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Abstract: In the present study, the correlation and presence of genetic inter-
actions were studied in the F, and F, generations of two groundnut (Arachis
hypogaea L.) crosses. Most of the characters studied were positively skewed
and were governed by multiple genes, indicating quantitative inheritance. Vari-
ance, skewness, and kurtosis indicate that homozygosity has increased over
the generations in both crosses. Cross-B was found to be better than cross-A in
providing high-yielding segregants displaying parental diversity. Pod yield per
plant and other associated characters, such as plant height, are controlled by
complementary action of multiple genes. A shift in correlation coefficients was
recorded between the generations, which can be attributed to the difference
in gene complementation of linkage blocks and is an indication of the unstable
nature of the breeding population. Overall, five lines with superior pod yield
were identified, which could be used for varietal development.
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INTRODUCTION

Groundnut (Arachis hypogaea L.) is an important self-pollinated oilseed
crop (Kamdar et al. 2017, Kumar et al. 2019). It is an autogamous allotetraploid
legume (2n = 4x = 40) comprising the A and B genomes derived from two
diploids (Kamdar et al. 2020). Groundnut is cultivated in semi-arid tropical
(SAT) regions of the world, covering about 28.5 million hectares and with a
total production of 45.95 million tons of pods as of 2018 (Pandey et al. 2020).
China, India, Nigeria, and the United States of America (USA) are the leading
groundnut producers that account for ~70% of global peanut production (Bera
et al. 2018, Bera et al. 2019). The productivity of groundnut varies from 3500
kg ha in the USA to 2500 kg ha™ in South America, 1600 kg ha™ in Asia, and
less than 800 kg ha™ in Africa (Prasad et al. 2010). In India, the productivity of
groundnut (1486 kg ha) in comparison to other developing countries is low
(Gayathri 2018). This low productivity is attributed to the narrow genetic base
of the crop and rainfed cultivation, which renders the crop vulnerable to various
biotic and abiotic stresses (Toker and Mutlu 2011). Variability is fundamental
for the success of a selection work (Andrade 2019) since, progress in breeding
programs depends on the amount of variability available in the population
(Vinithashri et al. 2019). Standard measures of variability, namely range,
variance, and standard error, were commonly used to assess the variability
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and gene action for desirable traits. Information on the frequency distribution of different traits will help in identifying
plants with the desirable expression of a particular trait under selection (Dinesh et al. 2018). Breeding for high yield is
the main objective of any crop improvement program (Woyann et al. 2019). Since yield is polygenically controlled and
highly influenced by the environment (Santos et al. 2014), selection based on yield alone may not be effective. Hence,
improvement in yield could be attained by affecting indirect selection through component characters (Luz et al. 2011)
that are highly heritable and show a strong correlation with yield. The present study was aimed at studying the genetics
of different traits in association with yield and its component traits using third and fourth degree statistics in early and
later generations of two different groundnut crosses.

MATERIAL AND METHODS

The study was conducted at the Indian Council of Agricultural Research Directorate of Groundnut Research (ICAR-
DGR), Gujarat, India. ICAR-DGR is situated between 21.49° N latitude and 70.44° E longitude at an elevation of 107 m
above sea level. The material used for this study consisted of F, and F, generations from two crosses of groundnut,
namely GG7 x Sunoleic95R (Cross-A) and TKG19A x SunOleic95R (Cross-B). A total of 189 progenies, 25 of F and 164 of
F., were developed using the single seed descent (SSD) method under field conditions during kharif (monsoon) seasons
in 2018 and 2019, and standard crop management practices were followed to grow a healthy crop. A common dose of
40 kg N, 50 kg P, 50 kg K,O, and 20 kg S per hectare was applied at 50% as basal and 50% at 40 days after planting using
ammonium sulfate, diammonium phosphate (DAP), muriate of potash, and elemental S. Kernels were treated with
carbendazin at 2 g kg! of seeds before sowing. Pre-emergence weedicide pendimethylin was sprayed at 2—3 mL L of
water immediately after post-sowing irrigation. Weeds in the standing crop were controlled by 3 mL L™ water solution
of post-emergence weedicide imazethapyr, and sucking pests were contained by spraying imidacloprid at 2 mL L of
water. Lifesaving irrigation was applied as required. Each progeny was sown in one line of a 5 m bed. At maturity, three
samples with three plants per sample were collected from each progeny. Observations were recorded on the number
of branches per plant, plant height (cm), plant dry weight per plant (g), number of pods per plant, and pod yield per
plant (g). The number of branches was counted visually, whereas plant height was measured from the ground level to
the tip of the main axis. The plant dry weight was weighed after sun drying and averaged. The total number of pods
was counted individually and averaged. The weight of the total number of pods per plant after optimum pod maturity
was recorded and expressed in grams.

