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ABSTRACT

Eighty three genotypes of pigeonpea representing the broad spectrum of variation were assessed
for genetic divergence for eleven characters using Mahalanobis’ D? statistic, cluster analysis and principal
component analysis. The protein content contributed maximum towards genetic divergence followed by
days to 50% flowering and pods plant'. On the basis of clustering methods, 8 and 10 clusters were
obtained for D? statistic and culster analysis, respectively. The best clusters with regard to seed yield and
protein content were cluster V and IV. Principal component analysis identified four principal components
which explained 93.42% variability. Genotypes Pusa 2008-2, AL 1692 and SKNP 0505 (based on PC 1 axis)

were divergent.
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Pigeonpeais one of the important pulse crops
grown in India and consumed in diet as main source
of protein. Traditionally, Mahalanobis’ D? statistic
to measure genetic divergence as suggested by Rao
(1952) has been used by different workers in
pigeonpea (Singh and Gumber, 1996 and Henry and
Krishna, 1992). The PCA technique has been applied
in pigeonpea by Kalaimagal et al., (2008). Therefore,
the present investigation is an attempt to study
genetic divergence in 83 genotypes of pigeonpea
based on D? analysis, hierarchical cluster analysis
and principal component analysis.

MATERIAL AND METHODS

Eighty three pigeonpea [Cajanus cajan (L.)
Millsp.] genotypes obtained from different research
centers across the country (Table 1) were sown in
randomized block design with three replications at
Regional Agricultural Research Station, Lam, Guntur
during kharif 2008. Each plot consisted of six rows
of 4m length/genotype/replication with inter- and
intra-row spacing of 0.90 and 0.20m, respectively.
The observations were recorded on five equally
competitive plants, randomly selected from each
genotype per replication for, plant height (cm),
number of branches plant’, number of pods plant?,
pod length (cm), number of seeds pod, 100 seed
weight (g), seed yield plant™ (g) and harvest index .
Days to 50% flowering, days to maturity, 100 seed
weight (g) and protein content (%) were recorded on
plot basis. The character protein content was
estimated using the procedure described by Wiliams
Horowitz (A.O.A.C, 1980). The data were statistically
analyzed to study diversity by D? statistic

(Mahalanobis ,1936) as per Rao (1952), principal
component analysis (PCA) as described by Jackson
(1991) and cluster analysis as described by
Anderberg (1993).

RESULTS AND DISCUSSION

On the basis of D? values and cluster analysis
the eighty three genotypes were grouped into eight
and ten clusters. Based on D? values, cluster Il was
the biggest cluster with 26 genotypes followed by
clusters IV which consisted of eighteen genotypes,
followed by cluster V with fifteen genotypes, followed
by cluster Il with thirteen genotypes, cluster | with
eight genotypes while the remaining clusters i.e.,
cluster VI, cluster VIl and cluster VIII consisted of
single genotype as shown in Table 2.

Based on Ward’s minimum variance
dendrogram, the clustering pattern revealed that
cluster Ill was the largest and consisted of 14
genotypes followed by cluster Il with 13 genotypes,
followed by cluster VI and X comprising 10
genotypes each. Cluster VIl possessed 8 genotypes
followed by cluster | with 7 genotypes. Clusters IV,
V and IX consisted of 6 genotypes each. Whereas
the cluster VIII comprised only 3 genotypes (Fig 1)
(Table 3).

Based on D? values intra-cluster D? values
ranged from zero (cluster VI, cluster VIl and cluster
VIII) to 57.42 (cluster V). Where as the maximum
inter-cluster distance was observed between cluster
IV and VI (451.647) followed by cluster VI and VIII
(382.720), cluster | and 1V (314.394) while the least
D2values recorded between cluster | and VI (39.535)
followed by | and VIl (39.776) and cluster Il and llI
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Table 1. Source of the genotypes of pigeonpea [Cajanus cajan (L.) Millsp.] under study.

