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ABSTRACT 

Groundnut is considered as an important cash crop especially among the poor communities in dry and 

intermediate zones of Sri Lanka. Crop improvement of groundnut is predominantly done using conventional 

breeding technologies. Therefore, understanding the genetic variability, heritability and other genetic 

parameters of existing genetic resources are highly useful in improving the breeding program. The genetic 

variability, character association and heritability of 18 groundnut genotypes which mostly consisted of 

advanced breeding lines developed at Grain Legumes and Oil Crops Research and Development Center, 

Angunakolapelessa (GLORDC) were studied during 2022/23 Maha season. The experiment was layout in 

RCBD design with 3 replicates and qualitative and quantitative parameters were recorded according to 

groundnut descriptor. Significant differences were observed in characters other than leaf length and number of 

pods per plant. PCV and GCV magnitude was moderate for height of main stem (PCV 19.57, GCV 15.49), plant 

width or spread (PCV 15.22 GCV 11.87), seed length (PCV 18.88 GCV 14.34) and pod length (PCV 13.01 GCV 

11.80). High heritability was observed for main stem height (RD62.60 GA25.24), pod length (RD82.21 GA 

22.04) and 100 seed weight (RD81.33 GA 35.52) with high Genetic advance. These traits are mainly controlled 

by additive gene action and are shown to be responsive to further improvement. Yield was observed to have a 

positive and highly significant correlation with pod weight per plant (0.646**). 100 seed weight was observed 

to have a positive and highly significant correlation with seed length (0.637**) and seed width (0.729**). These 

correlation indices can be used as indirect selection criteria in generation advancements. Overall, sufficient 

variability was observed in the breeding lines observed and selections based on traits of interest need to be 

carried out in order to advance such promising lines in the pipe line. 
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INTRODUCTION 

Groundnut (Arachis hypogaea L) is one of the most 

important crops with both economic and nutritional 

value in the world. It provides a good supply of 

protein, oil, and other crucial nutrients.  On a dry seed 

basis, groundnut seeds contain 22–32% protein and 

46%–58% oil (Zhuang et al., 2019). In Sri Lanka, the 

dry and intermediate zones are where groundnut crops 

are primarily grown. The annual cultivation area in 

2020 was 15,752 hectares and 27,602 tons of pods 

were produced (Agstat, 2020). Sri Lanka's groundnut 

improvement program continues to rely on plant 

introductions from international research centers. 

Since Sri Lanka has no wild relatives of groundnut, 

foreign parent material was used to develop varieties 

through hybridization and selection (Jeewani et al., 

2021). Plant genetic variability plays a critical role in 

shaping plant traits such as growth, development, 

disease resistance and adaptation to environmental 

conditions.  This diversity is the basis for improving 

crop yields, developing new varieties and ensuring the 

sustainability of agriculture in the face of challenges 

such as climate change and food security issues. To 

identify suitable genotypes and create effective  

breeding plans in the context of peanut breeding, 

understanding the scope and nature of genetic 

variation is essential. Additionally, Correlation is a 

biometrical approach that brings out the intensity of 

the association between two pairs of characters and 

provides information on those components that could 

serve as criteria for the selection of candidates in a 

breeding program (Reddy et al, 2023). Understanding 

the genetic variability and related genetic components 

of the available genetic materials would be important 

in plant breeding programs as it can provide valuable 

information on the variability of traits of interest and 

how to improve such traits. With this intention present 

study was carried out in order evaluate the variability 

of advanced breeding lines developed at Grain 

Legume and Oil Crop Research and Development 

Centre in Angunakolapelessa, Sri Lanka. In addition, 

to pinpoint certain features that could be targeted for 

further improvement, character association and 

heritability of advanced breeding lines of groundnut 

were examined in parallel. 
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MATERIALS AND METHODS 

Experimental Location 

The study was carried out during the Maha season of 

2022/23 at the Grain Legume and Oil Crop Research 

and Development Centre in Angunakolapelessa, 

which is located in the Hambantota District of the 

Southern Province. This area falls under the Low 

Country Dry Zone (DL1b) and receives an average 

annual rainfall between 1020 to 1050mm with an 

average annual temperature ranging from 28-31°C. 

