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Introduction 
 

Rice, the most widely grown and consumed 

cereal crop, is the lifeline for more than half of 

the world’s population. It is the staple food for 

more than 65% of Indian population 

contributing approximately 40% to the total 

food grain production, occupying a pivotal 

role in the food, nutrition and livelihood 

security of the people. The country has the 

world’s largest area under rice i.e., about 44 

Mha and the second highest production i.e., 

about 165Mt at productivity of 3.65 t/ha. 

Production of rice has increased more than 

five times since 1950-51. The source of 

growth is mostly increase in yield, which has 

increased by 3.6 times and marginally area 

which has increased by 1.4 times during the 

period (Pathak et al., 2018). Rice is the only 

cereal that is consumed as whole grain; its 

quality preferences too are diverse. Global 

demand of rice is likely to increase from the 

current 740 Mt to about 825 Mt in 2030. To 

meet this demand we need another quantum 

jump in rice production keeping in mind the 

quality preferences of this generation. The 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 8 Number 08 (2019)   
Journal homepage: http://www.ijcmas.com 
 

The present experiment was carried out using twenty-nine elite breeding lines 

from Station Yield Trial - Slender Grain materials along with three check varieties 

at the Rice Research Station, O.U.A.T., Bhubaneswar in kharif- 2016. A part of 

the research was to study the genetic divergence among the breeding lines used in 

the experiment. The D
2 

values obtained from the divergence study ranged from 

3.36 between OR2675-6-4 and OR2676-2-5 to 2518 between OR2675-2-1 and 

Samba mahsuri. Following Tocher’s method, all the thirty-two genotypes were 

classified into five different non-overlapping clusters. Cluster I contained twenty 

genotypes, Cluster II & III contained five genotypes each while cluster IV & V 

contained check varieties Ranidhan and Samba mahsuri respectively. The graph 

constructed by canonical analysis were broadly in agreement with the magnitude 

of divergence measured by D
2 

statistic, thus very well corroborating the grouping 

by Tocher’
 
s method. Selection of parents should be done from the more divergent 

clusters for future hybridization program for getting better segregants. 
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importance of genetic diversity in selecting 

parents to recover transgressive segregants has 

been repeatedly emphasized by many workers 

(Archana Devi et al., 2017). The present study 

was undertaken with the objective to access 

the genetic diversity of rice germplasm and 

identification of better genotypes for yield and 

yield attributing traits in slender grain rice.  

 

Materials and Methods 

 

Twenty-nine fixed breeding lines from the 

experimental materials of Station Yield Trial 

(Slender Grain) along with three check 

varieties viz., Ranidhan, Samba mahsuri and 

Jajati were planted at E-Block-1, Rice 

Research Station, O.U.A.T., Bhubaneswar 

during 2016 Kharif season. The experimental 

materials were put in a Randomized Block 

Design with two replications and raised in 

plots each measuring 1.53m
2
 in area. Each 

plot was made up of three rows with each row 

consisting of seventeen plants. The row-to-

row and plant-to-plant spacing was maintained 

at 20cm x 15cm and recommended crop 

management practices were followed. 

Observations were recorded for nine metric 

traits taking five competitive plants selected 

randomly from middle rows of each plot; 

whereas, characters like plot yield and days to 

50 % flowering were recorded on plot basis. 

The characters studied were plant height, days 

to 50% flowering, number of effective 

tillers/plant, flag leaf area, panicle length, 

number of fertile grains/panicle, fertility 

percentage, 100 grain weight and plot yield. 

The whole details of genotypes and their 

parentage are given in table 1.  

 

The replicated data were subjected to 

statistical analysis, and then genetic 

divergence was computed by using 

Mahalanobi’s generalized distance, D
2
 statistic 

as described by Rao (1952). The divergence 

between any two variables was obtained as the 

sum of the squares of differences in the values 

of corresponding transformed values. The 

possible pairs of D
2
 values are calculated from 

the thirty-two genotypes. Following Tocher’s 

method as described by Rao (1952), the 

genotypes were grouped into clusters. 

 

Canonical analysis was done according to 

Anderson (1958). The divergences of thirty-

two rice genotypes were represented in two-

dimensional graph using first two canonical 

vectors (Z1 and Z2) as coordinates. 