S.No Genotype Source S.No Genotype Source

1 SKNP 0514 S.K. Nagar 42 WRGE-79 RARS, Warangal

2 JKT 115(E) Khargone 43 TRG -22 RARS, Tirupati

3 Pusa 2008-2 IARI, New Delhi 44 WRG-132 RARS, Warangal

4 H 2002-60 HAU, Hisar 45 WRG-136 RARS, Warangal

5 AL 1685 PAU, Ludhiana 46 LRG 50 RARS, Lam

6 UPAS 120 GBPU&T.Pantnagar 47 LRG 51 RARS, Lam

7 BDN 2004-2 ARS, Badnapur 48 LRG52 RARS, Lam

8 Pusa 2004-2 IARI, New Delhi 49 LRG53 RARS, Lam

9 ASJ 129 Durgapura 50 LRG54 RARS, Lam

10 CORG 9701 Coimbatore 51 LRG55 RARS, Lam

1 PT 04-31 Rahuri 52 LRG56 RARS, Lam

12 AL 1593 PAU, Ludhiana 53 LRG57 RARS, Lam

13 H2001-22 HAU, Hisar 54 LRG58 RARS, Lam

14 PT 0012 Rahuri 55 LRG59 RARS, Lam

15 GC11-39 NA 56 LRG60 RARS, Lam

16 AL 1692 PAU, Ludhiana 57 LRG61 RARS, Lam

17 ASJ 123 Durgapura 58 LRG62 RARS, Lam

18 SKNP 0315 S.K. Nagar 59 LRG63 RARS, Lam

19 WRG 61 ARS, Warangal 60 LRG64 RARS, Lam

20 TS3-R Gulbarga 61 LRG65 RARS, Lam

21 ICPL 8863 ICRISAT, Patancheru 62 LRG66 RARS, Lam

22 JKM 7 JNKVV, Khargone 63 LRG67 RARS, Lam

23 Birsa Arhar-1 BAU, Kanke , Bihar 64 LRG68 RARS, Lam

24 JKT 234 Khargone 65 LRG69 RARS, Lam

25 TTB7 UAS, Banglore 66 LRG70 RARS, Lam

26 CO®6 Coimbatore 67 LRGT71 RARS, Lam

27 WRG 75 ARS, Warangal 68 LRG72 RARS, Lam

28 GRG 295 Gulbarga 69 LRG73 RARS, Lam

29 SKNP 0212 S.K. Nagar 70 LRG74 RARS, Lam

30 JKT 240 Khargone 71 LRG75 RARS, Lam

31 WRP 1 NA 72 LRG76 RARS, Lam

32 SKNP 0226 S.K. Nagar 73 LRG77 RARS, Lam

33 WRG 98 ARS, Warangal 74 LRG78 RARS, Lam

34 SKNP 0633 S.K. Nagar 75 LRG30 RARS, Lam

35 SKNP 0505 S.K. Nagar 76 LRG38 RARS, Lam

36 Lam 41 RARS, Lam 77 ICPL87119 ICRISAT, Patancheru

37 RST-1 RARS, Nandyal 78 ICPL 332 ICRISAT, Patancheru
+ RARS, Lam

38 TRG-7 RARS, Tirupati 79 ICPL 85063 ICRISAT, Patancheru
+ RARS, Lam

39 WRGE-65 RARS, Warangal 80 ICPL 84031 ICRISAT, Patancheru
+ RARS, Lam

40 RST-16 RARS, Nandyal 81 MRG66 ARS, Madhira

41 TRG-21 RARS, Tirupati 82 BSMR853 Badnapur

83 WRG 27 RARS, Warangal

NA = Not available



158

Vasantha Rao et al. AAJ 57

Table 2. Clustering pattern of 83 pigeonpea [Cajanus cajan ( L.) Millsp.] genotypes by Tocher’s
method.

Cluster No. of

No. genotypes

Name of the genotype

I 8
I 26
m 13
v 18
vV 15
\l 1
\l 1
vk 1

ASJ 129, AL 1593, H 2001-22, CORG 9701, ASJ 123, Pusa 2004-2, AL 1685,
H2002-60

LRG 52, LRG 60, LRG 50, LRG 66, SKNP 0633, WRG 61, LRG 67, LRG 51,

LRG 72, LRG 75, LRG 68, LRG 78, LRG 58, LRG 65, LRG 59, WRG 98, LRG 55,
WRG 75, LRG 56, SKNP 0212, LRG 64, BDN 2004-2, Birsa Arhar-1, SKNP 0226,
ICPL 84031,LRG 53

