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Genetic Divergence Among Rice Strains 

P. K. BHAUMIK~ M.  K. S lNHA 1 and S. P. BANERJEE 2, a 

College of Agr icu l tu re ,  Ca l cu t t a  U n i v e r s i t y  (India)  

Summary. For  screening bet ter  types among 10 strains with the help of the D e 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 p lant  height, heading duration, effective tillers, number of grains per panicle, yield per p lant  and 
t 00 grain weight. 

The observations were analyzed and found to be significant at  1% level. 
In  the s tudy of distance relations the contribution of grain number per panicle to D e values was found to be maximum. 

Again, this technique also helped in grouping the 10 strains into four clusters, viz. A, t3, C and D, of which 13 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-I  as parents. Group 13 possessed Dular, two selections from a cross involving Dular as 
one of the parents, Dharial  and N.C.-1626. The consti tuents of A are expected to be transgressive segregates. 

Group A was maximal ly  d is tan t ly  related with D followed in order by  C and 13. The distance between 13 and C was 
small. 

Group D was found to be the best  of all strains studied, followed by  13, C and A. 

In troduc t ion  

The p l a n t  b r eede r  is i n t e r e s t ed  to know the  genet ic  
d ivergence  among  the  va r ie t i e s  or s t ra ins  ava i l ab le  
because  crosses invo lv ing  d i s t a n t l y  r e l a t ed  p a r e n t s  
wi th in  t i le  same species  p rov ide  him wi th  a b r o a d  
s p e c t r u m  of v a r i a b i l i t y  to  ensure  the  eff iciency of se- 
lec t ion  t owards  b e t t e r  types .  The  use of d ive r se  
ge rm p la sm as a s ign i f ican t  f ac to r  c o n t r i b u t i n g  to  
h igh  y ie ld  has  been  s t ressed  b y  m a n y  workers  us ing 
crops  l ike maize,  Nicotiana and  co t ton  (Gri t t ing and  
L i n d s t r o m ,  1954; Matz inger ,  Mann  and  Cockerham,  
t 962; and ,  Hawkins ,  P r a c o c k  and  Ba l l a rd ,  t 965). 

W i t h  the  he lp  of M a h a l a n o b i ' s  D 2 s t a t i s t i c ,  ge- 
ne t ic  d ive rgence  a m o n g  va r i e t i e s  can be eas i ly  mea-  
sured.  This  t echn ique  also helps  the  b reede r  in com- 
pa r ing  a huge  n u m b e r  of va r i e t i e s  t oge the r  b y  c lus ter -  
ing t h e m  in to  a few groups .  Screening  of select ions 
from a cross invo lv ing  two d i s t a n t l y  r e l a t ed  pa r e n t s  
is made  eas ier  wi th  th is  m e t h o d .  This  t echn ique  has,  
therefore ,  been  a d o p t e d  b y  m a n y  workers  for classi-  
f i ca t ion  p rob l ems  (Hotel l ing,  1931; Wilks ,  1932; 
F isher ,  t936 ;  Rao,  1952; Anderson ,  t958),  and  for 
f ind ing  the  gene t ic  d ivergence  and  r e l a t ionsh ip  
among  s t ra ins  or va r i e t i e s  (Mur ty  and  Anand ,  1966; 
M u r t y  and  Tiwar i ,  t 967 ;  A n a n d  and  Mur ty ,  1968; 
Singh und  Bains ,  1968; and,  Singh and  Gup ta ,  t968).  

A p p l i c a t i o n  of the  D 2 s t a t i s t i c  to f inding  pa ren t s  
wi th  b e t t e r  combin ing  a b i l i t y  or screening out  b e t t e r  
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t y p e s  f rom among  var ious  ex i s t ing  s t ra ins  has  no t  
p r ev ious ly  been done in rice. As a p re l imina ry ,  there-  
fore, a t r i a l  was u n d e r t a k e n  of a few rice s t ra ins  to  
select  out  b e t t e r  t y p e s  and  to assess the  c o n t r i b u t i o n  
of d i f fe ren t  cha rac t e r s  to d i s tance  re l a t ion  unde r  sum-  
mer  condi t ions  of cu l ture .  