 

Results and Discussion 

 

From the analysis of variance, it was observed 

that there exist high significant differences 

among the test genotypes for all the 

morphological characters under study. For 

assessing the genetic divergence among all the 

thirty-two genotypes by D
2
 analysis, variations 

in all the nine characters were used. The 

observed variability of D
2
 values ranged from 

3.36 between OR2675-6-4 and OR2676-2-5 to 

2518 between OR2675-2-1 and Samba 

mahsuri. Analysis of the D
2 

–data showed that 

some genotypes were genetically close to each 

other while the rest are distinctly dissimilar or 

diverse. The highest distance observed 

between OR2675-2-1 and Samba mahsuri may 

be due to the wide difference in all the 

characters except for number of effective 

tillers/plant. 

 

Clustering pattern 

 

By Tocher’s method, all the thirty-two rice 

genotypes were classified into five different 

non-overlapping clusters (Table-2). Cluster I 

contained twenty genotypes, Cluster II & III 

contained five genotypes each while cluster IV 

& V contained check varieties Ranidhan and 

Samba mahsuri respectively. Studying the 

average inter-cluster distances indicated that 

cluster II and V are more divergent from each 

other with an inter cluster distance 2270.42 

while Cluster I and IV were less divergent 
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from each other with inter-cluster distance 

289.65. Closely observing the clustering 

pattern and the parentage of the thirty-two 

genotypes used, interesting results were found. 

Even though certain genotypes had the same 

parental combination they were grouped in 

different clusters for example both OR2659-5 

& OR2659-7 had same parentage (IR72 / 

Martha fine) but were grouped in cluster III & 

I respectively. Similarly OR2674-13 & 

OR2674-14-1 had same parentage (CRMS 

32A / OR1889-5) but were grouped in III & II 

respectively. At the same time a single cluster 

also housed genotypes of different parental 

combination for example cluster I had twenty 

different genotypes with four different 

parental combinations viz. IR72 / Martha fine, 

CRMS 32A / OR1889-5, CRMS 32A / 

OR2324-18, CRMS 32A / OR234519. All the 

ten genotypes originated from the cross 

CRMS 32A / OR234519 were grouped in 

cluster I while fifteen genotypes originating 

from cross CRMS 32A / OR2324-18 were 

grouped in 3 different clusters (Cluster- I, II & 

III). Similar findings were also reported by 

Nisar et al., (2017) and Krishnamurthy et al., 

(2017). 

 

A study of the cluster means of all the 

characters represented in (Table-4) indicated, 

genotypes in cluster I were characterized by 

medium duration with tallest plant height, 

longest panicle length, largest flag leaf area, 

moderate number of effective tillers/plant and 

moderate grain weight. Genotypes in Cluster 

II were characterized by short duration, tall 

plant height, low filled grains per panicle, 

larger flag leaf area, better fertility percentage 

and having highest grain weight.  

 

Cluster III is characterized by short duration, 

tall plants, moderate flag leaf area and number 

of effective tillers/plant, highest number of 

filled grains per panicle with higher fertility 

percentage but with lower grain weight. 

Cluster IV is characterized by short height 

plants, short panicle but with moderate 

number of filled grains per panicle, highest 

fertility %, number of effective tillers/plant 

and grain weight than others thus giving the 

highest yield. Cluster V is characterized by tall 

height plants with lowest values for number of 

effective tillers, number of filled grains per 

panicle, fertility %, and grain weight thus 

giving the lowest yield.  

 

Canonical analysis 
 

The two canonical roots accounted for 81.6% 

of the total variability, thus qualifying for 

graphical presentation (Table-5). The mean 

values of the first two canonical vectors Z1 and 

Z2 (Table-6) were used as coordinates in 

plotting a two-dimensional dispersion 

complex (Fig.1).  

 

The grouping obtained through D
2 

analysis are 

super imposed on the two dimensional 

representation of the genotypes by canonical 

analysis. The scattered points on the Z1 –Z2 

graph were broadly in agreement with the 

magnitude of divergence measured by D
2 

statistic, thus very well corroborating the 

grouping by Tocher
, 
s method. 

