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Abstract

Groundnut is a principal oilseed crop cultivated in about 24 million ha worldwide mainly for oil purpose. With the arrival of other
vegetable oil sources, groundnut cultivation has to be made more profitable by development and promotion of confectionary varieties
which fetches better price in the local as well as international markets. The present investigation was conducted at Oilseeds Research
Station, Tindivanam during 2022 using 30 bold seeded groundnut germplasm to assess the diversity existing among the germplasm for
confectionary characters, association of grain quality characters with pod yield and suitability of the genotypes for improvement of
confectionery characters in groundnut varieties. Significant mean performance was noticed in T 64, M522, ICGV05174, ICGV06188 for pod
yield/plant, kernel weight, sound mature kernel weight/plant and sound mature kernel percentage, while T 64, TPG 41, ICGV06227,
ICGV06229, ICGV06214 had significant mean performance for 100 kernel weight. The diversity analysis grouped the germplasm into eight
clusters with cluster Il, IV and | showing more inter cluster distance with clusters VIl and VIl indicating the diverse nature of the genotypes
among these clusters. Cluster Mean analysis indicated the high mean performance of genotypes in cluster IV for pod yield/plant, no. of
kernels/plant and sound mature kernel/plant as compared to cluster VIl with sole genotype TG 4 having high mean performance for 100
kernel weight, kernel weight per plant, sound mature kernel weight/ plant and pod yield/plant. Among the characters, 100 kernel weight
(58.2 %) followed by sound mature kernel weight/plant (21.1 %) contributed maximum for diversity. Character association studies
revealed that kernel weight/ plant is the most significantly correlated character followed by sound mature kernel weight/plant and no. of
kernels/plant in the positive direction. High direct effect of sound mature kernel weight and indirect effect of it via kernel weight/plant on
pod yield was noticed indicating the emphasis to be given on sound mature kernel weight in selection of genotypes for confectionery
purposes. Principal Component Analysis (PCA) indicated the importance of first three Principal components in explaining total variation.
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Introduction continues to be an important oilseed crop having maximum
area among the oilseed crops in India. Even after the arrival
of other oilseed crops like soybean, sunflower, oilpalm, the
attraction and potential usage of groundnut for a variety of
culinary purposes ranging from oil, butter, edible
confectionery to protein concentrates has expanded.

Groundnut (Arachis hypogaea L.) is a leguminous oilseed crop
cultivated in 32.7 million ha worldwide for oil extraction and
food purposes (1). Globally India ranks second after China
(18.36 million tonnes) in production with 10.24 million tonnes
annually (2). Among the multi various purposes of ground nut
produce globally, 50 % is utilized for oil extraction, 38 % for In recent years, the confectionery types have assumed
confectionary and 12 % for seed purpose. In India, about 80 ~ great significance as snack food in domestic and
% is used for oil extraction, 11 % as seeds, 8 % as direct food international markets. Edible large/bold seeded groundnut is
and 1 % for export to other countries (3). Groundnut ©ften termed as Confectionery groundnut / Hand Picked
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Selection (HPS) groundnut and is put to variety of uses as
peanut butter, roasted and salted kernels, preparation of
candies and flakes for cake and biscuit decoration. Protein
concentrates and protein isolates from HPS groundnut has
also found its market in recent times. The overall quality
requirements of HPS groundnut depend largely on the usage
of the produce and must satisfy traits like light pink/brown
testa colour, uniform shape, full development of kernels
without shrivelling (sound mature kernel), 100 seed weight
above 55 g, high protein and relatively low oil content (4-6). It is
essential to give importance to one or more of the quality
standards set for the purpose in order to release a variety for
commercial purpose (7). Giving more emphasis to develop
varieties specific to food purposes will improve the value chain
and bring in more economic returns to the farmers and other
stake holders.

