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Abstract

Expression of complex traits like yield is the result of interaction of several yield contributing features. In the current
research, association analysis and path analysis were conducted in an experiment involving 65 peanut genotypes to
determine association of kernel yield and its component traits. Plant height, number of secondary branches per plant,
number of mature pods per plant, number of immature pods per plant, pod yield per plant, 100 seed weight and protein
content recorded positive significant correlation with kernel yield per plant. The results of PCA and Ward dendrogram
pattern jointly inferred that plant height, number of mature pods per plant, number of immature pods per plant, pod
yield per plant, 100 seed weight, oleic acid content and oleic linoleic acid ratio were found to be closely associated
with kernel yield per plant. Further, results of path analysis suggested that number of mature pods per plant, 100 seed
weight, number of secondary branches per plant and sound mature kernel per cent were leading in determining the
kernel yield of peanut through direct positive effects and indirect positive effects via different yield attributing traits.
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Peanut (Arachis hypogaea L.) is an annual legume crop
planted for its superior edible oil and easily digestible
protein found in its seeds. In India, Gujarat and Andhra
Pradesh are the major groundnut growing states. India
ranks second in peanut production (67.27 lakh tonnes)
after China (175 lakh tonnes) with an export of 6,41,125
tonnes of confectionery types (FAO, 2019). India is the

largest exporter of groundnut to Asian countries with a
total worth of Rs.1836.12 crore in 2009-10, Rs.4398.01
crore in 2014-15 and Rs. 2535.06 crore in 2018-19
(Palanisingh et al., 2020). The fluctuating trend of peanut
exports in India is mainly due to instability of yields
attributed to environmental effect, cultivation practices and
lack of large seeded genotypes. Large seeded varieties
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attract higher price in global market for edible nuts. One
of the earliest confectionery varieties to be grown in India
was Birsa Bold 1 (Rahman et al., 1995). Yield is a complex
character that develops from the interactions of several
traits that contribute to yield. It is important to understand
the links between these traits in order to improve
yield. Additionally, a number of components directly or
indirectly influence the pod yield through other traits,
which creates a complexity for breeder during selection.
As a result, path coefficient analysis, which divides the
correlation coefficient into the direct and indirect effects
of the variables, may present a more logical picture of the
association.

The present investigation comprised of 65 peanut
genotypes, obtained from ICRISAT (Hyderabad), ARS
(Kadiri) and RARS (Tirupati). The experiment was laid out
during Kharif, 2019 at Agricultural College Farm, Bapatla,
Andhra Pradesh. Each genotype was sown in two row
plot, each row measuring 4 metres in length, were sown
in the experiment in two replications adopting randomized
block design, with a spacing of 45 cm between the rows
and 15 cm between the plants. The experimental plot was
maintained with recommended agronomic practices to
raise a healthy crop. Morphological observations were
recorded from five randomly selected plants in each of the
genotype per replication for yield contributing traits. Days
to 50% flowering and days to maturity were recorded on
plot basis. Quality traits like oil content, protein content
and fatty acids were estimated by using NIRS (model
XDS RCA-FOSS Analytical AB, ICRISAT). Total soluble
sugar content and free amino acids were estimated by
adopting the method suggested by Sadasivam and
Manickam (1961). The recorded data were statistically
analyzed in INDOSTAT 9.2 Ver. and Meta R programme
software. The standard method of Singh and Chaudhary
(1977) was used to estimate phenotypic and genotypic
correlation coefficients. Direct and indirect effects of
component characters on kernel yield were computed
using the method suggested by Wright (1921) and
elaborated by Dewey and Lu (1959). Principal Component
Analysis (PCA) was carried according to procedure given
by Banfield (1978).

The results of association analysis among 21 characters
studied in 65 peanut genotypes are presented in Table 1.
A significant positive association was recorded between
the kernel yield per plant with plant height, number
of secondary branches per plant, number of mature
pods per plant, number of immature pods per plant,
pod vyield per plant, sound mature kernel per cent, 100
seed weight and protein content both at genotypic and
phenotypic levels. The magnitude of relationship with
kernel yield per plant was highest in case of pod yield
per plant followed by number of mature pods per plant,
100 seed weight and plant height both at genotypic and
phenotypic levels. Protein content, number of immature

pods per plant and number of secondary branches
per plant were found to be strongly correlated with the
kernel yield per plant at genotypic level while moderately
correlated with the kernel yield per plant at phenotypic
level. Oleic acid content exhibited significant positive
correlation with kernel yield per plant at phenotypic
level. These results suggested that peanut kernel yield
per plant may be improved successfully by genotype
selection based on these traits. Similar results were
reported by Trivikramareddy et al. (2017) and Kumari and
Sasidharan (2020) for pod vyield per plant, number
of mature pods per plant, 100 seed weight;
Godhani et al. (2020) for plant height and number of
immature pods per plant and Pavankumar et al. (2014) for
protein content. As opposed to this, character like days to
50% flowering exhibited a substantial negative correlation
with kernel yield per plant at the phenotypic level but
not at the genotypic level, indicating that environmental
factors may have an impact on this association.
Bhargavi et al. (2017) also recorded significant association
between days to 50% flowering and kernel yield per plant.

