22.4 
241 ICGV 04087 43.0 7.0 29.4 16.0 9.2 4.9 56.7 29.2 148.1 368.0 2453.0 31.8 
242 ICGV 06175 46.0 7.0 20.5 6.0 3.3 1.5 52.8 35.9 149.0 130.3 868.9 22.2 
243 ICGV 97116 48.0 5.0 14.5 6.0 2.9 1.7 57.8 29.1 148.0 102.2 681.3 23.0 
244 ICGV 97128 40.0 9.0 27.1 12.0 7.2 4.0 59.0 31.0 149.0 285.4 1902.8 24.1 
245 ICGV 98184 41.0 7.0 26.0 13.0 9.2 5.5 60.3 38.3 146.0 358.3 2388.9 23.8 
246 ICGV 00068 43.0 5.0 16.6 8.0 4.6 2.0 49.6 27.9 148.0 170.2 1134.4 23.8 
247 ICGV 01495 42.0 9.0 28.3 16.0 14.2 8.0 61.3 46.8 143.0 548.3 3655.5 27.9 
248 ICGV 05057 46.0 8.0 29.2 9.0 7.4 4.6 62.7 47.0 148.2 293.7 1958.2 26.3 
249 ICGV 07168 44.0 6.0 21.7 5.0 3.5 1.8 53.5 21.7 148.0 117.0 780.1 24.2 
250 ICGV 01265 45.0 7.0 17.5 7.0 3.7 1.9 50.5 32.3 145.6 126.3 842.1 25.4 
251 ICGV 98105 43.0 7.0 21.2 16.0 9.0 5.6 61.7 41.7 146.0 346.8 2311.8 23.0 
252 ICGV 99160 43.0 7.0 22.4 7.0 3.7 1.5 46.6 26.8 150.1 139.8 931.8 26.9 
253 ICGV 02323 45.0 7.0 22.0 11.0 8.7 5.8 67.1 49.5 148.9 348.4 2323.0 18.2 
254 ICGV 04115 42.0 7.0 19.0 7.0 5.8 3.6 62.4 41.0 139.1 231.6 1544.1 25.3 
255 ICGV 05036 43.0 7.0 22.0 11.0 5.3 2.8 52.4 33.7 148.9 207.1 1380.5 35.9 
256 ICGV 06042 45.0 6.0 17.1 10.0 5.6 3.3 55.5 29.2 149.1 202.6 1350.4 29.7 
257 ICGV 86564 44.0 8.0 23.2 3.0 3.5 2.2 62.2 53.5 148.9 124.1 827.0 40.5 
258 ICGV 98432 47.0 8.0 26.8 5.0 3.6 1.6 44.9 42.4 151.0 107.5 716.6 31.6 
259 BAU 13 48.0 6.0 26.6 5.0 6.0 3.3 64.1 40.1 148.0 200.1 1334.1 30.9 
260 ICGV 87846 43.0 6.0 24.9 9.0 6.7 3.8 61.4 39.0 148.1 235.2 1568.1 26.2 
261 ICR 48 46.0 8.0 17.3 3.0 2.8 1.6 59.8 34.8 149.1 100.2 668.0 24.7 
262 ICGV 86699 44.0 6.0 15.8 5.0 3.1 1.8 60.4 20.9 148.1 112.8 752.0 21.1 
263 ICGV 98373 44.0 8.0 22.8 9.0 6.3 3.2 51.7 37.3 148.9 232.2 1547.9 18.1 
264 ICGV 97115 49.0 5.0 14.6 6.0 2.5 1.3 46.4 27.0 148.0 85.8 571.9 20.8 
265 ICGV 06040 47.0 6.0 21.7 9.0 4.8 2.9 60.5 42.5 150.1 188.5 1256.8 21.8 
266 ICGV 06099 45.0 6.0 25.5 18.0 11.3 7.7 65.2 40.5 148.0 350.1 2334.2 23.3 
267 CS 39 43.0 7.0 22.4 21.0 19.9 11.6 63.1 46.4 146.0 648.2 4321.2 29.9 
268 ICGV 05032 40.0 7.0 24.0 18.0 11.8 6.2 52.4 40.3 149.0 424.6 2830.6 32.5 
269 ICGV 05141 43.0 6.0 20.2 11.0 6.7 4.3 62.4 46.4 147.9 238.7 1591.2 29.7 
270 ICGV 07359 46.0 6.0 35.9 12.0 9.1 5.5 58.6 52.7 149.0 315.8 2105.4 32.6 
271 ICGV 07368 47.0 5.0 20.3 9.0 10.7 5.2 52.5 51.1 148.1 369.1 2460.9 30.7 
272 ICGV 06110 43.0 8.0 22.0 11.0 4.6 2.0 52.0 37.1 148.0 161.2 1074.5 24.1 
273 ICGV 06188 44.0 6.0 19.4 8.0 6.4 4.0 62.7 56.5 147.9 241.7 1611.6 15.7 
274 ICGV 00440 45.0 7.0 26.9 6.0 5.6 2.8 49.1 42.5 145.9 184.6 1230.4 32.9 
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S. 
No. 

Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

275 ICGV 86352 39.0 5.0 22.9 8.0 5.8 3.2 55.8 34.4 134.0 229.4 1529.3 8.2 
276 ICGV 09112 43.0 7.0 24.8 6.0 4.6 2.7 62.7 41.6 149.9 165.0 1099.8 32.8 
277 ICGV 93920 45.0 6.0 20.4 18.0 9.5 5.2 61.2 27.7 144.0 379.4 2529.1 12.4 
278 ICGV 93216 38.0 6.0 17.0 15.0 10.7 7.1 65.0 31.2 140.0 423.7 2825.0 15.3 
279 ICGV 88438 49.0 6.0 14.6 3.0 1.9 0.9 49.6 25.0 149.0 61.7 411.4 27.1 
280 ICG 11337 44.0 6.0 19.5 5.0 2.3 1.2 49.1 24.1 148.1 77.0 513.5 23.5 
281 49 x 37-90 44.0 8.0 26.8 5.0 2.3 1.6 51.6 24.9 146.0 80.6 537.5 23.0 
282 49 M-2-2 47.0 9.0 19.4 3.0 2.6 1.4 46.7 34.1 146.0 102.0 680.3 10.5 
283 49 M- 1-1 47.0 5.0 24.9 5.0 4.0 2.0 54.5 46.7 148.0 146.8 978.4 22.7 
284 TG 19 42.0 5.0 18.2 6.0 4.3 2.4 61.9 27.4 141.8 174.9 1166.1 16.6 
285 TG 39 43.0 5.0 16.2 7.0 5.0 2.4 49.2 35.2 149.1 195.3 1302.2 16.6 
286 TG LPS 3 45.0 8.0 18.8 10.0 7.8 5.2 66.1 43.5 143.9 279.9 1865.8 27.7 
287 26 X M-223-1 49.0 5.0 16.0 7.0 3.1 1.8 56.6 42.6 148.0 95.3 635.6 18.3 
288 SPS 2 44.0 8.0 19.6 7.0 3.9 2.3 60.1 27.2 147.9 129.3 862.1 30.7 
289 SPS 3 37.0 5.0 18.0 11.0 5.7 3.8 65.8 27.4 132.4 222.1 1480.5 10.7 
290 SPS 6 38.0 5.0 27.3 15.0 8.9 5.5 61.3 34.7 132.0 339.6 2264.3 16.7 
291 SPS 7 45.0 7.0 23.3 8.0 4.7 2.7 55.6 35.5 150.1 162.2 1081.6 25.3 
292 SPS 8 43.0 7.0 21.2 8.0 5.8 3.7 60.6 27.6 148.0 188.3 1255.4 26.1 
293 SPS 11 44.0 7.0 20.7 9.0 6.6 4.5 67.6 30.7 144.1 265.5 1770.2 15.3 
294 SPS 15 45.0 5.0 16.9 8.0 4.0 2.1 60.8 20.5 147.9 126.7 844.7 30.7 
295 SPS 20 45.0 7.0 20.6 5.0 2.6 1.5 54.2 22.5 154.6 84.5 563.3 27.3 
296 SPS 21 42.0 7.0 19.2 10.0 5.9 3.8 63.3 30.9 148.1 203.3 1355.4 22.2 
297 ICGV 03128 45.0 6.0 29.9 19.0 14.3 9.1 65.9 37.9 146.1 545.5 3636.5 29.6 
298 TMV 2 NLM 37.0 5.0 17.3 10.0 5.2 2.7 50.3 30.8 140.0 208.4 1389.6 10.3 
299 ICG 1668 39.0 5.0 22.3 10.0 6.6 4.9 65.4 46.5 131.9 238.4 1589.4 17.3 
300 ICG 8285 50.0 5.0 13.2 13.0 7.6 4.2 55.7 32.3 149.3 230.1 1533.8 28.7 
301 ICG 11426 44.0 7.0 18.0 8.0 4.1 2.0 53.8 23.0 146.3 130.8 872.0 21.9 
302 ICGV 02290 45.0 8.0 19.6 7.0 3.9 2.9 67.3 34.0 148.0 132.9 885.9 36.0 
303 ICGV 02446 43.0 7.0 24.3 13.0 7.1 3.9 54.7 34.8 149.1 284.0 1893.3 32.4 
304 ICG 156 45.0 6.0 20.9 11.0 9.8 5.8 65.8 37.7 146.0 325.8 2172.2 21.5 
305 ICGS 76 45.0 9.0 22.6 13.0 6.7 3.7 54.8 33.8 143.5 269.1 1793.8 27.5 
306 ICG 5891 50.0 5.0 16.0 4.0 3.1 1.6 50.9 29.8 149.0 97.4 649.4 17.3 
307 CSMG 84-1 41.0 6.0 18.9 6.0 3.0 1.5 50.8 26.3 144.5 100.4 669.4 15.3 
308 ICG 111 43.0 4.0 15.2 7.0 5.4 3.4 63.1 27.6 148.0 160.6 1070.7 17.7 
309 ICG 14834 46.0 7.0 15.5 3.0 2.1 0.7 52.9 24.8 134.1 62.5 416.4 13.6 
310 ICG 11322 44.0 6.0 16.4 5.0 3.8 2.3 62.2 24.2 147.9 148.7 991.1 19.6 
311 ICG 532 47.0 5.0 14.6 5.0 2.4 1.3 58.4 20.6 149.1 70.9 472.9 23.2 
312 ICG 12509 45.0 5.0 20.1 8.0 7.0 4.5 64.8 49.6 148.0 209.8 1398.9 14.7 
313 ICG 12672 40.0 5.0 24.5 7.0 3.2 1.8 55.6 25.9 141.8 122.8 818.4 14.7 
314 ICG 10185 47.0 7.0 27.9 7.0 5.8 2.8 52.9 27.0 145.9 173.0 1153.4 19.1 
315 ICG 2773 50.0 4.0 12.9 4.0 2.5 1.3 45.2 31.4 148.0 73.9 492.7 15.6 
316 ICG 3027 48.0 6.0 18.2 5.0 3.8 1.7 53.1 19.1 149.1 121.0 807.0 11.2 
317 ICG 5745 47.0 6.0 18.6 11.0 7.4 4.1 54.1 36.4 146.1 291.1 1941.0 14.7 
318 ICG 14482 44.0 6.0 15.5 4.0 3.0 1.5 51.0 33.0 149.1 96.0 639.9 18.9 
319 ICG 4527 41.0 7.0 19.1 4.0 3.2 1.7 57.1 30.0 149.1 98.6 657.1 25.6 
320 ICG 4343 45.0 7.0 14.8 4.0 3.7 2.0 52.6 22.6 148.0 119.7 797.9 12.6 
321 ICG 13895 49.0 8.0 14.4 3.0 2.3 1.4 54.9 31.1 148.0 69.9 466.3 16.0 
322 ICG 5663 46.0 5.0 17.9 3.0 2.1 1.2 53.9 24.3 149.0 75.5 503.2 22.0 
323 ICG 721 47.0 5.0 16.9 14.0 6.0 3.7 55.1 24.5 146.5 199.7 1331.3 18.0 
324 ICG 12276 39.0 5.0 18.6 10.0 6.0 4.0 54.9 21.6 149.1 197.2 1314.6 22.9 
325 ICG 875 48.0 7.0 17.3 6.0 2.0 1.0 49.5 22.2 148.9 71.3 475.3 29.3 
326 ICG 14475 43.0 4.0 15.8 7.0 2.8 1.3 47.0 32.6 151.0 80.9 539.2 34.8 
327 ICG 15190 46.0 7.0 17.3 3.0 3.0 1.5 50.0 21.6 146.2 91.1 607.4 27.5 
328 ICG 12370 48.0 5.0 14.7 4.0 3.4 2.0 50.5 24.3 145.9 115.5 769.8 23.9 
329 ICGV 86325 45.0 7.0 20.0 6.0 5.5 3.3 59.2 31.5 145.9 179.9 1199.5 28.9 
330 ICG 5662 48.0 5.0 20.0 3.0 1.9 1.2 65.1 34.5 147.9 76.4 509.1 23.2 
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331 ICG 9961 53.0 5.0 15.8 4.0 2.4 0.9 66.3 28.0 148.0 82.8 551.7 17.3 
332 ICG 14466 49.0 9.0 24.7 4.0 3.0 1.7 60.6 31.7 146.0 102.5 683.5 11.6 
333 ICG 3053 43.0 6.0 16.2 11.0 5.8 3.0 51.1 22.9 146.1 199.1 1327.1 16.8 
334 ICG 6766 49.0 5.0 16.4 4.0 3.0 1.6 51.1 25.9 148.0 89.5 596.7 21.5 
335 ICG 2381 46.0 5.0 16.4 3.0 2.6 1.4 47.7 22.6 146.0 77.4 515.8 22.1 
336 ICG 2857 52.0 4.0 17.2 5.0 2.9 2.0 58.4 25.2 148.0 110.5 736.9 15.1 
337 ICGV 13238 38.0 5.0 21.3 10.0 6.4 4.4 68.3 40.0 127.1 256.3 1708.4 9.3 
338 ICGV 13241 34.0 5.0 20.9 13.0 8.7 5.4 63.0 36.3 128.2 346.5 2309.9 14.1 
339 ICGV 13242 37.0 5.0 20.1 14.0 7.3 4.4 59.8 36.0 126.4 250.1 1667.6 15.9 
340 ICGV 13245 38.0 6.0 21.1 12.0 10.1 6.9 65.9 40.8 134.7 348.3 2321.7 13.8 

Mean 42.0 6.0 22.1 10.0 6.6 4.0 59.4 33.8 142.0 246.2 1641.4 19.4 
CV (%) 3.5 7.2 7.6 20.0 20.6 22.1 4.4 6.3 1.3 22.6 22.6 13.5 
LSD at 5 % level 2.4 0.1 2.8 3.4 2.2 1.4 4.3 3.5 3.1 91.9 612.5 0.7 
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Appendix IX 

Best linear unbiased prediction of mean for nutritional quality traits of Genomic 
Selection Panel of groundnut evaluated at ICRISAT during post-rainy 2015-16 

S. 
No. 

Genotype 
Oil 
(%) 

Protein 
(%) 

Oleic acid 
(%) 

Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

1 ICGV 06423 49.5 27.6 42.9 35.5 12.7 2.4 1.2 
2 ICGV 07246 47.5 27.2 41.1 35.8 13.1 2.0 1.2 
3 ICGV 07247 51.5 25.0 38.2 38.8 13.8 2.3 1.0 
4 ICGV 07268 50.1 24.4 38.8 39.6 12.4 2.6 1.0 
5 ICGV 01005 44.9 31.2 44.1 34.2 11.9 1.8 1.3 
6 ICGV 01060 49.7 27.7 41.9 36.9 11.9 2.8 1.1 
7 ICGV 01124 49.9 26.8 54.7 26.5 11.1 2.6 2.1 
8 ICGV 02206 48.6 26.3 42.6 36.5 12.8 2.4 1.2 
9 ICGV 03397 46.8 27.5 35.5 40.6 14.5 2.1 0.9 

10 ICGV 03398 46.0 30.2 38.3 38.8 14.0 2.3 1.0 
11 ICGV 04044 49.0 25.5 42.1 36.0 13.4 2.7 1.2 
12 ICGV 06347 48.7 25.0 38.6 39.1 13.6 2.0 1.0 
13 ICGV 93280 50.3 22.7 38.4 38.5 13.6 2.3 1.0 
14 ICGV 95469 49.7 26.5 37.7 39.9 13.7 2.1 1.0 
15 ICGV 00387 48.6 26.5 41.1 36.7 13.3 2.3 1.2 
16 ICGV 01393 48.5 27.6 46.8 32.7 11.2 2.5 1.5 
17 ICGV 02242 44.3 28.4 45.6 32.2 12.5 2.5 1.4 
18 ICGV 97058 47.6 26.9 45.2 32.2 12.4 2.2 1.4 
19 ICGV 99083 48.1 26.0 40.2 36.1 14.1 2.2 1.1 
20 ICGV 00343 53.6 26.4 40.0 37.6 14.4 3.3 1.1 
21 ICGV 00349 52.2 26.5 44.8 34.2 12.8 2.4 1.3 
22 ICGV 01263 48.7 27.6 51.6 27.9 11.2 2.5 1.9 
23 ICGV 03056 51.7 25.2 45.0 32.8 12.5 2.6 1.4 
24 ICGV 03064 51.5 21.7 48.7 31.9 11.6 3.0 1.6 
25 ICGV 05161 50.5 24.0 43.8 35.0 12.3 2.8 1.3 
26 ICGV 05163 48.6 26.9 38.9 39.0 13.2 2.5 1.0 
27 ICGV 06422 48.6 26.9 44.4 33.6 12.6 2.8 1.3 
28 ICGV 06431 48.9 28.1 38.2 39.5 12.4 2.1 1.0 
29 ICGV 07220 54.0 23.0 54.2 27.6 12.6 1.5 2.0 
30 ICGV 07223 47.6 26.4 42.7 34.7 12.9 2.3 1.2 
31 ICGV 07227 51.9 26.2 42.8 34.6 13.6 2.6 1.2 
32 ICGV 07235 49.1 24.9 36.0 41.6 13.6 2.1 0.9 
33 ICGV 99233 48.0 28.4 36.5 41.3 12.4 2.1 0.9 
34 ICGV 97165 49.2 27.0 45.4 32.7 13.1 2.4 1.5 
35 ICGV 99029 46.5 27.3 38.0 37.5 14.1 2.8 1.0 
36 ICGV 00191 48.0 25.2 40.3 36.7 13.6 2.9 1.1 
37 ICGV 07120 49.1 25.7 41.2 36.6 13.0 2.4 1.1 
38 ICGV 97092 48.2 26.7 40.2 38.0 14.2 2.6 1.1 
39 ICGV 97120 51.4 27.3 55.6 26.7 12.4 1.9 2.1 
40 ICGV 98163 50.4 26.4 37.5 38.5 14.4 2.5 1.0 
41 ICGV 00005 52.2 24.5 38.2 37.1 14.1 2.6 1.1 
42 ICGV 01273 49.5 25.3 37.6 39.6 13.6 2.3 1.0 
43 ICGV 01274 46.1 29.2 40.2 38.0 12.7 2.0 1.1 
44 ICGV 02321 49.9 27.6 41.0 35.5 13.7 2.5 1.2 
45 ICGV 03043 50.7 26.6 40.3 38.3 13.3 2.1 1.0 
46 ICGV 04124 48.1 29.4 39.4 38.3 13.6 2.2 1.0 
47 ICGV 00290 46.3 28.4 41.7 37.1 12.4 1.9 1.1 
48 ICGV 00321 45.9 31.0 40.6 37.2 12.4 2.2 1.1 
49 ICGV 02125 48.1 26.8 47.4 32.8 11.5 1.6 1.5 
50 ICGV 02144 47.3 30.1 50.4 29.5 11.0 2.3 1.8 
51 ICGV 03184 52.0 22.9 45.0 32.0 12.9 2.7 1.4 