Development of groundnut varieties with grain quality
and high yield requires suitable selection strategies including
choice of parental lines and desirable interlinked characters.
The potentiality of parents under selection may be assessed
based on the existing genetic diversity for the quality and
yield attributes vis a vis the contribution of individual
characters to diversity. Multivariate statistics like D> and PCA
provide a more dependable measure of the genetic distance
between the genotypes and thus can be used for assessment
of genetic diversity (8). These techniques can thus be
employed to find the genetic divergence of the gene pool,
selection of parents based on their diversified nature which will
ultimately assist in development of transgressive segregants
(9). Any breeding strategy ultimately aims for vyield
enhancement. Ascertaining the component traits and their
contribution to grain yield directly and indirectly is well
accomplished through correlation and path coefficient
analyses. Correlation coefficients reveal the nature, type and
magnitude of association between characters. Path coefficient
analysis allows an effective means of partitioning correlation
coefficients into unidirectional pathway and alternate
pathways. This analysis permits a critical examination of
specific factors that produce a given correlation and can be
successfully employed in formulating an effective selection
strategy (10).

Substantial genetic variability exists for physical,
chemical and sensory traits in groundnut (11). Breeding
groundnut varieties suitable for edible purposes should aim to
incorporate one or more of the quality parameters in addition
to yield. Only a limited number of reports are available on
genetic studies on large seeded or confectionery type
groundnut (12-15). Hence the present investigation aims to
study the diversity of groundnut germplasm for quality
characters and correlation of quality characters with yield
along with their direct and indirect effects and further down
streaming the selection emphasis to few quality parameters
through PCA.

Material and Methods

The present study was undertaken with thirty confectionery
type germplasm obtained from DGR, Junagadh, ICRISAT,
Hyderabad and TNAU, Coimbatore (Table 1) during Kharif

2

and Rabi, 2022 at Oilseeds Research Station, Tindivanam
located at 12°213886' N latitude and 79°672351' E longitude.
The genotypes were raised in a Randomized Block Design in
two replications in plot size of 4 x 2 m? with a spacing of 30 cm
between rows and 15 cm between plants. Observations on
no. of branches/plant (NB/P), no. of pods/plant (NP/P), no. of
kernels/plant (NK/P), 100 kernel weight (100 KW) kernel
weight/plant (KW/P), sound mature kernel weight/plant
(SMK.KW/P), sound mature kernel percentage (SMK.K %) and
pod yield/plant (PY/P) were recorded on five plants selected
atrandom in each replication.

Sound Mature Kernel (SMK) refers to the kernels that
are fully developed in size that fills the pod completely
without any shrivelling or constriction. The weight of SMK
kernels in a plant is recorded in grams and represented as
SMK.KW/P and the percentage of sound mature kernel
weight to total kernel weight of a plant is expressed as SMK.K
percentage.

Statistical analysis

D? statistics was calculated involving Ward’s minimum
variance agglomeration method to estimate the Euclidean
distance (16) and clustering using Toucher’s method (17)
which minimizes the within cluster variances by hierarchical
clustering algorithm. Genotypic correlation coefficient
analysis to find out the association of quality characters with
pod yield/plant (18), path analysis (19) to assess the direct
and indirect effects of quality characters on pod yield/plant
and PCA (20) to identify the spatial distance among
genotypes were performed using R software (21) subjecting

Table 1. Genotypes used in the study

Sl. No. Genotypes Source

DGR, Junagadh - X irradiated mutant variety of

L T61 ‘Spanish improved’ from BARC, Trombay
2. Chitra DGR, Junagadh
3. BAU 13 DGR, Junagadh
4, AK 303 DGR, Junagadh
5. T64 DGR, Junagadh
6. TPG 41 DGR, Junagadh
7. Somnath DGR, Junagadh
8. BG1 DGR, Junagadh
9. BG2 DGR, Junagadh
10. M 522 DGR, Junagadh
11. B 95 DGR, Junagadh
12. T28 DGR, Junagadh

