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Abstract
Twenty six genotypes were evaluated over two seasons. The ANOVA for individual seasons and Pooled analysis indicated
significant differences among all the traits of our interest, over the seasons. D2 analysis (Tocher method) of the twenty six
genotypes based on thirty traits confirmed the presence of high genetic diversity among the genotypes by their resolution
into as many as five clusters in S1; eleven clusters in S2, and eleven clusters in the Pooled analysis. Genotypes of different
eco-geographic origins were grouped in a single cluster as well as in different clusters and they were also being jumped in
different clusters. This is to identify the potential parents for further hybridization and selection based on genetic diversity.
The genotypes which were consistently grouped in different clusters in two seasons of interest may be declared as the
choice of parents and be utilized to evolve high yielding heterotic lines as well as high yielding transgressive segregants. The
traits viz., DPPH antioxidant activity and seed yield per plant contributed consistently maximum towards total genetic
divergence. Hence, they may be declared as the choice of traits.
Key words: Rice, Seed quality, Cooking quality, Genetic divergence.

Introduction
Rice is life for the majority of Asian’s. Rice is

cultivated in all the continents except Antartica. Rice is
cultivated in almost all the states. In Tamil Nadu rice is
cultivated in all the districts, in an area of 43.99 million
hectares with a production of 109.70 million MT (2016-
2017, WAP). East coast area of Tamil Nadu comprises
the 13 districts. Urbanization has led the farmers to extend
the area of rice cultivation to the east coast regions. The
present study was conducted to ascertain the genetic
divergence among medium duration rice genotypes for
30 traits of economic importance. India has entered the
WTO and exports rice to fetch considerable valuable
foreign exchange. Hence, seed yield, seed quality, cooking
quality, physicochemical traits assume special importance
in evolving high quality and saline tolerant rice genotypes.

Materials and methods
The seeds of 26 medium duration rice genotypes

were obtained from Tamil Nadu Rice Research Institute
(TNAU), Aduthurai, Tamil Nadu, India. The studies were
conducted at the plant breeding farm, Faculty of
Agriculture, Annamalai University, Tamil Nadu, India
(MSL 5 m; EC of soil 4.2 dS m-1; EC of water 1.7 dS
m1). The seeds were sown in raised beds. The seedlings
were transferred to the main field, 28 days after sowing.
The seedlings were transplanted in three rows bed of 4.5
m length, with a spacing of 20×15cm, in Randomized
Block Design, with three Replications. The experiment
was conducted in two season’s viz., S1-Navarai
(December- 2016 to April- 2017) and S2-Samba (June to
October - 2017). Recommended agronomic practices and
need based plant protection measures were judiciously
taken. Observations were recorded on 10 randomly
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selected plants, leaving border plants, for 30 seed yield,
seed quality, cooking quality, physicochemical traits and
seed technological parameters, as listed in Table 1. The
mean values were computed and multivariate analyses,
as suggested by Mahalanobis’ (1936) and Panse and
Sukhatme (1978). Group constellation was done by
adopting Tocher’s method (Rao, 1952). Statistical analysis
was performed with windostat version 9.1 from Indostat
services, Hyderabad Licensed to National Rice Research
Institute Cuttack, India.

Results
Analysis of variance indicated that the 26 genotypes

differed among themselves for all the 30 traits in S1.
Whereas, 29 traits were formed similar for S2 and pooled
analysis except density of kernels before cooking in. It
amply indicated that further analysis is appropriate (Table
1).

The range was maximum for germination percentage
trait in S1, S2 and pooled analysis. Desirable genotypes
were identified by computing population mean + CD @
5%. The genotype, which recorded higher than the
population mean + CD @ 5% were identified as elite
genotypes. Accordingly, 10 genotypes for X1, X3, X9,
and X26 were identified as desirable genotypes. Apart
from this 11 genotypes for X15, 12 genotypes for X17,
13 genotypes for X22 and 11 genotypes for X24 were
culled out as elite genotypes, in S1. In S2, 12 genotypes
for X1, 10 genotypes for X5, X8 and 11 genotypes for
X14, 10 genotypes for X17, X20 and 11 genotypes for
X24 were identified as novel genotypes.