The association between yield and its associated characters was determined as a simple phenotypic correlation
coefficient using an analysis toolkit in Microsoft Excel software. ANOVA, skewness (K3), third degree statistics and kurtosis
(K4), and fourth degree statics were estimated using a PAST statistical package (Hammer et al. 2001) to understand the
nature of trait distributions.

In addition, the yield of 164 F_ progenies was compared with the best check cultivars JL501 (Spanish bunch), TG37A
(Spanish bunch), and GJG32 (Virginia Bunch), grown along the test lines. The habit of all F, progenies was checked
randomly by recording the presence of flowers on the main stem. Progeny with flowers present on the main stem was
classified as Spanish bunch (SB), while progenies without the flower on the main stem were categorized as Virginia
bunch (VB). The F, progeny with higher pod yield per plant than their respective check cultivars were selected for further
evaluation. The standard error of the mean (SE), critical difference (CD), and coefficient of variation (CV) were analyzed
using the formula described by Jasani et al. (2018).

RESULTS AND DISCUSSION

Analyses of variance revealed a highly significant difference for all traits, namely the number of branches per plant,
plant height, plant dry weight per plant, number of pods per plant, and pod yield per plant, between generations and
crosses (Table 1), indicating that adequate variability was found in all the characteristics studied.

The study of distribution using skewness and kurtosis provides information about the nature of gene action and the
number of genes controlling the traits (Govintharaj et al. 2018). Positive skewness is associated with complementary
gene action, while negative skewness is associated with duplicate (additive x additive) gene interactions. Kurtosis is
negative or close to zero (platykurtic) in the absence of gene interaction, but positive in the presence of gene interaction
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Table 1. Analysis of variance for five quantitative traits in F, and F, progenies of groundnut

df Plant Height No. of PIa.nt dry Pod yield per Number of pods
(cm) Branches weight (g) plant(g) per plant
32 :Ji:ﬁ:SeOf Crosses F3 Fs Fa Fs Fa Fs Fs Fs F3 FS F3 F5
Replication Cross-A 2 2 15.67 25.87 0.17 14.82 4.26 59.96 0.15 11.57 0.71 8.71
Cross-B 2 2 13.59 9.37 0.55 2.16 71.53 13.63 1.72 1.79 6.71* 2.90
Genotypes Cross-A 20 134 42.77* 99.84* 1.46*% 9.78*% 194.80* 142.05* 18.39* 24.14*  28.13* 48.97*
Cross-B 3 28  16.98* 167.76* 2.60* 5.67* 394.55 171.43*  19.76*  33.55*  29.58*  33.23*
Error Cross-A 40 268 8.32 11.41 0.69 1.60 39.73 33.64 2.69 6.87 4.71 14.53
Cross-B 6 56 3.41 10.07 0.50 0.96 166.07 30.50 1.26 4.56 1.27 8.16

* Significant at P < 0.05 level.

(leptokurtic) (Ramadhan et al. 2018). Studies on gene interactions are needed to increase the selection efficiency in
breeding programs.

In the F_ generation, plant height, plant dry weight, and pod yield per plant were positively skewed in both crosses
(Figure 1), indicating complementary gene action for these traits, whereas the number of branches per plant was
negatively skewed, indicating duplicate gene action. The number of pods per plant was positively skewed in cross-A
and negatively skewed in cross-B (Table 2), indicating complementary gene interaction in cross-A and duplicate gene
interaction in cross-B.

