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Genetic Divergence Among Rice Strains
P. K. BHAUMIK, M. K. SINHA! and S. P. BANERJEE?® 2
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Summary, For screening better types among 10 strains with the help of the D? statistic, an experiment was conduc-
ted in randomized block design with three replications. 10 plants in each plot were randomly selected and observations
were recorded on final plant height, heading duration, effective tillers, number of grains per panicle, yield per plant and
100 grain weight.

The observations were analyzed and found to be significant at 19, level.

In the study of distance relations the contribution of grain number per panicle to D? values was found to be maximum.
Again, this technique also helped in grouping the 10 strains into four clusters, viz. A, B, C and D, of which B possessed
six strains out of 10; A possessed two and C and D one each.

Group A comprised 2 selections from the same cross. Group D was composed of a selection from a cross involving
Dular and Taichung Native-1 as parents. Group B possessed Dular, two selections from a cross involving Dular as

one of the parents, Dharial and N.C.-1626. The constituents of A are expected to be transgressive segregates.
Group A was maximally distantly related with D followed in order by C and B. The distance between B and C was

small.

Group D was found to be the best of all strains studied, followed by B, C and A.

Introduction

The plant breeder is interested to know the genetic
divergence among the varieties or strains available
because crosses involving distantly related parents
within the same species provide him with a broad
spectrum of variability to ensure the efficiency of se-
lection towards better types. The use of diverse
germ plasm as a significant factor contributing to
high yield has been stressed by many workers using
crops like maize, Nicotiana and cotton (Griffing and
Lindstrom, 1954; Matzinger, Mann and Cockerham,
1962; and, Hawkins, Pracock and Ballard, 1965).

With the help of Mahalanobi’s D? statistic, ge-
netic divergence among varieties can be easily mea-
sured. This technique also helps the breeder in com-
paring a huge number of varieties together by cluster-
ing them into a few groups. Screening of selections
from a cross involving two distantly related parents
is made easier with this method. This technique has,
therefore, been adopted by many workers for classi-
fication problems (Hotelling, 1931; Wilks, 1932;
Fisher, 1936; Rao, 1952; Anderson, 1958), and for
finding the genetic divergence and relationship
among strains or varieties (Murty and Anand, 1966;
Murty and Tiwari, 1967; Anand and Murty, 1968;
Singh und Bains, 1968; and, Singh and Gupta, 1968).

Application of the D? statistic to finding parents
with better combining ability or screening out better
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types from among various existing strains has not
previously been done in rice. As a preliminary, there-
fore, a trial was undertaken of a few rice strains to
select out better types and to assess the contribution
of different characters to distancerelation under sum-
mer conditions of culture.

Materials and Methods

The experiment was conducted at Narendrapur Farm
of the R. K. Mission using 10 strains, of which four were
pure lines and the rest were selections from F, generation
of two rice crosses. The strains were:

A. Pure lines B. Selections from F, genera-

tion
1. Dular 5.0 x T~ 5/2
2. Satika 6. D x T —10/3
3. Dharial 7. Ty x T — 5/3
4. N.C.-1626 8. D x T — 6/5
9. T3 x T —1/1

10. T3 X T — 6/3
D = Dular, T = Taichung Native-1 and 73 = Tainan-3.

These 10 strains were grown in three replications in a
randomized block design with 10 plots per block of 7.20 sq.
metres, and 4 rows in each plot. Each row contained
12 plants with 15 cm. spacing between the plants. The
rows were also spaced 15 cm. apart.

The seedlings were raised in petridishes and transplant-
ed to the field on the 25th February, 1969, at the age of
50 days with one plant per hill. Cultural operations were
in accordance with the usual practice of rice cultivation.

10 plants per strain were randomly selected in each
block and observations were recorded on them for the
following characters:

Final plant height in cm. (x,)
Heading duration in days (x,)
Number ot effective tillers (x;)
Number of grains per panicle (¥,)
Grain yield per plant in gm. (¥;) and
100 grain weight in gm. (x).
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Statistical Analysis

The observations were first analyzed by Variance Ana-
lysis to ascertain whether significant differences existed
at varietal level.

The dispersion matrix supplied by variance and co-
variance analysis was then passed through pivotal con-
densation to render the characters uncorrelated and to
produce linear functions for each character.

These functions (Y’ s) were then converted into stan-
dard deviation unity and used to transform varietal mean
values to give an uncorrelated set of variables.

The differences (dij) corresponding to transformed mean
values for each pair of strains were squared and added to
give the D? values between the two members of the pair.

(dij)? = D
In this way the strains were paired in all types of com-
binations and corresponding D? values were obtained.