Coefficient of variation was higher for X4, X7, X9,
X10, X11, X12, X19, X21, X25, X28 and X29 in S1. In S2,
the CV was higher for X25, X28 and X29. In the pooled
analysis, the CV was higher for X4, X12, X19, X21, X22,
X25, X28 and X29. Among the 30 traits investigated X28
followed by X29, X12 and X21 were recorded higher
CV % in S1. In S2, the traits viz., X29, X28, X25 registered
higher CV%. In the pooled analysis, the traits viz., X22,
X28, X29, X21, X12, X19, X4, and X25.

In S1, X22 followed by X24, X27 and X30 contributed
the maximum towards genetic divergence. In S2, X24
followed by X30 and X17 contributed the maximum
towards genetic divergence. In the pooled analysis, X24
followed by X26, X30 and X27 contributed the maximum
towards genetic divergence.

D2 analysis confirmed the presence of high genetic
diversity among the genotypes of interest by their
resolution into as many as five clusters in S1 (Fig. 1) and
eleven clusters in S2 (Fig. 2) and pooled analyses (Fig.

3). The inter-cluster distance was maximum between
the clusters IV and V in S1 (Fig. 4). In S2 (Fig. 5), the
inter-cluster distance was maximum between the clusters
III and IX. In a pooled analysis (Fig. 6), the inter-cluster
distance was maximum between the clusters VI and IX.
The intra -cluster distance was maximum in the cluster
IV in S1. In S2 and pooled analysis, the intra -cluster
distance was maximum in the cluster I.

Discussion
The crosses between genetically diverse parents are

likely to produce highly heterotic effects and more
variability in segregating generations. Genotypes are often
manifested with differential phenotypic response to
different seasons. The Mahalanobis’ D2 statistic is used
to estimate the genetic divergence among the genotypes.

Considering these points in mind, the results were
discussed based on the extent of genetic divergence and
variability envisaged in 26 genotypes of rice over two
seasons. Thirty important traits relating to seed yield, seed
quality, cooking quality, risk efficiency, seed technological
parameters and their components were studied. A
Mahalanobis’ D2 statistic is a potential tool for estimating
genetic diversity as has been emphasized by many
workers (Thirugnanakumar, 1991; Sangeeta Banu, 2016;
Anbarasu, 2017).
Analysis of Variance

The mean value of 30 traits of the 26 genotypes was
transformed into standardized uncorrelated values and
D2 values were computed. The analysis of variance for
individual as well as pooled analysis revealed significant
differences among the 26 genotypes for all the 30 traits
indicating the existence of high genetic variability among
the genotypes. Hence, further analysis is appropriate.
The results obtained here are in conformity with Sabesan
(2005), Rajasekaran (2006), Sangeeta Banu (2016) and
Anbarasu (2017). The variation could be used in
distinguishing different genotypes.
Mean Performance

In S1, eight genotypes exceeded the population mean
seed yield. The genotypes viz., G1, G3, G5, G9, G10, G11,
G16, and G20. Out of which G3, G5, and G1 recorded the
maximum seed yield per plant (28.70, 26.04 and 23.90 g
respectively). In S2, seven genotypes exceeded the grand
mean yield per plant. Among the genotypes viz., G3, G5,
G8, G9, G10, G16 and G20. Out of which G3, G5, and G9
recorded the maximum seed yield per plant (29.57, 27.51
and 25.01 g, respectively). In a pooled analysis nine
genotypes were formed higher than the population mean.
Among the genotypes viz., G1, G3, G5, G8, G9, G10, G11,
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G16 and G20. Out of which G3, G5 and G9 registered higher
seed yield per plant (29.14, 26.78 and 24.24g,
respectively). Hence, the genotype viz., AD 07312, ADT-
49, CO- 43, CO- 49, KJT 15- 1- 36- 5- 28- 1 and OR
2163- 14 stand for merit consideration as they recorded
higher seed yield in all the two seasons and in the pooled
analysis.