A67 
 

S. 
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Oleic acid 
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Linoleic 
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52 ICGV 03207 49.2 28.0 45.3 34.4 11.8 2.0 1.3 
53 ICGV 04018 51.1 28.0 44.1 35.0 11.9 2.9 1.3 
54 ICGV 07210 48.7 25.5 46.2 33.4 12.0 2.4 1.4 
55 ICGV 07217 47.7 26.5 40.0 38.5 12.6 1.9 1.0 
56 ICGV 95290 44.0 33.1 39.6 36.7 12.4 2.3 1.1 
57 ICGV 97261 50.4 27.3 46.4 33.5 11.7 2.3 1.4 
58 ICGV 97262 46.1 32.1 40.6 35.7 13.1 3.1 1.2 
59 ICGV 99181 50.0 26.5 44.4 35.7 11.8 2.4 1.3 
60 ICGV 99195 45.3 31.6 38.8 39.1 13.3 2.2 1.0 
61 ICGV 89104 49.0 28.9 47.0 31.6 12.1 2.6 1.5 
62 ICGS 11 51.5 24.8 39.8 38.9 12.8 2.6 1.0 
63 J 11 49.0 26.5 44.3 35.2 12.2 2.3 1.3 
64 ICGV 99085 49.5 25.9 52.5 26.8 10.6 2.9 2.0 
65 TKG 19A 44.7 29.0 40.3 37.6 12.2 2.0 1.1 
66 TPG 41 46.7 28.1 43.8 34.2 12.5 2.7 1.3 
67 ICGV 00350 52.3 25.5 33.2 44.2 13.7 2.4 0.8 
68 DH 86 45.8 30.7 39.4 37.1 13.0 2.6 1.1 
69 ICGV 95058 46.1 29.6 50.5 27.2 12.4 2.0 1.9 
70 ICGV 95070 50.1 27.0 40.8 36.2 13.4 2.4 1.1 
71 GPBD 4 53.1 22.9 51.0 29.6 10.4 2.5 1.7 
72 ICGV 91114 48.5 28.7 41.5 37.0 12.4 2.3 1.1 
73 TMV 2 46.7 26.4 50.2 28.7 10.6 2.2 1.7 
74 Faizpur 1-5 44.1 34.6 39.5 38.0 13.4 2.4 1.0 
75 Mutant 3 47.9 30.5 43.5 35.1 12.4 2.6 1.3 
76 ICGV 03042 52.1 22.3 38.8 39.7 13.3 2.2 1.0 
77 ICGV 05100 50.5 24.9 40.5 37.3 13.3 2.5 1.1 
78 ICGV 06049 47.4 29.7 44.6 35.0 11.9 2.2 1.3 
79 ICGV 06420 51.0 25.8 40.5 38.5 12.9 2.1 1.1 
80 ICGV 06424 52.7 26.0 45.2 33.3 12.2 3.0 1.4 
81 ICGV 07145 49.2 25.3 37.4 39.2 14.0 2.6 0.9 
82 ICGV 07148 47.4 30.9 41.3 37.8 12.0 2.4 1.1 
83 ICGV 07166 50.7 25.1 40.5 37.9 12.9 2.6 1.1 
84 ICGV 06142 52.1 28.0 39.2 37.8 13.4 2.9 1.0 
85 ICGV 91116 50.8 26.3 41.8 36.5 12.6 2.0 1.2 
86 ICGV 97045 57.9 26.4 53.7 21.8 12.5 3.9 2.6 
87 ICGV 94118 50.2 25.2 40.5 35.9 14.0 3.2 1.2 
88 ICGV 05176 46.2 30.1 45.4 31.5 12.2 2.9 1.5 
89 ICGV 04149 49.9 27.5 47.8 31.8 12.7 2.2 1.5 
90 ICGV 00351 43.7 28.1 52.6 27.4 10.7 1.8 1.9 
91 ICGV 92195 46.7 27.6 44.4 34.1 11.9 1.9 1.3 
92 ICGV 87187 47.4 26.1 46.0 32.7 12.9 2.0 1.4 
93 ICGV 86072 49.4 24.1 43.9 34.7 12.5 2.3 1.3 
94 ICGV 86015 46.4 27.4 38.9 38.0 13.9 2.0 1.0 
95 ICGV 93437 46.1 26.9 38.0 40.1 13.0 1.6 0.9 
96 ICGV 86143 47.5 29.7 44.1 33.8 12.3 2.8 1.3 
97 ICGV 90320 47.1 26.5 45.3 33.0 11.7 2.6 1.4 
98 ICGV 07273 45.4 30.3 42.4 36.7 12.1 2.0 1.2 
99 49 × 37-91 51.7 24.1 35.4 43.8 12.9 2.4 0.8 

100 49 × 37-134 45.2 27.2 47.5 30.0 12.6 1.7 1.6 
101 49 × 37-135 51.6 25.5 47.9 33.0 11.0 2.4 1.4 
102 49 × 37-97-1 50.9 26.7 45.7 32.3 12.2 2.5 1.4 
103 49 × 37- 99(b) tall 52.2 28.0 49.5 25.6 11.8 2.8 2.2 
104 39 × 49 -8 49.1 24.2 46.4 32.6 11.8 1.9 1.4 
105 39 × 49 -77 49.7 24.0 49.9 32.2 10.6 2.1 1.6 
106 49 × 39-20-2 45.6 29.7 45.4 33.4 11.6 2.4 1.4 
107 49 × 39-21-2 49.4 25.3 48.1 31.8 11.5 2.7 1.6 
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108 49 × 39-8 47.5 23.7 51.4 29.3 10.6 2.1 1.7 
109 49 M-16 50.3 29.2 40.1 37.5 13.0 2.6 1.1 
110 49 × 27-19 42.4 28.8 46.4 30.8 12.1 1.6 1.5 
111 49 × 27-13 (ii) 45.1 25.6 48.2 30.8 12.8 1.7 1.6 
112 27 × 49- 16 46.8 27.6 48.3 29.4 12.0 2.8 1.7 
113 27 × 49- 12 48.8 28.7 42.2 37.2 12.0 2.2 1.1 
114 27 × 49- 14 50.6 24.0 45.3 32.4 13.0 2.4 1.4 
115 27 × 49- 27-1 46.2 25.6 46.9 31.7 12.3 1.6 1.5 
116 26 M 156-2 48.0 25.1 45.7 33.1 12.5 2.0 1.4 
117 26 M- 119-1 47.3 29.8 40.9 37.4 12.5 2.3 1.1 
118 24 M-86 52.2 24.8 42.8 35.5 13.4 2.6 1.2 
119 MN1-35 53.0 29.5 48.6 32.6 12.9 1.9 1.5 
120 M 110-14 46.2 26.8 44.5 34.1 11.8 2.9 1.3 
121 M 28-2 49.2 28.1 38.0 38.2 13.6 2.4 1.0 
122 Somnath 47.1 30.5 41.5 37.7 11.7 2.8 1.1 
123 TG 41 46.1 23.6 46.6 31.5 12.7 1.9 1.5 
124 TG 42 45.1 28.2 42.4 34.3 13.2 1.8 1.3 
125 TG 49 44.8 25.2 47.2 31.1 12.3 1.5 1.5 
126 TG LPS 4 48.1 25.1 39.9 36.7 13.2 1.6 1.1 
127 TG LPS 7 47.0 28.3 49.3 28.3 12.3 2.2 1.7 
128 24 × 37-2275 49.7 25.3 46.4 32.3 12.0 2.3 1.4 
129 24 × 39-31 MR 51.7 24.5 41.5 38.4 11.6 2.4 1.1 
130 26 × M-95-1 RI 53.8 22.0 46.8 32.8 11.2 2.7 1.4 
131 26 × 37-IV- 9IR 49.0 26.3 46.9 31.3 11.7 2.4 1.5 
132 26× 27-164 44.6 26.3 36.9 39.6 13.5 1.7 0.9 
133 49 × 39-21-1 51.0 21.5 46.5 34.9 11.3 1.8 1.3 
134 49 × 39-21-2(a) 53.0 20.8 43.7 35.5 12.2 2.6 1.3 
135 49 × 39-74 51.0 25.5 49.1 31.1 10.9 2.6 1.6 
136 39× 49-81-1 48.5 25.9 43.9 34.9 11.9 2.3 1.3 
137 49 × 27-37 47.0 30.4 41.7 37.1 11.9 2.4 1.1 
138 TDG 10 47.4 27.4 43.9 36.2 11.7 2.2 1.2 
139 TDG 13 53.3 24.5 37.7 40.8 13.3 2.7 0.9 
140 TDG 14 44.6 28.6 46.1 33.6 11.5 2.5 1.4 
141 DTG 3 46.1 23.8 48.4 30.6 12.4 1.3 1.6 
142 DTG 15 49.2 25.5 45.2 34.9 11.8 2.1 1.3 
143 M 28-2 52.8 25.2 39.4 38.1 13.3 2.8 1.1 
144 JL 24 50.6 25.0 47.6 32.7 11.2 2.3 1.5 
145 TAG 24 46.7 27.1 40.2 38.7 12.4 2.0 1.1 
146 SPS 1 52.9 27.8 43.1 35.2 15.1 2.2 1.2 
147 SPS 9 52.4 27.3 44.7 34.9 14.3 2.3 1.3 
148 SPS 10 48.3 27.8 43.2 36.7 12.2 2.2 1.2 
149 SPS 13 46.1 26.4 50.5 29.8 11.5 2.0 1.7 
150 SPS 14 52.4 29.5 44.8 34.6 14.3 1.8 1.3 
151 SPS 17 45.3 26.2 46.7 32.4 12.6 2.5 1.5 
152 ICGV 02411 51.7 28.2 39.4 38.6 13.1 2.6 1.0 
153 ICGV 05155 55.2 22.2 38.9 39.2 13.4 2.5 1.0 
154 ICGV 06100 52.5 25.0 42.7 36.0 13.2 2.8 1.2 
155 ICGV 07023 47.3 28.5 44.9 35.0 11.9 2.3 1.3 
156 SunOleic 95R 49.3 26.4 76.1 4.6 7.1 2.0 16.5 
157 ICG 434 49.9 29.1 37.8 39.1 13.2 2.7 1.0 
158 ICG 2031 49.2 26.8 45.4 34.1 11.7 2.2 1.4 
159 ICG 3102 49.8 27.3 39.7 39.1 12.9 2.2 1.0 
160 ICG 3140 49.7 25.7 43.9 35.6 12.1 2.1 1.3 
161 ICG 3343 48.6 25.5 42.7 35.6 13.2 2.2 1.2 
162 ICG 3421 49.0 26.3 44.4 33.7 12.3 2.3 1.3 
163 ICG 4729 51.9 25.6 49.0 31.8 10.8 2.6 1.5 
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164 ICG 6022 54.2 26.1 56.2 30.1 8.5 3.3 1.9 
165 ICG 6646 49.2 26.5 47.9 34.0 11.1 2.6 1.5 
166 ICG 8517 49.9 26.4 44.2 34.5 14.7 1.7 1.3 
167 ICG 8751 43.9 28.2 40.1 37.4 12.5 2.0 1.1 
168 ICG 9315 48.4 29.8 41.3 37.6 12.4 1.9 1.1 
169 ICG 10036 44.8 27.2 41.9 37.4 11.7 2.6 1.1 
170 ICG 10053 47.4 27.8 50.4 28.9 11.3 2.7 1.8 
171 ICG 10701 45.7 24.0 40.8 38.2 11.6 1.8 1.1 
172 ICG 11088 51.1 26.2 50.9 33.0 10.4 2.3 1.5 
173 ICG 11651 46.7 25.6 38.9 38.3 12.4 1.6 1.0 
174 ICG 12625 55.9 21.8 51.3 34.8 10.2 2.3 1.5 
175 ICG 12991 48.1 27.5 46.9 33.8 11.3 2.0 1.4 
176 ICG 14985 49.0 25.4 45.6 31.9 12.3 2.2 1.4 
177 ICG 15415 46.5 26.1 39.6 39.6 11.8 2.8 1.0 
178 ICG 15419 54.9 24.1 50.3 34.9 9.8 2.8 1.5 
179 ICGV 01232 47.3 27.3 36.4 40.7 13.7 2.2 0.9 
180 ICGV 01276 47.2 28.8 38.3 37.7 13.2 2.2 1.0 
181 ICGV 01328 50.0 24.8 51.4 28.7 13.5 1.8 1.8 
182 ICGV 02022 49.3 27.8 37.9 40.6 12.6 2.3 1.0 
183 ICGV 02038 44.4 33.3 42.0 35.4 12.1 2.5 1.2 
184 ICGV 02189 46.9 30.7 38.6 39.7 12.7 2.2 1.0 
185 ICGV 02194 50.9 24.9 43.5 35.4 12.4 3.0 1.2 
186 ICGV 02266 47.3 28.5 44.5 34.2 11.9 2.2 1.3 
187 ICGV 02271 50.7 27.9 30.6 46.6 14.1 2.8 0.7 
188 ICGV 02286 49.2 24.5 43.3 35.0 12.5 2.3 1.3 
189 ICGV 86011 47.5 28.7 43.4 35.8 12.0 1.9 1.2 
190 ICGV 86590 47.5 27.9 33.8 43.7 13.2 2.8 0.8 
191 ICGV 87160 45.7 28.2 45.0 33.8 11.5 2.4 1.3 
192 ICGV 87354 47.9 28.8 47.3 30.2 12.7 2.5 1.6 
193 ICGV 87378 50.3 29.4 32.9 43.5 13.5 2.4 0.8 
194 ICGV 87921 47.8 28.8 43.8 34.6 12.1 2.1 1.3 
195 ICGV 88145 48.8 26.3 41.6 37.1 12.7 1.9 1.1 
196 ICGV 92267 50.2 27.4 36.5 42.1 12.8 2.2 0.9 
197 ICGV 93470 49.6 27.1 43.6 36.1 11.8 2.2 1.2 
198 ICGV 94169 46.3 25.4 50.9 28.5 11.5 2.2 1.8 
199 ICGV 94361 51.5 24.4 40.1 38.5 13.0 2.2 1.0 
200 ICGV 95377 46.4 29.6 41.9 36.1 12.4 2.8 1.2 
201 ICGV 96466 49.1 29.5 42.7 35.7 12.2 2.6 1.2 
202 ICGV 96468 52.4 26.3 40.4 38.2 13.1 3.1 1.1 
203 ICGV 97182 50.5 23.1 38.5 39.7 13.1 2.7 1.0 
204 ICGV 97183 44.4 30.9 39.7 37.7 12.7 2.0 1.0 
205 ICGV 98294 48.1 29.2 47.5 31.1 12.1 2.9 1.5 
206 Gangapuri 47.3 26.3 44.3 34.3 14.5 1.0 1.4 
207 ICGS 44 48.8 27.3 36.0 41.9 13.5 2.2 0.8 
208 ICG 3312 48.1 29.3 45.1 33.6 11.9 2.4 1.3 
209 ICG 14705 51.6 25.3 41.4 35.4 13.0 2.8 1.2 
210 ICG 3746 50.2 26.0 44.6 35.4 11.7 2.0 1.3 
211 ICG 4955 51.1 24.5 46.2 32.7 13.8 0.8 1.4 
212 ICG 12879 51.3 24.6 45.7 34.3 11.4 2.0 1.3 
213 ICG 5221 54.5 26.5 54.8 30.3 9.1 3.0 1.8 
214 ICG 4543 49.0 27.8 46.3 33.2 11.8 2.0 1.4 
215 ICG 1834 50.7 26.9 39.9 38.7 12.5 2.1 1.0 
216 ICG 2106 49.3 27.4 42.7 35.9 12.1 2.4 1.2 
217 ICG 9507 48.7 30.9 44.5 33.2 12.9 2.5 1.4 
218 ICG 1973 48.0 29.2 46.2 32.9 11.4 2.3 1.4 
219 ICG 3673 54.2 23.4 44.2 35.4 14.4 1.0 1.3 
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220 ICG 3584 49.0 25.5 38.5 39.5 13.1 1.9 1.0 
221 ICG 442 51.2 25.2 53.5 26.7 13.5 1.1 2.0 
222 ICGV 01464 48.9 24.8 45.6 32.7 13.2 2.5 1.4 
223 ICGV 01478 47.0 28.7 40.5 37.4 13.1 2.5 1.1 
224 ICGV 02251 51.0 24.3 41.2 38.0 12.1 2.1 1.1 
225 ICGV 03136 45.3 28.8 45.0 31.6 11.9 3.1 1.4 
226 ICGV 05198 45.7 26.3 47.6 30.3 12.4 1.9 1.6 
227 ICGV 06234 49.7 24.0 47.9 30.9 11.5 2.2 1.5 
228 ICGV 00346 48.9 24.6 40.6 37.1 13.1 2.4 1.1 
229 ICGV 00362 48.0 27.0 46.3 32.4 11.7 2.6 1.5 
230 ICGV 00371 49.6 24.3 38.2 40.0 13.0 2.6 1.0 
231 ICGV 02287 48.7 27.1 46.0 32.4 12.1 3.1 1.4 
232 ICGV 02298 46.5 26.4 47.5 31.9 11.6 2.2 1.5 
233 ICGV 02317 51.6 24.7 33.2 43.8 13.9 2.0 0.8 
234 ICGV 97232 47.3 28.3 43.6 35.2 12.2 2.1 1.3 
235 ICGV 99051 49.6 26.5 36.5 40.8 13.6 2.4 0.9 
236 ICGV 99052 51.1 25.6 41.4 35.8 13.0 2.6 1.2 
237 ICGV 00246 49.9 27.2 40.2 36.1 13.6 2.9 1.1 
238 ICGV 00248 48.7 27.3 37.9 38.1 13.7 2.5 1.0 
239 ICGV 01361 48.5 24.7 37.5 38.5 13.7 2.1 1.0 
240 ICGV 02434 46.6 29.4 39.1 37.4 13.0 2.6 1.0 
241 ICGV 04087 51.5 24.6 35.2 41.5 14.1 2.3 0.8 
242 ICGV 06175 51.4 25.3 42.5 35.6 13.1 2.6 1.2 
243 ICGV 97116 51.3 20.4 49.7 31.8 10.7 2.5 1.6 
244 ICGV 97128 53.8 23.4 36.9 40.9 13.6 2.5 1.0 
245 ICGV 98184 47.7 26.5 38.8 39.6 13.4 2.4 1.0 
246 ICGV 00068 47.3 27.7 43.2 34.5 12.3 2.4 1.3 
247 ICGV 01495 49.0 25.7 43.2 33.4 13.3 2.4 1.3 
248 ICGV 05057 47.9 26.4 34.9 41.3 14.1 2.3 0.8 
249 ICGV 07168 48.1 28.6 45.0 32.5 13.5 2.7 1.4 
250 ICGV 01265 49.0 24.3 46.4 32.5 13.5 2.5 1.5 
251 ICGV 98105 51.9 26.5 30.3 46.4 14.3 2.3 0.6 
252 ICGV 99160 49.4 25.9 41.2 37.8 13.0 2.0 1.1 
253 ICGV 02323 48.3 28.1 38.2 39.3 12.9 2.1 1.0 
254 ICGV 04115 49.8 27.3 33.0 43.8 13.1 2.4 0.8 
255 ICGV 05036 49.7 24.4 36.4 41.6 13.7 1.7 0.9 
256 ICGV 06042 48.1 27.8 42.2 33.7 13.6 2.6 1.3 
257 ICGV 86564 48.9 28.2 50.4 28.3 11.3 3.6 1.8 
258 ICGV 98432 52.6 22.0 48.9 32.3 10.6 2.5 1.5 
259 BAU 13 50.4 24.6 46.5 32.3 12.6 2.8 1.5 
260 ICGV 87846 48.3 27.6 40.2 37.0 13.3 2.5 1.1 
261 ICR 48 46.7 27.9 47.5 31.1 11.4 2.7 1.5 
262 ICGV 86699 52.7 24.9 58.5 24.7 11.6 2.0 2.4 
263 ICGV 98373 46.4 27.4 41.9 36.5 11.9 2.1 1.2 
264 ICGV 97115 49.4 25.4 42.4 34.4 13.0 2.8 1.2 
265 ICGV 06040 51.2 26.3 38.6 38.8 13.7 2.6 1.0 
266 ICGV 06099 50.5 25.8 40.4 37.2 13.4 2.3 1.1 
267 CS 39 48.0 25.8 40.0 37.3 13.4 2.4 1.1 
268 ICGV 05032 49.8 25.4 45.1 33.6 12.5 2.1 1.4 
269 ICGV 05141 51.2 26.8 46.6 31.4 13.1 2.7 1.5 
270 ICGV 07359 45.4 28.8 49.5 27.5 12.3 2.4 1.8 
271 ICGV 07368 45.7 28.9 43.1 34.1 12.6 2.4 1.3 
272 ICGV 06110 46.2 30.8 46.3 31.2 13.3 2.1 1.5 
273 ICGV 06188 45.1 31.0 48.7 29.5 11.9 2.1 1.6 
274 ICGV 00440 49.6 25.4 46.2 32.1 11.8 3.1 1.5 
275 ICGV 86352 48.7 26.4 43.4 37.1 11.8 1.9 1.2 
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276 ICGV 09112 49.2 28.0 41.5 36.0 12.8 2.3 1.2 
277 ICGV 93920 42.0 28.4 46.3 31.9 11.9 1.9 1.5 
278 ICGV 93216 43.6 28.7 46.5 33.0 11.3 2.4 1.4 
279 ICGV 88438 53.3 24.2 51.7 29.0 10.3 2.7 1.8 
280 ICG 11337 49.7 27.5 57.2 24.2 12.2 2.1 2.4 
281 49 × 37-90 51.1 25.6 41.5 38.2 12.7 2.1 1.1 
282 49 M-2-2 48.5 29.6 44.7 34.4 11.7 2.5 1.3 
283 49 M- 1-1 42.8 28.6 38.8 35.5 14.1 1.5 1.1 
284 TG 19 49.4 30.0 41.7 36.0 12.8 2.6 1.2 
285 TG 39 43.6 28.8 46.3 31.5 12.6 1.9 1.5 
286 TG LPS 3 46.2 25.1 46.7 31.6 12.2 1.9 1.5 
287 26 × M-223-1 52.3 23.3 35.8 40.6 13.1 2.4 0.9 
288 SPS 2 52.4 22.7 55.2 26.5 12.7 1.5 2.1 
289 SPS 3 46.1 27.5 44.3 34.7 12.1 2.0 1.3 
290 SPS 6 48.0 26.8 43.9 35.9 11.9 2.2 1.2 
291 SPS 7 51.7 24.6 51.6 30.9 12.4 1.5 1.7 
292 SPS 8 53.9 26.0 51.1 30.5 13.2 1.8 1.8 
293 SPS 11 50.6 29.2 41.3 36.9 12.4 3.0 1.1 
294 SPS 15 53.5 24.3 56.1 27.1 12.2 2.0 2.2 
295 SPS 20 52.7 25.3 55.7 27.5 12.1 1.7 2.0 
296 SPS 21 55.0 19.6 48.3 32.9 12.8 1.7 1.5 
297 ICGV 03128 50.2 27.7 44.5 33.4 12.2 2.2 1.4 
298 TMV 2 NLM 46.8 28.8 44.1 35.1 12.4 2.0 1.3 
299 ICG 1668 47.4 27.5 43.9 35.2 12.8 2.2 1.3 
300 ICG 8285 46.7 28.3 41.2 35.8 12.8 2.2 1.2 
301 ICG 11426 48.8 26.2 53.1 26.7 13.0 1.8 2.0 
302 ICGV 02290 48.1 26.1 47.1 30.9 12.6 2.5 1.5 
303 ICGV 02446 49.5 26.8 39.0 36.3 13.9 3.1 1.1 
304 ICG 156 48.9 25.5 48.0 29.8 11.6 2.8 1.6 
305 ICGS 76 48.6 23.4 41.1 36.1 13.3 2.1 1.2 
306 ICG 5891 47.6 27.7 42.4 35.9 12.3 2.1 1.2 
307 CSMG 84-1 45.0 26.4 44.5 33.8 12.6 1.7 1.3 
308 ICG 111 49.5 27.5 42.9 35.5 12.7 2.4 1.2 
309 ICG 14834 48.6 26.1 46.2 32.2 11.3 2.7 1.4 
310 ICG 11322 48.1 27.8 36.8 40.7 13.5 2.2 0.9 
311 ICG 532 50.6 25.0 44.3 31.6 13.2 2.6 1.4 
312 ICG 12509 50.8 29.7 48.2 31.0 13.9 2.9 1.6 
313 ICG 12672 47.6 30.1 47.1 31.3 14.6 0.9 1.5 
314 ICG 10185 50.8 26.0 45.9 32.3 11.6 2.9 1.4 
315 ICG 2773 53.2 24.8 45.1 29.6 12.4 3.4 1.7 
316 ICG 3027 51.7 28.8 47.4 29.2 12.9 2.8 1.8 
317 ICG 5745 47.7 26.2 52.1 26.6 11.3 2.7 2.0 
318 ICG 14482 55.3 22.6 53.2 29.3 11.7 2.2 1.8 
319 ICG 4527 49.2 29.3 49.6 31.0 11.3 2.3 1.6 
320 ICG 4343 48.0 26.3 44.4 32.5 12.9 1.9 1.4 
321 ICG 13895 51.3 26.9 40.6 38.5 12.1 2.8 1.1 
322 ICG 5663 51.5 25.3 49.8 29.8 12.6 2.1 1.8 
323 ICG 721 49.0 26.1 39.0 40.6 12.6 2.5 1.0 
324 ICG 12276 53.8 27.6 44.0 29.4 13.1 3.4 1.5 
325 ICG 875 49.3 23.1 45.2 32.7 12.8 2.2 1.4 
326 ICG 14475 56.4 27.0 54.5 30.6 10.4 2.5 1.8 
327 ICG 15190 47.8 26.4 47.6 30.3 12.7 2.2 1.6 
328 ICG 12370 49.4 26.6 43.9 33.8 12.4 2.3 1.3 
329 ICGV 86325 50.0 24.7 49.6 30.9 12.1 1.9 1.6 
330 ICG 5662 50.8 26.9 42.4 35.8 13.0 2.6 1.2 
331 ICG 9961 50.0 23.0 47.0 31.8 11.6 2.4 1.5 
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332 ICG 14466 48.5 29.0 47.9 30.5 12.4 2.3 1.6 
333 ICG 3053 47.0 27.1 43.9 35.6 11.7 2.3 1.2 
334 ICG 6766 52.7 24.6 42.8 34.0 13.3 2.8 1.3 
335 ICG 2381 60.6 23.5 54.7 31.8 8.2 4.8 1.9 
336 ICG 2857 43.2 34.1 44.0 31.6 12.8 2.0 1.4 
337 ICGV 13238 46.3 30.5 41.2 36.9 11.9 2.3 1.1 
338 ICGV 13241 49.6 27.5 40.2 38.9 12.0 2.0 1.0 
339 ICGV 13242 46.0 27.2 40.6 38.1 12.2 1.9 1.1 
340 ICGV 13245 45.5 29.3 45.3 34.8 11.9 1.5 1.3 