The soil type of the experimental site was identified as 

Reddish Brown Earth (RBE). 

Genetic Materials 

Eighteen groundnut breeding lines have been used for 

this study, all of which have been developed through 

hybridization and selection at GLORDC. The 

pedigrees and other information on the breeding lines 

are listed in Table 1.   

Experimental Design 

The experiment was conducted in a randomized 

complete block design (RCBD) with three 

replications. The plot size was 3 × 1.8 meters and 

each plot was spaced 0.5m apart. All cultural practices 

were carried out according to DOA recommendations. 

Randomly selected five plants of each plot were used 

to collect quantitative and qualitative data according 

to groundnut descriptor published by Plant Genetic 

Resources Center, Department of Agriculture, 1995. 

Eleven quantitative traits (Table 2) were considered 

during morphological characterization. 

Statistical analysis  

The SAS (statistical analysis software) version 9.4 

was used to test the significant differences using the 

analysis of variance (ANOVA) procedure at the level 

of LSD (P ≤ 0.05) and to compare the means of 

significant traits.  Pearson correlation was applied 

using SPSS statistical package to find out the inter-

correlation among the traits. 

 

Analysis of genetic parameters 

Following equations were used to estimate the genetic 

parameters using the values of ANOVA table. 

Genotypic Variance ( 𝝈𝒈
𝟐  ) and Phenotypic Variance 

(𝝈𝒑
𝟐 )  

𝜎𝑔
2 =  

MSG − MSE

r
 

 

𝜎𝑝
2 =  𝜎𝑔

2 + MSE 

(Singh, 1985) 

 

Where,  

𝜎𝑔
2 is the Genotypic Variance, 𝜎𝑝

2  is the Phenotypic 

variance, MSG is the genotypic mean square, MSE is 

the error mean square, r is the replication number 

Phenotypic and Genotypic Coefficient of Variation 

(PCV and GCV)  

The phenotypic and genotypic coefficient of variation 

were estimated as per formula given by 

(Sivasubramanian S & Madhavamenon P, 1973). 

PCV =
√𝜎𝑝 

2

𝑋̅
 × 100 

GCV =
√𝜎𝑔

2

𝑋̅
 × 100 

RD = (PCV – GCV / PCV) 

Where,  

PCV is the phenotypic coefficient of variation, GCV 

is the genotypic coefficient of variation, 𝑋̅ is the grand 

average of the traits, 𝜎𝑝
2 is the phenotypic variance, 

𝜎𝑔
2 is the genotypic variance, RD is the relative 

difference between PCV and GCV. 

 

The estimated values of PCV and GCV were 

categorized by (Sivasubramanian & Madhavamenon, 

1973; Robinson & Comstock, 1950). 

0 – 10%                 =   Low 

10% − 20 %          =   Intermediate 

More than 20 %     =    High  

 

Heritability Estimates 

Heritability refers to the proportion of genotypic 

variance with phenotypic variance multiplied by 

hundred. The formula was given by (Falconer, 1996) 

was followed:  

h𝑏
2 =

𝜎𝑔
2

𝜎𝑝
2

 × 100 

The heritability percentage was categorized by 

(Johnson et al., 1955) (Assefa et al., 1999). 

0 – 30%                  = Low 

31 – 60%                = Intermediate 

Greater than 60%   = High 

 

Estimated and Expected Genetic Advance   

Expected genetic gain (GA) was calculated according 

to Johnson, et al., 1955.  

Selection intensity (K) was assumed to be 5%. 

Genetic advance was categorized (Juangsamoot, et al., 

2012). 

0–10%       = Low  

10–20%      = Intermediate  

Greater than 20%     = High  

GA = K ×
√𝜎𝑝

2

X̅
 × ℎ𝑏

2  × 100 

Here K is the intensity constant.  Selection according 

to Adewale et al.  (Adewale et al., 2010).  

 

The rate is 2.06 at the point when the K is at 5%.  