In S1, the consistently high yielding genotype viz.,
G3 had the highest mean for three component traits (X4,
X10, and X22). The genotype G5 which consistently
registered high mean seed yield per plant also recorded
high mean for eleven traits (X1, X2, X3, X6, X8, X9,
X14, X16, X18, X20 and X25) of interest. The genotype
G9 which registered high mean for seed yield also
possessed high mean for ten component traits (X4, X6,
X10, X17, X19, X23, X25, X26, X27 and X29). The
Genotype G10 which evinced consistent high mean for
seed yield also possessed high mean for ten component
traits (X1, X4, X10, X13, X15, X17, X19, X20 X22 and
X24). The genotype viz., G16 which showed a high mean
seed yield also had the highest mean for nine component
traits (X5, X7, X8, X14, X16, X18, X20, X24 and X25).
The genotype G20, which recorded high mean for seed
yield also witnessed high mean for four component traits
(X1, X8, X15, and X26).

In S2, consistently high yielding genotype viz., G3
had the highest mean, for one component traits (X10).
The genotype G5 which consistently showed a high mean
seed yield per plant also recorded high mean for fourteen
traits (X1, X2, X5, X7, X8, X11, X14, X15, X20, X23,
X24, X27, X28 and X29) of interest. The genotype G9
which registered high mean for seed yield also possessed
high mean, for eight component traits (X1, X11, X13, X17,
X26, X27, X28 and X29). The Genotype G10 which
evinced consistent high mean for seed yield also possessed
high mean for seven component traits (X1, X5, X7, X8,
X13, X17 and X24). The genotype viz., G16 which showed
a high mean seed yield also had higher mean, for eight
component traits (X1, X5, X13, X17, X21, X24, X28 and
X29). The genotype G20, which recorded high mean for
seed yield also witnessed high mean for nine component
traits (X1, X5, X7, X8, X12, X13, X17, X21 and X23).

In the pooled analysis, the genotype G3 which evinced
high seed yield was endowed with high mean for the
density of the seed, length/ breadth ratio of the kernel
before cooking. The genotype G5 which consistently
showed a high mean seed yield per plant recorded high
mean for eighteen traits (X1, X2, X3, X6, X7, X8, X9,
X11, X14, X16, X18, X20, X23, X24, X25, X27, X28 and
X29) of interest. The genotype G9 which registered high
mean for seed yield also possessed high mean for eleven

component traits (X1, X4, X6, X10, X13, X17, X19, X23,
X26, X27 and X29). The Genotype G10 which evinced
high mean for seed yield also possessed high mean for
seven component traits (X1, X5, X7, X8, X13, X17 and
X24). The genotype G16 which showed a high mean seed
yield also had the highest mean for eleven component
traits (X1, X5, X7, X13, X14, X16, X17, X20, X24, X25
and X29). The genotype G20, which recorded high mean,
for seed yield also witnessed high mean, for eight
component traits (X1, X5, X7, X8, X15, X17, X23 and
X26).

A critical perusal of the per se performance of the
high seed yielding genotypes in S1 revealed the importance
of X1, X4, X8, X10, X18, X20 and X25 in the improvement
of seed yield, seed quality, cooking quality, risk efficiency
and seed technological parameters. In S2, X1 followed
by X5, X7, X8, X13, X17, X28 and X29 were found to be
important. In Pooled analysis, X1, X5, X6, X7, X10, X13,
X17, X23, X24 and X29 were found to be important. All
the analyses have clearly indicated the importance of
100 seed weight in determining seed yield, seed quality,
cooking quality, risk efficiency and their seed
technological parameters. The identified genotypes viz.,
G3, G5, G9, G10, G16, and G20 were analyzed for their
seed yield, seed quality, cooking quality and risk efficiency.
Accordingly, in S1, the high yielding genotypes had the
highest mean for X4, X8, X10, X18, X20 and X25 apart
from X1 where as in S2, the high yielding genotypes
showed high per se performance for X5, X7, X8, X13,
X17, X28 and X29 apart from X1. In Pooled analysis,
the high yielding genotypes also showed higher mean for
X5, X6, X7, X10, X13, X17, X23 and X24 apart from X1.