Mean 49.1 26.7 43.9 34.7 12.5 2.3 1.4 
CV (%) 4.0 7.4 8.2 8.4 5.0 14.0 17.9 
LSD at 5 % level 3.2 3.3 5.9 4.8 1.0 0.5 0.4 
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Appendix X 

Pooled BLUPs for yield and its contributing traits of Genomic Selection Panel of groundnut evaluated across four environments 
S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

1 ICGV 06423 36.0 1.7 3.7 6.0 1.3 2.7 4.3 37.1 7.1 19.0 12.9 7.8 58.3 32.2 131.5 2516.4 23.8 
2 ICGV 07246 36.0 1.3 4.0 6.0 1.0 3.3 5.3 31.9 7.8 21.1 13.8 8.4 59.5 34.3 120.5 2827.2 20.0 
3 ICGV 07247 34.0 1.3 4.7 6.7 1.0 3.0 5.3 31.8 7.8 25.4 17.3 11.2 64.1 34.4 120.0 3202.9 24.7 
4 ICGV 07268 33.0 2.7 5.7 8.0 2.7 5.3 7.3 31.9 6.2 15.4 13.0 8.9 68.2 39.1 121.5 2164.1 20.1 
5 ICGV 01005 31.0 3.0 5.3 7.7 3.0 6.3 7.7 45.8 5.0 11.3 8.4 5.0 59.8 34.9 119.6 1527.8 19.6 
6 ICGV 01060 33.0 1.7 4.0 6.3 1.3 4.0 5.7 35.1 5.4 14.8 9.7 6.2 65.3 30.9 122.4 1477.9 13.5 
7 ICGV 01124 33.0 2.7 5.0 7.0 1.7 4.0 6.0 33.2 6.5 13.2 8.0 4.7 56.0 28.2 118.8 1236.3 17.4 
8 ICGV 02206 34.0 2.7 5.3 7.3 2.3 4.3 6.3 37.0 5.3 15.1 10.2 6.6 61.7 34.1 123.8 1835.9 14.0 
9 ICGV 03397 37.0 2.0 5.0 6.7 1.7 3.7 6.0 29.3 6.9 13.3 6.7 4.2 62.3 25.4 117.0 1139.9 23.0 

10 ICGV 03398 36.0 2.7 6.0 8.0 1.3 4.7 6.7 33.6 7.3 16.8 10.9 6.7 58.3 27.1 118.8 1488.4 18.4 
11 ICGV 04044 33.0 1.7 5.0 6.3 1.7 4.0 6.0 33.7 6.2 17.7 11.6 6.3 53.6 33.6 120.5 2082.0 21.1 
12 ICGV 06347 34.0 2.3 5.3 6.7 2.0 6.0 7.3 30.5 5.7 15.5 10.4 6.5 64.5 32.7 118.8 2048.0 17.9 
13 ICGV 93280 34.0 2.0 5.0 7.7 1.3 3.7 6.3 32.8 5.6 20.3 11.6 7.3 62.8 30.4 120.0 2025.8 20.4 
14 ICGV 95469 31.0 2.3 5.3 6.7 2.0 4.7 6.0 33.7 5.5 18.2 11.4 7.8 69.5 34.0 115.5 1758.8 17.5 
15 ICGV 00387 34.0 2.0 5.7 7.0 2.0 5.0 6.7 40.2 5.7 15.1 10.2 5.1 52.2 29.4 121.0 2235.9 17.6 
16 ICGV 01393 32.0 2.3 5.0 6.7 2.3 4.3 6.3 38.1 5.0 8.7 7.5 4.0 53.4 44.3 127.5 1335.4 18.4 
17 ICGV 02242 31.0 2.7 4.7 7.0 2.0 3.3 7.3 38.4 5.2 13.7 13.2 7.4 55.8 40.6 123.3 2396.5 16.7 
18 ICGV 97058 35.0 2.3 5.0 6.3 1.7 4.7 6.3 37.8 4.7 11.5 10.4 6.0 59.0 38.2 126.3 2210.9 12.9 
19 ICGV 99083 30.0 2.7 6.0 7.7 2.7 5.0 7.0 37.3 5.8 10.5 8.0 3.8 47.5 36.7 122.6 1360.7 18.7 
20 ICGV 00343 34.0 2.3 5.7 8.0 2.7 5.7 7.0 34.7 4.8 10.7 9.3 5.3 58.7 37.6 120.1 1664.7 18.6 
21 ICGV 00349 33.0 3.0 6.7 8.3 3.0 6.0 7.3 30.0 4.8 14.5 9.0 5.6 62.7 29.6 120.0 1456.6 12.6 
22 ICGV 01263 32.0 2.7 5.3 7.0 2.3 5.0 6.0 40.2 4.3 15.6 14.5 8.3 59.0 39.3 118.3 1772.6 13.3 
23 ICGV 03056 33.0 1.7 5.0 7.0 1.3 4.0 6.0 35.3 6.1 16.7 12.5 6.7 59.2 32.1 117.5 2898.6 16.5 
24 ICGV 03064 33.0 1.7 4.0 6.7 1.3 3.0 5.3 35.6 6.6 17.8 14.6 8.2 55.2 32.8 122.9 3040.7 16.6 
25 ICGV 05161 33.0 1.7 4.7 7.0 1.3 3.7 6.0 36.6 6.1 15.3 12.9 7.3 57.4 33.8 126.5 2538.0 17.0 
26 ICGV 05163 33.0 1.3 3.0 6.3 1.3 3.0 5.3 35.3 6.3 21.6 16.8 9.7 57.0 35.5 121.0 2978.0 18.2 
27 ICGV 06422 34.0 1.3 3.7 5.7 1.3 2.3 3.7 36.7 6.9 21.1 13.2 8.0 58.9 34.9 132.9 2460.7 20.8 
28 ICGV 06431 29.0 3.0 6.0 7.7 3.0 6.3 7.7 37.7 4.8 16.8 11.8 7.0 60.0 33.0 112.1 1837.8 23.3 
29 ICGV 07220 35.0 1.0 3.3 5.3 1.0 3.0 4.7 32.7 6.8 15.9 9.8 5.3 56.0 28.2 131.9 1274.6 23.6 
30 ICGV 07223 35.0 1.3 4.0 6.3 1.3 2.3 5.0 30.0 7.3 19.8 13.0 8.2 61.9 34.3 120.6 2747.2 19.4 
31 ICGV 07227 34.0 2.0 5.0 7.0 1.3 3.0 5.3 33.1 7.5 16.7 10.4 6.3 61.0 32.1 119.4 2207.0 21.3 
32 ICGV 07235 36.0 1.3 3.0 6.0 1.3 2.3 5.0 30.4 7.6 20.2 13.6 8.4 63.3 35.5 126.3 2667.9 15.3 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

33 ICGV 99233 31.0 2.0 5.3 7.0 1.7 4.0 5.7 35.5 5.0 15.9 10.8 6.1 56.4 32.9 117.1 1497.4 11.6 
34 ICGV 97165 33.0 1.3 4.3 6.3 1.7 3.3 5.0 39.3 5.2 7.3 6.4 3.5 50.5 25.4 117.8 998.5 23.5 
35 ICGV 99029 31.0 1.3 3.7 5.0 1.0 3.0 4.0 37.1 5.2 17.7 11.2 6.4 57.6 32.5 132.8 1992.6 26.0 
36 ICGV 00191 31.0 1.3 3.7 5.0 1.0 3.0 4.0 37.1 5.3 18.1 11.6 7.1 59.1 33.0 131.5 2003.7 21.4 
37 ICGV 07120 35.0 1.3 3.3 4.3 1.0 2.7 4.0 35.1 7.0 18.9 13.6 8.6 64.4 37.6 132.4 2602.1 27.6 
38 ICGV 97092 33.0 2.3 5.0 7.3 1.3 4.3 6.3 34.1 6.1 15.4 9.7 5.5 56.1 29.3 117.8 1873.6 19.6 
39 ICGV 97120 34.0 2.0 4.7 7.3 1.7 3.3 6.0 37.2 5.5 11.5 9.7 5.7 57.4 40.8 120.8 2033.7 19.3 
40 ICGV 98163 33.0 2.0 4.7 7.0 1.7 4.3 6.0 38.0 6.9 17.9 10.8 6.6 62.5 31.5 117.5 1833.3 17.0 
41 ICGV 00005 33.0 1.7 4.0 6.3 1.3 3.0 5.0 34.5 6.7 19.1 12.5 7.7 59.2 30.4 117.5 2053.5 12.8 
42 ICGV 01273 34.0 1.3 3.3 6.3 1.0 2.7 5.0 31.3 6.4 21.2 13.2 8.2 63.3 32.6 115.0 2499.7 24.6 
43 ICGV 01274 35.0 1.3 3.0 5.0 1.3 2.7 5.0 29.7 6.6 18.9 13.7 8.5 61.1 32.7 117.9 2677.7 14.5 
44 ICGV 02321 35.0 1.7 4.7 6.7 1.3 3.3 5.7 31.7 6.7 19.3 11.6 7.4 62.0 31.8 118.3 2178.1 16.7 
45 ICGV 03043 34.0 1.7 3.0 4.3 2.0 2.7 3.0 33.0 6.9 20.4 14.6 8.6 59.7 36.4 131.5 2547.3 15.8 
46 ICGV 04124 33.0 3.0 5.3 7.0 3.0 4.3 6.3 32.4 6.1 15.6 9.6 5.6 59.3 31.4 118.0 1538.1 19.5 
47 ICGV 00290 34.0 2.3 4.3 6.3 2.3 3.3 4.7 31.5 5.6 17.3 12.3 7.5 58.6 34.1 117.1 2049.2 24.3 
48 ICGV 00321 30.0 2.7 6.3 8.0 2.7 6.0 7.7 36.7 4.8 14.3 10.9 6.9 63.3 34.8 115.1 2256.1 11.8 
49 ICGV 02125 31.0 2.3 6.0 7.3 2.7 5.3 7.0 32.4 4.7 13.8 7.7 5.0 64.1 24.4 111.4 1857.0 12.3 
50 ICGV 02144 31.0 2.7 5.7 7.3 3.0 6.0 7.7 37.0 5.5 15.1 9.8 5.8 59.7 29.7 116.8 1659.3 12.4 
51 ICGV 03184 31.0 2.7 5.3 7.3 2.7 5.7 6.7 49.1 5.3 14.8 10.5 6.7 67.0 34.5 120.4 1900.6 21.4 
52 ICGV 03207 32.0 2.7 5.7 6.7 2.0 5.0 7.0 34.1 4.8 17.6 10.9 6.9 62.2 27.4 119.0 1306.5 10.8 
53 ICGV 04018 30.0 2.3 5.7 7.0 3.0 5.7 7.0 44.3 4.7 12.8 9.9 6.5 66.6 38.1 112.0 1533.3 15.9 
54 ICGV 07210 30.0 2.7 5.3 7.0 1.7 4.3 6.7 32.3 4.6 17.7 9.1 6.3 64.8 27.0 113.4 1645.9 15.0 
55 ICGV 07217 32.0 2.0 6.3 7.7 2.7 6.0 6.7 32.2 4.6 17.0 8.8 5.8 65.5 26.1 111.8 1464.7 12.6 
56 ICGV 95290 30.0 2.3 5.7 7.7 2.7 5.7 7.0 32.3 4.7 15.6 10.1 6.7 67.8 38.0 117.0 1324.6 10.3 
57 ICGV 97261 30.0 2.7 6.0 7.7 3.0 5.7 7.3 33.6 4.5 15.8 8.9 5.8 66.6 27.8 112.9 1463.7 13.4 
58 ICGV 97262 33.0 2.7 6.3 7.7 3.0 5.7 7.0 32.1 5.0 15.2 9.8 6.4 62.9 27.4 116.5 1254.1 11.2 
59 ICGV 99181 29.0 2.7 6.3 8.0 2.7 6.7 8.0 31.7 4.3 14.1 9.4 5.9 62.6 30.2 114.3 1579.6 15.8 
60 ICGV 99195 31.0 3.0 6.0 7.7 2.0 5.0 7.3 33.7 4.9 13.0 8.7 5.4 61.6 31.3 115.6 1373.9 11.1 
61 ICGV 89104 33.0 2.7 6.0 7.3 3.0 6.0 7.3 34.4 4.9 11.6 5.8 3.4 57.2 21.8 118.0 873.0 12.3 
62 ICGS 11 31.0 2.7 6.0 7.0 3.0 6.0 7.7 31.1 5.6 13.1 7.7 4.8 62.8 32.6 120.4 1355.3 17.6 
63 J 11 32.0 3.0 6.3 7.3 3.3 6.3 7.7 36.4 4.4 17.5 9.9 6.1 62.0 24.5 113.5 1421.3 16.5 
64 ICGV 99085 32.0 1.3 3.7 5.7 1.3 3.0 5.3 36.0 5.5 16.5 8.8 5.2 61.8 30.2 129.6 1434.2 13.7 
65 TKG 19A 31.0 1.7 5.0 7.0 2.3 5.3 6.7 42.9 5.1 13.4 7.8 4.6 58.3 29.5 117.5 1416.7 19.4 
66 TPG 41 32.0 2.0 5.0 6.7 2.3 6.0 7.7 43.2 4.2 9.6 9.0 4.7 50.0 45.5 125.4 1361.2 22.7 
67 ICGV 00350 34.0 1.7 4.0 7.0 2.0 4.7 7.3 33.1 5.2 16.5 11.3 6.9 63.4 32.1 119.1 2165.9 19.2 