 

√𝜎𝑝
2is the standard deviation of phenotype, ℎ𝑏

2 is the 

broad sense heritability, X̅ is the grand mean 

values of traits  
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Table 1. Advanced breeding lines and varieties used in the study 

Line No. Pedigree Remarks 

GLS – 2022 – 01 Lanka jumbo × ICGV 3777 Advance breeding line 

GLS – 2022 – 02 06233 × 2018 -1 Advance breeding line 

GLS – 2022 – 03 06233 × 2018 -2 Advance breeding line 

GLS – 2022 – 04 2742 × Indi Advance breeding line 

GLS – 2022 – 05 2742 × Indi Advance breeding line 

GLS – 2022 – 06 2018 × Lanka Jumbo Advance breeding line 

GLS – 2022 – 07 Lanka jumbo × 2018 Advance breeding line 

GLS – 2022 – 08 06233 × ICGV 3777 Advance breeding line 

GLS – 2022 - 09 2018 × 06233 Advance breeding line 

Lanka Jumbo ICGV05200 Recommended variety 

GMS – 2022 – 01 Lanka Jumbo × ICGV 3777 Advance breeding line 

GMS - 2022 – 02 ICGV 2742 × ICGV 3487 Advance breeding line 

GMS – 2022 – 03 2742 × ANK 2014 Advance breeding line 

GMS – 2022 – 04 2742 × ICGV 3777-1 Advance breeding line 

GMS – 2022 – 05 2742 × ICGV 3777-2 Advance breeding line 

GMS – 2022 – 06 ICGV04195× ICGV0073 Advance breeding line 

Tissa Irradiated mutant of a Vietnam variety Recommended variety 

ANKG 1 Tissa × Red spanish Recommended variety 

 

 

Table 2. Summary of uantitative data collected during the study  

 No Trait Description and measurement type 

1 Height of main stem (cm) Data were taken from five plants after 60-85 days and measured from the 

cotyledonary axil up to terminal bud. 

2 Plant width or spread 

(cm) 

Data were taken from five plants after 45-60 days and measured at the widest point, 

from the branch tip to branch tip. 

3 Leaf Length (mm) Data was taken after at the third leaf of the main stem, the apical leaf, when fully 

expanded, randomly average from 10 plants.  

4 Leaf width (mm) Data was taken after at the third leaf of the main stem, the apical leaf, when fully 

expanded, randomly average from 10 plants . 

5 Pod Width Data was taken, randomly average with from 10 pods. A digital Vernier calliper was 

used to measure width. 

6 Pod Length Data was taken same pods, A digital Vernier calliper was used to measure length. 

7 Seed Width Data was taken, randomly average with from 10 seeds. A digital Vernier calliper 

was used to measure width. 

8 Seed Length Data was taken same seed. A digital Vernier calliper was used to measure length. 

9 100 Seed Weight Data measured of 100 dried seeds using a standard measuring scale. 

10 No of Pods per Plant Data counted after the harvesting, randomly average values from five plants. 

11 Pod weight per plant Data weighted of dried pods per plant, randomly average values from five plants. 

12 Oil content 5g of dry seeds were taken and all 18 varieties were tested separately 

13 Shelling % 100g of dry pods were taken and all 18 varieties were tested separately 

14 Maturity index  15 dry pods were taken and all 18 varieties were tested separately 

15 Number of seeds per pod Randomly average values from five plants. 

 

RESULTS AND DISCUSSION 

 

Variability in quantitative traits among the 

groundnut genotypes 

 

Generally the groundnut oil accounts 44–56% of 

the dry seed weight (Chen et al, 2010). Oil 

content, shelling %, maturity index and No. of 

seeds/pod of tested genotypes were given in 

Table 4. The observed oil content values ranged 

from 29.30% (GMS-2022-6) to 55.14% (GLS- 

2022-8). It was in the ranges of previous findings  

and generally in the range of 40-50 % (Tiwari et 

al, 2021). The observed shelling % values ranged 

from 60% (GLS-2022-4, GLS-2022-6 and GLS-

2002-9) to 75% (GMS-2022-4). The observed 

maturity index values ranged from 1.72 (Lanka 

jumbo) to 2.71 (Tissa). It was noticed that large 

seed size lines showed lower maturity index. 
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Table 4. Variability in Oil content, shelling %, Maturiy 