In F, generation, the number of branches per plant, plant dry weight per plant, pod yield per plant, and the number
of pods per plant were positively skewed in both crosses (Figure 1), indicating complementary gene interaction. The
plant height was positively skewed in cross-A and negatively skewed in cross-B (Table 2), suggesting complementary
gene interaction in cross-A and duplicate gene interaction in cross-B. Selection intensity and progress in improving
population performance may be greater under complementary interaction than under duplicate interaction (Dinesh et
al. 2018). For all the above traits with duplicate gene action, rapid genetic gain could be observed under mile selection
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Figure 1. Frequency distribution of pod yield per plant(g), where 1a and 1c belongs to Cross-A and 1b and 1d belongs to Cross-B.
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Table 2. Skewness and kurtosis for yield and its component traits in F, and F_ generations of two groundnut crosses

Skewness Kurtosis Variance
Traits Generations Cross-A Cross-B Cross-A Cross-B Cross-A Cross-B
. F 0.45 1.61 0.43 241 14.21 5.70
Plant height (cm) 3
Fy 0.19 -0.32 -0.03 -0.72 34.83 60.13
F -0.68 -0.43 0.72 0.25 0.49 0.86
No. of branches 3
F, 0.54 0.16 0.45 -0.42 3.24 2.14
. F 0.42 1.71 1.16 2.86 64.93 131.90
Plant dry weight (g) 3
Fy 0.70 0.31 1.04 -0.25 46.76 66.64
. F 0.82 0.00 0.85 -5.99 6.16 6.75
Pod yield per plant(g) 3
F, 1.13 0.08 241 -0.51 8.52 10.97
F 0.49 -0.12 -0.27 -5.24 9.35 9.80
No. of pods per plant 3
F 1.44 0.10 4.41 -0.36 16.56 11.74

kn

using existing variability, whereas for traits with complementary gene action, selection has to be strict for enhanced
genetic gain, which is in agreement with earlier studies (Dinesh et al. 2018).

In the F, generation, the number of pods per plant was platykurtic, with a kurtosis value less than zero. Plant height,
number of branches per plant, and plant dry weight per plant were leptokurtic, with positive kurtosis values, indicating
the presence of gene interaction. These traits are therefore governed by fewer dominant genes, with the majority
having an increasing effect (Nandini et al. 2017). Further, pod yield per plant had a positive kurtosis value in cross-A and
a negative kurtosis in cross-B, indicating that it is controlled by gene interactions between many genes. Distribution of
the F, generation showed that plant height was platykurtic in both crosses. The number of branches per plant, plant
dry weight per plant, number of pods per plant, and pod yield per plant were leptokurtic in cross-A and platykurtic in
cross-B, with a kurtosis value less than zero. These results are in agreement with those of Prabhu et al. (2015). Ajay
et al. (2016) observed duplicate interactions for plant height, whereas pod yield per plant had complementary gene
interaction in some crosses and duplicate gene interaction in other crosses of pigeon pea.

The coefficients of skewness and kurtosis decreased in F, compared with those in F, in both crosses, revealing a
reduction in variability over the generation and increase in homozygosity. In addition, in the F, and F_ generations, cross-B
had higher variance (6.75 and 10.97, respectively) compared with that in cross-A for pod yield per plant. Therefore,
there is a better chance of identifying high-yielding segregants from cross-B than from cross-A during the selection of
the best line in the F_ generation.