A75 
 

S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

68 DH 86 33.0 2.3 5.0 6.7 1.7 4.3 6.0 31.9 7.1 16.9 11.6 7.6 60.4 35.4 117.9 2104.7 19.1 
69 ICGV 95058 35.0 2.0 4.7 6.7 2.3 5.3 7.3 32.3 5.0 12.7 8.2 5.3 63.5 28.2 118.9 1321.7 17.1 
70 ICGV 95070 33.0 2.7 6.0 8.0 2.7 6.3 7.7 29.4 5.3 18.1 9.8 5.7 56.4 26.1 121.4 1408.8 18.0 
71 GPBD 4 30.0 1.3 2.3 4.0 1.3 2.3 3.3 38.1 4.8 17.0 9.2 5.8 62.0 27.3 130.4 1647.3 22.0 
72 ICGV 91114 30.0 2.7 6.0 7.3 3.0 6.3 7.3 37.2 4.6 11.1 7.6 4.8 64.1 29.4 116.8 1534.4 16.7 
73 TMV 2 33.0 2.0 7.0 8.3 3.7 6.7 8.3 33.4 5.1 7.7 7.9 3.9 53.1 30.1 116.8 1420.8 12.1 
74 Faizpur 1-5 30.0 2.7 5.7 7.0 3.0 6.7 8.3 35.6 4.7 15.4 10.7 6.3 61.4 29.9 113.4 2115.9 10.7 
75 Mutant 3 31.0 2.7 6.0 7.7 3.0 6.3 8.0 36.2 4.9 11.4 7.1 4.1 58.8 29.2 120.8 1185.3 14.4 
76 ICGV 03042 34.0 1.3 3.3 6.0 1.0 2.7 5.0 31.0 5.7 18.8 14.0 8.3 58.2 33.4 121.0 2622.1 20.4 
77 ICGV 05100 35.0 1.3 3.0 5.0 1.3 2.3 4.0 30.4 6.6 17.5 11.5 5.9 59.0 33.0 131.5 1784.3 20.0 
78 ICGV 06049 29.0 2.7 5.7 6.7 3.3 5.7 7.0 33.7 4.8 13.1 8.4 5.3 60.8 31.6 119.8 1254.8 12.5 
79 ICGV 06420 33.0 1.7 4.3 6.3 1.3 3.3 5.0 32.8 6.6 18.0 11.7 6.9 56.3 28.6 130.9 2279.7 20.9 
80 ICGV 06424 35.0 1.7 4.0 5.7 1.7 2.7 4.3 28.9 5.9 17.5 10.9 6.6 59.2 25.4 114.1 1766.4 25.0 
81 ICGV 07145 33.0 1.7 4.0 6.3 1.0 2.7 5.3 32.2 6.1 18.0 11.9 6.1 50.4 29.9 130.9 1818.5 23.7 
82 ICGV 07148 31.0 1.7 4.7 5.3 2.0 4.0 5.3 35.3 5.1 13.6 8.5 4.9 57.5 30.8 113.3 1523.7 12.6 
83 ICGV 07166 33.0 1.3 4.0 6.0 1.0 3.7 6.3 32.8 6.3 19.7 13.4 7.6 57.3 35.1 116.6 2464.0 19.0 
84 ICGV 06142 34.0 1.3 2.7 4.7 1.0 2.3 4.3 34.4 6.6 20.5 15.2 9.0 61.9 29.6 132.9 2677.3 18.5 
85 ICGV 91116 29.0 3.0 6.7 8.0 3.3 6.0 7.3 43.8 4.4 16.7 11.6 7.4 65.7 30.2 111.9 1689.8 14.4 
86 ICGV 97045 32.0 1.7 5.0 6.7 2.0 5.0 6.7 35.3 4.8 9.6 8.9 5.0 55.3 42.6 132.6 1437.6 27.5 
87 ICGV 94118 32.0 1.7 4.3 6.3 1.0 3.3 5.0 38.7 5.3 11.6 8.9 5.5 63.0 38.1 120.4 1635.3 20.4 
88 ICGV 05176 33.0 2.0 5.3 7.3 2.3 4.7 7.0 39.7 5.9 9.2 10.8 6.9 60.6 49.9 125.9 1595.7 26.9 
89 ICGV 04149 29.0 2.7 6.0 7.7 3.3 6.7 8.3 30.0 4.9 17.1 10.7 6.2 62.1 30.1 120.9 1681.6 10.0 
90 ICGV 00351 32.0 1.7 4.7 6.7 1.7 4.0 6.0 32.9 5.4 15.8 10.7 7.0 62.1 36.6 116.3 2390.8 10.4 
91 ICGV 92195 31.0 2.0 5.7 8.0 3.0 6.0 8.0 37.7 5.0 13.7 6.5 4.0 60.8 23.2 107.4 989.2 15.6 
92 ICGV 87187 33.0 2.0 5.0 6.3 2.0 5.0 6.3 34.2 6.6 15.0 8.3 5.2 61.8 32.9 121.4 1252.0 20.4 
93 ICGV 86072 33.0 2.7 6.0 7.7 3.0 6.0 7.7 34.5 5.5 13.9 10.4 6.1 60.0 36.2 121.3 1487.9 21.4 
94 ICGV 86015 31.0 2.0 5.3 7.7 2.3 5.7 7.3 27.5 5.5 13.6 8.4 5.1 62.0 28.5 118.3 1472.4 15.7 
95 ICGV 93437 31.0 2.3 5.3 7.3 2.7 6.0 7.3 38.8 4.6 15.3 9.5 5.9 64.9 27.2 114.8 1559.3 13.7 
96 ICGV 86143 33.0 2.7 5.7 6.7 2.7 5.3 6.3 33.6 6.3 10.8 7.8 5.0 63.6 30.5 118.0 1159.6 13.1 
97 ICGV 90320 31.0 2.0 4.3 7.3 2.0 4.7 6.3 30.5 4.6 15.4 12.5 7.3 58.6 36.2 116.3 2391.4 13.6 
98 ICGV 07273 33.0 2.7 6.3 8.0 2.3 5.7 7.3 33.5 4.8 14.4 8.3 5.5 66.0 29.4 115.4 1191.9 13.2 
99 49 × 37-91 31.0 2.7 6.7 8.3 3.0 7.0 8.3 28.3 5.0 14.9 9.7 5.8 60.6 39.9 124.1 1825.2 11.7 