 

Contribution of characters to genetic 

divergence 

 

The coefficients of the first two canonical 

vectors (Z1and Z2) presented in (Table-5) 

reflects relative importance of the characters 

contributing towards divergence. It was 

observed that the important characters 

responsible for genetic divergence were 100-

grain weight & fertility percentage in the first 

axis and days to 50% flowering, panicle length 

and grain yield in the second axis in that order, 

thus suggesting much difference among the 

test entries with respect to these traits. 

 

Generally, geographical diversity has been 

considered as an index of genetic diversity. 
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Table.1 Details of the 32 rice genotypes used in the study 

 

Sl. No. Genotype Designation Cross Combination 

1 OR2659-5 IR 72 / Martha fine 

2 OR2659-7 IR 72 / Martha fine 

3 OR2674-13 CRMS 32A / OR 1889-5 

4 OR2674-14-1 CRMS 32A / OR 1889-5 

5 OR2675-1-1 CRMS 32A / OR2324-18 

6 OR2675-1-2 CRMS 32A / OR2324-18 

7 OR2675-2-1 CRMS 32A / OR2324-18 

8 OR2675-2-2 CRMS 32A / OR2324-18 

9 OR2675-2-3 CRMS 32A / OR2324-18 

10 OR2675-2-4 CRMS 32A / OR2324-18 

11 OR2675-2-5 CRMS 32A / OR2324-18 

12 OR2675-2-6 CRMS 32A / OR2324-18 

13 OR2675-3-1 CRMS 32A / OR2324-18 

14 OR2675-3-2 CRMS 32A / OR2324-18 

15 OR2675-4-1 CRMS 32A / OR2324-18 

16 OR2675-5-1 CRMS 32A / OR2324-18 

17 OR2675-5-2 CRMS 32A / OR2324-18 

18 OR2675-6-4 CRMS 32A / OR2324-18 

19 OR2675-6-7 CRMS 32A / OR2324-18 

20 OR2676-1-1 CRMS 32A / OR 234519 

21 OR2676-1-2 CRMS 32A / OR 2345-19 

22 OR2676-1-4 CRMS 32A / OR 2345-19 

23 OR2676-2-3 CRMS 32A / OR 2345-19 

24 OR2676-2-4 CRMS 32A / OR 2345-19 

25 OR2676-2-5 CRMS 32A / OR 2345-19 

26 OR2676-2-6 CRMS 32A / OR 2345-19 

27 OR2676-3-1 CRMS 32A / OR 2345-19 

28 OR2676-3-2 CRMS 32A / OR 2345-19 

29 OR2676-4-2 CRMS 32A / OR 2345-19 

30 Ranidhan Swarna / ORR 48-1 

31 Samba mahsuri GEB 24 / T(N) 1 

32 Jajati Rajeswari / T 141 
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Table.2 Distribution of the 32 rice genotypes into different Clusters 

 

Cluster Number 

of 

genotypes 

Name of genotypes 

  

I 

 

20 

OR2675-6-4, OR2676-2-5, OR2676-1-4, OR2676-2-6, 

OR2676-1-2, OR2676-4-2, OR2676-1-1, OR2676-2-3, 

OR2676-3-1, OR2675-2-4, OR2675-2-5, OR2675-3-1, 

OR2676-3-2, OR2675-1-1, OR2675-3-2, OR2675-4-1, 

OR2675-5-2, OR2675-2-2, OR2659-7, OR2676-2-4, 

II 5 OR2675-2-1, OR2675-2-3, OR2675-2-6, OR2675-6-7, 

OR2674-14-1 

III 5 OR2675-1-2, OR2675-5-1, Jajati, OR2659-5, OR2674-13 

IV 1 Ranidhan 

V 1 Samba mahsuri 

 

Table.3 Estimates of intra-cluster distances (D
2
) (bold) & inter-cluster distances (D

2
) (unbold) 

for the 32 rice genotypes 

 

Cluster I II III IV V 

I 159.15 471.82 313.34 289.65 1032.19 

II  129.86 926.33 381.22 2270.42 

III   124.79 593.17 598.55 

IV    0.00 1213.69 

V     0.00 

 

Table.4 Cluster means of 32 rice genotypes for all the 9 characters studied 

 

Sl. 

