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Abstract
Nine fine grain rice genotypes viz., VL 30925, VL 30926, VL 30928, VL 30929, VL 30938, VL 31486, VL 

31632, VL 31634, VL 31638 were crossed with four basmati varieties Pusa Basmati 1, Pusa Sugandh 2, Pusa Sugandh 
3 and Pusa Sugandh 5 in a line x tester mating design. The preponderance of dominant gene action was observed 
for plant height, days to 50% flowering, days to maturity, grains per panicle, fertile grains per panicle, 1000 grain 
weight, kernel length, kernel width, L/B ratio and grain yield per plant. Five genotypes viz., VL 30928, VL 30929, VL 
31632, VL 30925 and VL 31634 were found to be good general combiners and could be utilized to generate desirable 
segregants for future breeding programmes. High sca effects were observed in the crosses VL 30926 x P. Sug 5, VL 
30929 x P. Sug 3, VL 30938 x P. Sug 5, VL 31486 x P. Sug 2, VL 31632 x P. Sug 5, VL 31634 x P. Bas 1 and VL 31638 
x P. Bas 1 for grain yield and components traits. 
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Introduction

Rice is the staple food for more than half of the world’s 
population and the second most widely grown cereal 
crop of the world. It is the most extensively and the 
largest grown crop of India having an area of about 44 
m ha and is grown in almost all parts of the country. In 
Uttarakhand, rice is the major cereal crop of kharif season 
accounting an area of about 280 thousand hectares with 
a production of 594 thousand tonnes and productivity 
of 2120 kg/ha during 2011-12. Irrigated rice in hills is 
grown in valleys where water is available in sufficient 
quantity to meet the growth stage conditions of rice crop. 
Success of any breeding programme depends primarily 
on the choice of appropriate parents in the hybridization 
and combining ability studies helps in selecting the 
parents for hybridization, provide information on 
additive and dominance variance (Thakare et al., 2010) 
as well as  breeding procedure to be followed to select 
desirable segregants (Salgotra et al., 2009). Line x tester 
analysis provides information about general combining 
ability (gca) and specific combining ability (sca) effects 
of parents and is helpful in estimating various types 
of gene actions (Muhammad et al., 2007). The present 
investigation was undertaken to get an idea of the 
combining ability for yield and other related traits in 
fine grain rice with a view to identify good combiners 
for effective breeding. 

Materials and Methods 

The experimental materials comprised of thirty six 
hybrids derived from crossing of nine lines with four 
basmati male parents in line x tester fashion. The parents 
used as lines were VL 30925, VL 30926, VL 30928, VL 
30929, VL 30938, VL 31486, VL 31632, VL 31634 and 
VL 31638 while Pusa Basmati 1, Pusa Sugandh 2, Pusa 
Sugandh 3, Pusa Sugandh 5 were used as testers. All the 
parents and hybrids were grown in randomized block 
design (RBD) with two replications at experimental farm 
of ICAR-Vivekananda Parvatiya Krishi Anusandhan 
Sansthan, Almora. The standard agronomic practices 
were followed for raising good crop. The seedlings were 
planted at spacing of 20 x 15 cm with two meter length 
row. Observations were recording on five randomly 
selected competitive plants of the middle row of each 
plot for quantitative traits viz., plant height, tillers per 
plant, flag leaf length, flag leaf width, panicles per plant, 
panicle length, grains per panicle, fertile grain per panicle, 
thousand grain weight, kernel length, kernel width, L/B 
ratio, grain yield per plant whereas days to 50 per cent 
flowering and days to maturity were recorded on plot 
basis. The mean value was used as the replicated data and 
was subjected to statistical analysis using INDOSTAT 
software package. The combining ability analysis 
was carried out following the method as suggested by 
Kempthorne (1957). 
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Results and Discussion

The analysis of variance revealed significant genotypic 
effect for all the characters under study except tillers/
plant, flag leaf width, panicles/plant, panicle length. This 
provides evidence for the presence of sufficient genetic 
variability among lines, testers and test crosses indicating 
wide diversity among treatment themselves (Table 1). The 
mean sum of squares due to parents versus crosses also 
differed significantly for yield and major yield components 
viz., plant height, days to 50% flowering, days to maturity, 
grains per panicle, fertile grains per panicle, 1000 grain 
weight, kernel length, kernel width, L/B ratio and grain 
yield per plant. Significance of mean squares of lines and 
testers indicated prevalence of additive variance whereas, 
non additive variance by line x tester. Preponderance of 
non-additive variance in the expression of different traits in 
rice has also reported by Ram et al., (1991) and Khirsagar, 
(2002). These results emphasized the importance of 
combining ability studies and indicated good prospects 
of selection of suitable parents and the crosses for the 
development of appropriate varieties and hybrids. 