100 49 × 37-134 32.0 2.0 3.7 6.3 1.7 3.3 6.3 38.2 4.6 13.4 8.7 4.8 56.8 42.4 119.6 1200.4 12.9 
101 49 × 37-135 32.0 2.3 6.0 7.7 3.0 6.3 8.0 35.3 4.7 13.5 8.2 5.0 62.8 24.8 115.5 1103.2 14.4 
102 49 × 37-97-1 35.0 2.3 5.7 7.0 3.3 6.0 8.0 27.7 5.1 8.5 7.9 4.2 56.9 49.2 126.4 994.5 16.0 
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103 49 × 37- 99(b) tall 34.0 2.3 5.7 7.7 3.0 6.3 8.0 27.9 5.7 9.5 9.8 5.4 53.2 45.2 126.5 1046.9 18.0 
104 39 × 49 -8 33.0 1.3 4.3 6.3 1.3 3.3 5.7 27.8 5.3 14.0 10.1 5.8 58.5 44.7 118.0 1624.0 11.0 
105 39 × 49 -77 31.0 1.7 4.0 6.3 1.3 4.0 6.0 27.6 4.9 15.8 10.7 5.2 50.5 39.7 117.3 1861.1 11.8 
106 49 × 39-20-2 31.0 2.3 6.3 8.0 2.7 6.0 7.7 27.4 4.9 11.5 9.3 5.0 53.5 38.6 123.3 1564.3 14.8 
107 49 × 39-21-2 32.0 2.3 4.7 6.3 2.3 4.3 5.7 34.0 5.2 13.6 7.1 3.5 46.4 32.4 131.0 894.4 13.6 
108 49 × 39-8 32.0 1.3 3.7 6.3 1.3 4.0 6.3 27.2 5.0 11.7 8.3 4.9 59.4 35.2 114.5 1469.1 9.3 
109 49 M-16 35.0 1.0 3.0 5.0 1.0 2.3 4.0 35.6 7.1 23.2 13.7 8.6 62.6 31.5 132.0 2525.9 19.4 
110 49 × 27-19 33.0 2.3 5.7 6.7 2.3 5.3 7.0 31.6 4.6 14.4 9.7 4.9 51.8 39.1 122.5 1545.9 18.7 
111 49 × 27-13 (ii) 32.0 2.7 6.3 7.7 3.0 5.7 8.0 35.3 4.8 10.8 10.0 5.1 51.7 41.8 126.6 1573.3 19.7 
112 27 × 49- 16 33.0 1.7 4.7 7.0 2.0 5.3 6.7 46.8 5.2 10.9 8.0 4.4 54.9 39.2 122.1 1480.3 24.2 
113 27 × 49- 12 30.0 1.7 4.0 6.3 1.7 4.0 6.3 29.8 4.5 15.7 9.8 5.8 61.4 33.4 117.8 1044.9 10.9 
114 27 × 49- 14 32.0 2.0 4.3 7.3 2.0 5.0 7.0 34.5 5.1 10.7 8.4 4.6 56.4 43.0 122.5 1186.8 17.6 
115 27 × 49- 27-1 30.0 2.0 5.7 8.0 2.3 6.0 7.3 24.0 4.9 13.8 9.8 5.4 55.9 47.9 122.9 1512.1 12.1 
116 26 M 156-2 34.0 1.7 4.3 7.0 2.0 5.3 7.7 36.2 4.5 14.4 8.2 4.0 51.9 32.4 116.4 1496.5 17.7 
117 26 M- 119-1 32.0 3.0 6.0 8.0 3.3 6.0 7.7 32.8 4.8 15.1 9.9 6.5 66.6 31.5 115.1 1340.0 13.0 
118 24 M-86 33.0 1.3 3.3 4.7 1.7 3.7 5.7 31.0 6.9 10.0 7.4 3.9 54.4 33.5 132.3 939.5 22.8 
119 MN1-35 31.0 2.0 5.0 6.7 1.3 4.0 5.7 30.0 4.9 8.8 5.6 2.7 48.7 20.3 114.9 1656.0 13.7 
120 M 110-14 34.0 1.3 4.0 6.3 1.3 4.0 6.0 29.0 6.1 10.6 8.6 5.0 53.9 33.9 127.3 939.1 17.5 
121 M 28-2 35.0 1.7 3.3 6.0 1.7 4.0 6.3 25.8 5.3 13.6 10.5 5.8 53.9 31.3 115.4 1542.2 12.3 
122 Somnath 32.0 2.3 5.0 7.0 3.0 5.3 6.7 41.0 4.7 15.4 9.2 5.4 58.5 30.7 116.1 1311.6 15.5 
123 TG 41 33.0 2.0 5.7 7.3 2.3 6.3 8.0 32.3 4.7 12.4 9.5 5.3 54.8 49.7 120.8 1428.0 11.2 
124 TG 42 33.0 2.0 5.3 7.3 2.3 5.0 7.0 27.6 5.3 9.9 8.3 5.0 60.8 52.1 119.3 1436.0 16.5 
125 TG 49 30.0 2.3 6.0 8.0 2.7 6.0 7.7 25.8 4.7 13.7 10.7 6.3 59.0 41.9 116.5 1681.0 14.7 
126 TG LPS 4 32.0 2.3 5.7 7.0 2.3 5.0 7.3 32.3 4.8 11.8 9.2 5.8 61.5 38.9 117.5 1194.0 15.3 
127 TG LPS 7 31.0 2.3 5.7 7.0 2.7 6.3 7.7 31.2 4.9 9.3 6.2 3.5 56.4 36.0 119.5 1058.5 12.1 
128 24 × 37-2275 32.0 2.0 5.3 6.7 1.7 4.7 7.0 31.3 4.5 14.1 10.6 6.0 57.4 31.1 121.4 1569.8 16.8 
129 24 × 39-31 MR 31.0 1.7 3.7 6.0 1.3 3.3 5.0 32.4 5.1 14.0 7.6 3.8 49.8 26.9 128.9 1585.7 16.1 
130 26 × M-95-1 RI 29.0 2.0 4.0 6.7 1.7 4.0 5.0 25.7 5.3 17.3 9.6 5.7 60.1 33.6 107.8 1977.2 11.5 
131 26 × 37-IV- 9IR 33.0 1.7 4.7 6.7 2.0 5.3 7.0 37.2 4.8 18.4 11.6 7.4 63.5 32.5 119.5 1990.2 21.7 
132 26 × 27-164 35.0 2.3 5.3 7.3 2.7 5.7 7.3 38.5 6.0 13.3 9.2 6.1 67.1 36.8 114.3 1770.7 18.0 
133 49 × 39-21-1 33.0 2.0 4.7 6.3 1.7 3.7 6.7 32.3 4.4 12.6 7.7 4.6 60.9 28.3 114.3 1154.7 20.0 
134 49 × 39-21-2(a) 31.0 2.0 5.0 7.7 1.3 4.7 7.7 28.7 5.0 22.5 13.3 7.8 60.9 29.8 113.9 1531.2 10.9 
135 49 × 39-74 33.0 1.3 3.7 6.0 1.3 3.0 6.3 29.7 5.3 22.2 10.7 6.8 65.0 29.0 111.0 1711.2 8.6 
136 39 × 49-81-1 31.0 1.0 3.3 5.3 1.3 3.0 6.0 29.4 4.7 18.9 12.1 7.1 59.6 32.7 108.8 1877.5 9.9 
137 49 × 27-37 32.0 1.7 4.3 6.7 1.7 4.7 7.0 29.9 4.8 15.5 9.4 5.0 53.1 29.7 112.8 1136.8 19.0 
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138 TDG 10 32.0 2.3 5.3 7.3 2.3 6.3 8.0 31.1 4.9 14.6 8.7 5.1 57.7 29.2 114.3 1420.4 9.4 
139 TDG 13 32.0 1.7 5.0 6.7 2.0 4.7 6.0 30.4 5.4 13.0 8.3 4.9 59.6 31.9 119.1 1376.1 13.2 
140 TDG 14 30.0 2.0 4.7 6.3 2.0 4.7 5.7 29.2 5.4 13.6 9.6 5.7 58.0 39.0 119.1 1328.9 12.4 
141 DTG 3 34.0 2.3 5.3 6.7 2.7 6.0 6.3 30.5 5.9 16.5 9.6 5.9 62.1 29.2 120.1 1840.5 12.1 
142 DTG 15 29.0 2.3 6.3 8.0 2.7 6.0 7.7 34.5 5.1 16.8 10.9 6.8 62.8 31.2 116.8 1664.3 17.3 
143 M 28-2 35.0 1.3 3.0 6.3 2.0 4.0 6.0 30.0 5.4 14.6 8.1 4.4 55.5 33.8 118.0 1094.0 20.5 
144 JL 24 31.0 3.0 6.0 7.7 3.0 6.0 8.0 41.5 4.9 15.0 8.4 5.5 65.5 28.1 111.5 1144.8 14.5 
145 TAG 24 29.0 3.0 6.3 8.3 3.3 5.7 7.3 37.3 5.0 11.6 6.8 4.0 60.5 27.3 115.5 1034.5 14.1 
146 SPS 1 32.0 1.3 3.7 5.0 1.7 3.7 5.7 37.1 4.8 15.3 9.7 6.0 61.8 28.1 111.9 1647.4 20.4 
147 SPS 9 32.0 1.7 3.3 5.0 2.0 3.7 5.0 34.4 5.1 11.3 7.4 3.9 52.5 23.8 113.4 1142.1 16.1 
148 SPS 10  31.0 3.3 5.3 7.0 4.0 6.3 8.0 33.6 5.1 10.8 6.8 3.8 60.2 27.1 113.3 1589.6 14.2 
149 SPS 13 32.0 2.0 5.3 7.0 2.7 5.3 7.3 24.2 4.9 12.9 11.5 6.1 53.5 45.9 117.6 1511.1 11.2 
150 SPS 14 32.0 1.7 3.3 5.0 1.7 3.3 5.0 23.2 5.1 9.1 5.1 3.2 59.5 23.0 125.9 724.5 8.5 
151 SPS 17 32.0 3.0 5.3 7.3 2.7 4.7 7.0 35.1 5.2 9.2 8.5 4.4 52.0 40.9 120.3 1598.7 19.1 
152 ICGV 02411 32.0 1.3 2.7 4.3 1.0 2.3 4.0 39.7 6.2 17.7 14.6 8.5 58.5 37.1 130.6 2561.6 23.0 
153 ICGV 05155 33.0 1.3 3.7 5.7 1.3 2.3 4.7 34.3 6.1 21.1 13.8 8.2 59.1 33.5 115.3 2952.5 18.7 
154 ICGV 06100 33.0 2.3 5.0 7.7 1.3 3.7 6.0 36.0 6.6 19.4 16.2 9.3 60.4 38.9 124.5 2981.1 22.2 
155 ICGV 07023 30.0 3.0 6.0 8.0 3.3 6.0 7.7 40.3 4.8 11.5 7.6 4.5 60.2 32.8 115.3 1340.1 15.3 
156 SunOleic 95R 31.0 2.3 5.7 7.3 2.7 5.3 6.7 28.3 5.2 10.7 6.9 4.1 57.9 29.1 115.6 1001.7 16.0 
157 ICG 434 31.0 3.0 6.0 7.3 3.3 6.7 8.0 36.6 4.7 12.0 6.6 3.9 60.6 28.4 122.1 1020.1 15.2 
158 ICG 2031 32.0 2.7 6.3 7.7 2.7 5.7 7.7 37.2 4.9 14.5 7.1 4.3 63.7 25.6 110.5 1275.5 10.9 
159 ICG 3102 29.0 2.7 6.0 8.0 3.0 6.0 7.3 37.2 4.5 12.8 8.5 5.1 59.8 31.9 120.8 1375.2 16.6 
160 ICG 3140 31.0 2.7 5.3 6.7 3.3 6.0 7.0 39.7 5.0 11.2 7.1 4.2 56.9 29.6 115.8 1261.3 14.5 
161 ICG 3343 31.0 2.7 6.3 7.7 3.0 5.7 7.3 38.1 4.5 14.2 9.4 5.5 57.2 28.9 119.3 1054.4 15.7 
162 ICG 3421 32.0 2.7 6.0 7.7 3.3 6.3 8.0 36.3 4.7 14.1 7.4 4.5 63.2 24.0 111.4 1285.7 9.9 
163 ICG 4729 30.0 2.7 7.0 8.0 3.7 7.0 8.3 42.2 5.1 16.5 9.4 6.0 65.3 25.8 114.5 1235.2 17.4 
164 ICG 6022 30.0 1.3 3.0 5.7 1.7 3.7 5.7 53.6 3.8 7.2 9.6 4.9 51.8 32.3 116.3 1138.4 18.5 
165 ICG 6646 31.0 1.7 4.3 6.7 2.3 4.3 6.7 49.8 4.2 7.5 8.0 4.1 51.5 31.9 121.1 1227.0 23.6 
166 ICG 8517 32.0 2.7 5.7 7.7 2.7 6.0 7.7 41.2 4.5 8.6 6.7 3.8 57.0 27.0 116.6 1061.5 13.1 
167 ICG 8751 32.0 2.0 4.7 6.7 1.7 3.0 6.0 47.1 4.0 11.2 9.3 5.0 54.2 31.4 117.4 1655.7 22.2 
168 ICG 9315 33.0 2.0 6.3 8.0 2.7 6.7 7.7 37.4 4.9 14.6 8.8 5.0 58.6 27.4 116.9 1474.8 15.9 
169 ICG 10036 32.0 2.0 4.7 6.0 1.3 3.7 5.7 40.3 4.3 10.0 8.6 4.5 51.2 23.8 117.8 1049.0 13.8 
170 ICG 10053 31.0 2.3 4.3 6.0 2.0 4.7 6.3 38.6 5.0 12.0 11.2 6.5 55.3 40.0 116.6 1472.3 17.0 
171 ICG 10701 30.0 2.7 6.0 8.0 3.3 6.3 7.7 27.3 5.2 14.6 9.9 6.1 60.0 35.2 117.8 1569.2 9.3 
172 ICG 11088 33.0 2.3 5.3 7.7 2.0 4.7 7.0 38.5 4.4 9.7 8.5 5.0 58.6 28.9 113.9 1445.0 15.9 
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173 ICG 11651 31.0 2.7 5.3 6.7 3.0 5.3 6.7 31.8 4.7 13.5 10.0 5.6 54.8 32.6 115.4 2038.9 12.1 
174 ICG 12625 33.0 1.3 3.7 5.3 1.7 3.7 5.0 38.0 4.1 9.5 7.0 3.7 53.6 31.5 130.5 1273.3 15.8 
175 ICG 12991 30.0 3.0 6.3 7.3 3.7 6.0 7.7 36.1 5.0 16.0 8.8 5.8 64.9 26.5 116.3 1011.6 11.9 
176 ICG 14985 31.0 2.7 6.0 7.7 3.0 6.7 8.3 32.8 5.6 11.2 8.4 4.8 57.4 33.5 119.5 1437.5 14.0 
177 ICG 15415 30.0 2.0 5.0 7.3 1.3 4.0 6.3 36.8 4.4 12.6 8.8 5.1 56.1 26.3 115.3 1284.3 14.6 
178 ICG 15419 30.0 2.0 4.3 6.0 2.0 4.0 5.7 56.2 4.1 5.7 7.3 3.8 52.9 39.3 115.4 1308.5 26.6 
179 ICGV 01232 32.0 3.0 6.3 8.0 3.0 6.0 7.0 42.5 5.3 13.7 12.9 7.2 55.9 40.9 117.0 2004.6 18.5 
180 ICGV 01276 32.0 2.0 3.7 6.0 2.0 2.7 5.3 33.7 6.6 24.5 17.3 10.6 61.7 36.2 129.5 2923.8 17.6 
181 ICGV 01328 32.0 1.3 2.7 4.7 1.7 4.0 5.3 27.7 5.0 13.2 8.8 5.5 62.8 26.6 129.0 1750.7 18.0 
182 ICGV 02022 30.0 2.0 5.3 7.3 2.7 5.7 6.3 38.2 5.5 14.1 8.9 5.5 63.6 28.0 120.3 1537.5 10.3 
183 ICGV 02038 31.0 3.0 6.7 8.0 3.7 6.0 7.7 39.6 4.7 12.2 7.4 5.0 67.9 32.0 114.4 1071.1 12.5 
184 ICGV 02189 29.0 3.3 5.0 7.7 3.3 5.7 7.3 32.8 4.8 13.7 9.5 5.9 61.8 32.3 114.5 1255.9 13.1 
185 ICGV 02194 33.0 2.7 6.3 7.7 2.0 5.0 7.3 39.3 4.7 14.8 8.0 4.9 60.7 25.9 116.4 1552.0 15.6 
186 ICGV 02266 32.0 2.0 5.7 7.0 2.0 4.7 6.0 40.2 5.4 16.1 10.0 6.2 62.1 34.9 111.4 1894.1 17.6 
187 ICGV 02271 31.0 2.0 5.7 7.3 2.3 5.3 7.3 32.6 5.1 14.9 10.6 6.7 62.3 34.4 118.0 1894.0 15.1 
188 ICGV 02286 32.0 1.3 4.3 7.0 2.0 4.7 6.3 41.2 4.7 18.7 12.4 8.2 65.5 33.0 112.5 1897.7 17.6 
189 ICGV 86011 30.0 2.3 6.0 7.3 2.7 6.0 8.0 43.0 5.1 18.6 11.7 7.1 61.4 29.5 111.0 1672.1 17.4 
190 ICGV 86590  34.0 2.0 3.7 5.3 1.3 3.0 4.3 37.8 4.6 12.8 9.9 5.5 55.1 33.9 120.8 1541.3 22.7 
191 ICGV 87160 31.0 2.0 5.0 7.3 2.7 5.3 7.0 31.0 4.6 13.6 7.8 4.7 59.2 28.1 113.6 1123.4 8.5 
192 ICGV 87354 34.0 2.7 5.7 7.0 3.0 5.3 7.3 32.0 5.0 8.8 5.5 2.3 49.9 20.7 113.4 770.0 14.1 
193 ICGV 87378 29.0 3.0 6.0 7.0 3.3 5.7 7.3 42.0 4.3 14.7 11.7 7.3 63.2 29.2 119.1 1665.7 15.6 
194 ICGV 87921 31.0 2.3 5.3 7.3 1.7 3.3 6.0 38.4 5.2 17.3 13.1 7.1 54.0 36.8 112.5 2468.9 15.3 
195 ICGV 88145 30.0 3.0 6.0 8.0 3.0 5.7 7.3 45.8 5.0 15.9 11.0 6.4 57.2 30.6 118.4 1537.0 21.9 
196 ICGV 92267 33.0 3.0 6.0 7.7 3.0 5.7 7.7 40.7 5.5 14.6 10.9 6.3 61.2 35.4 111.8 1875.1 14.4 
197 ICGV 93470 29.0 2.7 7.0 8.3 3.3 6.3 8.0 34.2 4.7 15.5 9.9 6.0 61.5 31.6 111.1 1718.7 14.3 
198 ICGV 94169 33.0 2.0 5.3 7.0 2.3 5.7 7.7 36.4 5.6 14.8 12.4 7.3 59.3 40.6 121.0 1930.6 23.3 
199 ICGV 94361 31.0 2.7 6.0 7.7 3.0 5.7 6.7 35.2 5.0 13.3 8.7 5.4 61.6 33.9 112.0 1549.0 17.0 
200 ICGV 95377 32.0 2.0 5.3 6.7 2.3 5.7 7.3 40.0 4.9 11.3 9.5 5.7 64.5 41.4 115.5 1579.9 16.9 
201 ICGV 96466 33.0 2.3 6.7 7.7 2.7 5.0 7.0 30.4 4.8 12.4 8.3 5.2 63.1 34.5 111.5 1365.3 13.2 
202 ICGV 96468 30.0 3.0 6.0 7.7 3.3 6.7 7.7 40.7 5.4 12.3 10.3 6.0 58.9 39.3 112.5 2145.8 17.0 
203 ICGV 97182 33.0 2.0 5.0 6.0 1.7 4.0 5.7 36.4 5.7 17.0 11.4 6.7 58.2 30.0 118.0 1823.3 16.5 
204 ICGV 97183 33.0 2.3 5.3 7.7 3.3 5.7 7.3 32.0 4.7 11.1 8.5 4.9 58.0 35.1 115.4 1414.2 14.4 
205 ICGV 98294 35.0 2.3 6.0 7.7 2.0 5.0 6.7 36.5 5.2 14.5 12.1 7.2 60.0 38.1 115.9 2372.6 15.6 
206 Gangapuri 30.0 2.0 5.0 7.3 2.7 5.3 7.0 37.4 5.2 9.7 7.2 4.2 59.2 27.9 112.9 1138.9 15.9 
207 ICGS 44 35.0 2.3 6.0 8.0 2.3 5.7 7.3 27.8 6.0 12.2 8.7 5.2 61.7 29.9 120.3 980.8 16.3 
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208 ICG 3312 32.0 2.7 6.7 8.0 3.0 5.3 7.0 31.7 4.7 14.0 7.2 4.6 64.1 27.0 112.0 1078.6 10.6 
209 ICG 14705 31.0 2.3 5.0 6.7 2.7 5.3 6.7 31.1 5.1 11.3 8.0 5.2 65.3 35.3 116.5 1446.8 13.1 
210 ICG 3746 31.0 3.0 5.7 7.7 3.7 6.0 7.7 43.3 4.8 16.1 7.9 5.3 66.2 22.8 119.5 1050.8 12.4 
211 ICG 4955 30.0 2.7 6.0 6.7 3.0 5.7 7.0 42.5 4.8 16.1 9.7 6.5 66.9 31.2 113.3 1493.1 15.6 
212 ICG 12879 31.0 2.3 6.3 7.7 2.7 6.0 7.3 33.0 4.5 15.1 8.1 5.1 61.3 25.9 116.0 1197.8 12.7 
213 ICG 5221 31.0 3.0 5.0 6.7 3.0 5.3 7.0 43.6 4.7 9.7 7.4 4.2 54.6 29.4 118.1 829.5 18.3 
214 ICG 4543 30.0 3.7 6.3 7.7 3.3 6.0 7.3 38.4 4.8 14.9 7.1 4.3 59.6 24.1 115.1 942.3 13.3 
215 ICG 1834 34.0 2.3 5.3 7.3 3.0 6.3 7.7 32.3 4.9 13.6 8.6 5.5 62.9 26.6 113.6 1169.8 14.7 
216 ICG 2106 30.0 3.3 5.7 7.3 3.7 5.7 7.0 37.4 4.9 17.4 9.6 6.5 67.7 28.0 112.6 997.4 12.2 
217 ICG 9507 33.0 2.7 7.0 7.7 3.3 5.7 7.3 34.0 4.8 9.1 6.3 3.8 57.7 29.6 117.9 1157.7 13.1 
218 ICG 1973 30.0 2.7 6.3 8.0 3.3 6.3 8.3 37.7 4.7 14.9 8.0 5.0 63.2 26.6 116.5 1111.8 13.7 
219 ICG 3673 31.0 2.3 6.3 7.7 3.0 6.0 8.0 39.4 4.6 9.8 6.1 4.1 61.3 29.4 124.6 1201.3 20.8 
220 ICG 3584 29.0 3.0 7.0 8.3 3.7 6.3 8.0 39.3 4.8 16.7 9.9 5.9 59.3 28.6 115.9 1577.4 15.9 
221 ICG 442 30.0 2.7 6.3 7.7 3.3 6.3 8.0 39.9 4.7 11.6 6.0 3.6 60.7 24.0 119.3 804.1 14.6 
222 ICGV 01464 34.0 2.0 4.7 6.7 1.3 2.7 4.7 35.8 5.7 8.1 7.8 3.7 46.7 38.6 132.9 1243.3 30.4 
223 ICGV 01478 36.0 1.7 6.0 7.7 2.0 4.7 6.3 30.1 6.2 11.3 12.2 6.7 55.9 48.0 126.4 1549.3 23.5 
224 ICGV 02251 31.0 2.3 6.0 7.7 2.7 5.7 7.3 34.1 4.8 13.3 8.1 5.1 65.8 32.0 120.5 1228.8 17.8 
225 ICGV 03136 36.0 2.0 5.0 7.3 2.3 4.0 6.0 30.9 7.0 8.4 9.2 4.9 56.5 45.7 120.5 1188.1 22.2 
226 ICGV 05198 33.0 3.0 6.0 7.0 2.3 4.7 6.0 37.7 5.0 11.5 14.7 8.1 55.4 52.4 122.9 2142.1 21.3 
227 ICGV 06234 34.0 2.7 5.7 7.3 2.0 5.3 7.0 34.2 5.5 11.4 10.0 5.8 59.9 48.8 126.9 1838.6 22.9 
228 ICGV 00346 35.0 1.3 4.0 6.0 1.3 2.7 4.3 36.9 6.6 13.2 10.0 5.5 59.2 40.1 119.6 1986.2 26.0 
229 ICGV 00362 36.0 1.3 3.0 5.0 1.3 2.3 3.3 32.9 5.7 15.0 9.4 5.3 54.3 26.7 119.1 1470.2 23.7 
230 ICGV 00371 36.0 2.0 4.7 7.0 2.3 5.7 7.3 32.9 6.0 14.2 7.6 4.1 53.1 27.7 119.3 1187.6 15.5 
231 ICGV 02287 35.0 2.0 4.7 6.0 1.7 3.7 5.7 33.5 6.7 14.3 10.6 6.2 58.3 35.6 118.0 1398.8 17.5 
232 ICGV 02298 36.0 2.7 5.7 7.0 3.0 5.7 6.7 30.9 6.8 13.7 9.9 6.0 60.2 35.0 121.1 1101.6 18.3 
233 ICGV 02317 34.0 1.3 4.0 5.7 1.3 3.0 5.0 33.3 6.5 15.7 10.5 5.3 56.3 35.3 121.4 1944.7 26.0 
234 ICGV 97232 31.0 2.7 6.0 7.3 3.0 6.0 7.3 31.4 4.9 12.8 7.8 4.9 62.6 27.9 121.8 1371.4 12.8 
235 ICGV 99051 36.0 1.3 2.7 4.7 1.0 2.3 4.0 40.4 5.9 19.6 14.7 8.4 57.5 34.3 131.9 1839.0 25.7 
236 ICGV 99052 34.0 1.3 3.0 3.7 1.0 2.0 3.7 40.8 6.5 17.3 12.5 7.0 56.0 31.5 132.1 1821.8 25.7 
237 ICGV 00246 36.0 1.0 2.7 4.0 1.0 2.3 3.3 40.5 5.8 10.0 8.5 5.0 57.1 34.4 132.5 1315.8 21.8 
238 ICGV 00248 33.0 1.3 2.3 4.0 1.3 2.3 3.7 37.5 6.1 12.8 9.4 5.3 57.8 31.0 131.9 1818.9 20.7 
239 ICGV 01361 35.0 1.3 3.3 4.7 1.3 2.3 4.0 34.4 7.8 15.0 11.7 7.2 61.9 30.2 131.9 2326.4 20.9 
240 ICGV 02434 33.0 1.7 4.3 5.7 1.7 3.3 5.3 29.6 6.1 14.7 8.6 5.0 57.9 34.7 117.9 1453.3 19.2 
241 ICGV 04087 34.0 1.3 3.0 5.0 1.3 2.7 3.3 40.1 7.0 20.5 14.1 7.7 56.3 29.9 131.8 2145.9 27.5 
242 ICGV 06175 35.0 2.0 4.0 5.7 1.3 3.0 4.7 31.6 6.1 14.6 9.8 5.5 55.8 32.3 123.6 1316.6 20.7 
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243 ICGV 97116 37.0 1.7 4.3 6.3 2.3 4.7 6.7 30.7 6.0 9.8 6.3 3.9 61.0 31.7 121.8 981.6 18.6 
244 ICGV 97128 34.0 1.0 4.0 6.0 1.0 2.7 4.3 35.8 7.4 17.7 12.0 7.0 58.2 31.9 131.9 2122.2 21.1 
245 ICGV 98184 34.0 1.7 4.7 6.3 1.3 3.7 5.0 33.5 5.8 16.5 10.5 5.7 53.9 35.1 131.9 1888.1 20.2 
246 ICGV 00068 35.0 1.3 2.7 4.0 1.0 2.7 4.0 30.4 5.9 15.6 11.4 6.0 53.5 28.6 131.6 1713.7 19.3 
247 ICGV 01495 34.0 2.0 4.0 6.3 2.0 4.0 6.7 36.2 7.0 16.9 16.2 9.7 60.3 45.2 122.5 2821.5 20.9 
248 ICGV 05057 34.0 1.3 4.0 5.7 1.3 2.7 4.3 32.0 7.4 14.8 12.1 7.3 60.1 38.8 131.3 1973.0 21.2 
249 ICGV 07168 35.0 2.0 5.0 5.7 2.0 4.7 6.0 30.8 5.8 11.5 8.0 4.8 60.7 31.1 121.3 1194.6 21.7 
250 ICGV 01265 35.0 1.7 4.0 5.0 1.3 2.7 5.3 30.8 7.0 16.3 9.9 5.6 53.6 35.6 120.5 1509.1 25.1 
251 ICGV 98105 34.0 1.3 3.7 5.3 2.0 3.0 5.7 31.6 6.2 18.5 12.9 7.6 59.4 38.0 131.4 2360.0 23.5 
252 ICGV 99160 34.0 1.3 3.0 5.0 1.7 2.3 4.7 36.4 6.0 15.5 12.6 7.2 55.8 35.2 132.3 2075.1 24.0 
253 ICGV 02323 34.0 1.3 3.0 5.0 1.3 2.3 4.7 31.9 7.1 22.0 16.3 10.5 64.9 39.5 133.0 2620.7 17.6 
254 ICGV 04115 34.0 1.7 4.3 6.0 1.7 3.7 5.0 28.2 6.9 13.7 10.3 6.2 59.2 35.2 115.4 1298.5 23.4 
255 ICGV 05036 33.0 1.3 2.7 5.3 1.0 2.7 4.0 35.0 6.7 17.7 13.3 7.5 55.6 36.6 131.5 2277.0 27.6 
256 ICGV 06042 35.0 1.7 4.0 6.0 1.3 3.7 5.7 34.0 6.7 17.9 11.2 6.9 60.5 30.3 118.1 2186.7 20.8 
257 ICGV 86564 37.0 2.0 5.3 7.3 2.0 4.0 6.7 34.2 7.1 7.3 7.7 4.6 56.9 47.0 129.5 1073.9 28.5 
258 ICGV 98432 35.0 2.0 4.3 6.7 2.0 4.0 5.7 35.5 6.9 11.3 9.8 5.6 55.8 40.3 129.0 975.0 23.9 
259 BAU 13 37.0 2.0 4.3 6.0 1.7 4.3 5.3 40.6 6.6 9.5 11.0 6.6 62.0 46.5 132.3 1430.2 24.1 
260 ICGV 87846 35.0 1.3 3.7 4.7 1.3 2.3 3.3 35.3 6.1 14.0 10.8 5.9 57.7 37.9 132.1 2041.5 24.8 
261 ICR 48 36.0 2.0 4.7 7.7 2.3 5.3 7.3 30.1 7.3 12.9 9.7 6.2 63.0 33.6 122.1 1320.4 19.6 
262 ICGV 86699 35.0 1.0 2.0 4.0 1.0 2.3 4.0 33.3 6.5 14.3 8.7 5.1 57.6 27.0 114.1 1010.1 20.4 
263 ICGV 98373 35.0 1.7 4.7 6.7 1.3 3.0 5.0 33.6 6.1 14.1 9.6 5.2 51.6 38.2 128.0 1523.0 18.7 
264 ICGV 97115 36.0 2.0 4.3 6.3 1.7 3.7 5.7 30.4 5.8 14.4 9.4 5.3 53.3 29.4 118.9 1139.3 18.4 
265 ICGV 06040 35.0 2.0 4.3 6.0 1.3 4.0 5.0 33.7 6.5 16.1 11.5 6.5 57.7 41.2 123.0 2353.4 20.9 
266 ICGV 06099 35.0 1.7 5.0 7.0 1.3 3.7 6.0 35.9 6.6 20.2 16.2 10.3 62.8 40.7 125.4 2610.8 20.0 
267 CS 39 35.0 1.7 4.0 7.0 1.3 3.0 6.3 29.7 6.4 15.0 11.8 6.8 57.2 38.2 124.6 2174.6 26.2 
268 ICGV 05032 32.0 1.3 3.3 5.3 1.3 2.3 3.3 33.5 6.9 16.4 12.0 6.2 51.1 37.3 131.8 2429.4 24.4 
269 ICGV 05141 35.0 1.3 2.7 4.3 1.0 2.7 3.7 33.0 6.9 16.3 12.6 7.8 61.7 38.7 130.9 2163.2 24.9 
270 ICGV 07359 36.0 2.3 5.3 7.0 2.7 5.3 6.3 42.5 6.6 12.0 9.9 5.4 55.7 46.8 127.0 1611.2 27.1 
271 ICGV 07368 37.0 2.3 4.7 6.7 2.3 5.0 6.7 36.3 5.5 9.2 9.6 5.5 58.7 48.7 131.0 1677.3 25.9 
272 ICGV 06110 34.0 2.3 5.0 7.0 2.7 6.3 7.7 30.9 7.4 10.6 10.2 5.3 52.2 43.8 129.3 1486.3 19.2 
273 ICGV 06188 33.0 2.3 4.3 6.3 1.7 4.0 6.0 32.3 5.6 10.5 11.0 6.8 60.4 51.5 123.6 1799.6 14.1 
274 ICGV 00440 36.0 2.3 5.3 7.3 2.3 4.7 7.0 36.7 7.2 9.3 10.1 5.4 53.3 51.0 121.6 1678.7 24.5 
275 ICGV 86352 32.0 2.7 5.3 7.3 2.7 5.7 7.3 35.9 4.8 12.0 8.1 4.7 58.7 31.5 113.8 1290.3 13.7 
276 ICGV 09112 34.0 2.3 5.7 8.0 2.7 5.3 7.0 35.2 7.4 12.6 7.3 4.4 61.0 33.1 122.8 1119.5 24.1 
277 ICGV 93920 34.0 1.7 4.3 6.3 1.7 3.3 6.0 31.5 6.4 18.7 10.6 6.2 59.7 28.7 116.5 2072.2 12.8 
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278 ICGV 93216 31.0 1.3 5.0 7.0 1.7 4.3 6.3 31.2 5.6 17.5 10.9 6.8 61.3 29.0 120.0 1956.1 12.8 
279 ICGV 88438 37.0 1.7 5.3 6.7 1.7 5.0 5.7 26.3 6.6 8.2 6.2 3.3 52.8 32.5 126.4 902.1 21.6 
280 ICG 11337  34.0 1.3 2.7 4.7 1.0 2.7 4.7 35.5 6.0 9.3 6.8 3.7 52.3 30.9 131.4 815.8 23.5 
281 49 × 37-90 34.0 2.3 4.0 6.7 2.3 4.0 6.7 31.0 6.5 11.2 7.9 4.8 58.3 30.1 116.4 1325.8 20.4 
282 49 M-2-2 34.0 1.3 4.3 6.3 2.0 4.0 5.7 33.4 8.4 11.1 9.3 4.9 56.1 36.7 130.9 1129.0 16.1 
283 49 M- 1-1 35.0 1.3 3.0 5.7 1.3 2.7 5.0 26.0 5.0 12.7 10.9 6.4 60.3 45.8 130.9 1150.0 19.4 
284 TG 19 33.0 2.7 6.0 7.7 3.0 7.0 8.0 28.6 4.6 13.5 9.1 5.8 63.3 27.9 115.6 1222.7 13.4 
285 TG 39 34.0 2.3 6.0 8.0 2.7 6.0 8.0 23.3 5.4 11.0 7.8 4.0 52.3 42.6 121.9 1459.6 13.6 
286 TG LPS 3 35.0 2.0 5.7 7.7 2.7 5.7 7.7 26.3 6.3 12.4 11.3 6.8 60.7 47.2 119.1 1658.0 23.8 
287 26 × M-223-1 33.0 1.7 4.7 7.0 2.0 4.7 6.7 28.5 5.7 14.4 7.7 3.9 54.2 32.9 114.3 1211.6 14.3 
288 SPS 2 36.0 1.3 2.7 4.3 1.3 2.3 4.3 32.2 7.4 12.3 8.1 4.6 57.2 31.6 120.9 1394.0 27.4 
289 SPS 3 29.0 2.7 6.0 8.0 3.3 5.7 7.0 39.6 5.0 12.5 8.3 5.4 63.3 30.1 112.8 1210.6 13.7 
290 SPS 6 30.0 2.7 6.0 7.7 3.0 5.7 7.0 36.3 4.4 15.5 10.3 6.6 64.4 29.3 113.5 1426.0 14.9 
291 SPS 7 35.0 1.0 3.3 4.3 1.0 2.3 4.0 32.7 7.4 15.2 10.3 6.5 61.6 35.8 117.6 1567.2 24.2 
292 SPS 8 35.0 1.0 2.7 4.0 1.0 2.7 4.0 33.8 7.1 13.4 8.7 4.7 58.8 28.7 119.8 1433.1 25.3 
293 SPS 11 35.0 1.3 2.7 5.0 1.0 2.3 4.0 36.7 7.3 22.3 16.3 10.1 62.4 30.7 130.9 3129.5 16.2 
294 SPS 15 35.0 1.7 3.3 4.7 1.0 4.0 5.7 34.6 5.8 11.0 7.6 4.3 58.2 29.9 131.8 1261.2 23.0 
295 SPS 20 35.0 1.0 2.3 4.7 1.0 2.0 3.3 30.4 6.5 14.0 8.7 5.2 59.1 28.0 133.6 923.2 24.2 
296 SPS 21 34.0 1.3 3.7 4.0 1.0 2.3 4.0 32.7 6.7 13.0 8.8 5.3 59.9 27.3 131.5 1046.5 25.2 
297 ICGV 03128 36.0 1.3 4.3 6.7 1.3 3.7 6.0 32.5 6.5 20.5 14.8 9.4 66.7 34.1 121.5 2783.6 20.4 
298 TMV 2 NLM 29.0 3.0 6.0 7.7 3.3 5.7 7.0 33.5 5.1 15.0 8.7 5.4 60.0 29.4 119.1 1155.6 14.5 
299 ICG 1668 30.0 3.0 5.3 7.3 3.3 5.7 7.0 33.1 5.0 11.8 7.5 5.0 64.1 33.0 118.5 1345.6 18.1 
300 ICG 8285 38.0 2.0 4.3 6.3 2.3 4.7 6.0 29.4 6.5 12.8 8.1 4.7 57.3 32.0 122.1 874.5 22.2 
301 ICG 11426 35.0 1.3 3.7 6.0 1.3 2.7 4.7 29.0 5.7 11.1 7.1 4.1 56.1 29.0 120.9 936.0 19.2 
302 ICGV 02290 35.0 2.0 5.0 7.3 2.3 5.0 6.3 31.8 7.0 10.6 7.5 4.9 64.5 34.2 124.5 1098.1 26.1 
303 ICGV 02446 35.0 1.3 3.0 4.3 1.0 2.3 4.0 33.0 6.1 13.2 9.4 5.3 55.5 32.9 131.4 1405.9 24.0 
304 ICG 156 (M 13) 35.0 1.7 4.3 6.7 2.0 5.3 6.3 28.2 5.9 12.5 7.7 4.8 65.0 39.0 121.4 1428.6 17.5 
305 ICGS 76 36.0 1.3 4.3 6.0 1.3 3.3 6.0 31.6 7.0 13.9 10.4 5.8 54.9 34.7 115.9 1509.0 23.8 
306 ICG 5891 38.0 2.3 5.0 7.0 2.7 5.3 6.3 28.0 6.3 11.3 7.5 4.3 57.4 28.7 121.8 764.5 14.8 
307 CSMG 84-1 31.0 2.0 4.3 5.7 2.0 4.7 5.7 32.4 6.2 13.8 8.9 4.8 56.5 28.6 114.0 1257.7 15.6 
308 ICG 111 36.0 2.0 5.3 6.7 2.3 5.0 6.3 28.0 5.9 11.5 8.9 5.1 58.2 28.5 123.5 751.5 17.1 
309 ICG 14834 36.0 2.0 4.3 6.7 2.0 4.3 6.0 29.5 6.5 9.0 5.9 3.4 56.3 29.9 116.1 909.5 14.7 
310 ICG 11322 35.0 2.0 4.7 7.3 2.3 5.7 7.0 26.9 6.2 10.9 6.7 4.0 61.9 27.2 121.8 1034.8 16.3 
311 ICG 532 37.0 2.0 4.7 7.0 2.0 4.3 6.0 26.3 6.5 9.4 6.0 3.5 58.1 30.7 118.3 678.7 18.9 
312 ICG 12509 35.0 2.0 4.7 7.0 1.7 5.0 6.7 34.9 6.0 8.5 6.0 3.6 60.0 38.0 122.6 1009.5 16.6 
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S. No. Genotype X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