13. ICGV 05170
14. ICGV 05174
15. ICGV 05182
16. ICGV 05184
17. ICGV 05193
18. ICGV 05198
19. ICGV 05200
20. ICGV 06188
21. ICGV 06189
22. ICGV 06211
23. ICGV 06214
24, ICGV 06216
25. ICGV 06227
26. ICGV 06229
27. ICGV 06233

ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad
ICRISAT, Hyderabad

28. TMV 13 TNAU, Coimbatore
29. CO6 TNAU, Coimbatore
30. Asha TNAU, Coimbatore
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the pooled mean values of the 30 genotypes in the two
seasons for each character to statistical analysis.

Results and Discussion

The Analysis of variance for the grain yield and grain quality
parameters indicated significant differences among the
genotypes (Table 2). Breeders must consider choosing best
performers for the trait of interest for contribution of
favourable alleles and genetic diversity so as to boost the
overall frequency of favourable alleles (22). Hence the mean
performance of genotypes was studied for selection of best
performers (Table 3). The character mean values ranged from
27.4 g (B95) to 51.5 g (TG 1) for Pod yield/plant, from 47.2-72.9
g for 100 kernel weight, from 40.0-74.0 for no. of kernels/plant,
from 19.4-49.4 g for kernel weight/plant, from 13.4- 41.1 g for
sound mature kernel weight/plant and from 50.1-84.6 % for

Table 2. Analysis of variance for yield and grain quality traits in
groundnut genotypes

Mean sum of squares

sound mature kernel percentage. Among the 30 genotypes,
TG1, T 64, M522, ICGV05174, ICGV06188 and Asha exhibited
significant mean performance for pod yield/plant. T 64 and
ICGV 06188 expressed significance for other yields attributing
and grain quality characters like 100 KW, kernel weight/plant,
sound mature kernel weight/plant and sound mature kernel
percentage. Likewise, M 522 for no. of branches /plant, kernel
weight/plant, sound mature kernel weight/plant and sound
mature kernel percentage, TG05174 for no. of pods/plant, no.
of kernels/plant, SMK kernel weight/plant and sound mature
kernel percentage. TG 1 also expressed significant mean
performance for no. of branches/plant, no. of pods/plant and
no. of kernels/plant. Hence involving these genotypes in
crossing programmes shall be considered for improving these
quality traits in the progenies for breeding confectionery type
groundnut. Per se performance of parents as one of the tools
for selection of parents to obtain superior progenies in ground
nuts was utilised by several workers (23, 24). Superior parents
were identified for improving confectionery qualities based on
high mean performance for 100 kernel weight, kernel length,
kernel width, uniform pod size and shape, high pod yield per

Character Replication Genotypes ¢ o (df: 29) plant, high protein, moderate oil and high shelling percentage
(df: 1) (df: 29) L . . . .

BT o S5 31 (6). Breeding lines with high pod yield and large seed size were
ijp 1:20 45'.07* 7:57 sel(.ected by ahalyzing the .me.an performance across years in
NK/P 027 204.01* 31.30 various locations (25). Significant per se performance of
100KW 0.10 77.02* 0.89 genotypes for days to maturity, test weight, sound mature
Kw/P 0.28 84.61* 13.86 kernels, harvest index, protein content and pod yield per plant
SMK.KW/P 0.37 87.64* 5.64 was reported earlier (26).
SMK.K % 1.82 208.72* 19.59
PY/P 17.42 98.29* 9.31 Diversity studies
* denotes significant at 5 % level Genetic variability/diversity present in the initial population is
Table 3. Mean performance of genotypes
SL.No.  Genotypes NB/P NP/P NK/P  100KW(g) KW/P (g) SMK('g'jwl P sMK.k% PY/P (g)