The general combining ability (GCA) identifies superior 
parental genotypes while specific combining ability (SCA) 
helps in identification of good hybrid combinations which 
may ultimately lead to the development of hybrids (Shiva 
Prasad et al., 2013). Line x Tester analysis is one of the 
most powerful tools for estimating the GCA of parents 
and selection of desirable parents and crosses with high 
SCA for the exploitation of heterosis (Tiwari et al., 2011). 
The estimates of general combining ability effects of line 
and tester (Table 2) revealed that the lines VL 30928, VL 
30929 and tester Pusa Basmati 1 were good combiners 
for grain yield and component traits. However, good 
general combiners may not necessarily produce good 
specific combinations for different traits. Similar results 
were reported by Ramlingam et al., (1997). The desirable 
gca effects of line VL 31634 and tester Pusa Sugandh 2 
were the better general combiner for earliness. Promising 
parental lines identified for short plant stature were VL 
30925, VL 30929, VL 31634 and Pusa Sugandh 3. It is 
worthwhile to mention here that the selection of parents 
for days to maturity and plant height depends on the target 
environment of the breeder. VL 30929 exhibited high gca 
effects for panicles per plant while good general combiners 
for panicle length was VL 30928. For grains per panicle, 
good general combiners were VL 30928, VL 30929, VL 
31632, VL 31634 and Pusa Sugandh 3. The good general 
combiner for important traits like fertile grains per panicle 
were VL 30926 VL 30928, VL 30929, VL 30938,VL 
31632, Pusa Sugandh 3 and Pusa Sugandh 5. The parental 

lines VL 30925, VL 30928, VL 30929, VL 30938, VL 
31486, VL 31638, Pusa Basmati 1 and Pusa Sugandh 3 
showed high gca effects for 1000 grain weight and kernel 
length while VL 30926, VL 30929, VL 30938, VL 31632, 
VL 31638, Pusa Sugandh 3 and Pusa Sugandh 5 were 
found to be good for kernel width. Parents with significant 
negative general combining ability (gca) estimates for 
days to 50% flowering, plant height and days to maturity 
and with significant positive gca effects for the remaining 
characters are considered as good general combiners. 
The parents with significant positive gca effects for days 
to 50% flowering, plant height and days to maturity are 
considered as poor general combiners. The parents with 
non significant gca estimates for all the characters were 
considered as average general combiners. 

VL 30929 was identified as good general combiner for 
grain yield per plant, plant height, panicles per plant, grains 
per panicle, fertile grains per panicle, kernel length, kernel 
width and L/B ratio whereas, VL 30928 was found to be 
good general combiner for days to 50 % flowering, panicle 
length, grains per panicle, fertile grains per panicle, 1000 
grain weight, kernel length, L/B ratio and grain yield per 
plant. It could be mentioned that the parents with significant 
and positive GCA values might be contributed positive 
alleles in their hybrid due to its additive nature of gene 
action for the respective traits. The crosses involving these 
parents might produce good progenies for the respective 
traits. 

Specific combining ability (SCA) of a cross is the 
estimation and the understanding of the effect of non 
additive gene action for a trait which is an indicator for 
the selection of a hybrid combination (Akter et al., 2010). 
Therefore, a highly significant SCA effect is desirable for 
a successful hybrid breeding program. Specific combining 
ability (sca) effects were estimated for all the 36 hybrids 
and sixteen characters (Table 3). The estimates of hybrid 
revealed that none of the hybrids was consistently superior 
for all the traits. In the present study, positive significant 
sca effects for grain yield per plant was exhibited by seven 
crosses viz., VL 30926 x P. Sug 5, VL 30929 x P. Sug 3, 
VL 30938 x P. Sug 5, VL 31486 x P. Sug 2, VL 31632 x P. 
Sug 5, VL 31634 x P. Bas 1 and VL 31638 x P. Bas 1. The 
high sca effects may be associated with high hybrid vigour 
(Saidaiah et al., 2010). For plant height, negative estimates 
of sca are desirable and the promising specific combiners 
were VL 30926 x P. Sug 2, VL 31634 x P. Bas 1, VL 31634 
x P. Sug 3, VL 31638 x P. Sug 2. The results confirm the 
findings of Muhammad et al., (2007). Out of 36 crosses, 
as many as 20 cross combinations showed desirable sca 
effects for days to maturity. The cross combinations viz., 
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VL 30925 x P. Bas 1, VL 30926 x P. Bas 1, and VL 31632 
x P. Sug 2 showed higher sca effects for flag leaf length. 
Cross VL 31638 x P. Bas 1 was good specific combiner for 
tillers per plant whereas cross VL 31638 x P. Sug 2 for flag 
leaf width. The cross VL 31634 x P. Bas 1, the best specific 
combination for grain yield per plant was also good with 
high sca effects for plant height, 1000 grain weight, kernel 
length, kernel width and L/B ratio. The cross VL 31486 
x P. Sug 2 combined positive and significant sca effects 
for quality traits like kernel length, kernel width, L/B ratio 
and 1000 grain weight. The cross VL 31632 x P. Sug 5 
and VL 30929 x P. Sug 3 expressed desirable significant 
sca effects for yield component traits viz., days to 50 % 
flowering, days to maturity, grains per panicle, fertile 
grains per panicle. The cross VL 31638 x P. Bas 1 showed 
significantly positive sca effects for grain yield  per plant 
might be due to good specific combination for grains per 
panicle, fertile grain per panicle, panicle length, tiller per 
plant and days to maturity.                                                                                                                                

The proportional contribution of the total variance by 
lines, testers and interaction revealed that the lines and line 
x tester interaction have contributed more than testers in 
respect of all the characters (Table 4).   From this study, it 
is concluded that no cross was good for all the characters 
but some crosses showed good sca effects for a number of 
characters. The best general combiners were VL 30928, 
VL 30929, VL 31632, VL 30925 and VL 31634 could be 
utilized in future breeding programmes. The crosses viz., 
VL 30926 x P. Sug 5, VL 30929 x P. Sug 3, VL 30938 x 
P. Sug 5, VL 31486 x P. Sug 2, VL 31632 x P. Sug 5, VL 
31634 x P. Bas 1 and VL 31638 x P. Bas 1 could be used 
for exploitation of heterosis for yield. 