In S1, Length/ breadth ratio of the seed was high
with the G9, G10 and G2 (long slender seeds); Govindasami
(1985). In S2, it was higher with G24, G23 and G2 (long
slender seeds). In Pooled analysis, it was high with G10,
G9 and G2 (long slender seeds). The Length/ Breadth
ratio of the kernel before cooking was high with G3, G10,
and G9 in S1. It was high with G2, G23 and G21 in S2 and
it was high with G3, G10, and G9 in Pooled analysis. The
Length/ Breadth ratio of the kernel after cooking was
high with G1, G24 and G25 in S1. In S2, it was high with
G1, G2 and G25. In Pooled analysis, it was high with G1,
G2 and G15. The genotype G1 evinced high Length/
Breadth ratio of the kernel after cooking in all the
analyses. In S1, Length/ Breadth ratio of the kernel after
cooking of G1 was 4.44 mm. It was 4.05 mm before
cooking. The difference between the two parameters
was 0.39 mm. So, the genotype G1 may be utilized in
crossbreeding programs to evolve long slender seeds.

Genetic divergence in rice (Oryza sativa L.) genotypes based on seed yield and quality parameters 1559



The water uptake ratio was high with the
G10, G14, and G1 in S1. In S2, it was high with
the G15, G13 and G8. In Pooled analysis, it was
high with G10, G14 and G26. The kernel
elongation ratio was higher with the G10, G4,
and G5 in S1; G8, G6 and G4 with S2 and G8,
G4 and G5 with Pooled analysis. The volume
expansion ratio was higher with G7, G18 and
G15 in S1; G15, G11 and G16 in S2 and G15, G7
and G13 in Pooled analysis.

The total phenolic content was higher with
the G15, G14 and G19 in S1. It was higher with
G14, G24 and G3 in S2. In Pooled analysis, it
was higher with G 14, G15 and G3. The
genotype G14 consistently showed higher total
phenolic content in all the analysis. The
flavonoid content was higher with G19, G2 and
G24 in S1. In S2, it was higher with G20, G11
and G23. In Pooled analysis, it was higher with
G11, G20, G19 and G24. The DPPH Antioxidant
activity was higher with G18, G10 and G22 in
S1. It was high with G20, G11 and G13 in S2.
In Pooled analysis, it was high with G18, G10
and G1. The genotype G18 consistently showed
higher mean for DPPH Antioxidant activity.
It may be a risk efficient genotype.

The vigor index was high with G18, G9,
G26 and G5 in S1. It was high with G26, G5
and G18, in S2. In Pooled analysis, it was high
with G26, G18 and G5. The genotypes namely
ADT- 49, NDR 359 and WGL 633 were
adjudged as efficient genotypes with regard
to seed technological parameters
(Sabarinathan, 2018).
Genetic Divergence

D2 analysis of 26 genotypes confirmed
the presence of high genetic diversity among
the genotypes by their resolution into five
clusters in S1; eleven clusters in S2 and eleven
clusters in Pooled analysis. Genotypes of
different eco-geographic region were grouped
in different clusters. Similarly, genotypes of
same geographic origin were grouped in
different clusters.

The genotypes originating from
Coimbatore and Aduthurai origin were found
mostly scattered in different clusters in the
different seasons and pooled analyses. This
indicated that the presence of a wide range
of genetic diversity among the genotype of
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the present study. These genotypes could well be exploited
in heterosis breeding as well as in recombination breeding.

Crosses among the divergent parents are likely to
yield desirable combinants. Therefore, a crossing program
should be initiated between the genotypes belonging to
different clusters. In this context, two important points to
be considered are (i) choice of the particular cluster from
which genotypes are to be used as parent in crossing
programs and (ii) selection of a particular genotype from
selected groups.

