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ABSTRACT
Genetic divergence analysis was carried out with sixty genotypes of upland cotton based on sixteen

characters using Mahalanobis’ D2 statistic, cluster analysis and principal component analysis. Eight and 8
clusters were obtained by D2 statistic and cluster analysis, respectively. PCA identified six principal components
which explained 83.89% variability in upland cotton. The PCA enabled loading of similar type of variables on a
common principal component. Divergence studies indicated that geographical diversity is always not neces-
sarily associated with the genetic diversity. Multivariate analyses revealed maximum divergence among L-788,
L-389, IH-65, TCH-1710, GBHV-156, PH-348 and CSH-3129 signifying their role in exploitation of heterosis.
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Cotton is an important cash crop and a major
fibre crop, accounting for nearly 60% of raw material
to the Indian textiles industry. The diversity of
parents is of prime importance, since the crosses
made between the genetically divergent parents are
likely to throw desirable recombinants in the
progenies. Traditionally Mahalanobis’  (1928) D2

statistic to measure genetic divergence as
suggested by Rao (1952) has been used by different
workers in cotton (Singh and Gill, 1984 and Ekbote
and Khoragade, 1986). The present study was carried
out with different methods based on D2 analysis,
hierarchical cluster analysis and principal component
analysis. The PCA technique has been applied in
cotton by Brown (1991). Therefore, the present
investigation is an attempt to study genetic
divergence in 60 genotypes of upland cotton using
multivariate analyses.

MATERIAL AND METHODS
The present study was carried out with 60

genotypes of cotton (Gossypium hirsutum L.)
obtained from different research centres across the
country in randomized block design with three
replications at Agricultural College Farm, Bapatla
during kharif 2008. The inter- and intra-row spacing
adapted was 120cm x 60cm. Each plot consisted
of one row of 6m length and observations were
recorded on five randomly selected plants from each
genotype per replication for characters viz., plant
height (cm), number of monopodia plant-1, number
of sympodia plant-1, number of bolls plant-1, boll
weight (g), seed index (g), lint index (g), lint yield

plant-1 and seed cotton yield plant-1. Days to 50%
flowering, ginning out-turn (%), 2.5% span length
(mm), micronaire (10-6g/in), bundle strength (g/tex),
uniformity ratio and fibre elongation (%) were
recorded on plot basis. The fibre quality characters
were analyzed at CIRCOT regional unit,  Lam,
Guntur.  The data were statistically analyzed to
study diversity by Mahalanobis’ D2 statistic 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 D2 values and cluster

analysis the sixty genotypes were grouped into eight
and eight clusters. Based on D2 values, clustering
pattern comprised eight clusters, out of which cluster
I was the biggest cluster with 23 genotypes followed
by clusters IV and VII which consisted of eleven
genotypes each followed by cluster II with seven
genotypes followed by cluster V which comprised
five genotypes while the remaining clusters i.e.,
cluster III, cluster VI and cluster VIII consisted of
single genotype as shown in Table 1.

Based on Ward’s minimum variance
dendrogram, the clustering pattern revealed that cluster
VI was the largest and consisted of  22  genotypes
followed by cluster I with 10 genotypes followed by cluster
V comprising 8 genotypes, cluster VIII possessed 6
genotypes followed by cluster IV with 5 genotypes. Where
as the remaining clusters i.e., cluster II, cluster III and
cluster VII were the smallest of all clusters comprised
only 3 genotypes as shown in Table 1 and dendrogram.
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Table 2. Average intra-and inter-cluster D2 values among eight clusters based on Mahalanobis’ D2 analysis.

Cluster No.

I
II
III
IV
V
VI
VII
VIII

I

15.69

II

26.6
18.34

III

20.96
39.34
  0.00

IV

30.43
48.35
24.10
27.74

V

45.97
39.72
81.22
69.70
29.78

VI

22.40
42.75
21.33
48.03
76.16
  0.00

VII

35.15
55.00
30.04
48.35
86.10
33.59
44.32

VIII

61.20
59.78
75.60
75.79
75.35
86.72
72.84
  0.00

Bold and diagonal values indicate intra-cluster D2 distance

Table 3. Average intra- and inter-cluster Eucledian2 values among eight clusters based on cluster
 analysis

Cluster No.