1. TG1 8.10 39.25* 71.5* 57.80 37.90 24.80 65.75 51.50*

2. Chitra 11.00* 28.50 48.0 53.55 29.15 15.85 58.25 36.55

3. AK 303 6.50 30.50 53.5 54.00 33.95 20.50 59.35 37.00

4. T64 8.65 28.75 50.5 66.80" 49.35* 41.10* 82.65" 59.20*

5. TPG 41 8.20 29.50 55.0 65.70* 31.00 20.70 67.75 35.80

6. Somnath 6.00 35.25 62.5 55.95 36.90 18.70 50.90 48.35

7. BAU 13 8.30 29.00 49.0 62.00* 25.95 13.40 50.90 34.10

8. BG1 11.50* 32.50 58.0 52.10 32.30 19.00 57.80 41.90

9. BG2 6.00 29.00 51.0 52.55 29.20 20.10 68.40 38.65

10. M 522 11.60* 29.00 51.0 56.00 42.75* 31.50* 73.75* 50.80*

11. B 95 7.80 24.75 41.0 48.95 19.35 14.05 71.10 27.35

12. T28 7.70 36.25* 64.0 47.15 21.25 10.70 48.80 34.70

13. TMV 13 9.10 35.50 66.5* 47.20 31.65 17.20 53.95 41.45

14. ICGV05170 8.50 35.75 64.5 57.90 34.65 21.15 60.60 45.90

15. ICGV05174 6.30 4375 80.5* 55.95 36.95 29.15* 79.45* 54.00*

16. ICGV05182 7.00 31.00 55.0 56.95 34.85 19.55 55.20 45.30

17. ICGV05184 5.30 23.25 40.0 59.85 26.00 18.45 70.50 41.55

18. ICGV05193 8.10 23.25 40.5 60.05* 33.75 20.80 58.35 44.90

19. ICGV05198 6.00 24.25 41.5 61.05* 23.70 17.10 78.65* 30.10

20. ICGV05200 6.10 31.75 55.0 55.85 28.90 18.90 64.95 40.40

21. ICGV06188 5.00 30.75 55.5 63.90" 42.70* 32.80* 77.50* 51.35*

22. ICGV06189 5.80 24.75 45.0 62.60* 35.35 30.00* 84.55* 43.00

23. ICGV06211 8.50 34.00 61.0 60.60" 28.45 15.70 53.35 42.50

24, ICGV06214 6.70 3175 56.5 72.90* 33.50 24.25 72.70 46.80

25. ICGV06216 6.90 25.00 43.0 56.40 23.20 14.85 64.55 37.55

26. ICGV06227 8.00 30.00 52.0 64.05* 34.40 25.65 73.65* 40.40

217. ICGV06229 9.00 28.50 51.0 67.70* 32.60 20.20 63.05 44.20

28. ICGV06233 7.50 34.25 61.5 54.10 30.75 18.00 57.40 39.95

29. Asha 8.00 30.75 74.0* 59.35 35.95 23.90 66.25 48.55*

30. Cob6 9.00 31.75 57.0 49.20 27.50 14.10 50.10 36.85

Grand mean 7.74 30.74 55.17 57.94 32.13 21.07 64.67 42.36
Range 5.0-11.6  23.3-43.8  40.0-74.0  47.2-72.9 19.4-49.4  13.4-41.1  50.1-84.6 27.4-51.5
SEd 1.143 2.75 5.60 0.94 3.70 2.37 4.43 3.05
cD 2.35 5.65 11.50 1.94 7.6 4.88 9.10 6.27