To better understand the relationships among 21
traits of peanut PCA based on the correlation matrix
(Fig. 1A) and dendrogram generated by Ward
method were used (Fig. 1A). The first two PCAs
(PC1 — 29.39%, PC2 — 27.94%) collectively explained
57.33% of variation and this low proportion of variation
was previously reported by Ajay et al. (2012). The
relationships among the different yield and quality
traits are graphically displayed by plotting the first two
PCs scores (Fig. 1A). In the PCA, biplot separates the
traits that are overlaying on a plot as vectors, with the
length of the vectors describing the relative degree of
variability in each trait recognized on biplot. The traits
like, 100 seed weight, plant height, oleic acid content,
oleic linoleic acid ratio, number of primary branches per
plant, day to 50% flowering, linoleic acid content, palmitic
acid content and number of mature pods per plant all
had relatively long vectors based on PC1 and PC2 axes.
Thus, indicating that they showed considerable variation
among the 65 peanut genotypes studied. The PC1 and
PC2 axes were used to classify 21 traits into four diverse
groups. The first group included sound mature kernel
percent, 100 seed weight, plant height, protein content,
pod yield per plant and kernel yield per plant. The number
of mature pods per plant, the number of immature pods per
plant, oleic acid content and oleic linoleic acid ratio were
all grouped together in second. Third group contained
traits like linoleic acid content, palmitic acid content, free
amino acids, stearic acid content and oil content. The
fourth group had characters viz., number of secondary
branches per plant, number of primary branches per
plant, days to 50% flowering, days to maturity, shelling
percentage and total soluble sugars. All the traits showed
positive correlation with other traits present in their own

group.
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Strong positive relationship of kernel yield per plant with
pod vyield per plant, number of mature pods per plant,
number of immature pods per plant, protein content, 100
seed weight, plant height, sound mature kernel per cent,
oleic acid content and oleic linoleic acid ratio is indicated
by acute angle between vectors (Fig. 1A) less than 90°.
The traits like pod yield per plant, protein content, 100
seed weight, plant height and sound mature kernel per
cent were negatively correlated with total soluble sugars,
days to 50% flowering, shelling percentage and number of
primary branches per plant as indicated by obtuse angle
(> 90°) between them. Number of mature pods per plant,
number of immature pods per plant, oleic acid content
and oleic linoleic acid ratio were negatively associated
with palmitic acid content and linoleic acid content as
indicated by obtuse angle (> 90°) between them. Biplot
showed negative correlation of oleic acid content and
oleic linoleic acid ratio with linoleic acid content and
stearic acid content and these results were in accordance
with the results of Ajay et al. (2012). It is conceivable to
have genotypes with low oil and high oleic linoleic acid
ratio, as shown by the negative correlation between the
vectors of oleic acid content and oleic linoleic acid ratio
and that of oil content. Since frequent assessment of
genotypes for oil quality traits is expensive, breeding for
oil quality traits can be done through selection based on
yield and morphological traits. Results of biplot vectors
showed that oil quality traits like protein content, oleic
acid content and oleic linoleic acid ratio were positively
correlated pod yield per plant, kernel yield per plant,
number of mature pods per plant and number of immature
pods per plant indicated that oil quality might be improved
through selection based on above agro-morphological
traits. The above relationship among different yield
and quality traits indicated an opportunity of selecting
genotypes with parallel traits for breeding high yielding
lines of confectionery type.

The clustering of traits was done based on Ward’s method
for correlation of kernel yield attributing traits and quality
traits by using Meta R programme (Fig. 1B). Dendrogram
pattern showed that all 21 traits were distributed into 3
major clusters. In the first cluster oleic acid content, oleic
linoleic acid ratio and kernel yield per plant were grouped
with number of immature pods per plant. Plant height,
100 seed weight, number of mature pods per plant and
pod vyield per plant were found to be closely associated
with oleic acid content and oleic linoleic acid ratio, which
indicated that breeding for both high kernel yield and high
quality could be achieved indirectly through direct selection
of such highly heritable and closely related traits. The
second cluster consisted of palmitic acid content, linoleic
acid content, free aminoacids, sound mature kernel per
cent and protein content, which were placed closely to
kernel yield per plant. Hence these traits could be given
due consideration while breeding of kernel yield per
plant. The third cluster consisted of eight traits namely,
shelling percentage, days to 50% flowering, number
of primary branches per plant, number of secondary

branches per plant, days to maturity, total soluble sugars,
oil content and stearic acid content and were positioned
far away from kernel yield per plant. Such traits are of
less importance for breeding of high kernel yield per plant
in groundnut. Similar findings were reported earlier by
Yusuf et al. (2019).