References

Akter, A., Hasan, M.J., Begum, H., Kulsum, M.U. and 
Hossain, M.K. 2010. Combining ability analysis in 
rice (Oryza Sativa L.). Bangladesh Journal of Plant 
Breeding and Genetics 23(2): 07-13. 

Kempthorne, O. 1957. An Introduction to Genetic 
Statistics. John Wiley and Son, Inc., New York. 

Khirsagar, R.M. 2002. Genetic analysis of yield and its 
components in rice. M.Sc. (Ag) thesis (unpublished) 
submitted to Gujarat Agricultural University, Navsari.

Muhammad, R., Cheema, A.A. and Muhammad, A. 2007. 
Line x Tester analysis in basmati rice Pakistan 
Journal of Botany 39(6): 2035-2042.

Ram, T., Singh, J. and Singh R.M. 1991. Genetic analysis 
of yield and components in rice. Oryza 28: 447-450.

Ramlingam, J., Nadarajan, N., Vanniarajan, C. and 

Rangasamy, P. 1997. Combining ability studies 
involving CMS lines in rice. Oryza 34:4-7.

Saidaiah, P., Ramesha, M.S. and Kumar, S.S. 2010. Line 
x Tester analysis in rice (Oryza sativa L.). Crop 
Improvement 37 (1): 32-35.

Salgotra, R.K., Gupta, B.B. and Singh, Praveen. 2009. 
Combining ability studies for yield and yield 
components in Basmati rice. Oryza 46(1): 12-16.

Shiva Prasad, G., Subba Rao, L.V., Sujatha, M. and 
Chaitanya, U. 2013. Heterosis and combining ability 
analysis for few cold tolerant rice germplasm lines 
at their seedling stage. International Journal of 
Development Research 3(8): 010-012.

Thakare, I.S., Mehta, A.M., Patel, J.S. and Takle, S.R. 2010. 
Combining ability analysis for yield and grain quality 
traits in rice hybrids. Journal of Rice Research 3(1):1-
5.

Tiwari, D.K., Pandey P., Giri S.P. and Dwivedi J.L. 2011. 
Heterosis studies for yield and its components in rice 
hybrids using CMS system. Asian Journal of Plant 
Sciences 10: 29-42



18 Journal of Rice Research 2015, Vol 8 No. 1

Ta
bl

e 
1.

 A
na

ly
si

s o
f v

ar
ia

nc
e 

fo
r 

va
ri

ou
s y

ie
ld

 c
on

tr
ib

ut
in

g 
ch

ar
ac

te
rs

So
ur

ce
 o

f 
va

ri
an

ce

d.
f

Pl
an

t 
he

ig
ht

D
ay

s t
o 

50
%

 
flo

w
er

in
g

D
ay

s t
o 

m
at

ur
ity

Ti
lle

rs
 

pe
r 

pl
an

t

Fl
ag

 le
af

 
le

ng
th

Fl
ag

 le
af

 
w

id
th

Pa
ni

cl
es

 
pe

r 
pl

an
t

Pa
ni

cl
e 

le
ng

th
G

ra
in

s p
er

 
pa

ni
cl

e 
Fe

rt
ile

 
gr

ai
ns

 p
er

 
pa

ni
cl

e

Sp
ik

el
et

 
St

er
ili

ty
 

%
 

10
00

gr
ai

n 
w

ei
gh

t
K

er
ne

l 
le

ng
th

K
er

ne
l 

w
id

th
L

/B
 

ra
tio

G
ra

in
 y

ie
ld

 
pe

r p
la

nt

R
ep

lic
at

io
ns

1
69

.2
8

15
.5

2
18

.8
6

50
.0

0
58

5.
06

1.
28

33
0.

61
31

.0
3

13
96

.9
3

96
1.

72
11

.7
9

12
.4

2
0.

00
0.

00
0.

00
0.

01

Tr
ea

tm
en

ts
48

25
0.

19
**

78
.5

1*
*

92
1.

70
**

8.
46

7.
64

**
0.

02
11

3.
15

11
.4

8
29

93
.9

6*
*

24
34

.4
7*

*
35

7.
66

**
40

.1
7*

*
3.

16
**

0.
21

**
1.

05
**

41
.5

0*
*

Pa
re

nt
s

12
17

5.
94

**
38

.2
3*

*
38

.6
3*

*
7.

29
5.

48
0.

02
10

.0
8

7.
44

21
77

.5
3*

*
81

6.
13

**
10

5.
83

**
16

.1
9*

*
1.

07
**

0.
08

**
0.

86
**

18
.0

9*
*

Li
ne

s
8

18
4.

88
**

44
.5

1*
*

44
.9

3*
*

6.
93

4.
71

0.
02

11
.9

3
10

.3
6

29
48

.1
2*

*
11

66
.1

8*
*

10
8.

12
**

21
.4

8*
*

1.
23

**
0.

06
**

0.
69

**
20

.8
6*

*

Te
st

er
s

3
23

.5
9

26
.1

2*
*

25
.8

3*
*

10
.3

3
4.

63
0.

03
8.

45
2.

08
77

1.
45

*
12

2.
45

28
.8

3
3.

84
0.