For clustering, the pair showing the smallest D? va-
lues was used as starter and gradually strains were added
to it, on the basis that the average D2 values due to addi-
tion of a new one must be smaller than when any other
strain was added. When a sharp increase on addition of
a further new strain was noticed, clustering was stopped
and once again a new clustering or grouping in the same
fashion was begun.

After clustering, the intra- and inter- cluster relation-
ships were studied and the mutual relationships between
the clusters and their distances were represented dia-
grammatically using D-values.

A similar technique has been followed by Rao (1952),
Singh and Bains (1968), Anand and Murty (1968) and
Singh and Gupta (1968).

Results

The strains were analyzed for all the characters and
found to differ significantly at 19, level (Table 2).
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The six characters were studied in all types of com-
binations, taking two together, to give a 6 x 6 dis-
persion matrix (Table 3).

The 6 x 6 dispersion matrix was passed through
pivotal condensation and functions (Y’s) for all cha-
racters were obtained. Again, with the help of the
respective standard deviation values, these functions
were converted into standard deviation unity, pre-
sented in Table 4.

Functions (¥Y’s) were used to transform the origi-
nal mean values of Table 1 into an uncorrelated set
of variables (y’s). These transformed mean values,
presented in Table 5, were used to find out the statis-
tical distance between any two strains. The 90 D2-
values obtained by taking two strains together have
been presented in Table 6 in increasing order of me-
rit. This shows that the smallest distance occurs be-
tween T3 X T-1/1 and 73 X 7-6/3, and the next
smallest between Dular and D x T-5/2. The strain
D x T-10/3 is most distantly related with 7, x 7-
6/3, the D? value for which is 65.00.

By the clustering technique, these 10 strains were
grouped into 3 clusters, presented in Table 7, which
shows that the B group is biggest in size and posses-
ses six strains out of 10. Group A includes only two
strains and the remaining two strains are in the third
cluster. However, because the average D? values be-
tween the last two are very high (8.88), they have been
clustered into two separate groups, each consisting
of just one strain.

In Table 8, within- and between- group distan-
ces have been presented in the form of average D2. C

Table 1. Mean values of strains

Plant height (I]{ue;(ggi tEﬂflfCer(;tive ﬁz'in(g Yield/plant 100 grain wt.
=] o
(em) (X1 (days) (X)) No. (X  panicle (X, &) (X5  (gm) (Xo)
(1)  Dular 91.1167 86.7667 5.6667 61.7333 6.1667 2.2000
(2) Satika 72.8800 84.3333 9.2333 49.1000 3.7000 1.9333
(3) Dharial 90.0733 93.2333 6.6333 89.0667 9.4333 2.5000
(4) N.C.1626 95.7800 97.2333 6.4667 39.5333 8.9667 2.0333
(5 D x T5/2 73.5367 96.2667 6.3667 59.2333 8.6667 2.2333
(6) D x T10/3 51.3967 105.8000 12.8833 38.9000 8.1000 2.0667
(7) T3 x T5/3 60.9800 99.3333 6.4667 22.5667 3.3667 2.3667
(8) D x T6/5 53.5433 103.5333 6.4667 32.7667 6.5667 2.0667
(9) Ty x T1/1 72.4467 111.8000 4.2000 22.7667 2.0000 1.9333
(10) Ty x T 6/3 80.3000 115.5000 3.8333 27.9000 1.9000 1.9667
Table 2. Variance analysis
. Heading No. of effec- No. of . 100 grain
Source of D.F. II\’/[lagt height 4 ration tive tillers  grains/ R{Ixeéd/ plant  op
varlance - M. S. M. S. panicle - M. S
Block 2 168.90 29.10 2.55 237.20%  13.90 0.0%
Strain 9 722.20%%  304.80**  20.04** 1905.00**  25.80%* 0.11%%
Error 18 31.10 14.10 1.68 65.60 4.20 0.02

* Significant at 5% level,
** Significant at 1% level
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and D have failed to reveal any within-group dis-
tance, as each consists of only one strain viz., Satika
and D X T-10/3 respectively.

These intra- and inter-group distances have been
presented in a diagrammatic manner in Fig. 1, which
shows that Group A is far from D, whereas B is
nearer to A. The distance relation between C and D
is more or less the same as that between A and B.
The distances between A, C and B, D are of the me-
dium type.

Table 9 shows the average
contribution of different cha-
racters to distance relation
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lowest values for yield is very large. Group B posses-
ses the highest 100 grain-weight followed by D, A and
C, respectively, in order of merit.