Mater ia l s  and M e t h o d s  

The experiment was conducted at  Narendrapur  Farnl  
of the R. K. Mission using 10 strains, of which four were 
pure lines and the rest were selections from F 4 generation 
of two rice crosses. The strains were: 

A. Pure lines 13. Selections from Fr genera- 
t ion 

t. Dular 5. D X T 5/2 
2. Sat ika 6. D • T - -  t0/3 
3. Dharial  7. T a x  T - -  5/3 
4. N.C.-1626 8. D • T - -  6/5 

9. Ta • T - -  t11 
10. T a • T - - 6 / 3  

D = Dular, T = Taichung Native-I  and T a = 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 t ransplant-  
ed to the field on the 25th February,  1969, a t  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 : 
1. Final  p lant  height in cm. (xl) 
2. Heading durat ion in days (x2) 
3. Number  ot effective tillers (xa) 
4. Number  of grains per panicle (x4) 
5. Grain yield per p lant  in gin. (us) and 
6. 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 uni ty  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 2 values between the two members of the pair. 

(dij) 2 = D 2 

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 2 va- 
lues was used as starter and gradually strains were added 
to it, on the basis that  the average D 2 values due to addi- 
t ion 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 (t968). 

Results 

The s t ra ins  were analyzed for all the characters  and  
found to differ s ignif icant ly  at 1% level (Table 2). 

The six characters  were s tudied in all types  of com- 
b inat ions ,  t ak ing  two together,  to give a 6 • 6 dis- 
persion ma t r ix  (Table 3). 

The 6 • 6 dispersion ma t r ix  was passed through 
pivota l  condensa t ion  and  funct ions  (Y's)  for all cha- 
racters were obta ined.  Again, with the help of the 
respective s t anda rd  devia t ion  values, these funct ions  
were conver ted  into s t anda rd  devia t ion  un i ty ,  pre- 
sented in Table  4. 

Func t ions  (Y 's)  were used to t ransform the origi- 
nal  mean  values of Table  t into an  uncorre la ted  set 
of variables (y's). These t ransformed mean  values, 
presented in Table  5, were used to find out the statis-  
t ical dis tance between any  two strains.  The 90 D 2- 
values ob ta ined  by  tak ing  two s t ra ins  together  have 
been presented in Table  6 in increasing order of me- 
rit. This  shows tha t  the smallest  d is tance occurs be- 
tween Ta • T - t / I  and  T~ • T-6/3, and  the  nex t  
smallest  be tween Dular  and D • T-5/2. The s t ra in  
D • T-10/3 is most  d i s t an t ly  related wi th  T3 • T- 
6/3, the D ~ value for which is 65.00. 

By the cluster ing technique,  these 10 s t ra ins  were 
grouped into 3 clusters, presented in Table  7, which 
shows tha t  the B group is biggest  in size and  posses- 
ses six s t ra ins  out  of 10. Group A includes only two 
s t ra ins  and  the remain ing  two s t ra ins  are in the th i rd  
cluster. However,  because the average D e values  be- 
tween the last  two are very  high (8.88), they  have beeu 
clustered in to  two separate  groups, each consist ing 
of jus t  one s train.  

In  Table  8, wi thin-  and  be tween-  group d is tan-  
ces have been presented in the form of average D 2. C 

Table 1. Mean values of strains 

(1) 
{2) 
{3) 
{4) 
(5) 
(6) 
(7) 
{8) 
(9) 

0o)  

Plant height Heading Effective 
duration tillers 

(cm.) (X1) (days) (X2) No. (X3) 

Dular 91.tt67 86.7667 5.6667 
Satika 72.8800 84.3333 9.2333 
Dharial 90.0733 93.2333 6.6333 
N. C. 1626 95.7800 97.2333 6.4667 
D • T 5/2 73.5367 96.2667 6.3667 
D • T Io/3 51.3967 1o5.8o0o 12.8833 
T~ • T 5/3 60.9800 99.3333 6.4667 
D x T 6/5 53.5433 1o3.5333 6.4667 
T a • T 1/I 72.4467 111.80oo 4.2000 
T~ x T6 /3  80.3000 115.500o 3.8333 

No. of 
grains/ Yield/plant 100 grain wt. 
panicle (X4) (gin.) (Xs) (gin.) (XG) 

61.7333 6.i667 2.2000 
49.1000 3.7OO0 1.9333 
89.0667 9.4333 2.5000 
89.5333 8.9667 2.0333 
59.2333 8.6667 2.2333 
38.900O 8.1000 2.0667 
22.5667 3.3667 2.3667 
32.7667 6.5667 2.0667 
22.7667 2.0000 1.9333 
27.9000 t.9000 1.9667 

Source of 
D.F. variance 

Table 2, Variance analysis 

Plant height Heading 
duration M.S. M.S. 