The greater the distance between two clusters, the
wider the genetic diversity among the parents to be
included in hybridization program. Parents combining high
yield potential with wider genetic diversity are likely to
yield superior segregants within a short period.

The tendency of genotypes from diverse geographical
regions to group together in one cluster or scattered
distribution of genotypes of the same origin in different
clusters has been observed in the present study. The
studies of several workers confirmed this tendency, that
the geographical diversity could not be directly related in
any of the crops [Allam et al., (2015); Bhati et al., (2015);
Kumari Priyanka et al., (2015); Mohan et al., (2015);
Sarwar et al., (2015); Shobana et al., (2015); Srinivas et
al., (2015); Vijay Kumar (2015); Chamundeswari (2016);
Chandramohan et al., (2016); Lakshmi and Surendar
(2016); Mamta Kumari et al., (2016); Nirosha et al.,
(2016); Thippeswamy et al., (2016); Sangeeta Banu
(2016) and Anbarasu, (2017)].

Genetic drift and selection in different environment
could cause greater diversity than the geographical
distance (Murthy, 1965). However, geographical isolation
could be important in the alteration of the breeding
structure as pointed out by Wallace (1963).

The intra-cluster distance was maximum in cluster
IV in S1. It included three genotypes (G5, G6 and G1).
Intra-cluster distance was maximum in cluster I in S2. It
included sixteen genotypes (G17, G22, G6, G16, G26, G18,
G10, G25, G21, G15, G9, G24, G12, G7, G14 and G13). Intra-
cluster distance was maximum in cluster I in Pooled
analysis. It included fifteen genotypes (G16, G17, G22, G6,
G26, G24, G25, G21, G8, G7, G13, G12, G14, G15 and G20).
This may indicate that these genotypes were dissimilar.
The limited gene exchange, the type of selection for
diverse traits could be responsible for such intra-cluster
divergence. By effecting crosses among these genotypes
one may likely to get iso-responsive genotypes.

Cluster III and V (monotypic) in S1, Cluster II, III,
IV, V, VI, VII, VIII, IX, X and XI (monotypic) in S2 and
Cluster II, III, IV, VI, VII, VIII, IX, X and XI (monotypic)

Genetic divergence in rice (Oryza sativa L.) genotypes based on seed yield and quality parameters 1561

Ta
bl

e 
2:

 M
ea

n,
 ra

ng
e 

an
d 

C
V

 fo
r 3

0 
tra

its
 o

f i
nt

er
es

t.

    
    

N
um

be
r o

f
C

on
tr

ib
ut

io
n

Tr
ai

t
Po

pu
la

tio
n 

m
ea

n
R

an
ge

SE
C

D
 5

%
    

    
de

sir
ab

le
C

V
 (%

)
to

wa
rd

s
    

    
 g

en
ot

yp
es

di
ve

rg
en

ce
N

o.
S 1

S 2
P

S 1
S 2

P
S 1

S 2
P

S 1
S 2

P
S 1

S 2
S 1

S 2
P

S 1
S 2

P
X1

1.5
6

2.0
7

1.8
2

0.
96

–2
.1

8
1.

40
–2

.7
2

1.
19

–2
.4

1
0.0

3
0.0

4
0.0

2
0.0

8
0.1

3
0.0

7
10

12
3.3

9
3.8

2
2.6

0
0

0
0

X2
7.7

8
8.3

2
8.0

5
5.

39
-9

.7
8

6.
59

-1
0.

13
6.

63
-9

.6
6

0.0
4

0.1
9

0.1
0

0.1
3

0.5
6

0.2
8

8
8

1.0
8

4.1
1

2.1
8

30
8

0
0

X3
1.7

4
1.8

5
1.8

0
0.

37
-2

.9
0

1.
57

-2
.0

0
1.

09
-2

.4
3

0.0
8

0.0
6

0.0
5

0.2
3

0.1
9

0.1
5

10
0

8.2
6

6.4
2

5.3
3

0
0

0
X4

6.0
1

4.5
0

5.2
5

2.
56

-1
8.