313 ICG 12672 32.0 2.3 5.3 7.3 2.7 5.3 7.3 41.2 4.5 14.0 7.7 4.5 56.9 24.3 116.0 847.0 15.7 
314 ICG 10185 36.0 2.3 5.0 7.0 2.3 5.3 6.7 38.9 6.6 9.0 6.2 3.4 56.6 33.2 121.3 768.4 19.2 
315 ICG 2773 36.0 2.0 5.0 7.0 2.0 4.3 6.0 25.5 6.0 6.3 4.2 2.6 54.1 25.0 123.4 478.3 14.9 
316 ICG 3027 37.0 2.0 5.3 7.0 2.0 4.7 6.0 33.8 6.5 8.5 5.7 3.2 56.1 29.0 121.3 798.7 15.9 
317 ICG 5745 36.0 2.3 5.0 7.3 2.7 5.0 6.7 28.3 6.1 10.1 7.7 4.6 61.4 39.3 123.4 1317.7 14.0 
318 ICG 14482 37.0 1.7 4.3 5.7 2.0 4.7 6.3 31.7 6.7 7.6 6.6 3.7 56.0 34.0 123.3 939.6 23.7 
319 ICG 4527 34.0 2.0 4.3 6.3 2.0 5.0 6.0 33.5 7.0 9.4 7.0 4.2 59.4 33.0 117.4 769.6 24.3 
320 ICG 4343 36.0 2.3 4.7 6.3 2.3 4.7 6.3 27.9 5.8 6.8 5.2 3.1 59.0 27.0 119.4 709.9 14.0 
321 ICG 13895 37.0 2.3 4.3 6.3 2.3 4.7 6.7 28.4 7.0 5.7 3.9 2.1 55.9 29.2 119.3 611.8 13.3 
322 ICG 5663 34.0 2.0 5.3 7.7 2.0 5.7 7.0 36.1 5.8 6.9 5.2 3.1 57.9 32.2 124.3 575.1 18.8 
323 ICG 721 38.0 2.3 4.7 6.7 2.7 5.3 6.7 34.4 6.2 14.3 9.4 5.6 56.9 30.8 122.3 881.2 18.3 
324 ICG 12276 34.0 1.7 4.3 6.0 1.3 4.0 5.3 37.1 4.8 8.0 5.2 3.0 52.2 24.7 131.3 747.3 22.7 
325 ICG 875 37.0 2.3 5.0 6.3 2.3 5.0 7.3 29.4 6.7 9.1 5.4 3.1 54.8 28.6 121.0 498.1 24.0 
326 ICG 14475 36.0 1.3 4.0 6.3 2.3 4.7 6.0 33.0 5.5 10.5 6.2 3.2 52.3 31.3 122.3 1200.8 29.0 
327 ICG 15190 36.0 2.3 5.3 5.7 1.7 4.0 5.0 33.2 7.0 7.7 4.6 2.7 56.5 30.0 127.4 582.9 22.3 
328 ICG 12370 36.0 1.3 3.7 6.7 1.7 3.3 4.7 31.9 5.7 8.2 5.1 2.8 52.0 25.5 119.0 567.1 20.8 
329 ICGV 86325 34.0 1.3 4.3 6.3 2.0 4.3 7.0 32.7 7.0 14.7 9.0 5.6 61.8 32.6 119.1 1407.5 23.3 
330 ICG 5662 37.0 2.0 4.0 6.3 2.3 4.3 6.0 31.8 6.1 6.1 6.5 2.7 48.9 37.7 120.8 998.9 20.7 
331 ICG 9961 38.0 2.0 5.0 7.0 2.0 5.3 6.3 31.2 6.2 12.1 6.7 4.0 62.7 28.6 124.1 878.4 14.9 
332 ICG 14466 37.0 2.0 5.0 5.3 2.3 4.7 6.0 34.5 6.8 8.5 4.9 3.0 59.0 28.6 122.0 1194.2 18.2 
333 ICG 3053 35.0 2.0 5.3 6.7 1.7 4.7 5.3 30.2 5.7 9.5 6.6 3.7 55.9 30.7 131.4 793.0 16.6 
334 ICG 6766 37.0 1.7 4.0 5.3 1.7 3.7 5.7 32.7 5.6 4.9 4.8 2.8 56.5 34.3 119.0 536.1 20.3 
335 ICG 2381 36.0 1.7 4.0 6.3 2.0 3.3 6.0 34.6 6.5 7.9 5.6 3.0 51.2 29.1 118.3 1436.5 20.0 
336 ICG 2857 38.0 2.0 4.0 6.3 2.0 3.7 5.3 30.7 5.8 9.1 6.4 3.6 54.2 27.1 123.0 702.5 14.1 
337 ICGV 13238 29.0 2.3 5.7 7.3 2.7 6.0 7.7 32.3 4.7 12.5 8.0 5.1 63.7 30.1 112.3 1296.1 11.6 
338 ICGV 13241 29.0 3.0 6.0 7.7 3.3 5.0 7.0 31.5 4.7 12.3 8.1 4.7 59.2 30.6 116.5 1285.7 15.9 
339 ICGV 13242 30.0 3.7 6.3 7.7 3.0 6.0 7.3 33.2 5.7 14.6 9.6 5.9 59.4 30.2 109.0 1361.2 15.6 
340 ICGV 13245 30.0 3.0 6.0 7.7 3.0 5.7 7.3 35.0 7.0 12.7 8.9 5.7 63.3 31.5 111.9 1426.4 16.9 

Mean 33.0 2.1 4.9 6.7 2.1 4.6 6.3 34.2 5.6 13.8 9.6 5.6 58.9 33.1 120.4 1549.9 17.8 
CV (%) 4.6 13.5 7.5 6.7 13.5 9.4 9.8 7.0 7.2 19.1 17.0 18.3 5.5 7.8 1.5 19.5 15.9 
LSD at 5 % level 2.1 0.1 0.1 0.1 0.1 0.1 0.1 3.3 0.1 3.9 2.8 1.8 4.5 3.6 2.5 461.1 3.9 

X1= Days to 50% flowering; X2, X3, X4= Disease score of late leaf spot at 75, 90 and 105 days after sowing, respectively; X5, X6, X7= Disease score of rust at 75, 90 and 105 days after 
sowing, respectively; X8= Number of primary branches per plant; X9= Plant height (cm); X10= Number of pods per plant; X11= Pod yield per plant (g); X12= Seed yield per plant (g); 
X13= Shelling percent; X14= Hundred seed weight (g); X15= Days to maturity; X16= Yield per hectare (Kg); X17= Haulm yield per plant (g) 
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Appendix XI 

Pooled BLUPs for nutritional quality traits of Genomic Selection Panel of 
groundnut evaluated across four environments 

Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

1 ICGV 06423 53.47 21.77 36.36 43.19 12.67 2.01 0.87 
2 ICGV 07246 51.36 23.92 38.31 40.87 12.51 2.14 0.96 
3 ICGV 07247 52.62 23.73 36.14 42.81 12.93 2.19 0.86 
4 ICGV 07268 50.59 20.81 39.79 40.12 11.47 2.35 1.00 
5 ICGV 01005 50.27 23.47 45.50 35.81 10.98 1.77 1.28 
6 ICGV 01060 53.83 23.33 37.46 42.50 11.85 2.84 0.90 
7 ICGV 01124 51.29 22.98 47.35 33.29 11.63 2.12 1.50 
8 ICGV 02206 53.32 21.93 38.17 42.18 12.51 2.47 0.93 
9 ICGV 03397 50.46 24.09 33.76 44.58 13.51 2.25 0.77 