* denotes significant at 5 % level
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imperative to obtain superior progenies (27). D? analysis is
performed to study the genetic diversity among the
genotypes taken for study so as to select suitable genotypes
for crossing purpose. D*analysis grouped the genotypes into
eight clusters with cluster 1 having the maximum of 11
genotypes followed by cluster 3 with five genotypes, clusters
Il and IV having four genotypes each, clusters V and VI having
2 genotypes each whereas cluster VIl and VIII had single
genotype each (Table 4). The dendrogram (Fig. 1) shows the
variable nature of the genotypes grouped into eight clusters.
Presence of high inter cluster distances is indicative of more
genetic diversity among the selected genotypes (28).
Moreover, crossing between the genotypes in clusters having
more inter cluster distance will provide more useful
genotypes/transgressive segregants than crossing with
clusters having less inter cluster distance (29). Accordingly,
the inter cluster between clusters Il and VIII (1022.45) was the
highest followed by cluster Il and VII (862.78), cluster | and VIII
(535.18), cluster Il and Ill (519.72), cluster | and VIl (440.69),
cluster IV and VIIl (389.09), cluster VI and VIII (329.61) and
cluster VI and VIl (326.62). Hence crossing among these
clusters will bring about more variability in the segregating
progenies and transgressive segregants which will be utilized
for further selection. Though clusters VIl and VIl have single

Table 4. Inter and intra cluster distances of genotypes

genotype each, they recorded the maximum inter cluster
distance with clusters Il, I, IV and VI, hence are considered ideal
for utilization in crossing programmes. Among other clusters,
Cluster Il and IV with four genotypes each show more inter
cluster distance with all other clusters and are more diverse in
nature. The cluster IV with four genotypes shows more intra
cluster distance followed by cluster | with 11 genotypes and
cluster Il with 5 genotypes (Table 5). In general, genotypes in
Cluster Il can be utilized for trait introgression of bold
seededness with clusters VIII, VII, 1l and V. Similarly, the
genotypes viz., TG 4 (cluster VIl) and ICGV 06214 (cluster VIII) are
considered more useful for creation of more variation.

Contribution of characters to diversity

The percentage contribution of individual characters (Fig. 2)
indicated the maximum contribution of 100 kernel weight
(58.2 %) followed by sound mature kernel weight/plant (21.1
%) for diversity. All other characters show relatively less
contribution to the genotypic diversity. Hence due weightage
should be given to 100 kernel weight and sound mature
kernel weight/plant in selection of genotypes with higher
yield. The characters showing maximum contribution to
diversity emphasize the real variability among the genotypes
for the trait in discussion and hence will provide more
opportunity for improvement and to put forth transgressive

Cluster distance cluster 1 cluster 2 cluster 3 cluster 4 cluster 5 cluster 6 cluster 7 cluster 8
cluster 1 38.31 114.75 205.61 95.84 86.72 84.68 440.69 535.18
cluster 2 33.03 519.72 258.91 280.48 266.31 862.78 1022.45
cluster 3 36.80 141.98 87.19 104.60 111.86 115.05
cluster 4 45.045 118.68 130.85 252.72 389.09
cluster 5 22.025 67.30 289.38 274.46
cluster 6 27.82 326.62 329.61
cluster 7 0.000 114.18
cluster 8 0.000
Dendrogram of Genotype Clusters
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Fig 1. Dendrogram of genotypic clusters.
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Table 5. Genotypes in different clusters

Clusters Genotypes

cluster 1 ICGV05182, ICGV05200, Somnath, ICGV06233, AK 303,
ICGV06216, BG 2, Chitra, ICGV05170, BG 1, ICGV05193

cluster 2 T28,CO6,TMV 13,B95

cluster 3 TPG 41, ICGV06229, ICGV06227, ICGV06189, ICGV06188

cluster 4 TG 1,ICGV05174, M 522, Asha

cluster 5 BAU 13, 1CGV06211

cluster 6 ICGV05184, ICGV05198

cluster 7 T64

cluster 8 ICGV06214

segregants. Contribution of linoleic acid, free amino acid and
100 seed weight to diversity among all qualitative and
quantitative traits was reported by (12) among the
confectionery genotypes.