39
3.

55
-5

.4
7

3.
50

-1
1.

21
0.7

4
0.1

8
0.3

8
2.1

1
0.5

2
1.1

0
5

4
21

.41
7.1

1
12

.79
0

0
0

X5
1.4

1
1.9

1
1.6

6
1.

07
-1

.8
3

1.
20

-2
.5

7
1.

20
-2

.1
8

0.0
5

0.0
5

0.0
3

0.1
5

0.1
5

0.1
0

6
10

6.8
9

4.9
7

3.9
6

0
0

0
X6

1.1
3

1.0
9

1.1
1

0.
80

-1
.8

5
0.

96
-1

.2
7

0.
.9

5-
1.

51
0.0

5
0.0

4
0.0

2
0.1

4
0.1

2
0.0

8
7

1
7.7

0
7.0

0
4.6

1
0

0
0

X7
0.8

4
1.5

4
1.2

0
0.

50
-1

.1
4

1.
06

-2
.0

4
0.

79
-1

.5
2

0.0
7

0.0
6

0.0
5

0.2
1

0.1
8

0.1
4

3
6

15
.78

7.2
8

7.2
6

0
0

0
X8

5.8
0

6.1
2

5.9
6

4.
61

-7
.6

2
4.

93
-7

.8
3

5.
14

-7
.7

3
0.1

2
0.0

6
0.0

6
0.3

5
0.1

9
0.1

8
9

10
3.7

3
1.9

3
1.8

9
0

24
6

21
5

X9
0.9

9
1.5

9
1.3

0
0.

25
-1

.6
8

1.
38

-1
.8

4
0.

83
-1

.7
2

0.0
6

0.0
4

0.0
4

0.1
9

0.1
1

0.1
2

10
3

12
.13

4.3
9

5.8
3

0
0

0
X1

0
7.7

1
3.8

4
5.7

7
3.

30
-2

0.
55

3.
12

-4
.7

6
3.

21
-1

2.
08

0.4
5

0.1
0

0.2
4

1.2
9

0.3
1

0.6
8

6
4

10
.21

4.9
3

7.2
2

0
0

15
4

X1
1

0.9
4

1.2
6

1.1
0

0.
70

-1
.3

0
0.

93
-1

.7
3

0.
82

-1
.5

0
0.0

9
0.0

4
0.0

5
0.2

5
0.1

3
0.1

6
2

4
16

.50
6.6

8
9.2

4
0

0
0

X1
2

0.9
4

1.2
2

1.0
8

0.
43

-1
.6

4
1.

08
-1

.4
2

0.
80

-1
.4

2
0.1

7
0.0

6
0.1

0
0.4

9
0.1

7
0.2

8
1

1
31

.87
8.8

6
16

.03
0

0
0

X1
3

4.2
8

4.0
0

4.1
4

3.
16

-5
.9

9
2.

63
-5

.6
5

2.
99

-5
.3

6
0.0

9
0.0

8
0.0

6
0.2

6
0.2

4
0.1

9
7

9
3.8

1
3.7

0
2.8

2
0

21
5

33
8



in Pooled analysis recorded the minimum intra-cluster
distance value.

In S1, inter-cluster distance was maximum between
the clusters IV and V. Cluster IV had three genotypes
and cluster V had only one genotype. Cluster IV showed
higher mean for 100 seed weight, Length of the seed,
Density of the kernel after cooking and DPPH antioxidant
activity. Cluster V had a desirable mean for 100 Seed
volume, 100 kernel weight before cooking, Length of the
kernel before cooking, Breadth of the kernel before
cooking, Density of the kernel before cooking, 100 Kernel
weight after cooking, Length of the kernel after cooking,
Length / Breadth ratio of the kernel after cooking, 100
Kernel volume after cooking, Volume expansion ratio and
Total phenolic content. The genotypes originating from
these clusters may be recombined to evolve high yielding
lines.