number 

Clusters/Characters I II III IV V 

1. Days to 50% flowering 91.47 84.00 86.20 97.00 101.00 

2. Plant height (cm) 119.70 111.80 119.30 76.00 76.00 

3. Flag leaf area (cm
2
) 50.47 47.24 39.98 25.40 30.80 

4. Number of tiller/plant
 

9.93 9.20 9.00 12.00 8.50 

5. Panicle length (cm) 26.77 25.76 25.63 22.50 18.10 

6. Number of filled grains/panicle 189.91 155.31 221.95 199.30 127.45 

7. Fertility % 77.07 78.21 77.05 81.10 72.80 

8. 100 grain weight(g) 1.99 2.39 1.66 2.24 1.39 

9. Grain yield (q/ha) 38.78 32.68 37.34 45.75 24.51 
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Table.5 Coefficient of the first two canonical vectors (Z1 and Z2) for all the 9 characters studied 

 

 

Table.6 Mean canonical values of the vectors (Z1 & Z2) of the 32 rice genotypes under study 

 
Variety Z(1) Z(2) 

1 36.55 87.39 

2 47.23 89.58 

3 42.04 89.07 

4 63.75 84.35 

5 53.67 90.07 

6 44.44 85.79 

7 72.27 93.67 

8 59.52 91.30 

9 73.39 92.67 

10 54.37 91.53 

11 57.92 93.07 

12 70.89 92.74 

13 48.58 90.48 

14 49.75 90.03 

15 48.47 89.56 

16 41.88 86.41 

17 56.05 89.34 

18 50.12 101.03 

19 64.71 92.43 

20 45.06 96.92 

21 44.55 99.28 

22 48.58 100.02 

23 51.13 99.96 

24 56.66 97.73 

25 50.05 102.44 

26 55.06 102.43 

27 44.54 102.90 

28 50.21 95.3 

29 56.83 100.43 

30 63.43 95.75 

31 23.30 94.64 

32 38.71 87.47 
 

Sl. Number Characters Z1 Z2 

1 Days to 50% flowering -.199 .722 

2 Plant height (cm) .028 -.139 

3 Number of effective tillers/plant
 

.030 .294 

4 Flag leaf area (cm²) .038 -.056 

5 Panicle length (cm) .013 .391 

6 Number of filled grains/panicle -.115 -.192 

7 Fertility % .084 -.046 

8 100 grains weight (g) .953 .191 

9 Grain yield (q/ha) -.170 .376 
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Z2 

Fig.1 Mean value of 1
st
 two canonical vectors for 32 rice genotypes 

 

 
Two-dimensional representation of 32 rice genotypes, using the 1

st
 two canonical vectors Z1 & Z2 as coordinates 

 

Published reports are highly conflicting with 

regard to the relation between geographical 

origin and genetic diversity. A number of 

workers in rice found no parallelism between 

genetic diversity and eco-geographic 

distribution Behera et al., (2017), Maurya et 

al., (2017), Sowmiya et al., (2017), Vijay 

Kumar et al., (2015). The results obtained in 

the present study did not show the 

relationship between the two. 

 

Thus it indicated that geographical distance 

per se is not that important in varietal 

diversity. It may be visualized that the 

genotypes developed at one location are 

showing similarity with those developed 

elsewhere. When divergence in the present 

study was analysed on the basis of yield and 

traits influencing the yield, it is apparently 

clear that the characters favoured by selection, 

whether artificial or natural, would greatly 

determine the genetic similarity or differences 

among the genotypes. It is further, evident 

that even selections made at a single location 

could lead to the development of diverse 

types depending upon the type of genes 

incorporated/assembled into the genotypes as 

well as the direction of selection. 

 

In the present study, 100-grain weight, Days 

to 50% flowering, number of filled gains 

/panicle, panicle length and grain yield were 

found to be major characters contributing to 

varietal diversity. Similar results were 

reported by Sowmiya et al., (2017). 

 

Divergence study indicated high genetic 

diversity among the genotypes under study. 

More divergent clusters are Cluster II and V 

followed by Cluster IV and V (Table 12). 

Hence selecting genotypes from these 

divergent clusters are important in 

hybridization programme to get better 

segregants 
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