index and No. of seed/pod 

Treatment Oil 

content 

% 

Shell

ing 

% 

Maturi

ty 

index 

No of 

seeds/p

od 

GLS-2022-1 45.49 70 2.16 1,2 

GLS-2022-2 43.63 65 2.02 1,2 

GLS-2022-3 41.86 65 2.21 1,2 

GLS-2022-4 46.09 60 2.00 1,2 

GLS-2022-5 53.54 65 2.16 1,2 

GLS-2022-6 49.17 60 1.99 1,2,3 

GLS-2022-7 31.21 65 2.06 1,2 

GLS-2022-8 55.14 65 2.15 1,2 

GLS-2022-9 40.53 60 2.06 1,2 

Lanka Jumbo 35.48 70 1.72 1,2 

GMS-2022-1 43.674 65 2.49 1,2,3,4 

GMS-2022-2 48.15 70 4.22 1,2 

GMS-2022-3 41.66 70 2.27 1,2,3 

GMS-2022-4 44.05 75 2.04 1,2,3,4 

GMS-2022-5 43.52 70 1.74 1,2 

GMS-2022-6 29.30 65 2.13 1,2,3 

Tissa 45.59 70 2.71 1,2 

ANKG1 40.72 70 2.22 1,2 

 

Analysis of variance in growth and yield parameters 

All characters showed significant variation except for 

leaflet length and number of pods per plant (Table 5). 

Further, Pod weight per plant was found to be 

significantly different among the lines at p value of 

0.05 level. 100 seed weight of the lines ranged from 

23.5-63.3g indicating high variation among the tested 

lines. However, Co-efficient of variation in yield 

contributing traits such as Number of Pods/plant and 

Pod weight/plant showed high values indicating 

influence of environmental factors. 

 

Genetic Parameter Analysis 

The estimated GCV and PCV values were found less 

than 10% for the traits such as leaf length (GCV 

2.77% and PCV 9.57%), leaf width (GCV 3.85% and 

PCV 8.07%), seed width (GCV 7.64% and PCV 

10.24%) and pod width (GCV 8.22% and PCV 

9.35%). Other traits showed moderate GCV and PCV 

values, such as height of main stem (GCV 15.49%, 

PCV 19.57%), plant width (GCV 11.87%, PCV 

15.22%), pod length (11.80%, PCV 13.01%), and 

seed length (GCV 14.34%, PCV 18.88%).100 seed 

weight (PCV 21.20%), no of pods per plant (PCV 

29.16%), pods weight per plant (PCV 32.31%) and 

yield (PCV 22.43%) were showed more than 20% 

phenotypic coefficient of variance values (Table 6). 

Broad sense heritability was varied and classified 

accordingly. Height of main stem (62.60%), plant 

width or spread (60.82%), pod length (82.21%), pods 

width (77.28%), 100 seed weight (81.33%) had high 

heritability values (more than 60%). Generally, 

moderate (30%-60%) heritability values were marked 

for the traits like seed length (57.66%), seeds width 

(55.73%) and yield (38.61%). Leaf length (8.44%), 

leaf width (22.72%), no of pods per plant (12.43%) 

and pods weight per plant (29.59%) had low 

heritability values (Less than 30%). Genetic advance 

was ranged between the lowest (1.66%) for leaf length 

and 100 seed weight (35.52%). Height of main stem 

(25.24%), seed length (22.43%), pod length (22.04%), 

100 seed weigh (35.52%) had high genetic advance 

value (more than 20%). 

Further, intermediate (10%-20%) genetic advance 

values were marked for the traits like plant width or 

spread (19.08%), seed width (11.76%), pods width 

(14.89%), pods weight per plant (19.69%) and yield 

(17.84%). No. of pods per plant (7.47%) and leaf 

length (1.66%) and leaf width (3.78%) had low 

genetic advance values (Less than 10%). Similar 

results were reported by Gupta et al, 2015, Vinithashri 

et al, 2019 where high heritability values coupled with 

high GA values were observed for 100 seed weight 

and yield per plant, indicating these traits were mainly 

governed by additive gene action. In the present 

study, yield contributing traits such as number of pods 

per plant and pod weight per plant showed low 

heritability values. However, 100 seed weight showed 

high value for heritability estimates. In our genetic 

materials studied, high variation was observed for the 

seed size, which can be clearly identified visually. 