Discussion

In the study of distance relation, the 10 strains
under trial, formed 4 clusters, A, B, C and D. Of
these, B was the largest and possessed six strains out
of 10, whereas group A consisted of two. Only one

Table 3. Standard deviation, vaviance and covariance

expressed in percentages. The X Xy X X, X5 Xe
contribution of y,, i.e. num- ", ), —163.40  —57.50 850.10 26.70 1.40
ber of grains per panicle, is (26.873)
maximum (77.04%). Therela- X, 304.80 —20.70 —443.20  —34.60 —2.00
tive contributions of the (17.458)
other characters are much Xs 2(2‘%2) 15.00 9-20 —0.02
igssland are more or less iden- X, ’ 1905.00 172.80 5.60
1cal. (43.646)

The group means presented Xs 2(?3?9) 0.80
in Table 10 show that Group D X, ' 0.11
possesses the lowest height (0.331)

and group B the largest, with

A and C expressing values
more or less nearer that of B.
In heading duration, Aislater
than all others and C the ear-
liest, B and D falling uniform-

Figures in () are standard deviation.
X; — Plant height, X, —
of grains/panicle, X, — Yield/plant, X; — 100 grain wt.

Heading duration, X; — Effective tiller number, X, — No.

Table 4. Functions for transformation

Iy midway between the two. X, X, Xs X, X X,
Regarding the number of
effective tillers, D leads, fol- Y1 1(0372)
lowed by C, B and A in that Y, 2258 1.0
sequence. Group B posses- (.0084) (.0573)
ses the maximum number of Y, ( 1128) (.1247) 1(.(2)236)
: : 0041 .0071 .
lgrams p.e;l Iéamcée];nld A the Y, —1.4703 —3608 —4.5645 1.0
east, with C an ying n —(.0547) (.0207) —(1.0207)  (0.0229)
between the two. For yield v, 4710 —.0466 .0791 —.1781 1.0
per plant, B and D rank more v (8834) - (~88§27) (~8;‘%) - (-83:1) (-éggi) ‘o
or less together, followed by ¥ 1 . : : -
’ . . . 0001 —{.012 0211
C and then A. The differ- (-0000) (-0005) ,(0083) (O? ) (0123) (3. )
ence between the highest and  Figures in () have been converted into standard deviation unity
Table 5. Transformed Mean Values
. No. of No. of . .
Plant Heading . . Yield/ 100 grain
SL. No Height duration szectlve gralps/ plant wt.
illers panicle
Y1 Ya bz Ya Vs Ye
1. Dular 3.3895 5.7371 2.2567 —7.5583  1.5546 6.6671
2. Satika 2.7111 5.4445 2.9622 —10.5408 1.1358 5.9189
3. Dharial 3.3507 6.0989 2.5145 —7.7281 2.0821 7.5474
4. N. C. 1626 3.5630 6.3761 2.5261 —7.7768 2.0073 6.1438
5. D x T5/2 2.7356 6.1338 2.4086 —7.1719 1.9287 6.7472
6. D x T10/3 1.9120 6.4940 3.8426 —12.8805 1.0944 6.3078
7. T, x T5/3 2.2685 6.2050 2.4013 —7.3632 .9515 7.2143
8. D x Té6/s 1.9918 6.3823 2.4006 —6.6359 1.4805 6.2717
9. Ty, x T1/1 2.6950 7.0147 2.0299 —5.4140 .6305 5.9092
10. T4 x T 6/3 2.9872 7.2927 2.0064 —5.2752 .6152 6.0106
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Table 6. D2 values in incveasing ovder

1 2 3 4 5 6 7 9 10
5 91 6 8.88 1 1.23 1 1.04 1 o1 2 8.88 5 1.43 5 1.33 10 19 9 .19
4 1.04 4 10.23 5§ 1.36 3§ 1.49 8 1.33 4 30.54 8 1.80 7 1.80 8 3388 4.64
3 123 1 10.67 4 2.10 3 2.10 3 1.36 3 32.08 1 2.54 9 3.33 5 6.40 5 7.54
7 254 3 12.50 7 2.72 8 4.08 7 143 1 33.92 3 2.72 1 3.40 7 6.58 7 7.78
8§ 3.40 7 12.30 8 4.12 7 415 4 1.49 7 34.64 4 4.15 4 408 1 8.19 1 9.17
9 819 5§ 13.45 10 12.35 9 394 9 6.40 5 35.65 9 6.58 3 412 4 894 4 09382
10 9.17 8 17.20 2 12.50 10 9.82 10 7.54 8 41.36 19 7.78 10 4.64 312.76 3 12.35
2 10.67 9 29.87 9 12.76 2 10.23 2 13.45 9 61.94 2 12.90 2 17.20 2 29.87 2 32.41
6 33.92 10 32.41 6 32.08 6 30.54 6 35.65 10 65.00 6 34.64 6 41.36 6 61.94 6 65.00
1 = Dular 3 = Dharial 5=Dx T5[2 7 =T, x T5/3 9=1T, x T11
2 = Satika 4 = N. C. 1626 6 =D x T10/3 8 =D x T6/5 10 =Ty x T 6/3
Table 7. Clusteving among strains
Group added No. of  Increase Average
to a cluster : terms in D? D? Cluster Group
10, 9 19 1 — 0.19
10, 9 A
S 8.21 3 4.01 2.74
1, § I 1 91 o
4 3.44 3 1.26 1.15
3 8.13 6 1.56 1.35 1,54,37,8 B
7 18.97 10 2.71 1.90
8 33.70 15 2.95 2.25
2 110.65 21 12.82 5.27
2, 6 8.88 1 — 8.88 C, D.
Table 8. Intrva- and inter-cluster avevage D?
Fig. 1. Clusters and their inter-relationship Groups Strains A B C D
. . . A 10, 0.1 8.1 3114 63.46
strain each could be located in the groups Cand Din B 1, S? 4 8-12 2.2? 12.83 3‘3¥-7O
this study. c 3,7, 8
The large group size of B is the cause of high within- 2 3144 12.83 - 8.88
ge group § D 6 63.46  34.70 —

