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STUDY OF GENETIC DIVERSITY IN PIGEONPEA (Cajanus cajan (L.) Millsp.)
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A set of 50 pigeonpea genotypes were evaluated during kharif season 2019-20 at Regional Agricultural Research Station
(RARS), Tirupati, Andhra Pradesh to assess the genetic diversity. The study revealed wide range of genetic diversity among
genotypes for all yield, physiological, leaf morphological and biochemical attributing characters. D? analysis grouped 50 genotypes
into 6 clusters. Cluster II was the largest consisting of 29 genotypes, followed by Cluster I containing 13 genotypes, Clusters 111
and I'V had 3 genotypes each and the Cluster V and VI was solitary. The inter-cluster D? values indicated most diverse Clusters
I and IV (4187.56) followed by Clusters II and IV (3686.56).The highest intra-cluster distance was observed in Cluster 111
(273.66) followed by cluster II (234.81). On the basis of cluster mean values, Cluster III was superior for number of primary
branches per plant, number of pods per plant and seed yield per plant. Cluster IV was superior for 100 seed weight, leaf thickness
and phenol content and resistance to sterility mosaic disease. Leaf hairiness and number of pods per plant together contributed

81.63 per cent for divergence, hence these traits were emphasized for selection of genotypes for hybridization.
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INTRODUCTION

Pigeonpea (Cajanus cajan (L.) Millsp), also known
as redgram or arhar or tur is an important legume crop
after gram (bengalgram) from the family, Fabaceae.
Pigeonpea is an excellent source of protein (20-22%),
supplementing the energy rich source mainly for
vegetarians. Hence, it is mainly grown in developing
countries like India where majority of the people depend
on low priced vegetarian foods for meeting their dietary
requirements. It is sixth most important legume crop with
production of 59.60 lakh tonnes in the world. India and
Myanmar are the major producers of pigeonpea in the
world (FAOSTAT, 2018). In India, it is cultivated in an
area of 44.38 lakh hectares with a production of 42.89
lakh tonnes and average productivity of 967 kg ha’!
(Government of India, 2018). Although, India leads the
world both in area and production of pigeonpea, its
productivity is lower than the world average. The poor
productivity in India is attributed primarily due to poor
spread of improved varieties and technologies, untimely
and inadequate availability of quality seed of improved
varieties and other inputs, water-stress due to dependence
on rainfall, low and high temperature stress, cultivation
on marginal and sub-marginal land. These made the crop
frequently prone to abiotic (waterlogging, nutrient, cold,
salinity and terminal moisture stress) and biotic (weeds,

diseases like Fusarium wilt, leaf blight, sterility mosaic
disease, pod borer complex and pod-fly) stresses.
Mahalanobis D? statistics has extensively been used by
several workers to study the genetic diversity in different
agronomic crops and to identify the characters or
characters responsible for such type of divergence. Using
Mahalanobis D? statistics, the population can be classified
in to different groups. Keeping in view, present
experiment has been undertaken to study genetic diversity
for selecting suitable parents for pigeonpea breeding
programme aimed at isolating desirable segregants for
seed yield and other important characters.

MATERIAL AND METHODS

The experiment was carried out during kharif, 2019
at Regional Agricultural Research Station (RARS),
Tirupati. The experimental materials comprised of 50
genotypes were sown in a Randomized Block Design
(RBD) in three replications in three rows of length 4 m
with spacing of 90 x 20 cm. The package of practices
recommended for the crop was followed. Yield,
physiological, leaf morphological and biochemical traits
viz., plant height, days to 50 per cent flowering, days to
maturity, number of primary branches per plant, number
of secondary branches per plant, number of pods per plant,
hundred seed weight, harvest index, SPAD chlorophyll
meter reading, specific leaf area, relative water content,
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seed yield per plant, leaf trichome density, leaf thickness,
amino acid content, phenol content, carbohydrate content,
protein and sterility mosaic disease percentage were
recorded from randomly selected plants in each of the
genotype in each replication, except days to 50 percent
flowering and days to maturity which were recorded on
plot basis while sterility mosaic disease percentage
readings were taken in artificial screening. Data was
subjected to D? analysis to estimate the genetic diversity
among the genotypes (Mahalanobis, 1936).