TTB 7, JKT 240, LRG 74, WRP 1, ICPL 8863, SKNP 0514, GC 11-39, UPAS 120,
JKT 234, LRG 76, PT 04-31, SKNP 0315, JKT 115(E)

RST-1,TRG-7, LRG 38, MRG 66, LRG 73, WRG-132, LRG 61, JKM 7, ICPL 85063,
WRG 27, BSMR 853, Lam 41, CO 6, GRG 295, LRG 30, RST-16, TRG-21,
WRG-136

TRG-22, LRG 69, WRGE-79, WRGE-65, ICPL 332, ICPL 87119, LRG 54, LRG 70,
LRG 77,LRG 57, LRG 71, LRG 62, PT 0012, TS 3-R, LRG 63

AL 1692

Pusa 2008-2

SKNP 0505

Table 3. Clustering pattern of 83 pigeonpea [Cajanus cajan ( L.) Millsp.] genotypes by Ward’s minimum
variance method

Cluster No. of

No. genotypes

Name of the genotype

v

\l

Vil
Vil

13

14

oo o

O o wom

SKNP 0514, UPAS 120, GC 11-39, PT 04-31, Birsa Arhar-1, SKNP 0315,
JKT 115(E)

BDN 2004-2, SKNP 0212, LRG 67, LRG 75, LRG 63, JKT 234, ICPL 84031,
LRG 76, SKNP 0226, LRG 64, LRG 62, PT 0012, TS 3-R

WRG 75, LRG 55, LRG 56, LRG 53, LRG 58, LRG 65, LRG 68, LRG 78,
LRG 59, LRG 54, LRG 70, LRG 57, LRG 77, LRG 71

WRGE-65, WRGE-79, TRG-22, LRG 69, ICPL 87119, ICPL 332

JKM 7, SKNP 0505, WRG-132, LRG 73, LRG 61, GRG 295

WRG 98, Lam 41, CO6, RST-1, TRG-7, LRG 50, LRG 66, WRG 61, LRG 52,
LRG 60

TTB 7, JKT 240, WRP 1, SKNP 0633, LRG 72, LRG 51, LRG 74, ICPL 8863
RST-16, TRG-21, WRG-136

LRG 38, MRG 66, WRG 27, ICPL 85063, BSMR 853, LRG 30

AL 1685, Pusa 2004-2, ASJ 123, AL 1692, ASJ 129, AL 1593, H 2001-22,
CORG 9701, H 2002-60, Pusa 2008-2
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Fig 1. Dendrogram showing relationship of 83 pigeonpea [Cajanus cajan (L.) Millsp.] genotypes in ten
clusters.
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Table 4. Average intra-and inter-cluster distance (D?) values of eight clusters in pigeonpea
[Cajanus cajan (L.) Millsp.].

Cluster Nol [ I v \Y \l Vil Vil

I 9.3 1813 948 3143 2196 395 397 216.8
[ 27.0 599 80.2 64.0 2536 1835 95.4
I 36.3 1226 1214 1763 785 77.7
v 459 1502 4516 251.0 79.6
\Y 57.4 2411 2735 2155
\l 0.0 1374 382.7
Vil 0.0 121.9
Vil 0.0

Bold and diagonal values indicate intra-cluster D2 distance

Table 5. Contribution of different characters towards genetic divergence in pigeonpea
[Cajanus cajan (L.) Millsp.].

Character Per cent Times

contribution ranked first

towards

divergence
Days to 50% flowering 37.41 1269
Days to maturity 2.20 75
Plant height 0.88 31
Branches per plant 0.56 21
Number of pods per plant 8.46 279
Pod length (cm) 0.18 9
Seeds per pod 0.10 0
Seed yield per plant 8.02 279
100-seed weight 0.71 22
Harvest index 0.94 33

Protein content (%) 40.54 1385
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Table 6. Cluster means for 11 characters estimated by Ward’s minimum variance method in pigeonpea [Cajanus cajan(L.)Millsp.].