33
**

0.
12

**
0.

86
**

11
.8

6

Li
ne

s v
s 

Te
st

er
s

1
56

1.
56

**
24

.3
6*

*
26

.6
7*

*
1.

09
14

.2
2*

0.
02

0.
18

0.
21

23
1.

00
96

.7
9

31
8.

50
**

10
.9

2*
2.

05
**

0.
13

**
2.

24
**

14
.6

5

Pa
re

nt
s v

s 
C

ro
ss

es
1

12
41

.6
0*

*
81

5.
57

**
19

93
.9

5*
*

38
.2

2
6.

95
0.

00
15

0.
35

13
0.

11
18

19
1.

68
**

12
22

7.
23

**
10

9.
01

19
.6

9*
*

1.
02

**
0.

01
*

0.
76

**
66

.8
7*

*

C
ro

ss
es

35
24

7.
32

**
71

.2
6*

*
11

93
.8

4*
*

8.
01

8.
39

**
0.

02
14

7.
43

9.
48

28
39

.6
7*

*
27

09
.5

4*
*

45
1.

11
**

48
.9

8*
*

3.
94

**
0.

26
**

1.
12

**
48

.8
0*

*

Li
ne

 E
ffe

ct
8

49
0.

43
*

95
.5

1
84

4.
63

8.
18

9.
26

0.
01

18
2.

59
11

.7
8

36
91

.0
7

44
63

.6
2*

86
6.

07
*

12
0.

16
**

9.
16

**
0.

21
2.

75
**

79
.6

0

Te
st

er
 E

ffe
ct

3
53

.8
7

18
9.

74
*

17
30

.9
3

7.
51

5.
36

0.
03

19
3.

64
5.

78
21

13
.1

6
72

29
.9

7*
76

0.
25

25
.4

9
1.

45
0.

23
0.

46
54

.9
5

Li
ne

 v
s 

Te
st

er
 E

ffe
ct

24
19

0.
46

**
48

.3
6*

*
12

43
.1

0*
*

8.
01

8.
49

**
0.

03
12

9.
93

9.
17

26
46

.6
8*

*
15

59
.7

9*
*

27
4.

15
**

28
.1

9*
*

2.
51

0.
27

**
0.

66
**

37
.7

7*
*

Er
ro

r
48

18
.0

9
0.

27
0.

59
5.

58
3.

47
0.

02
10

9.
82

2.
93

19
9.

00
11

5.
07

32
.5

8
2.

58
0.

04
0.

00
0.

02
4.

88

To
ta

l
97

13
3.

47
39

.1
4

45
6.

59
7.

46
11

.5
3

0.
03

11
3.

74
7.

45
15

94
.4

2
12

71
.5

5
19

3.
23

21
.2

8
1.

58
0.

10
0.

53
22

.9
5

**
 S

ig
ni

fic
an

t a
t 1

%
 le

ve
l o

f p
ro

ba
bi

lit
y.



19 Journal of Rice Research 2015, Vol 8 No. 1

Ta
bl

e 
2.

 E
st

im
at

es
 o

f g
en

er
al

 c
om

bi
ni

ng
 a

bi
lit

y 
(G

C
A

) e
ff

ec
ts

 o
f L

in
es

 a
nd

 T
es

te
rs

 fo
r 

si
xt

ee
n 

ch
ar

ac
te

rs
 in

 r
ic

e

Pa
re

nt
s

Pl
an

t 
he

ig
ht

D
ay

s t
o 

50
%

 
flo

w
er

in
g

D
ay

s t
o 

m
at

ur
ity

Ti
lle

rs
 

pe
r 

pl
an

t
Fl

ag
 le

af
 

le
ng

th
Fl

ag
 le

af
 

w
id

th
Pa

ni
cl

es
 

pe
r 

pl
an

t
Pa

ni
cl

e 
le

ng
th

G
ra

in
s p

er
 

pa
ni

cl
e 

Fe
rt

ile
 g

ra
in

s 
pe

r 
pa

ni
cl

e
Sp

ik
el

et
 

St
er

ili
ty

 
%

 

10
00

 g
ra

in
 

w
ei

gh
t

K
er

ne
l 

le
ng

th
K

er
ne

l 
w

id
th

L
/B

 
ra

tio
G

ra
in

 y
ie

ld
 

pe
r 

pl
an

t

Li
ne

s

V
L 

30
92

5
-7

.5
9*

*
-1

.5
1*

*
2.

36
**

1.
02

0.
34

-0
.0

0
-0

.4
3

-0
.5

6
2.

36
5.

18
-0

.9
8

1.
33

*
0.

36
**

-0
.0

0
0.

26
**

0.
25

V
L 

30
92

6
6.

55
**

-3
.6

**
0.

48
-0

.9
7

0.
38

0.
06

-2
.1

8
-0

.0
9

-1
.5

1
9.

18
*

-5
.6

1*
*

-0
.7

0
0.

08
0.

06
**

0.
01

0.
05

V
L 

30
92

8
0.

65
-3

.7
6*

*
0.

23
-1

.0
9

-1
.9

5*
*

0.
01

-2
.4

3
1.

62
*

16
.7

3*
*

24
.8

0*
*

-6
.2

3*
*

2.
16

**
0.

17
*

0.
00

0.
20

**
2.

45
**

V
L 

30
92

9
-4

.1
3*

*
0.

61
**

4.
48

**
1.

65
1.

27
-0

.0
1

12
.5

6*
*

0.
12

19
.8

6*
*

15
.6

8*
*

0.
13

0.
26

0.
23

**
0.

04
*

0.
11

*
4.