Cluster Mean analysis

Cluster mean analysis indicates that cluster VIl with the sole
genotype TG 4 is unique and performed well for majority of
the characters related to yield and bold seededness viz., 100
kernel weight, kernel weight per plant, sound mature kernel
weight/ plant and pod yield/plant whereas the cluster Il had
poor performers for yield and grain characteristics. The
genotypes in cluster IV had high mean value for pod yield, no.
of kernels/plant and sound mature kernel weight/plant but
had average value for 100 kernel weight. Hence the
genotypes in cluster IV may be combined with genotypes in
cluster VIl and VIII for getting good grain as well as pod yield
characteristics. Considering the maximum no. of genotypes
in cluster | and the genetic distance of cluster | with cluster VII
and VI and cluster mean values, crossing between the
genotypes in these clusters can also be considered for
improvement of pod yield and grain characteristics (Table 6).
Crossing within genotypes in cluster Il should be avoided

Table 6. Cluster mean analysis

Importance of variables

X100KW (58.2%)

NP.P (1.8%)
SMK.K. (2.1%)

NK.P (3.4%)

PY.P (3.7%)
NB.P (3.9%)

SMK.KW.P (21.1%) KW.P (5.7%)

Fig 2. Contribution of characters to diversity.

owing to their poor performance. Genotypes within cluster
are more similar in nature and crossing between them will
not result in useful segregants (28).

Genotypic correlation coefficients

Genotypic correlation coefficients are calculated keeping Pod
yield /plant as the dependent variable and all other as
independent and yield contributing variables (Table 7).
Among the various characters studied, kernel weight/ plant is
the most significantly correlated character followed by SMK
kernel weight/plant and no. of kernels/plant in the positive
direction. All other characters also exhibited positive
relationship with pod yield but are non-significant. Several
workers have reported significant and positive correlation of
100 kernel weight with pod yield/plant (30, 31) and positive
significant association of kernel yield /plant, no. of pods/plant
and no. of mature pods/plant with pod yield (32). Significant
and positive intercorrelation was also noticed between the
traits no. of pods/plant and no. of kernels/plant; 100 kernel
weight with sound mature kernel weight and sound mature
kernel percentage; kernel weight / plant and sound mature
kernel weight /plant; sound mature kernel weight and sound

Cluster NB/P NP/P NK/P 100KW (g) KW/P(g)  SMK.KW/P (g) SMK.K % PY/P(g)
Cluster | 1.74 30.61 53.86 55.40 31.60 18.85 59.61 41.50
Cluster I 8.40 32.06 57.13 48.13 24.94 14.01 55.99 35.09
Cluster Il 7.20 28.70 51.70 64.79 35.21 25.87 73.30 42.95
Cluster IV 8.50 35.69 69.25 57.28 38.39 27.34 71.30 51.21
ClusterV 8.40 31.50 55.00 61.30 27.20 14.55 52.13 38.30
Cluster VI 5.65 23.75 40.75 60.45 24.85 17.78 74.58 35.83
Cluster VI 8.65 28.75 50.50 66.80 49.35 41.10 82.65 59.20
Cluster VIl 6.70 31.75 56.50 72.90 33.50 24.25 72.70 46.80
Table 7. Genotypic correlation coefficients for component characters with pod yield

NB/P NP/P NK/P 100KW KW/P SMK.KW/P SMK.K% PY/P
NB/P 1.000 0.012 0.001 -0.183 0.079 -0.073 -0.294 0.024
NP/P 1.000 0.903* -0.238 0.218 0.048 -0.246 0.352
NK/P 1.000 -0.182 0.275 0.108 -0.197 0.413*
100KW 1.000 0.376 0.487* 0.464* 0.362
KW/P 1.000 0.874* 0.322 0.834*
SMK.KW/P 1.000 0.713* 0.751*
SMK.K % 1.000 0.261

* denotes significant at 5 % level
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mature kernel percentage. Significant intercorrelation
between characters viz., 100 kernel weight, kernel yield/plant
and no. of matured kernels/plant was reported earlier (33).
The results clearly denote that the pod yield per plant can be
maximized by selecting the yield contributing traits viz., no. of
kernels/plant, kernel weight and sound mature kernel /plant.
However, no. of kernels/plant exhibited negative correlation
with 100 kernel weight and sound mature kernel percentage.
Though not significant, care should be taken in exercising
selection for high yielding genotypes with more no. of kernels
and with more sound mature kernels (Fig. 3).