RESULTS AND DISCUSSION

D? statistics and cluster analysis grouped 50
pigeonpea genotypes into 6 clusters. This indicated
existence of high degree of genetic diversity in the
genotypes evaluated in this study. Therefore, these
genotypes would serve as valuable source for selection
of diverse parent. Cluster pattern revealed that, Cluster 11
was largest consisting of 29 genotypes, followed by
Cluster I containing 13 genotypes, Cluster I1I and IV had
3 genotypes each and the Cluster V and VI had one
genotype each (Table 1). The discrimination of genotypes
into many discrete clusters indicated presence of
substantial diversity in the evaluated material. The intra
and inter-cluster distance among different clusters has
been given in Table 2. The inter-cluster distances were
greater than intra-cluster distances, revealing that
considerable amount of genetic diversity existed among
the genotypes of different clusters. Maximum differences
among the genotypes within the same cluster (intra
cluster) were shown by Cluster III (273.66) followed by
Cluster II (234.81) which indicated maximum variability
among genotypes within the cluster. While the minimum
intra-cluster distance observed in Cluster V and VI which
had one genotype i.e., zero intra-cluster distance indicated
that genotypes of these clusters could be closely related
in their evolutionary process and passed through similar
evolutionary factors, hence selection will be ineffective.
Inter-cluster distance is the main criterion for selection
of genotypes using D? analysis. The maximum inter-
cluster distance was recorded between Cluster [1I and IV
(4187.56) followed by Cluster II and IV (3686.56).
Genotypes belonging to the clusters with maximum inter-
cluster distance are genetically more divergent and
hybridization between genotypes of divergent clusters
would be useful to improve the yield potential in
pigeonpea. Inter-cluster distances were greater in
magnitude confirming the presence of diversity among
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clusters, that crossing between genotypes from diverse
clusters may provide a wide spectrum of genetic diversity.
Minimum inter-cluster distance was observed between
Cluster I and V (399.85) which indicated close
relationship between genotypes of these clusters, which
would not provide any significant diversity.

The mean performance of all the characters in
different clusters is presented in Table 3. The genotypes
in the Cluster I showed tallness whereas the genotypes in
the Cluster II exhibited low leaf hairiness and low leaf
phenol content. Cluster III recorded high number of
primary branches per plant, high number of pods per plant,
low 100 seed weight, high seed yield per plant, high leaf
thickness, low amount of leaf protein and high SMD
percentage. Similarly, Garhewal et al. (2013); Navneet
et al. (2017) and Baldaniya et al. (2018) also reported
that cluster with high cluster means for number of primary
branches per plant, number of pods per plant also showed
high seed yield per plant. Early flowering, early maturity,
high 100 seed weight, low specific leaf area, high leaf
hairiness, high leaf thickness, high leaf phenol content,
low amount of leaf carbohydrate and low SMD percentage
was recorded in Cluster IV. Pushpavalli et al. (2017) and
Kumar et al. (2019) also reported early flowering and
early maturity for the genotypes of the same cluster in
their study. Shorter plants, low number of primary
branches per plant, low number of secondary branches
per plant, low number of pods per plant, low harvest index,
high SCMR, high specific leaf area, low relative water
content, low seed yield per plant, low leaf amino acid
content and high amount of leaf protein was recorded in
Cluster V. The Cluster VI recorded delayed flowering,
delayed maturity, high number of secondary branches per
plant, high harvest index, low SCMR, high relative water
content, low leaf thickness, high amount of amino acid
and carbohydrate content. Cluster VI showed highest
mean for most of the characters viz., days to 50%
flowering (127.00), days to maturity (176.00), secondary
branches per plant (9.33), harvest index (34.04), relative
water content (84.49), amino acid content (0.18) and
carbohydrate content (114.17). While Cluster V showed
lowest mean for most of the characters viz. plant height
(230.53), number of primary branches per plant (4.47),
number of secondary branches per plant (1.20), number
of pods per plant (15.48), harvest index (3.48), relative
water content (62.20), seed yield per plant (6.06) and
amino acid content (0.12). Intercrossing among the
genotypes from the diverse clusters could be suggested
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Table 1. Cluster composition with 50 pigeonpea genotypes (Tocher’s method)

Cluster  No. of genotypes included

Number in each cluster Genotype(s) included

I 13 PRG-300,TRG-111, TDRG-59, WRG-353, RPS 2008-5, GJP-1721,
BAUPP 15-19, WRGE-122, RVSA 16-1, AKTE-1701, KRG-224,
TRG-59, LRG-229

11 29 CO-8, PT 0723-1-2-3, PT 0705-4-1-2, CRG 16-008, AKTE 12-02,
RPS 2007-109-1, RVSA 15-10, RVKT-314, GJP-1715, PT 0704-1-2,
BRGL 18-2, PRG-176, RKPV-911, RVSA 15-7, MPV-106,
IBTDRG-7, BRGL 18-1, ICPL-15048, GRG-811, WRGE-93,
RPS 2007-105-1, ICP-8863, RKPV-912, AKTE 12-04, WRP-1,
BDN 2013-1, TDRG-58, LRG 41, SKNP-1413

111 3 LRG-134, LRG 133-33, CO-6

v 3 BRG-3, BSMR-736, RVSA 16-4

\% 1 KRG-244

VI 1 LRG-52

to generate a wide spectrum of variability followed by
effective selection for these characters.