the-group distance in this group; it was very small in
group A. The groups C and D revealed no such intra-
group distance presumably due to their size limi-
tation in this study with such a low number of
strains.

Ty X T-1/1 and T, X T-6/3, which constituted
group A, had the same origin, both of them being two
selections from Tainan-3 X Taichung Native-1 cross.
The very small within-the-group distance and mean
values for different characters indicate that there
is no need to continue both of these in further gene-
rations. If this is desired, either one of the two
would serve the purpose. The third selection, T3 x
T-5/3, from the same cross lay in group B. This sig-
nifies that all the selections from the same cross may
not necessarily form a single cluster. This generally
occurs when the parents crossed are distantly related
(Singh and Gupta, 1968). According to the results
obtained by previous workers in crops like upland
cotton (Singh and Gupta, 1968) and linseed (Anand
and Murty, 1968), the selection from a cross would
either fall into the parental groups or belong to those

Table 9. Average contribution of diffevent
characters to distance relation

Characters in percentage
Plant height 4.87
Headling duration
(Ya) 4.35
Effective tillers
3 4.15
No. of grains/panicle
4 77.04
Yield/plant
Y 4.80
100 grain wt.
(Yq) 4.78

groups which would not be very distantly related.
In the present study, too, T3 x 7-5/3 fell within a
group which was not distantly related to A.

Dular, Dharial, N. C.-1626, D x T-5/2, and D X
T-6/5, in addition to 7’3 x 7-5/3, comprised group
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Table 10. Group mean
Plant Heading No. of No. of Yield/ .
o No. height duration effective grains/ plant 100 grain
Group Strains present of a Gl el wt. (gm.)
trains cm. ays illers panicle (gm.) x
S X, X, X, X, X, o
A T, x T6/3 (10) 2 76.3734 113.6500 4.0166 25.3334 1.9500 1.9500
Ty, x T1/1 (9)
» Dular (1)
D x Ts/2 (5 77.5050 96.0611 6.3445
N. C. 1626 4 6 59.1500 7-1945 2.2333
B
Dharial (3)
I, x T5/3 {7)
D x Te6/5 (8)
C Satika (2) 1 72.8800 84.3333 9.2333 49.1000 3.7000 1.9333%
D D x T10/3 (6) 1 51.3967 105.8000 12.8833 38.9000 8.1000 2.0667

B. Dular, Dharial, and N. C.-1626 may thus be re-
garded as statistically closely related, so that crosses
involving any two of these as parents may not pro-
duce any better offspring. D x T-5/2and D x T-6/5
were two selections from a cross involving Dular as
one of the parents. Hence, it is not unusual to find
these two selections within the same group as Dular
itself.

The third selection, D X 1-10/3, involving Dular

and Taichung Native-1 as parents, formed a sepa-
rate group, viz. D. Statistically, D was found to be
the maximum distantly related with A, but modera-
tely with B. Hence, this selection D x 1-10/3 should
either be a transgressive segregate or belong to a
group which would also possess Taichung Native-1
(not in trial).
Group C, represented in the present study by only
one strain, Satika, was far from A, but nearer to D;
B lay in between the latter two. If the trial was made
with more strains, other members closely related with
Satika could be found and the size of C could be en-
larged.

Using yield as the criterion for selection, group D
was found to possess the best group means, followed
by B, C and A. Group D, though possessing a lower
value with respect to yield attributing factors like
100 grain weight and grain number per panicle, gave
a higher yield than group B, due to higher tiller num-
ber. Group A revealed the lowest values for all yield
attributes and also for yield.

In the study of distance relation, the contributions
of different characters to D? values were found to
vary. Grain number per panicle contributed the
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maximum, which proved that the strains varied con-
siderably more in this character than in the others.
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