Block 2 168.90 29.10 
Strain 9 722.20** 304.80** 
Error 18 31.10 14.10 

* Significant at 5% level, 
* * Significant at 1% level 

No. of effec- No. of Yield/plant tO0 grain 
tive tillers grains/ M.S. wt. 
M.S. panicle M.S. 

2.55 237.20* t3.90 0.05 
20.04** 1905.00"* 25.80** 0.11"* 

t .68 65.60 4.20 O.O2 



Vol. 41, No. 1 Genetic Divergence Among Rice Strains 33 

and D have failed to reveal any within-group dis- 
tance, as each consists of only one strain viz., Satika 
and D • T-10/3 respectively. 

These in t ra -  and  in te r -group  distances have been 
presented in a d iagrammat ic  m a n n e r  in Fig. t ,  which 
shows tha t  Group A is far from D, whereas B is 
nearer  to A. The dis tance re la t ion  be tween C and  D 
is more or less the same as t ha t  be tween A and  ]3. 
The distances be tween A, C and ]3, D are of the me- 
d ium type.  

Table  9 shows the average 
con t r ibu t ion  of different cha- 
racters to dis tance re la t ion 
expressed in percentages.  The 
con t r ibu t ion  of Y4, i. e. n u m -  
ber of grains  per panicle,  is 
m a x i m u m  (77.04%). The rela 
t ive con t r ibu t ions  of the 
other  characters  are much  
less and  are more or less iden-  
tical. 

The group means  presented  
in Table  t 0 show tha t  Group D 
possesses the lowest height  
and  group B the largest,  with 

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 meri t .  

Discuss ion  

In  the s tudy  of dis tance relat ion,  the t0  s t ra ins  
unde r  tr ial ,  formed 4 clusters, A, B, C and  D. Of 
these, B was the largest and possessed six s t ra ins  out  
of 10, whereas group A consisted of two. Only  one 

Table 3. Standard deviation, variance and covariance 

X 1 2 5 X 8  2 4 X 5 X 6 

X 1 722.20 --163.4o --57.50 85O.lO 26.70 t.40 
(26.873) 

X 2 304.80 -- 20.70 -- 443.20 -- 34.60 -- 2.00 
(17.458) 

X 3 2o.0t 15.00 9.20 -- 0.02 
(4.472) 

Xa 1905.00 172.80 5.60 
(43.646) 

X 5 25.80 0.80 
(5.079) 

X o 0.11 
(0.33t) 

A and C expressing values 
more or less nearer  t ha t  of B. 
I n  heading dura t ion ,  A is la ter  
t h a n  all others and  C the ear- 
liest, B and  D fall ing un i fo rm-  
ly midway  be tween  the two. 
Regarding  the n u m b e r  of 
effective tillers, D leads, fol- 
lowed by  C, B and  A in tha t  
sequence. Group B posses- 
ses the m a x i m u m  n u m b e r  of 
gra ins  per panicle and  A the 
least, with C and  D lying in 
be tween the two. For  yield 
per p lant ,  B and  D r ank  more 
or less together ,  followed by  
C and  t h e n  A. The  differ- 
ence be tween  the highest  and  

Figures in ( ) are standard deviation. 
X 1 -- Plant height, X 2 -- Heading duration, X 3 -- Effective tiller number, X 4 -- No. 
of grains/panicle, X 5 -- Yield/plant, X 6 -- 100 grain wt. 