99
**

V
L 

30
93

8
10

.2
9*

-2
.2

6*
*

2.
11

**
-0

.8
4

-0
.5

3
0.

00
-2

.1
8

1.
10

-1
.6

3
11

.1
8*

*
-7

.2
3*

*
1.

05
0.

24
**

0.
10

**
0.

02
1.

43

V
L 

31
48

6
2.

20
-1

.8
8*

*
1.

86
**

-0
.4

7
1.

03
-0

.0
1

-1
.9

3
0.

95
-1

1.
76

*
-9

.3
1*

1.
13

2.
87

**
1.

07
**

-0
.0

5*
*

0.
75

**
0.

07

V
L 

31
63

2
4.

67
**

2.
36

**
5.

98
**

1.
02

0.
63

0.
00

-0
.4

3
0.

36
15

.6
1*

*
19

.1
8*

*
-3

.3
6

-2
.5

1*
*

-0
.0

9
0.

14
**

-0
.1

9*
*

-0
.9

6

V
L 

31
63

4
-1

5.
25

**
4.

73
**

-2
6.

38
**

-0
.4

7
-1

.3
2

0.
01

-2
.0

5
-2

.2
1*

*
10

.4
8*

-4
1.

94
**

26
.6

3*
*

-8
.8

5*
*

-2
.7

0*
*

-0
.4

0*
*

-1
.4

0*
*

-6
.5

0*
*

V
L 

31
63

8
2.

60
5.

36
**

8.
86

**
0.

15
0.

14
-0

.0
6

-0
.9

3
-1

.2
8*

-5
0.

13
**

-3
3.

94
**

-4
.4

8*
4.

37
**

0.
62

**
0.

10
**

0.
22

**
-1

.8
0*

SE
m

(±
)

1.
50

0.
18

0.
27

0.
83

0.
65

0.
05

3.
70

0.
60

4.
98

3.
79

2.
01

0.
56

0.
07

0.
02

0.
05

0.
78

C
D

(P
=0

.0
5)

3.
05

0.
37

0.
55

1.
69

1.
33

0.
10

7.
52

1.
22

10
.1

2
7.

69
4.

09
1.

15
0.

14
0.

04
0.

10
1.

58

Te
st

er
s

Pu
sa

 
B

as
m

at
i 1

0.
37

-2
.5

5*
*

1.
48

**
0.

94
0.

15
-0

.0
2

4.
91

0.
72

-2
.2

9
-2

.5
1

1.
11

0.
20

0.
18

**
0.

00
0.

17
**

1.
69

**

Pu
sa

 
Su

ga
nd

h 
2

0.
84

-3
.0

5*
*

-1
4.

29
**

-0
.4

4
-0

.5
1

-0
.0

4
-1

.6
9

-0
.4

8
-1

3.
73

**
-2

7.
40

**
8.

55
**

-1
.7

2*
*

-0
.4

1*
*

-0
.1

6*
*

-0
.2

1*
*

-2
.3

1*
*

Pu
sa

 
Su

ga
nd

h 
3

-2
.5

3*
*

2.
88

**
6.

54
**

-0
.1

1
-0

.3
4

0.
05

-1
.4

7
-0

.4
1

11
.8

7*
*

15
.3

1*
*

-3
.1

6*
0.

93
*

0.
17

**
0.

09
**

0.
02

0.
92

Pu
sa

 
Su

ga
nd

h 
5

1.
31

2.
72

**
6.

26
**

-0
.3

8
0.

69
0.

01
-1

.7
5

0.
17

4.
15

14
.5

9*
*

-6
.5

0*
*

0.
58

0.
06

0.
06

**
0.

01
-0

.3
1

SE
m

(±
)

1.
00

0.
12

0.
18

0.
55

0.
43

0.
03

2.
47

0.
40

3.
32

2.
52

1.
34

0.
37

0.
04

0.
01

0.
03

0.
52

C
D

(P
=0

.0
5)

2.
03

 
0.

24
0.

36
1.

13
0.

89
0.

06
5.

01
0.

81
6.

75
5.

13
 2

.7
3

0.
76

0.
09

0.
02

0.
06

1.
05



20 Journal of Rice Research 2015, Vol 8 No. 1

Ta
bl

e 
3.

 E
st

im
at

es
 o

f s
pe

ci
fic

 c
om

bi
ni

ng
 a

bi
lit

y 
(S

C
A

) e
ff

ec
ts

 o
f h

yb
ri

d 
fo

r 
si

xt
ee

n 
ch

ar
ac

te
rs

 in
 r

ic
e

C
ro

ss
 c

om
bi

na
tio

n
Pl

an
t 

he
ig

ht
D

ay
s 

to
 5

0%
 

flo
w

er
in

g

D
ay

s t
o 

m
at

ur
ity

Ti
lle

rs
 

pe
r 

pl
an

t

Fl
ag

 
le

af
 

le
ng

th

Fl
ag

 le
af

 
w

id
th

Pa
ni

cl
es

 
pe

r 
pl

an
t

Pa
ni

cl
e 

le
ng

th
G

ra
in

s p
er

 
pa

ni
cl

e 
Fe

rt
ile

 
gr

ai
ns

 p
er

 
pa

ni
cl

e

Sp
ik

el
et

 
St

er
ili

ty
 

%
 

10
00

gr
ai

n 
w

ei
gh

t
K

er
ne

l 
le

ng
th

K
er

ne
l 

w
id

th
L

/B
 

ra
tio

G
ra

in
 

yi
el

d 
pe

r 
pl

an
t

V
L 

30
92

5 
x 

 P
. B

as
 1

-2
.6

8
-8

.3
1*

*
-1

1.
36

**
0.

80
4.