In S2, inter-cluster distance was maximum between
the clusters III and IX. Cluster III comprised of only one
genotype and cluster IX comprised of only one genotype.

Cluster III had the highest mean for Density of the seed
and Volume expansion ratio. Cluster IX had the highest
mean for Breadth of the kernel before cooking, Length /
Breadth ratio of the kernel after cooking and DPPH
antioxidant activity. The genotypes originating from these
clusters may be recombined to evolve high yielding
genotypes.

In Pooled analysis, inter-cluster distance was
maximum between the clusters VI and IX. Cluster VI
recorded high mean for Density of the seed, Length of
the kernel after cooking and Density of the kernel after
cooking. Cluster IX recorded highest mean for 100 Seed
weight, 100 Kernel volume before cooking, 100 Kernel
weight after cooking, Breadth of the kernel after cooking
and Water uptake ratio. The genotypes of these clusters
may be crossed to develop desirable genotypes.

As pointed out by Sokal (1965), the choice of trait is
important in multivariate analysis and the choice made in
the present study appears to be appropriate. Cyclic
breeding and crossing may be helpful in bringing new
genes into a population of rice and thus expanding the
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Table 3: Trends in clustering of genotypes in two seasons.

Geno Name of Origin                    Cluster
-type the Genotype                     number
code S1 S2
G1 AD 08-142 Tamilnadu Rice Research Institute, Aduthurai IV IX
G2 AD 06207 Tamilnadu Rice Research Institute, Aduthurai I VIII
G3 AD 07312 Tamilnadu Rice Research Institute, Aduthurai II X
G4 ADT- 46 Tamilnadu Rice Research Institute, Aduthurai I VII
G5 ADT- 49 Tamilnadu Rice Research Institute, Aduthurai IV XI
G6 CB 05- 031 Paddy breeding station, Coimbatore IV I
G7 CN 1744- 313- 19- 19- 8-8 Tamilnadu Rice Research Institute, Aduthurai I I
G8 CN 1755-9-7-5-MLD-20 Tamilnadu Rice Research Institute, Aduthurai I IV
G9 CO- 43 Paddy breeding station, Coimbatore III I
G10 CO- 49 Paddy  breeding station, Coimbatore II I
G11 CO- 50 Paddy breeding station, Coimbatore I III
G12 CR 2643- 1- 4- 3- 1 Central Rice Research Institute, Orissa I I
G13 CR 3299- 11- 1- 1-1 Central Rice Research Institute, Orissa I I
G14 HKR 08- 1 Rice Research Station, Kaul II I
G15 HUR 1204 Banaras Hindu University , Varanasi V I
G16 KJT 15- 1- 36- 5- 28- 1 Regional Agriculture Research Station, Karjat I I
G17 MTU 1158 Agricultural University, Marteur I I
G18 NDR 359 Narendra Deva University of Agriculture and I I

Technology, Faizabad
G19 OR 1895- 2 Central Rice Research Institute, Orissa II II
G20 OR 2163- 14 Central Rice Research Institute, Orissa I VI
G21 PAU 3835- 62- 5- 1 Punjab Agriculture University, Ludhiana I I
G22 RNR 2448 Acharya N.G. Ranga Agricultural university, Rajendra Nagar I I
G23 RNR 2836 Acharya N.G. Ranga Agricultural university, Rajendra Nagar I V
G24 UPR 3330- 9- 12 GB Pant university of agriculture and technology,  Panthanagar I I
G25 WGL 536 Regional agricultural research station, Warangal I I
G26 WGL 633 Regional agricultural research station, Warangal I I
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range of adaptation. As brought out by Mather (1943),
polygenic variability, which is necessary for prospective,
adaptive and evolutionary change need doesn’t exist as
a true phenotypic variation which effective fitness.
Therefore, phenotypic uniformity to genetic diversity
within population appears to be very useful in rice. In
fact, this is possible with a proper use of the suggested
parents in the formation of gene complexes to replace
the existing varieties.