10 ICGV 03398 47.81 26.32 36.19 42.24 13.31 2.26 0.88 
11 ICGV 04044 51.55 21.96 36.41 43.52 12.90 2.46 0.85 
12 ICGV 06347 49.78 22.74 33.41 45.23 13.20 1.83 0.76 
13 ICGV 93280 52.44 21.01 36.13 42.44 13.05 2.24 0.87 
14 ICGV 95469 51.11 22.30 32.74 45.51 13.46 2.06 0.75 
15 ICGV 00387 49.55 21.63 35.43 43.21 13.14 1.98 0.85 
16 ICGV 01393 49.20 22.59 45.98 35.68 10.64 1.87 1.33 
17 ICGV 02242 48.02 23.86 44.39 35.54 11.54 2.49 1.28 
18 ICGV 97058 50.12 21.78 46.26 34.10 11.34 2.22 1.37 
19 ICGV 99083 49.82 23.36 41.46 38.42 12.23 2.06 1.09 
20 ICGV 00343 51.18 23.87 38.52 41.06 12.56 2.67 0.95 
21 ICGV 00349 53.11 23.01 39.35 40.50 12.34 2.27 1.00 
22 ICGV 01263 50.46 24.50 47.54 33.37 10.97 2.28 1.47 
23 ICGV 03056 54.25 20.84 39.63 40.25 12.42 2.25 1.01 
24 ICGV 03064 53.24 21.48 42.13 38.97 11.62 2.57 1.12 
25 ICGV 05161 53.53 21.24 39.50 41.07 12.12 2.52 0.99 
26 ICGV 05163 55.03 20.42 35.18 44.89 12.66 2.27 0.80 
27 ICGV 06422 53.71 21.64 36.90 42.94 12.41 2.35 0.90 
28 ICGV 06431 52.47 21.11 42.04 38.93 11.36 1.95 1.12 
29 ICGV 07220 55.30 21.00 50.45 32.24 12.72 1.29 1.60 
30 ICGV 07223 52.78 22.55 37.84 41.94 12.39 2.13 0.93 
31 ICGV 07227 53.60 23.37 36.28 41.61 13.56 2.40 0.91 
32 ICGV 07235 52.10 23.40 35.12 44.18 12.72 2.12 0.82 
33 ICGV 99233 53.37 22.91 37.66 42.85 11.95 2.39 0.89 
34 ICGV 97165 49.88 22.51 38.11 39.97 13.06 2.17 1.01 
35 ICGV 99029 50.70 23.71 37.57 39.70 13.36 2.83 0.96 
36 ICGV 00191 52.43 22.29 36.85 41.01 13.40 2.85 0.92 
37 ICGV 07120 51.63 21.57 36.66 41.51 13.04 2.24 0.90 
38 ICGV 97092 49.02 22.63 35.53 42.66 13.31 2.06 0.85 
39 ICGV 97120 52.78 23.36 54.19 29.32 12.58 1.51 1.86 
40 ICGV 98163 53.65 23.59 34.39 43.02 13.61 2.41 0.82 
41 ICGV 00005 54.32 23.56 34.75 42.29 13.43 2.58 0.85 
42 ICGV 01273 52.96 22.83 34.12 44.01 13.26 2.35 0.79 
43 ICGV 01274 50.34 23.93 37.84 41.44 12.40 1.81 0.93 
44 ICGV 02321 52.79 24.24 36.03 41.39 13.34 2.36 0.89 
45 ICGV 03043 54.40 21.54 35.30 44.10 13.20 1.99 0.81 
46 ICGV 04124 50.91 22.53 38.15 41.98 12.02 1.91 0.93 
47 ICGV 00290 51.24 23.52 37.31 42.32 12.12 2.04 0.90 
48 ICGV 00321 48.52 26.67 41.25 38.01 11.64 2.06 1.10 
49 ICGV 02125 51.60 22.46 42.32 38.45 11.54 1.69 1.13 
50 ICGV 02144 50.16 24.37 47.19 33.96 10.82 1.92 1.43 
51 ICGV 03184 49.72 24.33 41.69 36.84 11.92 2.25 1.15 
52 ICGV 03207 52.51 22.77 43.98 37.28 11.39 1.98 1.20 
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Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

53 ICGV 04018 51.68 24.96 41.48 38.00 11.77 2.65 1.12 
54 ICGV 07210 53.36 22.03 44.04 37.20 11.47 2.37 1.20 
55 ICGV 07217 52.80 20.64 38.64 42.32 12.08 1.98 0.93 
56 ICGV 95290 49.76 25.65 38.09 40.85 12.21 2.23 0.94 
57 ICGV 97261 52.89 22.86 42.75 38.10 11.59 2.02 1.15 
58 ICGV 97262 51.05 24.73 40.75 38.34 12.08 2.64 1.08 
59 ICGV 99181 53.90 21.37 40.96 40.13 11.68 2.44 1.04 
60 ICGV 99195 50.87 25.53 33.13 45.95 13.18 2.27 0.75 
61 ICGV 89104 51.43 22.31 44.19 36.15 11.45 1.88 1.25 
62 ICGS 11 49.35 23.20 36.93 42.72 12.26 1.92 0.87 
63 J 11 52.56 22.45 39.62 40.84 12.10 1.96 1.00 
64 ICGV 99085 57.99 21.02 50.70 31.05 10.15 3.24 1.68 
65 TKG 19A 50.88 22.39 37.85 42.18 11.73 2.30 0.91 
66 TPG 41 49.15 23.54 43.38 36.76 11.22 2.55 1.21 
67 ICGV 00350 53.35 20.78 33.97 45.22 12.83 2.06 0.76 
68 DH 86 49.43 25.28 37.69 41.18 12.18 2.24 0.94 
69 ICGV 95058 49.14 22.88 46.99 32.51 11.64 1.91 1.48 
70 ICGV 95070 52.10 19.98 38.64 40.98 12.27 2.03 0.96 
71 GPBD 4 57.83 20.39 50.37 32.08 10.07 2.83 1.60 
72 ICGV 91114 51.66 21.64 46.74 34.86 10.87 1.96 1.35 
73 TMV 2 45.92 26.99 47.84 31.16 10.68 2.18 1.56 
74 Faizpur 1-5 48.38 27.66 36.80 42.23 12.81 2.41 0.89 
75 Mutant 3 51.83 22.32 41.36 38.83 11.91 1.94 1.10 
76 ICGV 03042 55.63 20.28 32.83 47.06 13.23 1.99 0.71 
77 ICGV 05100 54.50 21.12 36.37 43.30 13.03 1.97 0.87 
78 ICGV 06049 51.06 22.87 42.59 38.64 11.55 1.82 1.13 
79 ICGV 06420 56.60 20.57 34.45 45.43 12.97 2.15 0.80 
80 ICGV 06424 55.03 20.77 39.99 40.12 12.10 2.39 1.04 
81 ICGV 07145 51.08 22.59 36.42 42.97 12.77 2.37 0.86 
82 ICGV 07148 51.01 22.52 39.64 40.62 12.10 1.93 1.01 
83 ICGV 07166 51.99 22.02 38.71 41.55 12.26 2.38 0.96 
84 ICGV 06142 56.10 24.13 37.89 41.51 12.53 2.95 0.93 
85 ICGV 91116 50.25 23.90 39.74 39.08 12.29 1.89 1.04 
86 ICGV 97045 52.19 22.32 45.13 33.79 12.30 2.72 1.51 
87 ICGV 94118 52.13 22.86 39.28 39.05 13.14 2.74 1.03 
88 ICGV 05176 48.59 26.29 43.47 35.33 11.57 2.67 1.25 
89 ICGV 04149 53.96 21.41 44.32 37.02 11.77 2.16 1.23 
90 ICGV 00351 51.57 22.59 37.42 42.04 12.20 2.28 1.05 
91 ICGV 92195 48.92 22.34 44.64 35.56 11.32 1.55 1.27 
92 ICGV 87187 48.52 22.82 45.30 35.25 11.58 1.76 1.30 
93 ICGV 86072 49.29 20.22 45.27 34.72 11.71 1.75 1.33 
94 ICGV 86015 48.11 24.03 36.73 41.41 13.07 1.82 0.89 
95 ICGV 93437 49.75 22.90 37.08 42.52 12.47 1.61 0.88 
96 ICGV 86143 49.00 24.46 45.22 34.89 11.47 2.14 1.31 
97 ICGV 90320 50.35 20.25 41.67 38.56 11.48 2.22 1.11 
98 ICGV 07273 49.52 23.72 43.55 37.06 11.48 1.62 1.21 
99 49 × 37-91 50.61 21.73 44.14 36.20 11.43 1.87 1.29 

100 49 × 37-134 50.45 22.19 46.17 34.74 11.08 1.79 1.37 
101 49 × 37-135 50.87 20.93 45.76 35.64 10.86 1.74 1.29 
102 49 × 37-97-1 47.25 23.92 46.67 33.12 11.28 1.64 1.44 
103 49 × 37- 99(b) tall 49.27 23.17 48.12 31.16 11.13 1.86 1.64 
104 39 × 49 -8 50.23 22.96 44.15 36.58 11.03 1.90 1.24 
105 39 × 49 -77 53.57 22.13 42.60 39.48 11.04 2.37 1.11 
106 49 × 39-20-2 48.06 23.68 43.82 36.34 11.13 1.89 1.23 
107 49 × 39-21-2 49.50 22.62 46.52 34.18 10.96 2.29 1.41 
108 49 × 39-8 51.05 20.22 50.48 31.84 10.31 1.76 1.61 
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Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

109 49 M-16 55.30 24.38 37.43 42.40 12.46 2.63 0.91 
110 49 × 27-19 46.01 24.39 44.46 34.82 11.15 1.53 1.30 
111 49 × 27-13 (ii) 44.91 24.31 46.67 33.45 11.57 1.60 1.44 
112 27 × 49- 16 47.89 25.23 44.98 34.24 11.27 2.37 1.35 
113 27 × 49- 12 52.95 21.53 43.14 38.47 11.38 1.98 1.16 
114 27 × 49- 14 51.01 21.88 44.38 35.47 12.01 1.75 1.27 
115 27 × 49- 27-1 47.66 22.69 44.37 36.73 11.31 1.45 1.24 
116 26 M 156-2 51.35 22.10 42.57 38.00 11.68 2.12 1.14 
117 26 M- 119-1 49.77 23.83 41.57 38.81 11.58 1.85 1.08 
118 24 M-86 51.26 24.35 38.66 40.33 12.89 2.38 0.97 
119 MN1-35 54.08 23.28 47.10 34.83 12.78 1.41 1.40 
120 M 110-14 51.47 23.00 39.02 39.99 12.35 2.72 1.00 
121 M 28-2 53.26 22.76 37.98 40.95 12.88 2.65 0.95 
122 Somnath 51.72 23.41 36.77 43.53 11.89 2.44 0.86 
123 TG 41 48.32 22.77 43.98 35.78 12.09 1.58 1.25 
124 TG 42 47.94 22.77 40.11 38.83 12.48 1.47 1.05 
125 TG 49 46.64 23.17 45.31 34.98 11.36 1.58 1.31 
126 TG LPS 4 48.22 23.12 41.38 37.27 12.21 1.56 1.12 
127 TG LPS 7 48.81 22.83 42.64 36.95 11.87 1.69 1.21 
128 24 × 37-2275 50.00 22.37 49.81 31.47 10.43 2.04 1.61 
129 24 × 39-31 MR 53.20 22.94 40.60 39.79 11.56 2.55 1.03 
130 26 × M-95-1 RI 54.53 21.53 46.02 35.66 10.57 2.56 1.35 
131 26 × 37-IV- 9IR 48.60 20.14 44.68 35.92 11.31 1.54 1.27 
132 26 × 27-164 45.96 21.99 34.90 43.52 12.96 1.33 0.82 
133 49 × 39-21-1 51.99 20.27 43.59 38.33 11.38 1.77 1.16 
134 49 × 39-21-2(a) 54.49 20.59 43.99 37.06 11.25 2.77 1.20 
135 49 × 39-74 53.72 19.65 47.69 34.43 10.58 2.11 1.41 
136 39 × 49-81-1 52.15 20.52 44.29 36.67 11.02 2.20 1.23 
137 49 × 27-37 50.08 23.43 38.02 41.62 11.93 2.11 0.93 
138 TDG 10 49.78 22.83 40.76 40.60 11.41 2.09 1.02 
139 TDG 13 53.74 21.57 39.57 40.59 12.03 2.29 0.98 
140 TDG 14 48.64 25.11 42.39 38.02 11.48 2.14 1.14 
141 DTG 3 46.74 19.98 45.06 35.32 11.48 1.11 1.31 
142 DTG 15 51.23 21.43 43.84 37.43 11.30 1.74 1.19 
143 M 28-2 53.63 22.76 39.33 40.03 12.46 2.86 1.02 
144 JL 24 51.09 20.27 46.61 35.05 10.70 1.59 1.35 
145 TAG 24 49.14 23.05 42.66 37.70 11.54 1.54 1.16 
146 SPS 1 54.80 23.69 41.13 38.53 14.36 1.98 1.10 
147 SPS 9 55.41 22.00 41.65 38.29 14.41 1.80 1.10 
148 SPS 10  50.08 22.93 42.89 37.82 11.48 1.68 1.14 
149 SPS 13 49.33 22.46 46.39 34.86 11.60 1.42 1.38 
150 SPS 14 54.97 22.65 43.75 36.92 13.56 1.85 1.20 
151 SPS 17 45.89 24.18 45.96 34.14 11.45 1.75 1.36 
152 ICGV 02411 55.09 23.20 36.42 42.81 12.82 2.65 0.86 
153 ICGV 05155 57.65 18.50 38.13 42.71 12.27 2.25 0.90 
154 ICGV 06100 55.09 22.87 35.30 43.42 13.35 2.59 0.85 
155 ICGV 07023 49.95 23.83 44.29 36.59 11.23 1.87 1.24 
156 SunOleic 95R 50.60 22.99 78.83 5.61 7.63 1.86 14.09 
157 ICG 434 51.80 25.00 36.75 42.22 12.64 2.31 0.89 
158 ICG 2031 51.88 21.10 44.17 36.77 11.20 1.84 1.24 
159 ICG 3102 51.96 22.60 40.66 39.38 12.15 1.82 1.04 
160 ICG 3140 48.87 22.61 43.79 36.26 11.47 1.62 1.23 
161 ICG 3343 49.34 22.64 41.71 37.93 12.06 1.53 1.12 
162 ICG 3421 51.88 20.82 45.01 35.71 11.16 1.84 1.28 
163 ICG 4729 51.76 20.63 45.13 35.81 10.90 1.79 1.29 
164 ICG 6022 58.27 20.35 51.11 37.34 8.35 3.19 1.42 
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Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

165 ICG 6646 51.92 20.48 46.43 37.34 9.98 2.56 1.27 
166 ICG 8517 51.48 23.04 43.67 36.79 14.20 1.32 1.21 
167 ICG 8751 48.15 21.18 37.24 41.67 12.23 1.94 0.90 
168 ICG 9315 51.63 22.94 41.51 39.64 11.75 1.79 1.05 
169 ICG 10036 46.39 22.30 39.68 40.50 11.39 2.30 0.99 
170 ICG 10053 49.95 24.49 47.37 33.39 10.93 2.35 1.44 
171 ICG 10701 48.54 22.43 40.27 39.97 11.85 1.81 1.03 
172 ICG 11088 53.82 20.86 49.22 35.40 10.27 2.14 1.42 
173 ICG 11651 48.64 23.54 37.47 41.81 11.88 1.63 0.91 
174 ICG 12625 58.29 19.86 50.96 38.22 8.55 2.55 1.38 
175 ICG 12991 50.22 21.00 45.51 35.66 10.98 1.48 1.29 
176 ICG 14985 46.32 24.31 43.37 35.18 12.02 1.69 1.29 
177 ICG 15415 49.17 21.76 38.32 42.19 11.69 2.71 0.92 
178 ICG 15419 59.18 21.36 49.06 39.55 8.00 3.36 1.28 
179 ICGV 01232 50.67 22.69 35.58 44.03 12.55 2.06 0.82 
180 ICGV 01276 50.81 25.46 33.61 44.49 13.14 2.09 0.77 
181 ICGV 01328 53.84 21.63 47.88 32.86 13.96 1.33 1.52 
182 ICGV 02022 50.37 23.63 39.18 41.29 11.78 1.92 0.97 
183 ICGV 02038 47.77 27.38 38.26 40.11 12.21 2.22 0.98 
184 ICGV 02189 49.65 24.20 41.64 39.08 11.68 1.62 1.08 
185 ICGV 02194 53.02 21.85 39.83 40.11 12.16 2.49 1.02 
186 ICGV 02266 49.76 24.12 42.54 36.76 11.91 2.05 1.17 
187 ICGV 02271 52.93 25.07 31.21 47.60 13.19 2.81 0.66 
188 ICGV 02286 52.36 21.10 36.22 43.18 12.55 2.24 0.87 
189 ICGV 86011 50.64 22.12 46.37 34.89 10.89 1.83 1.34 
190 ICGV 86590  49.29 23.36 34.76 44.76 12.26 2.46 0.78 
191 ICGV 87160 49.19 23.47 45.07 35.61 11.16 2.10 1.27 
192 ICGV 87354 49.79 23.45 44.70 34.91 11.62 1.85 1.30 
193 ICGV 87378 51.27 23.39 38.73 41.27 11.98 2.17 0.96 
194 ICGV 87921 52.28 22.02 39.47 41.27 11.82 2.18 0.99 
195 ICGV 88145 51.25 22.47 43.82 37.24 11.33 1.85 1.20 
196 ICGV 92267 52.74 23.17 40.03 40.62 11.77 2.32 0.99 
197 ICGV 93470 50.63 23.04 42.12 38.41 11.67 1.72 1.12 
198 ICGV 94169 50.01 21.12 47.23 33.58 11.21 2.02 1.44 
199 ICGV 94361 53.03 22.07 36.31 43.56 12.64 2.10 0.86 
200 ICGV 95377 50.50 24.62 41.05 39.49 11.65 2.62 1.05 
201 ICGV 96466 51.62 24.05 40.92 39.01 11.81 2.34 1.06 
202 ICGV 96468 51.73 22.65 36.55 42.92 12.62 2.41 0.88 
203 ICGV 97182 52.04 21.78 36.04 43.19 12.80 2.46 0.85 
204 ICGV 97183 48.97 24.60 42.59 37.41 11.63 1.86 1.16 
205 ICGV 98294 51.70 25.91 40.18 39.56 11.93 3.12 1.05 
206 Gangapuri 49.45 21.88 43.10 36.67 14.13 1.15 1.20 
207 ICGS 44 48.59 23.20 35.46 43.66 12.58 1.84 0.82 
208 ICG 3312 52.69 20.92 45.80 35.39 11.07 2.16 1.31 
209 ICG 14705 51.89 23.37 40.03 38.71 12.11 2.55 1.05 
210 ICG 3746 50.93 21.02 45.55 35.46 10.88 1.54 1.30 
211 ICG 4955 51.78 21.05 49.40 31.55 13.06 0.42 1.59 
212 ICG 12879 53.30 20.46 45.89 35.44 10.97 1.88 1.31 
213 ICG 5221 58.61 22.38 48.34 38.64 8.32 2.91 1.30 
214 ICG 4543 51.86 20.93 44.85 36.20 11.42 1.77 1.26 
215 ICG 1834 50.78 23.30 43.55 36.15 11.36 1.88 1.27 
216 ICG 2106 50.94 21.26 44.65 36.12 11.14 1.69 1.25 
217 ICG 9507 48.45 26.40 40.79 38.31 12.00 2.00 1.11 
218 ICG 1973 50.92 21.78 46.31 34.75 10.83 1.84 1.35 
219 ICG 3673 53.00 20.57 43.72 37.05 13.72 0.97 1.24 
220 ICG 3584 52.02 20.38 43.44 37.45 11.39 1.77 1.17 
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Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