Jonson et al. 1955 suggested that heritability estimates 

along with genetic advance would be more useful in 

predicting yield under phenotypic selection than 

heritability estimates alone. Accordingly, in the 

present study seed related traits have given high 

values for both heritability and genetic advance, 

suggesting phenotypic selection would be productive. 

 

Correlation of traits 

Pearson's Correlation Coefficient of Analysis among 

12 quantitative Traits of groundnut lines were listed in 

the table 7. Among the growth parameters leaf width 

and length along with Plant spread and height at main 

stem were highly correlated. Seed traits such as seed 

length, width and 100 seed weight were highly 

correlated. Additionally, pod weight per plant were 

significantly correlated with seed and pod related 

traits. Yield was positively correlated with characters 

such as pod weight per plant and seed width. These 

results supported the findings of Wang et al, 2023 and 

Reddy et al,2023. Since, improvement of yield is a 

key objective in groundnut breeding program, 

selection for seed related traits and yield components 

such as number of pods per plant would be important 

criteria. 

 

 



ISSN: 2792 – 1360                   Journal of Agro-Technology and Rural Sciences            Volume 4, Issue 1; July 2024 

 

 
Published by University of Colombo Institute for Agro-Technology and Rural Sciences 25 

 

Table 5. Summary of the 12 traits studied -variation revealed by Analysis of variance 

Traits DF(17) (treatment) MEAN± SEM max min St dev CV% 

LL 12.79 NA 34.68±0.48 40.96 24.04 3.57 9.13 

LW 4.44 * 21.64±0.25 25.92 15.8 1.87 7.09 

HMS 92.57** 32.75±0.86 48.8 21 6.29 11.97 

PLWD 129.78** 50.26±1.03 66.2 29 7.54 9.53 

PL 46.19** 14.77±0.18 17.3 12.14 1.36 5.49 

PWD 4.86** 64.54±1.46 80 25 10.76 4.46 

SL 18.03** 15.33±0.39 27.81 10.19 2.85 12.28 

SWD 1.34** 7.77±0.11 9.86 6.08 0.79 6.81 

NPPP 30.66 NA 16.99±0.66 32.4 10.2 4.88 27.29 

PWPP 54.55* 18.12±0.78 32.65 8.69 5.75 27.11 

HSW 260.21** 46.94±1.34 62.35 23.58 9.86 9.16 

Yield 0.24** 1.64±0.05 2.5 

 

0.79 

 

0.38 17.57 

Note: ** Significant at P< 0.001 level, * Significant at P< 0.05 level. 

Legend: df: degree of freedom; ns: no significant; SEm: standard error of the mean; St Dev: standard deviation; Max: 

maximum; MN: minimum; CV: coefficient of variance; LL : leaf length; LW : leaf width; HMS : height of main stem; PLWD 

: plant width; PL: pod length; PWD : pod width; SL : seed length; SWD : seed width; NPPOP : No of pods per plant; 

NWPOP : Pods weight per plant; HSW : 100 seed weight 

 

Table 6. Estimation of Variance Components, Relative Difference, Heritability of groundnut  
MSG MSE 𝝈𝒈

𝟐  𝝈𝒑
𝟐 PCV GCV RD 𝒉𝒃

𝟐 GA 

Leaflet length (mm) 12.79 10.02 0.92 10.94 9.54 2.77 70.95 8.44 1.66 

Leaflet width mm   4.43 2.36 0.69 3.05 8.07 3.85 52.33 22.72 3.78 

Height of main stem (Cm)  92.57 15.37 25.73 41.10 19.57 15.49 20.88 62.60 25.24 

Plant width or spread (Cm) 129.78 22.94 35.61 58.55 15.22 11.87 22.01 60.82 19.08 