It can be concluded that there is no relationship

Fig. 1: Composition of D2 clusters for 26 rice genotypes in S1.

between genetic and geographical diversity in the material
under investigation. Inter and intra-cluster distances were
also not related. The grouping pattern was not consistent
across seasons, indicating genotype × season interaction
affect genetic diversity.

It is highly desirable that the extent of genetic
diversity between the populations reflected in any analysis
comparatively stable over the seasons and the
environment to be of utility of plant breeders. The
differential grouping of different genotypes of varying
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Fig. 2: Composition of D2 clusters for 26 rice genotypes in S2.

origin in different season necessitate that a breeder should
study the genetic divergence over varying seasons as
well as environments.

The approach suggested by Thirugnanakumar (1991)
is followed in the present study to suggest the parents
based on the divergence pattern in varying seasons.

a. One may select the parents on the basis of
divergence exhibited in the richest and most productive
environment because it provides opportunity for the fullest
expression of genetic potential of a genotype. Seed yield
was higher in S2. Using this criterion divergent genotype

in S2 may be selected from different clusters having high
inter-cluster distances. Accordingly, clusters viz., III and
IX exhibited high inter-cluster distance. Cluster III
composed of only one genotype and cluster IX composed
of only one genotype. Cluster III recorded high mean for
Density of the seed and volume expansion ratio. Cluster
IX registered maximum mean for Breadth of the kernel
before cooking, Length / Breadth ratio of the kernel after
cooking and DPPH antioxidant activity. Hence, by
effecting crosses among the genotypes gathered in these
clusters, one may expect desirable genotypes.
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Fig. 3: Composition of D2 clusters for 26 rice genotypes in Pooled Analysis.

b. Selection of parents can also be made on the basis
of divergence which is consistent over two seasons. This
can be taken as reliable indicators of genetic divergence.
Utilizing this criterion among the genotypes studied, the
genotypes namely, CN 1744- 313- 19- 19- 8-8, CR 2643-
1- 4- 3- 1, CR 3299- 11- 1- 1-1, KJT 15- 1- 36- 5- 28- 1,
MTU 1158, NDR 359, OR 1895- 2, PAU 3835- 62- 5- 1,
RNR 2448, UPR 3330- 9- 12, WGL 536 and WGL 633
were gathered in the same cluster in all the two seasons

(Table 3). Hence, it may be suggested that one may
effect crosses between these genotypes to evolve
desirable lines.

c. One may argue that the divergence expressed in
Pooled analysis may be reliable estimate and therefore
should be used for selecting the parents. If this criterion
is followed, the genotypes that were grouped in eleven
clusters of Pooled analysis may be crossed to evolve



1566 7S. Sabarinathan et al.

Fig. 5: Intra - and Inter - cluster average of D2 and the extent of
diversity among the clusters- Pooled Analysis.

Fig. 4: Intra - and Inter - cluster average of D2 and the extent
of diversity among the clusters- S1.

Fig. 5: Intra - and Inter - cluster average of D2 and the extent of
diversity among the clusters- S2.

heterotic lines and segregants.
Out of three approaches, one may prefer approach

‘b’, as it suggested the genotypes based on consistency
in the divergence. The approach ‘a’ suffers from seasonal

influence and approach ‘c’ suffers from the
underestimation of genetic divergence, because of
measures of divergence estimated in different seasons
may cancel each other in Pooled analysis.
Trait contribution towards genetic diversity

The relative ranking of the contribution of thirty traits
towards genetic diversity based on D2 statistic revealed
that in S1, total phenolic content followed by DPPH
antioxidant activity, root length and seed yield per plant
contributed the maximum towards genetic diversity. In
S2, DPPH antioxidant activity followed by seed yield per
plant and Length of the kernel after cooking contributed
the maximum towards genetic diversity. In Pooled analysis,
DPPH antioxidant activity followed by shoot length and
seed yield per plant contributed the maximum towards
genetic diversity. The traits viz., DPPH antioxidant
activity and seed yield per plant contributed consistently
maximum towards total genetic divergence. Hence, they
may be declared as choice of traits (Table 3).
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