221 ICG 442 53.12 20.65 45.02 35.43 13.28 1.02 1.37 
222 ICGV 01464 47.73 23.56 43.12 35.15 12.41 1.88 1.25 
223 ICGV 01478 47.31 24.44 41.37 38.15 11.79 2.28 1.09 
224 ICGV 02251 51.58 21.68 42.20 38.69 11.54 1.82 1.12 
225 ICGV 03136 48.60 23.51 40.60 38.09 11.90 2.32 1.11 
226 ICGV 05198 46.77 24.74 49.10 31.20 11.02 1.74 1.60 
227 ICGV 06234 51.08 23.79 49.08 31.62 10.72 2.34 1.56 
228 ICGV 00346 51.57 21.73 36.36 42.67 12.81 2.19 0.87 
229 ICGV 00362 51.27 25.12 44.01 35.58 11.22 2.71 1.26 
230 ICGV 00371 51.14 21.05 33.55 45.52 12.71 2.37 0.76 
231 ICGV 02287 51.00 24.39 43.20 36.88 11.79 2.33 1.20 
232 ICGV 02298 47.92 22.56 47.40 33.28 10.64 1.99 1.44 
233 ICGV 02317 53.71 21.33 34.67 43.94 13.00 2.06 0.80 
234 ICGV 97232 49.21 24.49 42.45 38.04 11.49 1.69 1.14 
235 ICGV 99051 54.16 22.23 34.16 44.61 12.95 2.51 0.79 
236 ICGV 99052 54.87 22.68 35.13 42.94 13.12 2.56 0.84 
237 ICGV 00246 54.53 23.01 34.33 44.09 13.15 2.57 0.80 
238 ICGV 00248 56.32 21.38 34.34 44.95 12.88 2.74 0.78 
239 ICGV 01361 51.03 21.58 36.81 41.50 12.74 1.72 0.90 
240 ICGV 02434 50.14 23.29 37.79 40.02 12.46 2.30 0.96 
241 ICGV 04087 54.16 22.74 32.46 44.81 13.56 2.44 0.74 
242 ICGV 06175 50.45 22.38 38.33 39.70 12.68 2.19 0.99 
243 ICGV 97116 50.04 20.75 45.86 34.79 10.79 2.15 1.34 
244 ICGV 97128 56.99 20.08 33.57 45.53 13.17 2.63 0.76 
245 ICGV 98184 51.12 21.99 37.14 42.74 12.80 2.13 0.88 
246 ICGV 00068 50.02 23.85 39.73 39.86 11.79 2.20 1.02 
247 ICGV 01495 52.05 21.93 41.10 38.07 12.19 2.32 1.10 
248 ICGV 05057 51.75 22.10 33.92 44.03 13.50 2.10 0.77 
249 ICGV 07168 49.84 23.51 42.61 36.39 11.84 2.46 1.19 
250 ICGV 01265 50.82 22.16 40.79 37.78 12.93 2.42 1.10 
251 ICGV 98105 54.43 21.32 32.09 46.76 13.48 1.91 0.69 
252 ICGV 99160 51.97 23.24 35.95 43.57 13.00 1.85 0.84 
253 ICGV 02323 50.53 24.21 36.59 42.12 12.82 1.80 0.89 
254 ICGV 04115 51.62 22.88 36.44 42.80 12.48 2.03 0.87 
255 ICGV 05036 51.68 23.09 35.36 43.60 13.21 1.75 0.82 
256 ICGV 06042 51.88 23.93 37.04 40.23 13.12 2.23 0.94 
257 ICGV 86564 48.94 23.99 46.57 33.30 10.81 3.19 1.41 
258 ICGV 98432 50.51 22.18 47.30 34.47 10.62 2.22 1.41 
259 BAU 13 48.66 22.91 44.80 34.71 11.53 2.33 1.31 
260 ICGV 87846 50.87 23.38 35.99 42.34 13.03 2.26 0.87 
261 ICR 48 48.22 23.71 46.28 33.33 10.86 2.31 1.43 
262 ICGV 86699 54.84 22.12 50.60 32.55 12.59 1.37 1.64 
263 ICGV 98373 48.68 24.13 38.48 40.50 11.98 1.87 0.96 
264 ICGV 97115 50.26 21.36 40.51 37.73 12.45 2.25 1.09 
265 ICGV 06040 54.78 24.21 33.89 44.61 13.49 2.69 0.78 
266 ICGV 06099 54.72 22.08 36.56 42.52 13.12 2.60 0.89 
267 CS 39 50.63 23.45 39.88 38.99 12.28 2.31 1.04 
268 ICGV 05032 52.03 21.67 39.08 40.25 12.72 1.97 1.03 
269 ICGV 05141 54.72 21.24 45.64 34.64 11.94 2.32 1.35 
270 ICGV 07359 46.72 25.09 43.30 34.33 12.29 2.35 1.32 
271 ICGV 07368 44.89 25.48 42.56 35.28 12.33 2.00 1.23 
272 ICGV 06110 44.58 26.25 43.75 34.37 12.51 1.80 1.30 
273 ICGV 06188 47.51 25.14 48.07 32.65 10.76 1.70 1.49 
274 ICGV 00440 48.31 22.85 43.91 35.34 11.41 2.65 1.27 
275 ICGV 86352 50.06 22.81 44.80 36.51 11.10 1.86 1.27 
276 ICGV 09112 48.34 22.65 44.96 35.24 11.60 1.68 1.28 
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Entry 
No 

Genotype Oil (%) 
Protein 

(%) 
Oleic acid 

(%) 
Linoleic 
acid (%) 

Palmitic 
acid (%) 

Stearic 
acid (%) 

O/L 
ratio 

277 ICGV 93920 46.97 22.89 42.75 36.71 11.67 2.00 1.21 
278 ICGV 93216 46.36 22.34 44.75 35.59 10.95 1.95 1.28 
279 ICGV 88438 50.94 21.91 47.07 34.48 10.61 2.14 1.41 
280 ICG 11337  54.23 21.40 51.62 31.67 12.54 1.49 1.72 
281 49 × 37-90 53.69 20.55 40.87 40.42 11.98 2.42 1.03 
282 49 M-2-2 48.99 23.99 44.44 35.61 11.36 1.84 1.27 
283 49 M- 1-1 48.04 23.94 36.70 40.85 13.30 1.83 0.92 
284 TG 19 53.66 23.27 40.01 40.10 11.88 2.42 1.01 
285 TG 39 47.12 23.22 46.27 34.45 11.37 1.49 1.36 
286 TG LPS 3 47.59 23.55 46.34 34.30 11.33 1.54 1.38 
287 26 × M-223-1 50.71 23.91 38.58 40.24 12.31 2.18 0.99 
288 SPS 2 54.77 21.36 50.65 32.39 12.54 1.29 1.62 
289 SPS 3 50.74 22.16 44.76 36.46 11.20 1.82 1.24 
290 SPS 6 49.78 22.63 44.00 37.22 11.11 1.72 1.19 
291 SPS 7 54.02 22.09 48.95 33.86 12.33 1.49 1.49 
292 SPS 8 54.85 21.95 49.22 33.91 12.68 1.40 1.50 
293 SPS 11 55.45 24.38 38.49 40.78 12.44 2.88 0.98 
294 SPS 15 54.67 20.81 50.74 32.66 12.22 1.62 1.63 
295 SPS 20 54.21 22.96 51.97 31.40 12.42 1.37 1.71 
296 SPS 21 56.58 18.91 48.63 34.23 12.83 1.45 1.44 
297 ICGV 03128 53.30 24.10 37.20 40.94 12.91 2.38 0.94 
298 TMV 2 NLM 49.70 24.02 40.75 39.38 11.87 1.77 1.06 
299 ICG 1668 52.04 21.93 42.65 37.90 11.73 2.00 1.15 
300 ICG 8285 48.84 22.89 41.83 36.71 12.08 1.92 1.15 
301 ICG 11426 53.96 22.19 52.43 29.96 12.44 1.53 1.76 
302 ICGV 02290 49.97 22.69 43.24 35.79 11.99 2.26 1.28 
303 ICGV 02446 53.02 23.64 37.46 40.07 12.74 2.84 0.95 
304 ICG 156 (M 13) 47.34 22.63 47.09 33.04 10.62 1.99 1.44 
305 ICGS 76 50.92 22.18 39.79 39.61 12.29 2.07 1.03 
306 ICG 5891 50.90 21.44 43.30 36.92 11.49 2.01 1.20 
307 CSMG 84-1 46.95 22.32 45.14 34.56 11.59 1.40 1.32 
308 ICG 111 49.85 23.66 40.77 38.29 12.31 2.12 1.07 
309 ICG 14834 49.57 22.58 45.07 34.63 11.36 1.89 1.33 
310 ICG 11322 48.10 23.06 36.79 42.51 12.43 1.74 0.88 
311 ICG 532 50.36 21.30 44.89 34.84 11.62 1.83 1.33 
312 ICG 12509 54.07 23.90 49.54 32.76 12.06 2.13 1.60 
313 ICG 12672 53.49 22.25 45.24 36.24 13.67 1.09 1.29 
314 ICG 10185 49.75 22.51 43.93 35.57 11.51 2.00 1.24 
315 ICG 2773 48.61 21.85 43.23 35.61 11.72 1.73 1.28 
316 ICG 3027 50.84 22.71 40.01 38.26 12.74 2.00 1.17 
317 ICG 5745 47.38 21.50 49.10 31.07 10.65 2.00 1.64 
318 ICG 14482 58.50 20.98 57.40 28.64 10.84 1.97 2.11 
319 ICG 4527 49.58 23.92 40.37 39.93 11.53 2.10 1.06 
320 ICG 4343 48.31 22.74 43.22 35.54 11.83 1.58 1.24 
321 ICG 13895 49.06 23.63 40.61 38.44 12.08 1.92 1.10 
322 ICG 5663 50.16 22.45 42.53 37.38 11.95 1.85 1.20 
323 ICG 721 49.25 22.13 40.26 39.55 11.77 1.98 1.02 
324 ICG 12276 51.17 22.47 53.74 26.11 11.44 2.16 2.13 
325 ICG 875 48.11 22.67 42.06 36.51 12.26 1.95 1.17 
326 ICG 14475 56.03 21.84 54.22 32.18 10.66 2.03 1.73 
327 ICG 15190 49.02 22.47 42.19 36.88 12.21 1.82 1.16 
328 ICG 12370 48.72 23.23 41.31 37.39 11.80 1.72 1.13 
329 ICGV 86325 50.74 20.97 45.52 35.19 11.46 1.97 1.31 
330 ICG 5662 51.48 20.84 41.10 39.27 11.64 2.16 1.08 
331 ICG 9961 50.13 20.79 46.44 33.79 11.24 1.81 1.38 
332 ICG 14466 48.73 23.19 43.39 35.62 12.03 1.84 1.25 
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ratio 

333 ICG 3053 50.24 22.82 41.56 37.24 12.15 1.85 1.15 
334 ICG 6766 49.39 22.73 43.22 35.76 11.89 2.08 1.23 
335 ICG 2381 58.97 21.13 44.09 40.11 8.28 3.97 1.20 
336 ICG 2857 47.06 25.02 44.47 34.78 11.61 1.72 1.29 
337 ICGV 13238 49.69 22.40 42.82 37.75 11.46 1.59 1.14 
338 ICGV 13241 50.56 22.33 42.14 38.45 11.50 1.71 1.10 
339 ICGV 13242 49.66 23.26 42.43 38.26 11.66 1.58 1.13 
340 ICGV 13245 49.93 22.16 44.15 36.79 11.48 1.56 1.21 

Mean 51.18 22.67 41.91 38.21 11.95 2.07 1.17 
CV (%) 1.99 4.39 3.98 3.72 2.59 16.44 8.56 
LSD at 5 % level 2.83 2.69 4.57 3.90 0.84 0.46 0.06 
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APPENDIX XII 

Weekly weather data during the crop season recorded at ICRISAT, Patancheru 
during rainy and post rainy season 2015-16 

Latitude: 17o53’N Longitude: 78o27 ’E                 Altitude: 545 MSL 

Week No. Month 
Rainfall 

(mm) 

Temperature(ºC) Relative humidity (%) 

Min Max At 07:17 hrs. At 14:17 hrs. 

Rainy 2015 
     

25 June 16.80 22.26 30.46 87.56 63.28 

26 June 15.00 23.78 33.28 79.70 52.28 

27 July 0.00 24.03 34.84 75.29 43.57 

28 July 29.60 24.53 34.89 76.14 44.42 

29 July 15.00 22.82 32.22 84.29 58.42 

30 July 1.19 22.48 32.74 83.14 53.14 

31 August 2.60 22.57 32.60 83.14 51.71 

32 August 25.60 22.48 31.30 89.56 64.85 

33 August 45.39 22.14 29.28 92.29 71.56 

34 August 38.60 21.94 30.62 91.43 64.56 

35 August 27.19 22.28 30.17 88.43 70.29 

36 September 32.00 22.19 32.49 90.29 56.71 

37 September 95.20 21.41 29.26 95.43 75.85 

38 September 44.79 21.57 30.62 92.29 67.56 

39 September 1.00 21.94 32.06 91.14 56.14 

40 October 13.59 21.05 31.91 92.56 54.57 

41 October 40.00 19.92 32.67 83.43 38.14 

42 October 0.00 19.51 32.53 91.14 45.14 

43 October 0.00 17.80 32.49 90.56 40.00 

44 November  10.00 19.73 31.51 92.14 48.57 

45 November  0.00 17.05 31.53 86.43 38.00 

46 November  0.00 14.50 30.80 88.56 36.85 

47 November  0.30 18.37 29.76 84.85 54.28 

48 November  2.20 17.62 30.80 89.29 42.42 

49 December 0.00 14.57 29.94 90.00 44.00 

50 December 0.00 17.03 32.71 91.56 36.42 

51 December 0.00 16.39 32.68 91.85 32.57 

52 December 0.00 9.63 30.48 83.87 28.75 

Total/Mean 456.05 20.06 31.67 87.73 51.22 

Post-rainy 2015-2016 
     

1 January 0.00 11.42 30.91 91.43 37.28 

2 January 0.00 11.10 29.76 87.00 39.14 

3 January 0.20 16.53 29.89 80.56 40.71 

4 January 0.00 14.40 29.94 78.14 38.85 

5 January 0.00 12.50 34.20 77.56 27.42 

6 February 0.00 16.73 33.53 80.70 29.71 

7 February 0.00 18.10 33.57 77.14 29.00 

8 February 0.00 18.00 36.29 73.56 28.14 

9 February 0.00 20.85 33.89 79.87 39.63 

10 March 0.00 20.30 35.82 68.85 32.00 

11 March 0.00 21.94 37.28 71.56 24.00 

12 March 0.00 20.14 38.67 65.43 19.42 

13 March 4.40 21.62 38.17 69.29 22.28 

14 April 0.00 24.08 39.50 58.14 20.28 

15 April 0.00 24.85 40.09 54.42 19.00 

16 April 0.40 26.69 40.89 63.00 19.57 
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Week No. Month 
Rainfall 

(mm) 

Temperature(ºC) Relative humidity (%) 

Min Max At 07:17 hrs. At 14:17 hrs. 

17 April 5.70 25.23 41.24 51.28 26.57 

18 May 76.79 23.91 39.86 66.85 26.57 

19 May 69.20 22.46 35.99 78.14 36.14 

20 May 20.19 24.33 36.60 79.43 40.71 

21 May 25.80 25.71 39.36 65.70 30.71 

22 May 36.20 24.71 37.39 75.43 38.28 

23 June 40.79 21.60 32.53 90.85 57.28 

24 June 8.19 23.57 33.82 78.70 49.57 

25 June 10.40 21.82 31.26 89.70 63.85 

Total/Mean 298.26 20.76 34.59 76.77 39.82 
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APPENDIX XIII 

Daily weather data during the crop season recorded at Jalgoan during rainy 
season 2015 

Latitude: 21003 ‘N Longitude: 75034 ‘E                 Altitude: 201 MSL 

Week 
No. 

Month 
Rainfall 

(mm) 

Temperature (0C) Relative Humidity (%) 

Min Max At 07:17 hrs. At 14:17 hrs. 

22 June 0.00 27.83 42.90 68.71 30.57 

23 June 0.00 27.31 40.70 63.29 32.43 

24 June 40.70 25.06 34.50 82.00 63.43 

25 June 38.80 25.06 34.09 81.00 64.86 

26 June 5.60 25.26 35.57 78.00 47.86 

27 July 0.00 25.94 37.50 72.29 41.57 

28 July 0.00 26.34 36.50 69.57 43.57 

29 July 4.90 25.37 33.90 78.29 62.71 

30 July 47.10 24.49 32.60 84.43 66.14 

31 August 66.00 24.47 32.09 84.86 66.71 

32 August 19.40 24.06 31.40 87.00 75.14 

33 August 23.00 24.07 31.90 85.86 72.71 

34 August 0.00 23.11 34.30 80.43 63.14 

35 August 26.30 22.94 33.40 85.00 68.00 

36 September 0.00 23.90 35.00 76.00 50.00 

37 September 23.00 23.56 34.31 83.43 63.29 

38 September 125.40 23.69 32.44 82.57 64.29 

39 September 0.00 22.50 34.10 79.00 51.00 

40 October 0.00 23.00 36.00 73.00 46.00 

41 October 3.80 22.20 37.30 76.00 36.00 

42 October 0.00 21.31 37.04 73.86 37.43 

43 October 1.00 22.31 36.19 74.71 42.00 

44 November 3.00 19.71 33.31 70.86 44.14 

45 November 0.00 19.14 34.37 65.00 43.57 

46 November 0.00 16.91 34.04 65.00 39.00 

47 November 0.60 17.53 31.83 62.00 42.86 

48 December 0.00 17.51 33.87 63.14 40.43 

49 December 0.00 14.20 32.67 59.00 37.14 

50 December 0.00 15.03 31.59 56.57 40.43 

51 December 0.00 12.89 30.69 59.29 44.29 

52 December 0.00 9.60 29.80 70.00 37.86 

Total/mean 428.60 21.82 34.38 73.88 50.28 
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APPENDIX XIV 

Daily weather data during the crop season recorded at Aliyarnagar during rainy 
season 2015 

Latitude: 10029 ‘N Longitude: 76056 ‘E                 Altitude: 288 MSL 

Weak 
No. 

Month 
Rainfall 

(mm) 

Temperature (0C) Relative humidity (%) 

Min Max At 7.20 am At 2.20 pm 

23 June 0.00 22.67 35.33 83.00 53.67 

24 June 62.40 21.93 34.29 86.86 58.00 

25 June 13.40 22.36 34.07 88.86 54.43 

26 June 30.20 22.79 31.14 77.14 48.86 

27 July 56.20 22.00 33.46 81.75 60.75 

28 July 0.00 22.71 33.86 80.57 50.57 

29 July 5.20 21.64 34.07 84.71 53.00 

30 July 55.20 21.07 31.86 85.43 57.57 

31 August 10.20 20.42 33.17 84.00 63.50 

32 August 0.00 21.50 34.70 89.80 59.20 

33 August 10.40 20.64 33.50 88.14 65.00 

34 August 54.80 20.21 32.36 89.71 68.29 

35 August 26.51 20.25 33.33 85.33 68.33 

36 September 0.00 20.50 34.00 87.00 74.50 

37 September 40.90 19.43 32.50 91.00 86.71 

38 September 3.00 19.93 33.86 91.00 81.00 

39 September 1.00 21.75 33.50 93.83 75.83 

40 October 4.60 21.33 34.25 90.00 76.00 

41 October 36.00 20.79 32.14 90.14 72.71 

42 October 4.20 19.79 33.79 90.00 77.43 

43 October 0.00 20.08 34.25 90.00 73.67 

44 November  21.20 20.33 33.17 88.50 64.00 

45 November  28.80 19.38 29.63 94.25 86.50 

46 November  49.20 19.14 30.36 91.86 79.71 

47 November  33.20 19.50 29.67 89.00 70.67 

48 November  132.80 19.75 29.00 91.67 62.33 

49 December 4.00 17.75 30.00 91.00 78.50 

50 December 106.63 19.00 27.29 92.29 83.57 

51 December 15.40 18.92 28.17 94.83 67.00 

52 December 0.00 15.25 31.42 87.17 70.67 

Total/Mean 805.44 20.43 32.40 88.29 68.07 
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