Protein
content (%)

Harvest

100
seed
weight

Seeds Seed

per pod

Pod
length

Days to Daysto Plant Branches Pods
height

Cluster

index

yield
plant’

plant’

plant’

50% maturity

flowering

No

(cm)

(cm)

125.7 13.1 89.2 45 4.0 227 10.7 32.1 24.8
128.7

120.8
141.6

153.4
172.2
127.8
189.4

90.2

3.9 26.4 10.7 27.0 224

3.8
4.0

97.6 45

13.7
9.6

108.0
731

221

36.0

10.3

124

45

63.8

1.4 314 274

58.4

4.8

208.9

16.5

122.6

v
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(59.973) (Table 4). D? statistic showed that the

OO O©NNM characters contributing towards divergence (Table
NN S 5) revealed that the maximum contribution
towards divergence is by protein content (40.54),
followed by days to 50% flowering (37.41), number
of pods per plant (8.46) and seed yield per plant
a-egas (8.02). Thus, these four characters altogether
MANNNN® accounted for more than 90% of the total
divergence in 83 genotypes studied.

The distribution of genotypes based on
oW 0O N PCA values were shown in 3D plot where the
e9o g cgog genotypes Pusa 2008-2, AL 1692 and SKNP

0505 were away from other genotypes on the
basis of PCA | and PCA Il scores (Fig 2). The
first four principal components showed eigen
‘: 5 < £ ‘Cf 8 values more than one and they altogether
RISIHR explained 92.43% of the variability (Table 7). The
first PC explained 54.3% of the total variability in
the set of all variables and remaining ones
accounted for progressively lesser amount of
T RO O variation.
O

Cluster means (Table 6) based on Ward'’s
minimum variance method revealed that cluster
V recorded high mean values for days to 50%
flowering, seeds pod™, seed yield plant' and
harvest index. Cluster IV had highest values for
branches plant, pod length, 100 seed weight
and protein content. Cluster X for plant height

4
4
4.6
4
4
4.6

0O oo N® and pods plant™. Cluster IX recorded high mean

NBygggy value for days to maturity. While the grouping

N==-— o based on the D? analysis resulted in eight
clusters.

All the three methods of grouping revealed
oOomom«—o a single concept of non-correspondence of genetic
LoNITYO divergence and geographical diversity. The protein

content contributed maximum towards genetic
A divergence followed by days to 50% flowering and
NOO M~ = pods per plant. Genotypes, Pusa 2008-2, AL
IS 3 > 1692 and SKNP 0505 were found divergent.
A A % Arunachalam and Bandopadhyay (1984) have
£ proved experimentally more number of heterotic
E combinations with higher level of heterosis was
f S g g g &7 ge] from the parents grouped into moderate divergent
QRO © groups. Hence, selection of varieties should be
:E, more dependent on genetic diversity than the
E geographical diversity. Similar findings were also
0o~ ® 0o E reported by Venkateswarlu (2001) and Satish
FosITS o Kumar et al. (2005).
T T ®
E)
=}
2
_= S
>SSSxx| &
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Table 7. The eigen values, proportion of the total variance represented by first four principal components,
cumulative per cent variance and component loading of different characters in pigeonpea
[Cajanus cajan (L.) Millsp.]

PC, PC, PC, PC,
Eigen Value (Root) 2396.2 1208.5 402.4 113.9
% of variance Explained 54.3 27.3 9.1 2.5
Cumulative variance Explained 54.3 81.7 90.8 93.4
Days 50% flowering 0.7 0.2 0.4 0.2
Days to maturity 0.3 0.1 0.2 -0.5
Plant height (cm) 0.1 0.0 -0.1 0.2
Number of branches plant’ 0.0 0.0 -0.2 0.6
Number of pods plant 0.3 0.1 -0.5 -0.0
Pod length (Cm) 0.0 -0.0 -0.0 -0.0
Number of seeds pod -0.0 -0.0 -0.0 -0.2
100 seed weight (g) 0.3 0.0 -0.5 -01
Seed yield plant™ (g) -0.0 -0.0 0.0 0.3
Harvest index 0.0 -0.0 -0.1 -0.1
Protein content (%) 0.3 -0.9 0.0 0.0

PC = Principal Component

Fig 2. Three dimensional graph showing relative position of 83 pigeonpea [Cajanus cajan (L.) Millsp. ]
genotypes based on PCA scores (Number of genotypes correspond to Table 1).
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