I
II
III
IV
V
VI
VII
VIII

I

38.59

II

98.97
36.13

III

 91.86
109.70
  47.30

IV

153.77
268.27
261.43
  73.38

V

108.04
264.64
181.86
152.66
  63.75

VI

 79.73
180.92
137.89
123.45
  86.53
 57.47

VII

141.39
286.23
145.79
221.59
127.02
110.64
  52.31

VIII

131.38
264.71
145.99
193.06
116.16
105.65
158.33
  59.49

Bold and diagonal values indicate intra-cluster D2 distance

Based on D2 values, intra-cluster D2 values
ranged from zero (cluster III, cluster VI and cluster
VIII) to 44.32 (cluster VII). Where as the maximum
inter-cluster distance was observed between cluster
VI and cluster VIII followed by cluster V and cluster
VII and the least inter-cluster distance was observed
between cluster I and cluster III as shown in Table 2.

On the basis of Eucledian2 values, intra-
cluster Eucledian2 values ranged from 36.13 (cluster
II) to 73.38(cluster IV). Where as the maximum inter-
cluster distance was observed between cluster II
and cluster VII and the least inter-cluster distance
was observed between cluster I and cluster VI as
shown in Table 3.

General notion exists that the larger is the
divergence between the genotypes, the higher will
be the heterosis (Falconer, 1964). Therefore, it would
be desirable to attempt crosses between the
genotypes belonging to distant clusters for getting
highly heterotic crosses which are likely to yield a
wide range of segregants on which selection can
be practiced.

The distribution of genotypes based on PCA
values were shown in 3D plot where the genotypes
L-788 and NH-630 were away from other genotypes
on the basis of  PCAI and PCA II scores.

The results obtained from the data on
cluster means (Table 4) based on D2 statistic
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Fig 1. Dendrogram showing relationship of  60 cotton (Gossypium hirsutum L.)  genotypes in eight
         clusters.

Euclidean2  distance
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PC
1

PC
2

PC
3

PC
4

PC
5

PC
6

Eigen Value (Root) 341.84 197.15 146.29 107.47 75.73 60.27
% Variance explained   30.88   17.80   13.21    9.70   6.84   5.44
Cumulative variance explained   30.88   48.68   61.90   71.60 78.44 83.89
Plant height     0.84     0.13     0.04     0.06   0.00   0.06
Days to 50% flowering    -0.19     0.25    -0.26    -0.36   0.13   0.57
No.of  monopodia plant-1     0.18     0.54    -0.29    -0.17  -0.08   0.22
No.of sympodia plant-1     0.19     0.11     0.00     0.14   0.07  -0.14
No.of  bolls plant-1    -0.05     0.24    -0.00     0.20   0.57  -0.07
Boll weight    -0.04     0.13     0.81    -0.27   0.12   0.22
Ginning out-turn    -0.20    -0.10    -0.24     0.22   -0.11   0.13
Seed index     0.02     0.12     0.02    -0.13    0.14  -0.10
Lint index    -0.14    -0.08     0.01     0.00   -0.10  -0.07
2.5% span length    -0.02     0.08    -0.18    -0.51    0.08  -0.55
Micronaire     0.08     0.004    -0.06     0.47    0.06   0.18
Bundle strength     0.18    -0.15    -0.03    -0.19   -0.01  -0.08
Uniformity ratio    -0.05    -0.01     0.14     0.01   -0.21   0.25
Fibre elongation     0.16    -0.59    -0.19    -0.21    0.53   0.28
Lint yield  plant-1    -0.20     0.30     0.03     0.24    0.47  -0.15
Seed cotton yield plant-1    -0.06     0.21    -0.13    -0.04   -0.15   0.01

Table 6. Eigen values, proportion of the total variance represented by first six principal components,
            cumulative per cent variance and component loading of different characters in cotton
            (Gossypium hirsutum L.).

PC= Principal component

revealed that cluster VII had recorded the highest
mean values for lint yield plant-1 (30.0) and seed
cotton yield plant-1 (90.4). The genotypes fall under
this cluster may be tried for direct adoption for
hybridization for improvement of yield. Cluster III had
recorded the highest mean value for plant height
(142.0), number of sympodia plant-1 (18.0) and seed
index (10.2). Cluster V recorded the highest mean
value for 2.5% span length (28.4) and cluster VIII
recorded for the highest mean values for days to
50% flowering(61.3), bundle strength (24.3) and fibre
elongation (5.9). These genotypes falling under
respective cluster may be tried for improving the fibre
characters. Cluster VI recorded the highest mean
for boll weight (4.1) and the genotypes falling in the
respective cluster may be tried for improving boll
weight.