06
**

-0
.0

8
-3

.2
9

-2
.2

4
-2

5.
58

*
-1

8.
23

*
-1

.2
3

-1
.5

9
-0

.8
3*

*
0.

00
-0

.5
1*

*
-1

.3
8

V
L 

30
92

5 
x 

 P
. 

Su
g 

2
-5

.0
0

7.
18

**
18

.9
1*

*
0.

19
-1

.2
9

-0
.1

1
1.

31
1.

85
5.

86
4.

15
2.

31
3.

24
**

0.
77

**
0.

11
**

0.
48

**
2.

43

V
L 

30
92

5 
x 

 P
. 

Su
g 

3
3.

06
-0

.7
6*

-4
.9

1*
*

-0
.6

3
-2

.0
7

0.
08

0.
59

1.
67

3.
75

6.
93

-3
.4

5
-0

.2
7

-0
.0

3
-0

.0
8*

0.
03

1.
38

V
L 

30
92

5 
x 

 P
. 

Su
g 

5
4.

62
1.

90
**

-2
.6

3*
*

-0
.3

6
-0

.6
9

0.
11

1.
37

-1
.2

8
15

.9
7

7.
15

2.
37

-1
.3

7
0.

09
-0

.0
3

0.
00

-2
.4

4

V
L 

30
92

6 
x 

 P
. B

as
 1

-0
.0

8
2.

80
**

-2
.6

3*
-1

.1
9

2.
87

*
0.

08
-5

.5
4

-1
.5

6
-2

9.
70

**
-1

8.
23

*
-4

.6
1

1.
24

-0
.3

3*
-0

.0
4

-0
.1

7
-4

.5
7*

*

V
L 

30
92

6 
x 

 P
. 

Su
g 

2
-7

.6
5*

-5
.6

9*
*

6.
79

**
-0

.8
0

-0
.1

0
-0

.1
4

0.
56

2.
30

-2
9.

26
**

-1
3.

34
-2

.0
5

0.
57

0.
80

**
0.

19
**

0.
35

**
-1

.6
7

V
L 

30
92

6 
x 

 P
. 

Su
g 

3
5.

06
-0

.6
3

-5
.0

4*
*

1.
86

0.
27

0.
06

3.
34

-0
.2

7
57

.1
2*

*
35

.9
3*

*
3.

66
0.

81
-0

.0
3

-0
.0

5
-0

.0
2

2.
27

V
L 

30
92

6 
x 

 P
. 

Su
g 

5
2.

67
3.

52
**

-0
.2

6
0.

13
-3

.0
3*

-0
.0

0
1.

62
-0

.4
6

1.
84

-4
.3

4
3.

00
-2

.6
3*

-0
.4

3*
*

-0
.0

8*
-0

.1
5

3.
97

*

V
L 

30
92

8 
x 

 P
. B

as
 1

-0
.8

8
3.

43
**

-0
.7

3
-0

.5
6

-0
.6

7
0.

03
-4

.7
9

-0
.0

8
-2

6.
95

*
-3

1.
86

**
6.

51
-2

.0
1

-0
.1

2
-0

.2
0*

*
0.

22
**

2.
49

V
L 

30
92

8 
x 

 P
. 

Su
g 

2 
2.

59
-6

.5
6*

*
6.

54
**

0.
31

-2
.6

1
-0

.0
9

1.
81

-2
.0

2
-4

2.
01

**
-1

7.
47

*
-8

.9
3*

3.
16

**
-0

.2
9*

0.
47

**
-0

.6
3*

*
1.

42

V
L 

30
92

8 
x 

 P
. 

Su
g 

3
-1

.0
8

3.
48

**
-1

.2
9*

0.
98

2.
46

-0
.0

4
2.

09
1.

64
56

.3
7*

*
43

.8
0*

*
0.

29
-2

.2
0

0.
22

-0
.1

6*
*

0.
26

*
-0

.9
9

V
L 

30
92

8 
x 

 P
. 

Su
g 

5
-0

.6
2

-0
.3

4
-4

.5
1*

*
-0

.7
3

0.
83

0.
09

0.
87

0.
46

12
.5

9
5.

52
2.

12
1.

05
0.

20
-0

.1
0*

0.
14

-2
.9

3

V
L 

30
92

9 
x 

 P
. B

as
 1

-2
.6

5
-0

.9
4*

-4
.4

8*
*

-2
.3

1
-0

.7
2

0.
07

31
.2

0*
*

-1
.7

8
-1

.5
8

2.
76

-2
.8

6
0.

68
-0

.0
0

-0
.0

5
0.

00
-0

.3
4

V
L 

30
92

9 
x 

 P
. 

Su
g 

2
6.

38
*

5.
05

**
15

.7
9*

*
0.

06
-1

.2
9

0.
04

-1
1.

18
-0

.3
2

13
.3

6
12

.1
5

0.
19

2.
01

1.
00

**
0.

20
**

0.
42

**
-0

.9
5

V
L 

30
92

9 
x 

 P
. 

Su
g 

3
0.

10
-1

.3
8*

*
-5

.0
4*

*
2.