Seed length (mm) 18.03 3.54 4.83 8.37 18.88 14.34 24.06 57.66 22.43 

Seeds width (mm)  1.34 0.28 0.35 0.63 10.24 7.64 25.35 55.73 11.76 

Pod length (mm) 46.18 3.11 14.36 17.47 13.01 11.80 9.33 82.21 22.04 

Pods width (mm) 4.86 0.43 1.48 1.91 9.35 8.22 12.09 77.28 14.89 

100 seed weight (g) 260.21 18.49 80.57 99.07 21.20 19.12 9.82 81.33 35.52 

No of pods/plant 30.66 21.51 3.05 24.56 29.16 10.28 64.74 12.43 7.47 

 Pod weight/ plant  54.55 24.13 10.14 34.27 32.31 17.57 45.59 29.59 19.69 

Yield 0.24 0.08 0.05 0.13 22.43 13.94 37.86 38.61 17.84 

 
 

Table 7. Pearson's Correlation Coefficient of Analysis among 12 quantitative Traits of Groundnut lines 

 

 

 

 

 

Leaf 

length 

Height of 

main stem 

Leaf 

width 

Plant 

width 

No. of pods 

/ plant 

Pods weight /  

plant 

Pod 

length 

Pod 

width 

Seed 

length 

Seed 

width 

100 seed 

weight 

Yield Oil 

content 

Shelling 

% 

Maturity 

index 

Leaf length 1 0.226 .898** .535* -0.448 -0.207 0.098 -0.021 -0.005 -0.089 -0.103 -.50* .069 -.004 -.111 

Height of main stem  1 0.247 .650** 0.175 -0.408 -.665** -.713** -.531* -.479* -.508* -.220 -.050 .373 .272 

Leaf width  

 

1 .540* -0.26 -0.048 -0.148 0.042 -0.214 0.032 -0.123 -.253 .093 -.074 -.124 

Plant width  

  

1 0.059 -0.001 -0.406 -0.168 -0.253 -0.026 0.017 -.096 .110 .137 -.048 

No. Of pods per plant   

  

1 .561* -0.458 -0.14 -0.289 -0.116 -0.239 .435 .005 -.354 -.172 

Pods weight per plant   

   

1 0.188 .647** 0.392 .535* .540* .646** .262 -.723** -.383 

Pod length  

     

1 .529* .897** 0.275 .545* -.165 .048 -.420 -.146 

Pod width  

      

1 .534* .778** .847** .372 -.014 -.548* -.299 

Seed length  

       

1 0.383 .637** .045 .185 -.495* -.181 

Seed width  

        

1 .729** .583* -.060 -.211 -.284 

100 seed weight  

         

1 .449 .178 -.323 -.130 

Yield            1 .281 -.089 -.286 

Oil content             1 -.070 .238 

Shelling %              1 .210 

Maturity index               1 
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CONCLUSIONS 

Conventional breeding is practiced in order to create 

variability and to select superior lines for further 

testing. In the present study several advanced 

breeding lines were evaluated for their growth and 

yield traits. The results indicate sufficient amount of 

variability was observed among the materials except 

for traits such as leaf length and number of pods per 

plant. However, results indicates that it is difficult to 

find superior lines in terms of yield and other physical 

quality traits in comparison to existing varieties. The 

estimates such as phenotypic and genotypic variance 

exhibited that phenotypic values were marginally 

higher than genotypic values for all traits because this 

character’s expression is influenced by the 

environment. This was consistent with the findings of 

Mahalaxmi et al.,(2005), Aruna Kumari et al., (2019) 

and  Kakeeto et al.,( 2019). The greater divergence 

between the genotypic coefficient of variation (GCV) 

and phenotypic coefficient of variation (PCV) values 

is the indication of high effects of the environment to 

a certain degree, specially yield related traits. The 

estimated result of relative difference (RD) was very 

high for traits like yield, No .of pods per plant and 

pod weight per plant indicating direct selection would 

be difficult for such traits. High heritability values 

along with high genetic advance (GA) values were 

shown in traits like 100 seed weight and number of 

pods per plant suggesting greater additive effect of 

genes which provide effective selection for traits 

improvement directly (Hasan Khan et al, 2020). 

According to Pearson’s correlation of traits for yield, 

selection would be beneficial by considering traits 

such as pod weight per plant and other seed size 

characters. It was evident that improvement of 

physical traits such as seed size can be achieved 

simply through direct selection. However, it is unclear 

how to improve the yield parameters to come up with 

superior varieties, which need further studies. 
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