The cluster mean values for all the 16
characters based on Ward’s method are presented
in Table 5. Cluster I recorded high mean value for
ginning out-turn (34.7), cluster II recorded high mean
value for 2.5% span length (24.9), cluster IV recorded
high mean values for bundle strength (24.2) and fibre
elongation (5.8), cluster V recorded high mean value
for plant height (139.4), number of sympodia plant-1

(18.2), number of bolls plant-1  (33.9) and micronaire
(4.5), cluster VII recorded high mean values for boll
weight (4.5), seed index (10.4), lint index (5.0),
uniformity ratio (52.0), lint yield plant-1 (38.3) and
seed cotton yield plant-1 (117.4) and cluster VIII
recorded high mean values for days to  50%  flowering
(60.2) and number of monopodia per plant (1.8).

While the grouping based on the cluster
analysis resulted in eight clusters. Based on the 6
principal components, a cumulative of 83.89% of
variation formed the basis for the divergence into
different clusters.  Main principal components are
given in Table 6. D2 statistic showed that the
characters contributing towards divergence in Table
7 revealed that the maximum contribution towards
divergence is by plant height (31.53) followed by
boll weight (15.42), fibre elongation (13.33) and
number of monopodia plant-1 (10.79). Thus, these
four characters altogether account for more than 65%
of the total divergence in 60 genotypes studied.

Crosses may be planned between the
genotypes falling under cluster IV (IH-65) and cluster
VIII (TCH-1710) or between cluster V (L-788 and L-
389) and cluster VII (GBHV-156, PH-348 and CSH-
3129) which exhibited maximum inter-cluster
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Plant height 31.53 558
Boll weight 15.42 273
Fibre elongation 13.33 236
Number of monopodia plant-1 10.79 191
Days to 50% flowering   8.02 142
2.5% span length   6.33 112
Lint yield plant-1   3.73   66
Ginning out-turn   3.45   61
Number of bolls plant-1   2.37   42
Micronaire   1.86   33
Number of sympodia  plant-1   0.79   14
Seed index   0.62   11
Seed cotton yield plant-1   0.62   11
Lint index   0.51    9
Bundle strength   0.51    9
Uniformity ratio   0.11 2

Table 7.  Contribution of different characters towards genetic divergence in 60 cotton
 (Gossypium hirsutum L.) genotypes.

Character Contribution towards
divergence (%)

Times ranked first

 Fig 2. Three dimensional graph showing relative position of 60 cotton (Gossypium hirsutum L.)
genotypes based on PCA scores.
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distance as per Mahalanobis’ D2 statist ic.
Agglomerative cluster analysis revealed wide genetic
distance between cluster II (L-788, L-389 and LK-
861) and VII (GBHV-156, CSH-3129 and F-2170).3D
graph showed wide divergence between   (L-788 and
NH-630) and (LH-2123 and PH-348) signifying their
usefulness in dev eloping high heterotic
combinations.

In general, multivariate analysis revealed
maximum genetic divergence among L-788, L-389,
IH-65, TCH-1710, GBHV-156, PH-348 and CSH-3129
revealing the scope for exploitation of heterosis.

Therefore, selection of parents for hybrid
breeding programme is of prime importance in the
utilization of heterosis. For obtaining hybrids with
high level of heterosis a question generally arises
regarding the ideal distance (degree of divergence)
at phenotypic level. Arunachalam and
Bhandopadhyay  (1984) have proved experimentally
more number of heterotic combinations with higher
level of heterosis was from the parents grouped into
moderate divergent groups. Hence, selection of
varieties should be more dependent on genetic
diversity than the geographical diversity. Similar
findings were also reported by Muraleedhar et al.
(2005) and Karunakar Raju et al. (2005).

All the three methods of grouping revealed
the single concept of non-correspondence of genetic
divergence and geographical diversity. In a broad
sense all the three methods of classifying genotypes
into dif ferent groups are equally useful but
hierarchical cluster analysis gave an additional
advantage of identifying sub-cluster of the major
groups at different levels so that small group can be
critically analysed.
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