Table 4. Functions for transformation 

x~ x~ x~ x ,  x~ 26 

Y1 1.0 
(.0372) 

Yz .2258 t.0 
(.0084) (.0573) 

Y3 .1108 .t247 1.0 
(.0041) (.0071) (.2236) 

Y4 -- 1.47o3 --3608 --4.5645 
--(.0547) (.0207) --(1.0207) 

Y5 .1710 --.0466 .0791 
(.0064) --(.0027) (.0401) 

Y6 .0001 .0082 .0373 
(.0000) (.0005) (.0083) 

1.0 
(0.0229) 
--.t781 1.0 

-- (.0041) (.1968) 
.0044 --.o634 

(.0001) - (.0t23) 
1.0 

(3.0211) 

Figures in () have been converted into standard deviation unity 

Table 5. Transformed Mean Values 

SI. No. 
No. of No. of 

Plant Heading effective grains/ Yield/ t 00 grain 
Height duration tillers panicle plant vet. 

Yl Y2 Ya Y4 Y~ Y6 

1. Dular 
2. Satika 
3. Dharial 
4. N.C. t626 
5. D • T 5/2 
6. D • T 10/3 
7. T a • T 5/3 
8. D • T6/5  
9. 7"3• T 1 / t  

10. T a • r 6/3 

3.3895 5.7371 2.2567 --7.5583 1.5546 6.6671 
2 .7 t l l  5.4445 2.9622 --10.54o8 1.t358 5.9t89 
3.3507 6.0989 2.5145 --7.7281 2.0821 7.5474 
3.5630 6.3761 2.529t --7.7768 2.oo73 6.t438 
2.7356 6.1338 2.4086 -- 7./7t9 1.9287 6.7472 
1.9120 6.494o 3.8426 -- 12.8805 1.9944 6.3078 
2.2685 6.2050 2.4013 --7.3632 .9515 7.2143 
t.9918 6.3823 2.4006 -- 6.6359 1.4805 6.2717 
2.695o 7.0147 2.o299 --5.4140 .6305 5.9092 
2.9872 7.2927 2.0064 -- 5.2752 .6152 6.0106 
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1 2 3 

Table 6. D 2 values in increasing order 

4 5 6 7 8 9 1o 

5 .91 6 8.88 1 1.23 1 
4 1.04 4 1o.23 5 t.36 5 
3 t.23 1 1o.67 4 2.to 3 
7 2.54 3 t2.50 7 2.72 8 
8 3.40 7 12.30 8 4.12 7 
9 8.19 5 13.45 10 12.35 9 

10 9.17 8 17.20 2 t2.50 10 
2 10.67 9 29.87 9 12.76 2 
6 33.92 10 32.41 6 32.08 6 

I = Dular 
2 = Satika 

1,04 1 .91 2 8.88 5 1.43 5 1.33 10 .19 9 .19 
1.49 8 1.33 4 30.54 8 1.80 7 1.80 8 3.38 8 4.64 
2.10 3 1.36 3 32.08 t 2.54 9 3.38 5 6.40 5 7.54 
4.08 7 t.43 I 33.92 3 2.72 1 3.40 7 6.58 7 7.78 
4.15 4 1.49 7 34.64 4 4.15 4 4.08 1 8.19 I 9.17 
8.94 9 6.40 5 35.65 9 6.58 3 4.12 4 8.94 4 9.82 
9.82 10 7.54 8 41.36 19 7.78 10 4.64 3 12.76 3 12.35 

10.23 2 13.45 9 61.94 2 12.90 2 17.20 2 29.87 2 32.41 
30.54 6 35.65 10 65.00 6 34.64 6 41.36 6 61.94 6 65.0O 

3 = Dharial 5 = D • T 5/2 
4 = N.C. t626 6 = D • TlO/3 

7 = Ta • T5/3 9 = Ta • T1/I  
8 = D  • T6/5 1 0 =  T a • T6/3 

~ Group added 
to a cluster C 

10, 9 

1, 5 
4 
3 
7 
8 
2 

2, 6 

Fig. 1. Clusters and their inter-relationship 

Table 7. Clustering among strains 

D2 No. of Increase Average 
terms in D 2 D o Cluster Group 

.t9 1 -- 0.19 
t0, 9 A 

8.21 3 4.01 2.74 

.91 t .91 
3.44 3 1.26 t.15 
8.13 6 1.56 1.35 1, 5, 4, 3, 7, 8 ]3 

t8.97 1o 2.71 1.90 
33.70 15 2.95 2.25 

t10.65 21 12.82 5.27 

8.88 1 - 8.88 C, D. 