73
1.

73
-0

.0
0

-7
.9

0
1.

54
22

.2
5*

14
.4

3
0.

91
-2

.7
0*

-0
.7

6*
*

-0
.0

4
-0

.3
9*

*
6.

64
**

V
L 

30
92

9 
x 

 P
. 

Su
g 

5
-3

.8
3

-2
.7

2*
*

-6
.2

6*
*

-0
.4

8
0.

28
-0

.1
1

-1
2.

12
0.

56
-3

4.
02

**
-2

9.
34

**
1.

75
0.

00
-0

.2
4

-0
.1

0*
-0

.0
2

-5
.3

4*
*

V
L 

30
93

8 
x 

 P
. B

as
 1

-3
.5

7
-7

.5
6*

*
-1

0.
11

**
0.

68
-2

.2
5

0.
05

-3
.0

4
0.

78
-3

.5
8

4.
26

-5
.4

8
-0

.1
5

-0
.2

3
-0

.0
5

-0
.1

2
-1

.8
6

V
L 

30
93

8 
x 

 P
. 

Su
g 

2
-3

.3
9

1.
93

**
12

.6
6*

*
0.

06
-0

.2
8

-0
.1

2
1.

56
-2

.3
4

26
.8

6*
37

.6
5*

*
-8

.4
3*

0.
57

0.
29

*
0.

15
**

0.
17

-0
.9

4

V
L 

30
93

8 
x 

 P
. 

Su
g 

3
12

.4
3*

*
2.

48
**

-1
.6

6*
*

-0
.2

6
2.

19
0.

12
0.

84
1.

57
-1

7.
25

-2
8.

56
**

9.
29

*
0.

76
0.

02
-0

.0
3

-0
.0

3
-1

.4
8

V
L 

30
93

8 
x 

 P
. 

Su
g 

5
-5

.4
6

3.
15

**
-0

.8
8

-0
.4

8
0.

35
-0

.0
4

0.
62

-0
.0

1
-6

.0
2

-1
3.

34
4.

62
-1

.1
8

-0
.0

7
-0

.0
7

-0
.0

0
4.

29
**



21 Journal of Rice Research 2015, Vol 8 No. 1

V
L 

31
48

6 
x 

 P
. B

as
 1

4.
11

1.
05

**
-2

.8
6*

*
-2

.6
9

-0
.5

8
0.

02
-7

.2
9

-0
.4

1
32

.0
4*

*
19

.7
6

1.
63

-1
.0

8
-0

.2
4

-0
.0

1
-0

.2
0

-6
.1

1*
*

V
L 

31
48

6 
x 

 P
. 

Su
g 

2
-4

.1
5

0.
55

11
.9

1*
*

-1
.3

0
1.

73
-0

.0
0

0.
31

0.
65

2.
48

6.
65

1.
19

3.
60

**
0.

54
**

0.
18

**
0.

22
*

5.
19

**

V
L 

31
48

6 
x 

 P
. 

Su
g 

3
1.

61
-5

.3
8*

*
-8

.4
1*

*
1.

86
-0

.5
3

-0
.0

0
3.

59
0.

92
-1

7.
62

-3
.0

6
-9

.0
8*

-0
.3

6
-0

.0
5

-0
.1

0*
0.

06
1.

72

V
L 

31
48

6 
x 

 P
. 

Su
g 

5
-1

.5
7

3.
77

**
-0

.6
3

2.
13

-0
.6

2
-0

.0
1

3.
37

-1
.1

6
-1

6.
90

-2
3.

34
**

6.
25

-2
.1

5
-0

.2
4

-0
.0

7
-0

.0
8

-0
.8

0

V
L 

31
63

2 
x 

 P
. B

as
 1

-0
.6

1
3.

80
**

-0
.4

8
0.

30
-1

.1
3

-0
.1

5
-4

.2
9

0.
47

7.
66

10
.2

6
-3

.8
6

0.
70

-0
.1

2
0.

06
-0

.2
6*

-2
.7

0

V
L 

31
63

2 
x 

 P
. 

Su
g 

2
-3

.4
2

-1
.6

9*
*

10
.2

9*
*

2.
19

2.
93

*
0.

17
3.

31
-0

.8
6

-2
5.

88
*

-2
.8

4
-8

.8
0*

-2
.3

6*
0.

71
**

0.
13

**
0.

39
**

1.
14

V
L 

31
63

2 
x 

 P
. 

Su
g 

3
-2

.3
0

-0
.6

3
-4

.5
4*

*
-4

.1
3*

-2
.3

8
-0

.1
7

-2
.4

0
0.

31
-3

5.
50

**
-4

5.
06

**
10

.4
1*

1.
27

-0
.2

6
-0

.1
8*

*
0.

07
-3

.5
5*

V
L 

31
63

2 
x 

 P
. 

Su
g 

5
6.

34
*

-1
.4

7*
*

-5
.2

6*
*

1.
63

0.
57

0.
15

3.
37

0.
07

53
.7

2*
*

37
.6

5*
*

2.
25

0.
37

-0
.3

2*
-0

.0
1

-0
.2

1*
5.

10
**

V
L 

31
63

4 
x 

 P
. B

as
 1

-6
.7

2*
3.

43
**

33
.3

8*
*

0.
80

-1
.6

2
-0

.0
6

-3
.1

6
2.

00
-1

2.
20

12
.8

8
-8

.3
6*

4.
24

**
1.

80
**

0.
42

**
0.

91
**

9.
38

**

V
L 

31
63

4 
x 

 P
. 