Path analysis

Path coefficient analysis is done to ascertain the direct and
indirect effects of the genotypic correlation coefficients upon
the pod yield/plant. From the results (Table 8) it could be
concluded that, kernel weight per plant being the main yield
contributing character, the indirect effect of it through sound
mature kernel weight is the highest and also the direct effect
of sound mature kernel weight on grain yield is the
maximum. This clearly indicates that sound mature kernel
weight should be concentrated more for selection of
confectionery genotypes since it shows the high direct and
indirect effect on pod yield. 100 kernel weight also has high
indirect effect through sound mature kernel weight

emphasizing the importance of sound mature kernel weight.
High direct effect of mature pods/plant and kernel yield/plant
on pod yield/plant was reported in earlier works (34, 35).
Among the other characters, no. of kernels /plant show high
direct effect on pod yield /plant. This is comparable to the
findings of (36, 37). Hence concentrating on both of these
characters keeping a balance is essential in order to select a
better and ideal genotype for confectionery purpose.

Principal Component Analysis

The multivariate analysis (PCA) is conducted to restructure
data sets containing many correlated variables into smaller
sets of components of the original variables (38). PCA
provides graphical representation of observed variation and
the usefulness of the genotypes for breeding programmes
based on their genotypic value (39). The results emphasized
the significance of first three Principal components to be
discriminative of the confectionery type groundnut. They
together explained 86.12 % of the total variation and have
Eigen values more than 1 (Table 9). The first principal
component had an Eigen value of 3.47 and explained 43.4 %
of variation while the second and the third PCs explained
29.64 % and 13.06 % of variation respectively. The cumulative
percentage of variation explained by Eigen vectors is
presented in Table 9 and the percentage of variation

PY/P a1y ‘o7 lom .‘ 028 .
SMK K% . Oee-09 -
: Corr
smkkwr @ @ & @ o
KW/P a3 14 o3 (0ss .. .
£
Y1l I I T
o 0.5
NK/P o= ... oy loe . 017 .
-1.0
NP/P aa ... hw o8 . a1t
NB/P . aot ‘00 ,au‘ 034 @ . 04
R R R & &R
é<b\ §\ é‘ls $\ $\ \\\
Q
g\ §
)
Fig 3. Corellelogram showing association of characters with pod yield.
Table 8. Direct and indirect effect of kernel and yield characters on pod yield
Genotypic correlation
NB/P NP/P NK/P 100 KW KW/P SMK. KW/P SMK.K % coefficient with PY/P
NB/P -0.014 0.001 0.001 -0.032 0.007 -0.061 0.120 0.024
NP/P -0.001 0.039 0.189 -0.043 0.019 0.043 0.103 0.352
NK/P 0.001 0.035 0.210 -0.036 0.023 0.095 0.082 0.413*
100 KW 0.003 -0.009 -0.042 0.180 0.028 0.372 -0.182 0.351
KW/P -0.001 0.009 0.057 0.060 0.085 0.754 -0.133 0.834*
SMK.KW/P 0.001 0.002 0.023 0.078 0.074 0.866 -0.294 0.751*
SMK.K% 0.004 -0.010 -0.042 0.079 0.027 0.615 -0.414 0.261

Residual effect - 0.225 * denotes significant at 5 % level
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Table 9. Eigen values showing percentage of variance in different principal components

Principal components Eigen values

Percentage of variance

Cumulative percentage of variance

PC1 3.475 43.44 43.44
PC2 2.373 29.64 73.07
PC3 1.044 13.06 86.12
PC4 0.554 6.92 93.04
PC5 0.382 4.78 97.82
PC6 0.096 1.20 99.03
PC7 0.068 0.85 99.87
PC8 0.010 0.13 100
Scree Plot
4
3
8
®
= 2
@
o
]
1
0
1 2 3 4 5 6 7 8
Component Number
—e— Eigen Value

Fig 4. Scree plot graph.

explained by various principal components as represented by
the Eigen values is given as scree plot graph (Fig. 4).