Character association

In the F, generation, plant height had a significant positive correlation with the number of branches per plant and
plant dry weight per plant in both crosses, whereas its association with pod yield per plant and the number of pods per
plantwas significantly positive in the F, generation of cross-A and negative in Cross-B. Pod yield per plant was significantly
positively correlated with the number of pods per plantin both crosses and generations. In cross-A, the number of pods
per plant had a significantly positive correlation with plant height in the F, generation as well as with the number of
branches per plant and plant dry weight per plant in the F_ generation (Table 3). Hence, selection could be practiced
using component characters such as the number of branches and plant dry weight to increase pod yield per plantin the
F, generation (Table 3). Similar observations were made by Dinesh et al. (2017). Plant height had a significant positive
association with the number of branches per plant in the F, generation, but the association was negative and non-
significant in the F, generation of cross-A. Byadagi et al. (2018) observed a large shift in trait mean values from F, to F,
generation for all traits in the three peanut crosses. This kind of shift in correlation coefficients between generations was
attributed to the difference in gene complementation of linkage blocks and is an indication of the unstable nature of the
breeding population (Ajay et al. 2016). It was concluded that yield contributing traits such as the number of branches
per plant, pod yield per plant, and the number of pods per plantare governed by complementary gene action in both
crosses. Since these characters are intercorrelated among themselves, selection of any one of these traits will result in
the improvement of other traits and therefore expected to result in increased yield. The results are in agreement with
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Table 3. Correlation coefficient matrix among yield related characters in F, and F, generations of two groundnut crosses

Plan(tcm;ight No. of Branches \;Lai;:]f o p:r(" ﬂlzi:tl?g) N:éro ;f)l';?:s

Traits Crosses F F. F. F. F, F. F F. F F.
Plant Height Cross-A 1 1

Cross-B 1 1
No. of Branches Cross-A 0.45* -0.10 1 1

Cross-B 0.54 -0.01 1 1
Plant dry weight (g) Cross-A 0.72* 0.13 0.15 0.72* 1 1

Cross-B 0.90 0.09 0.77 0.72* 1 1
Pod yield per plant(g) Cross-A 0.53* 0.10 0.14 0.43* 0.27 0.66* 1 1

Cross-B -0.42 -0.14 -0.84 0.11 -0.48 -0.24 1 1
No. of Pods per plant Cross-A 0.59* -0.04 0.29 0.35* 0.27 0.51* 0.95% 0.87* 1 1

Cross-B -0.30 -0.10 -0.77 0.22 -0.34 -0.08 0.98* 0.94* 1 1

*Significant at P< 0.05 level.

those of Vasanthi et al. (2015) for primary branches per  Table 4. Pod yield and growth habit of superior F, progenies
plant, Hampannavar et al. (2018) for pod yield per plant, and

Pod yield per plant (g)

Tirkey et al. (2018) and Zaman et al. (2011) for kernel yield. Genotypes Spanish bunch Virginia bunch
1 14.44 -
Selection of superior lines 2 14.22 N
Allthe 164 F_ progenies were classified based on growth 3 14.11 -
habits (SB and VB) to identify superior lines with higher 4 - 17.50
pod yield per plantwhen compared with the yield of check > - 17.00
cultivars. In the SB group, three of the 91 lines had a superior ~ T637A (SB check) 8.6 -
pod yield per plantthan did the checks cultivars JL501 and 201 (5B check) 70 -
TG37A, whereas in the VB group, two of the 73 lines had ~ &/©32 (VB check) - 12.0
higher pod yield per plantcompared with that of the check ié (@5%) ;'32 1-22
cultivar GJG32 (Table 4). Altogether, four progenies (three oV (%) 3117 33 35

of SB and one of VB) from cross-B were identified with a
superior pod yield per plant compared with the JL501,
TG37A, GJG32, and one plant (VB) from cross-A identified
with pod yield per plant compared to the check GJG32 (Table 4). These lines will be further tested to confirm their yield
stability over time and future use. Superior lines obtained in the segregating population after transgressive segregation
had better progeny values than those of their parents in chickpea (Koseoglu et al. 2017, Ceylan et al. 2019).

CONCLUSION

The variability of traits was reduced in later generations due to increased homozygosity. Consequently, selection
for characters such as pod yield per plantand number of pods per plant should be conducted in later generations such
as F.. As a result, we identified five superior progenies in the F_ generation with higher pod yield per plant than in the
respective check cultivars.
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