Table 8. Intra- and inter-cluster average D 2 

Groups Strains A B C D 

s t ra in  each could be loca ted  in the groups C and D in 
th is  s tudy.  

The  large group size of B is the cause of high wi th in-  
the -group  dis tance  in this  group ; i t  was v e r y  small  in 
group A. The  groups C and D revea led  no such in t ra-  
group dis tance  p re sumab ly  due to the i r  size l imi- 
t a t ion  in th is  s tudy  wi th  such a low n u m b e r  of 
strains.  

T3 x T-I~1 and T a • T-6/3, which cons t i tu t ed  
group A, had  the same origin, bo th  of t h e m  being two 
select ions f rom Tainan-3 • Ta ichung  Na t ive - I  cross. 
The  ve ry  small  w i th in - the -g roup  dis tance  and mean  
va lues  for di f ferent  charac ters  indica te  t h a t  there  
is no need  to cont inue bo th  of these in fu r the r  gene- 
rat ions.  If this is desired, e i ther  one of the  two 
would  serve the  purpose.  The  th i rd  selection, 7"3 x 
T-5/3,  f rom the  same cross lay in group B. This  sig- 
nifies t ha t  all the  selections f rom the  same cross m a y  
no t  necessar i ly  form a single cluster.  This  genera l ly  
occurs when the paren ts  crossed are d i s t an t ly  r e l a t ed  
(Singh and Gupta ,  1968). According to the  resul ts  
ob ta ined  by  previous  workers  in crops like up land  
co t ton  (Singh and Gupta ,  t968) and l inseed (Anand 
and Murty ,  t968), the select ion f rom a cross wou ld  
e i ther  fall in to  the  paren ta l  groups or belong to those  

A 1o, 9 0.19 8.13 31.14 63.46 
]3 1, 5, 4 8.13 2.25 t2.83 34.70 

3 , 7 , 8  
C 2 31.14 12.83 -- 8.88 
D 6 63.46 34.70 -- 

Table 9. Average contribution of different 
characters to distance relation 

Characters in percentage 

Plant  height 4.87 
(YI) 

Heading  dura t ion  
(Y2) 4.35 

Effective tillers 
(Y3) 4.15 

No. of grains/panicle 
(II4) 77.04 

Yield/plant 
(Ys) 4.80 

100 grain wt. 
(Y,) 4.78 

groups which  would  no t  be v e r y  d i s t an t ly  related.  
In  the present  s tudy,  too, T a • T-5/3 fell wi th in  a 
group which was no t  d i s t an t ly  re la ted  to A. 

Dular ,  Dhar ia l ,  N. C.-t626, D • T-5/2,  and D • 
T-6/5, in addi t ion  to T 3 • T-5/3,  comprised  group 
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Group Strains present 
~O. 
of 
strains 

Table 10. Group mean 

Plant Heading No. of No. of Yield/ 
height duration effective grains/ plant 100 grain 
cm. days tillers panicle (gm.) wt. (gm.) 
X 1 X~ X~ X 4 X 5 X8 

A T3 x T 6/3 (10) 
T 3 x T t/1 (9) 

Dular (1) 
D X T 5/2 (5) 
N. C. t 626 (4) 6 

B 

I) 

2 76.3734 113.65oo 4.0166 25.3334 1.9500 t.9500 

77.5050 96.0611 6.3445 
59.15o0 7.1945 2.2333 

Dharial (3) 
Tg • T 5/3 (7) 
D • T 6/5 (8) 

Satika (2) 1 72.8800 

D • T 10/3 (6) 1 51.3967 

84.3333 9.2333 49.1000 3.7000 1.9335 

1o5.800o 12.8833 38.9ooo 8.1000 2.o667 

B. Dular ,  Dharial ,  and  N. C.-1626 m a y  thus  be re- 
garded as s ta t i s t ica l ly  closely related, so t ha t  crosses 
invo lv ing  any  two of these as paren ts  m a y  not  pro- 
duce any  be t t e r  offspring. D • T-5/2 a n d D  • T-6/5 
were two selections from a cross involv ing  Dular  as 
one of the parents .  Hence,  it is no t  unusua l  to find 
these two selections wi th in  the same group as Dular  
itself. 