High positive weight on characters viz., sound mature
kernel weight/plant (0.952), kernel weight/plant (0.926), pod
yield (0.908), sound mature kernel percentage (0.617) and 100
kernel weight (0.566) was projected by PC1, no. of pods/plant
(0.897) and no. of kernels/plant (0.873) by PC2 and no. of
branches /plant (0.908) by PC3. The first Principal Component
is strongly associated with sound mature kernel weight/
plant, kernel weight/plant, sound mature kernel percentage
and pod yield/plant. (40) reported first PC to be associated
with number of pods per plant, kernel yield per plant,
biological yield per plant and seed yield per plant Likewise
PC2 is strongly correlated with no. of pods/plant and no. of
kernels/plant while PC3 with no. of branches/plant and PC4
with 100 kernel weight (Table 10 and Fig. 5). The distribution
of genotypes among the Principal Components is depicted by
Fig. 6. All most equal dispersion of genotypes was noticed
among the four quadrants indicating their diverse nature
with minimum of 5 genotypes in first quadrant and nine
genotypes in third quadrant. The trait vectors in biplot with
smaller angle indicate their close relationship and the
genotypes plotted closer to the trait vectors are
representative of their performance for those characters (41,
42). Accordingly, the traits pod yield /plant is tightly linked
with kernel weight/plant and SMK kernel weight/plant.
Likewise, 100 kernel weight is closely related with sound
mature kernel percentage while no. of pods/plant and no. of
kernels/plant are more closely related each other confirming
the results of genotypic correlation and path analysis done in
the study. The genotypes clustered around the yield
contributing characters viz., TG1, T64, M 522, ICGV05174,

Table 10. Eigen vectors for first five principal components

Eigen vectors

Characters
PC1 PC2 PC3 PC4 PC5

NB/P -0.086 0.330 0.908 -0.009 0.243
NP/P 0.261 0.897 -0.254 0.025 0.164
NK/P 0.330 0.873 -0.248 0.038 0.180
100KW 0.566 -0.508 -0.038 0.614 0.209
KW/P 0.926 0.111 0.224 -0.012 -0.221
SMK.KW/P 0.952 -0.187 0.090 -0.195 -0.006
SMK.K % 0.617 -0.575 -0.174 -0.365 0.348
PY/P 0.908 0.246 0.068 0.060 -0.224

ICGV06188, ICGV06214, Asha expressed high mean values for
those traits. Similar results were previously reported (40, 41).

Conclusion

The present study conducted to analyze the genetic diversity
and character association existing among the large seeded
groundnut germplasm exposed the variable nature of the
genotypes that were grouped in 8 clusters with 100 kernel
weight and sound mature kernel weight/plant contributing to
maximum variation. Clusters Il and IV had maximum inter
cluster distance with Clusters VII and VIl showing the
usefulness of the genotypes in crossing programme. Pod
yield per plant is in close association with kernel weight/plant
and sound mature kernel weight/plant emphasizing the
importance of these traits. The PCA analysis further simplified
the importance of first 3 PCs in deciding the maximum
variability of which kernel weight/plant, sound mature kernel
weight/plant and 100 kernel weight are the major players.
The genotypes consecrated in first and fourth quadrant
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Fig 6. Biplot grouping genotypes are based on the first two principal components.
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expressed high mean values for the yield as well as large
seededness indicating their usefulness in evolving large
seeded groundnut varieties with high yield.
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