Su
g 

2
30

.0
5*

*
-5

.5
6*

*
-9

8.
33

**
1.

19
1.

60
0.

01
2.

94
2.

76
*

59
.7

3*
*

-4
2.

72
**

37
.1

9*
*

-1
3.

37
**

-4
.2

5*
*

-1
.4

3*
*

-1
.9

8*
*

-3
.9

9*

V
L 

31
63

4 
x 

 P
. 

Su
g 

3
-1

9.
41

**
6.

48
**

37
.8

3*
*

-0
.1

3
-1

.7
2

0.
06

0.
72

-6
.0

1*
*

-4
3.

87
**

-1
0.

94
-6

.0
8

4.
26

**
1.

36
**

0.
58

**
0.

49
**

-3
.0

0

V
L 

31
63

4 
x 

 P
. 

Su
g 

5
-3

.9
1

-4
.3

4*
*

27
.1

1*
*

-1
.8

6
1.

73
-0

.0
0

-0
.5

0
1.

24
-3

.6
5

40
.7

7*
*

-2
2.

75
**

4.
86

**
1.

09
**

0.
42

**
0.

57
**

-2
.3

8

V
L 

31
63

8 
x 

 P
. B

as
 1

13
.1

1*
*

2.
30

**
-1

.8
6*

*
4.

18
*

0.
05

0.
02

0.
20

2.
82

*
59

.9
1*

*
18

.3
8*

18
.2

6*
*

-2
.0

3
0.

10
-0

.1
1*

*
0.

15
5.

10
**

V
L 

31
63

8 
x 

 P
. 

Su
g 

2
-1

5.
40

**
4.

80
**

15
.4

1*
*

-1
.9

3
-0

.6
7

0.
24

*
-0

.6
8

-2
.0

1
-1

1.
13

15
.7

7*
-1

2.
68

**
2.

55
*

0.
40

**
-0

.0
3

0.
57

**
-2

.6
2

V
L 

31
63

8 
x 

 P
. 

Su
g 

3
0.

51
-3

.6
3*

*
-6

.9
1*

*
-2

.2
6

0.
05

-0
.1

0
-0

.9
0

-1
.3

8
-2

5.
25

*
-1

3.
44

-5
.9

5
-1

.5
6

-0
.4

5*
*

0.
08

*
-0

.4
7*

*
-3

.0
1

V
L 

31
63

8 
x 

 P
. 

Su
g 

5
1.

77
-3

.4
7*

*
-6

.6
3*

*
0.

01
0.

56
-0

.1
6

1.
37

0.
57

-2
3.

52
*

-2
0.

72
**

0.
37

1.
04

-0
.0

6
0.

06
-0

.2
4*

0.
53

SE
m

(±
)

3.
00

0.
36

0.
54

1.
67

1.
31

0.
10

7.
41

1.
21

9.
97

7.
58

4.
03

1.
13

0.
14

0.
04

0.
10

1.
56

C
D

 (P
=0

.0
5)

6.
10

0.
74

1.
10

3.
39

2.
67

0.
20

15
.0

4
2.

45
20

.2
5

15
.3

9
8.

19
2.

30
0.

29
0.

08
0.

20
3.

17



22 Journal of Rice Research 2015, Vol 8 No. 1

Ta
bl

e 
 4

. C
on

tr
ib

ut
io

n 
of

 li
ne

s, 
te

st
er

s a
nd

 th
ei

r 
in

te
ra

ct
io

n

C
on

tr
ib

ut
io

n 
by

Pl
an

t 
he

ig
ht

D
ay

s t
o 

50
%

 
flo

w
er

in
g

D
ay

s t
o 

m
at

ur
ity

Ti
lle

rs
 

pe
r 

pl
an

t
Fl

ag
 le

af
 

le
ng

th
Fl

ag
 le

af
 

w
id

th
Pa

ni
cl

es
 

pe
r 

pl
an

t
Pa

ni
cl

e 
le

ng
th

G
ra

in
s p

er
 

pa
ni

cl
e 

Fe
rt

ile
 g

ra
in

s 
pe

r 
pa

ni
cl

e
Sp

ik
el

et
 

St
er

ili
ty

 %
 

10
00

gr
ai

n 
w

ei
gh

t
K

er
ne

l 
le

ng
th

K
er

ne
l 

w
id

th
L

/B
 

ra
tio

G
ra

in
 y

ie
ld

 
pe

r 
pl

an
t

Li
ne

s (
%

)
45

.3
2

30
.6

3
16

.1
7

23
.3

3
25

.1
9

9.
41

28
.3

0
28

.4
1

29
.7

1
37

.6
5

43
.8

8
56

.0
7

53
.1

3
18

.8
1

55
.8

5
37

.2
7

Te
st

er
s (

%
)

1.
86

22
.8

2
12

.4
2

8.
04

5.
47

11
.6

1
11

.2
5

5.
22

6.
37

22
.8

7
14

.4
4

4.
46

3.
16

7.
66

3.
57

9.
65

Li
ne

s x
 

Te
st

er
s (

%
)

52
.8

0
46

.5
4

71
.4

0
68

.6
2

69
.3

2
78

.9
7

60
.4

3
66

.3
5

63
.9

1
39

.4
7

41
.6

7
39

.4
6

43
.6

9
73

.5
2

40
.5

7
53

.0
7