The th i rd  selection, D • 2"-10/3, invo lv ing  Dular  
and  Ta ichung  Nat ive - I  as parents ,  formed a sepa- 
ra te  group, viz. D. Stat is t ical ly ,  D was found to be 
the m a x i m u m  d i s t an t ly  re la ted with A, bu t  modera-  
te ly  with B. Hence,  this  selection D • T- t0/3  should 
ei ther  be a t ransgressive segregate or belong to a 
group which would also possess Ta ichung  Nat ive- I  
(not in trial).  

Group C, represented in the present  s tudy  by  only 
one s t ra in ,  Satika,  was far from A, bu t  nearer  to D;  
B lay  in be tween  the la t te r  two. If the t r ial  was made  
with more strains,  other  members  closely re la ted with 
Sat ika  could be found and  the size of C could be en- 
larged. 

Using yield as the cr i ter ion 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 a t t r i b u t i n g  factors like 
100 grain  weight and  grain  n u m b e r  per panicle,  gave 
a higher yield t h a n  group B, due to higher tiller n u m -  
ber. Group A revealed the lowest values for all yield 
a t t r ibu te s  and  also for yield. 

In  the s tudy  of dis tance relat ion,  the con t r ibu t ions  
of different  characters  to D 2 values were found to 
vary.  Grain  n u m b e r  per panicle con t r ibu ted  the 

m a x i m u m ,  which proved tha t  the s t ra ins  var ied con- 
s iderably  more in this  character  t h a n  in the others. 

Acknowledgement  
Grateful acknowledgement is due%o Prof. P. K. Sen, 

Head of the Department of Agriculture, Calcutta Uni- 
versity for facilities to carry out this work. Thanks are 
also due to Dr. K.L.  Banerjee of R. K. Mission, Narendra- 
pur for help in field experimentation at Narendrapur 
Farm and to  Dr. M. K. Majumdar for active collaboration. 

Literature Cited 
1. Anand, I. J., Murty, B. R. : Genetic divergence and 

hybrid performance in linseed. Ind. J. Genet. 28, 178 to 
185 (1968). -- 2. Anderson, T. VC : Introduction to multi- 
variate statistical analysis. New York: John Wiley and 
Sons t 958. -- 3. Fisher, R. A. : The use of multiple measu- 
rements in taxonomic problems. Ann. Eug. 7, 179--t88 
(1936). -- 4. Griffing, B., Lindstrom, E. W.: A study 
of combining abilities of corn inbreds having varying pro- 
portions of cornbelt and non cornbelt germplasm. Agron. 
J. 46, 545-552  (1954). - 5. Hawkins, t3. S., Pracock, H. 
A., Ballard, W . W . :  Heterosis and combining abili ty 
in upland cotton-effect on yield. Crop Sci. 5, 543--546 
(1965). -- 6. Hotelling, H.: The generalization of Stu- 
dents ratio. Ann. Math. Star. 2 360--378 (1931). -- 
7. Matzinger, D. F., Mann, I. J., Cockerham, C. C. : Diallel 
crosses in Nicotiana tabacum. Crop Sci. 2, 383 -- 386 (1962). 
-- 8. Murty, B.R. ,  Anand, I . J . :  Combining abili ty 
and genetic diversity in some varieties of Linum usita- 
lissimum. Ind. J. Genet. 26, 21--36 (1966). -- 9. Murty, 
B. R., Tiwari, J. L.: Influence of dwarfing genes on ge- 
netic diversity in Pennisetum typhoides. Ind. J. Genet. 27, 
226--237 (1967). -- 10. Rao, C. R. : Advanced statistical 
methods in biometrical research. New York: John Wiley 
and Sons 1952. -- t l .  Singh, R. B., Bains, S.S.:  Ge- 
netic divergence for beginning out turn and its component 
in upland Cotton. Ind. J. Genet. 28, 262--268 (1968). -- 
12. Singh, R. B., Gupta, M. P. : Multivariate analysis of 
divergence in upland Cotton. Ind. J. Genet. a8, t51 to 
157 (1968). - 13. Wilks, S. S.: Certain generalization in 
the analysis of variance. Biometrics 24, 471--494 (1932). 

Received June 15, 197o 

Communicated by H. t". Linskens 

P. K. Bhaumik 
M. K. Sinha and 
S. P. Banerjee 
College of Agriculture 
Calcutta University 
Calcutta (India) 