The utility of D? statistics is enhanced by its
applicability to estimate relative contribution of various
characters towards genetic divergence. Among the
characters studied, leaf hairiness contributed the
maximum (66.45 %) towards the diversity by taking first
rank 814 times, followed by number of pods per plant
(15.18 %) with 186 times ranked first. Present findings
are in confirmation with the reports of Reddy et al. (2015)
and Navneet et al. (2017). The characters viz., number of
secondary branches per plant (5.31 %) with 65 times
ranked first, number of primary branches per plant (4.00
%) with 49 times ranked first, SMD percentage (3.67 %)
with 45 times ranked first and leaf phenol content (2.86
%) with 35 times ranked first contributed towards the
diversity. Similarly, seed yield per plant contributed (1.22
%) with 15 times ranked first towards the divergence.
Days to 50% flowering and leaf amino acid content (0.33
%) with four times ranked first, leaf carbohydrate content
(0.24 %) with three times ranked first, harvest index and
100 seed weight (0.16 %) with two times ranked first and
plant height (0.08 %) with one time ranked first
contributed minimum towards the divergence (Table 4).
On the contrary days to maturity, SPAD chlorophyll meter
reading, specific leaf area, relative water content, leaf
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thickness and leaf protein content had zero contribution
towards genetic divergence.

From the present investigation, it was concluded that
Cluster IIT and Cluster IV were more divergent clusters.
Leaf hairiness has maximum contribution for genetic
divergence followed by number of pod per plant. The
genotypes of Cluster IIT (LRG-134, LRG 133-33 and CO-
6) showed highest cluster mean values for most of the
yield contributing characters, and the genotype of Cluster
IV (BRG-3, BSMR-736 and RVSA 16-4) showed superior
performance as early flowering, early maturity, high leaf
thickness and high phenol content. Therefore, genotypes
from Cluster III and Cluster IV could be utilized as
potential parents in crossing programme for improving
more than one economic character such as high yield,
early maturity and sterility mosaic disease resistance in
pigeonpea.
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Table 2. Intra-cluster (diagonal) and inter—cluster distances for six clusters in pigeonpea

Cluster I Cluster I1 Cluster I11 Cluster IV Cluster V Cluster VI

Cluster 1 151.81 654.96 1036.33 1573.56 399.85 655.06
(12.32) (25.59) (32.19) (39.67) (19.99) (25.59)
Cluster 11 23481 618.61 3686.56 1451.42 1144.06
(15.32) (24.87) (60.72) (38.09) (33.82)
Cluster II1 273.66 4187.56 2281.74 678.21
(16.54) (64.71) (47.77) (26.04)
Cluster IV 197.73 803.77 2167.89
(14.06) (28.35) (46.56)
Cluster V 0.00 1324.03
(0.00) (36.39)
Cluster VI 0.00
(0.00)

Table 3. Cluster means for yield, physiological, leaf morphological and biochemical characters in all clusters

Clusters
S. No. Characters
I 11 111 v \% VI
1 Plant height (cm) 285.14 27550 28223 279.68 230.53 256.67
2 Days to 50% flowering 112.49  113.62 122.89 106.89 120.67 127.00
3 Days to maturity 164.51 16398 172.67 160.00 175.00 176.00
4 Number of primary branches plant’! 8.56 8.67 12.57 7.30 4.47 6.53
5 Number of secondary branches plant’ 2.92 3.27 6.43 2.53 1.20 9.33
6 Number of pods plant! 74.81 74.28 177.51 52.66 1543 170.73
7 Harvest index (%) 12.39 13.71 25.60 19.33 3.48 34.04
8 100 seed weight (g) 11.17 10.89 9.23 13.39  11.23 11.30
9 SCMR 45.12 4537  45.17 4478 45093 42.10
10 Specific leaf area (cm? g!) 210.69 21438 219.28 17236 269.22 21945
11 Relative water content (%) 64.08 64.87 65.49 71.84  62.20 84.49
12 Seed yield per plant (g) 27.32 29.57  70.70 2093 6.06 68.08
13 Leaf hairiness 52795 333.18 352.00 85.67 633.67 539.00
14 Leaf thickness (mm) 0.20 0.20 0.21 0.21 0.20 0.19
15 Amino acids (mg g™ 0.13 0.14 0.13 0.16 0.12 0.18
16 Phenols (%) 10.03 9.75 10.34 18.34  15.92 11.00
17 Carbohydrates (mg g!) 75.74 93.13 95.26 56.89 9339 114.17
18  Proteins (mg g™!) 5.30 5.18 5.12 6.23 6.55 5.52
19 SMD disease percentage 32.26 50.47 50.78 9.22  38.33 48.33
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Table 4. Relative contribution of different characters to genetic diversity in 50 pigeonpea genotypes

S. No. Characters Times ranked first Contribution %
1 Plant height (cm) 1 0.08
2 Days to 50% flowering 4 0.33
3 Days to maturity 0 0.00
4 Number of primary branches plant™ 49 4.00
5 Number of secondary branches plant’! 65 5.31
6 Number of pods plant™ 186 15.18
7 Harvest index (%) 2 0.16
8 100 seed weight (g) 2 0.16
9 SCMR 0 0.00
10 Specific leaf area (cm? g™) 0 0.00
11 Relative water content (%) 0 0.00
12 Seed yield per plant (g) 15 1.22
13 Leaf hairiness 0 0.00
14 Leaf thickness (mm) 814 66.45
15 Amino acids (mg g 4 0.33
16 Phenols (%) 35 2.86
17 Carbohydrates (mg g™') 3 0.24
18 Proteins (mg g) 0 0.00
19 SMD disease percentage 45 3.67
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