The estimated genotypic and phenotypic association
values for the characters were used to derive matching
direct and indirect effects (Table 2). The magnitudes of
genotypic path effects were higher than phenotypic path
effects representing the masking effect of environment.
Residual effect for genotypic and phenotypic path
coefficient analysis were 0.635 and 0.554 respectively
indicating that about 36.5% (genotypic) and 44.6%
(phenotypic) of the variability in kernel yield per plant was
contributed by 20 characters studied in path coefficient
analysis. This indicated the moderate contribution of
characters studied in this investigation.

The results revealed that the direct negative effect of
pod yield per plant was predominant in influencing the
kernel yield in peanut only at genotypic level, where as it
positively influenced the kernel yield at phenotypic level.
The direct positive effect of number of mature pods per
plant, 100 seed weight, number of secondary branches
per plant and sound mature kernel per cent were
outstanding in regulating the kernel yield in peanut and
also showed positive association with kernel yield both
at genotypic and genotypic levels, which suggested that
these characters are the most important contributors for
kernel yield and hence direct selection based on these
traits for kernel yield would be rewarding. These results
are in line with reports of Zaman et al. (2011) and Kumari
and Sashidharan (2020). Direct positive effect of palmitic
acid content both at genotypic and phenotypic levels and
negative associations both at genotypic and phenotypic
levels with kernel yield suggested that palmitic acid
content would be an important contributor for increasing
of kernel yield via other characters. Hence indirect
selection might be rewarding for increment of kernel yield
per plant. Number of mature pods per plant and 100 seed
weight were showed positive indirect on kernel yield per
plant via plant height, number of secondary branches per
plant, pod yield per plant, stearic acid content and oleic
acid content both at genotypic and phenotypic levels.
Number of secondary branches per plant and sound
mature kernel per cent showed positive indirect effect
on kernel yield per plant via number of immature pods
per plant, pod yield per plant, shelling percentage and
palmitic acid content both at genotypic and phenotypic
levels while palmitic acid content influenced the kernel
yield per plant via days to 50% flowering, number of
secondary branches per plant, shelling percentage,
100 seed weight, protein content, total soluble
sugars and linoleic acid content. These results
coincided with early reports made by Trivikramareddy
et al. (2017), Kumari and Sashidharan (2020) and
Yusuf et al. (2017).
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Fig. 1. A). Biplot showing the relation between PC1 and PC2 for 21 traits of 65 peanut genotypes B). Dendrogram

of 21 traits in 65 peanut genotypes

Days to 50% flowering was observed to have
direct negative effect on kernel yield per plant
and negative association both at genotypic and
phenotypic levels. These results are in harmony with
Trivikramareddy et al. (2017) , Kumari and Sashidharan
(2020 and Shruti (2020). All the characters were observed
to have indirect effect on kernel yield per plant through
number of mature pods per plant, 100 seed weight, number
of secondary branches per plant and sound mature
kernel per cent , which indicated that selection for these
traits would result in substantial improvement in kernel
yield per plant. High residual effects of both genotypic
and phenotypic paths (0.614, 0.558) for kernel yield
revealed that there might be other important characters
which were not studied in the current study. Foregoing
evidences indicate that number of mature pods per plant,
100 seed weight, number of secondary branches per
plant and sound mature kernel per cent might prove as
efficient alternate criteria of selection for kernel yield per
plant. In other words, selection indices may be formed
by considering all these characters for improvement of
kernel yield per plant in groundnut.

From the above mentioned results, it could be concluded
that the characters plant height, number of secondary
branches per plant, number of mature pods per plant,
number of immature pods per plant, pod yield per plant,
100 seed weight and protein content were the yield

components positively associated with kernel yield per
plant. Results of both PCA and dendrogram pattern
together implied that plant height, number of mature pods
per plant, number of immature pods per plant, pod yield
per plant, 100 seed weight, oleic acid content and oleic
linoleic acid ratio were found to be closely associated with
kernel yield. Number of mature pods per plant, 100 seed
weight, number of secondary branches per plant and
sound mature kernel per cent were the most important
in governing the kernel yield in peanut through direct
positive effect and indirect positive effect via different
yield attributing traits.
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