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Article Info ABSTRACT

Combining ability studies for grain yield and its components was studied using four
male sterile lines and twelve testers at Sorghum Improvement Project, MPKV, Rahuri,
Maharashtra. The mean squares due to lines, testers and lines x tester were highly
significant indicating the presence of variability for most of the characters. Estimates of
general combining ability (GCA) and specific combining ability (SCA) variances
indicated the predominance of non-additive gene action for most of the characters. The
line 104 A, RMS 2010-10A and testers RSR 986, RSR 1012, RSR 1019, RSR 1003 and
RSR 955 were observed good general combiner for grain yield and yield contributing
characters. The hybrid viz., 104A x RSR 1003, RMS 2010-10A x RSR 1013, RMS 2010-
10A x RSR 955, 185A x RSR 1027, 185A x RSR 1020, RMS 2010-24A x RSR 1019, RMS
2010-24A x RSR 1012, 185A x RSR 986, RMS 2010-24A x RSR 1020 and RMS 2010-
24A x RSR 986 etc. exhibited with highly significant and positive SCA effects for grain
yield which could be exploited for development of hybrids.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench] is an
important cereal crop which is grown globally for
food and fodder purpose. It is most widely grown
in the semi-arid tropics where water availability is
limited and frequently subjected to drought. India
ranks first in terms of area under sorghum (5.82 M
ha), while it ranks second in production i.e. 4.5
MT. The productivity of sorghum in India (854 kg
ha) is much less than the world average of 1457 kg
ha* (FAO, 2016). Combining ability studies
provide useful information regarding the selection
of suitable parents for effective hybridization
program. It also provides information on various

types of gene action involved in the expression of
quantitative characters. It is also used for reducing
the number of crosses to be advanced. Line x
Tester analysis developed by Kempthorne (1957)
and modified by Arunachalum (1974) appeared to
be the most useful tool for screening large number
of parental lines with rapidity and has practical
utility in  hybrid development breeding
programme.

Materials and methods
Erect The present investigation was conducted at

Sorghum Improvement Project, MPKV, Rahuri,
Maharashtra during rabi2015-16. Four male sterile
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lines (185A, RMS2010-10A, RMS2010-24A, 104 A)
were crossed with twelve testers (RSR 950, RSR
1012, RSR 1013, RSR 984, RSR 1014, RSR 1019,
RSR 986, RSR 987, RSR 1020, RSR 1027, RSR
1003, RSR 955) in line x testers mating design used
to develop 48 F,’s hybrids. The resulting 48 F,’s
along with their 16 parents and one check (CSH-15
R) were evaluated for grain yield and yield
contributing traits in rabi sorghum during 2015-16.

The parents and hybrids were grown in separate
block in a Randomized Block Design (RBD) with
two replications. Each entry was consisted two
rows having 3 m length with inter and intra
spacing at 45 cm and 15 cm, respectively. Data
were recorded on five randomly selected plants in
each replication for the characters viz., days to 50%
flowering, days to physiological maturity (cm),
plant height, 1000 grain weight (g), dry fodder per
plant, harvest index and grain yield per plant (g).
Data were subjected to statistical analysis as per
Arunachalam (1974) to understand the magnitude
of general combining ability (GCA) effects of
parents and specific combining ability (SCA)
effects of F1’s.

Results and discussion

The analysis of variance for combining ability
(Table 2) revealed the presence of significant
differences due to lines, testers and lines x testers
for all the characters studied indicating the
existence of variability among parents and hybrids.
The testers contributed a major share of variance
for all the characters. The estimates of components
of variance for GCA were larger in magnitude than
SCA for the characters days to 50% flowering, days
to physiological maturity and plant height
indicating predominance of additive gene action.
While the estimates of specific combining ability
(02 SCA) variance were higher than general
combining ability (02 GCA) variance for the
characters 1000 grain weight, harvest index, dry
fodder/plant and grain yield/plant indicates
predominance of non-additive gene action (Jadhav
and Deshmukh, 2017).

The combining ability helps in selection of
potential parents and to know the magnitude of
general and specific combining ability variances.
The relative magnitude of GCA and SCA variances

and GCA effects of parents and SCA effects of
their crosses provides valuable guidelines for
choice of parents and for planning suitable
breeding methodology.

Mean performance and General Combining
Ability (GCA) Effects

The mean performance and GCA effects of parents
for yield and yield contributing traits in rabi
sorghum are presented in Tables 1 and 3.
Estimates of GCA effects indicated that, none of
the parents was a good general combiner for all the
traits studied. The line 104 A showed most
promising for all the studied characters. Among
the line 185 A and from testers RSR 986 showed
good general combining ability for days to
flowering. The line 185 A, 104 A and tester RSR
086 also exhibited highly significant GCA in
desirable direction for days to flowering and days
to maturity. However, it showed negative GCA
effect for grain yield per plant. The line RMS 2010-
10 A and RMS 2010-24 A were bad combiners for
days to maturity since they showed significant
GCA effects in non-desirable direction. The lines
RMS 2010-10 A and 104 A was showed significant
positive GCA effects and hence it was best general
combiner for grain yield per plant. While testers
namely RSR 1012, RSR1019, RSR 1014 and RSR
955 were the best general combiners they showed
higher magnitude of positive GCA effects for grain
yield per plant. The GCA effects of parents and
their per se performance indicated that the parent
showing high mean performance also showed high
general combining ability for grain yield per plant.
However, 104 A was good combiner for
physiological maturity, 1000 grain weight, plant
height, dry fodder yield per plant and grain yield
per plant (Jadhav and Deshmukh, 2017) and the
female line 2010-10A was found good combiner for
plant height, 1000 grain weight, harvest index and
grain yield per plant.

As regards GCA effects of male parents, RSR 986
was good general combiner for days to 50 per cent
flowering, days to physiological maturity and 1000
grain weight, RSR 1012 for plant height, grain yield
per plant, dry fodder yield and harvest index while
RSR 1019 was good general combiner for plant
height and dry fodder yield, harvest index and
grain yield per plant.
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Table 1. Mean performance of parents and hybrids for yield and yield contributing characters in rabi sorghum (L x T).

1000 Grain
Sr. Name of parents/ Da(;s to Dl?ys.to ll:la.mltl grain Harvest Dr}{ ({odlder yield/
No. crosses f510 o paysic. eignt weight index (%) '€ UEnE plant
owering Maturi. (cm) ()
® ®

Female (Lines )
1 185A 73.8 114.1 119.1 25.9 20.5 75.5 21.5
2 RMS2010-10A 8o 120.2 112.3 21.99 33.9 47 22.2
3 RMS2010-24A 75.3 115.3 122.3 25.2 28 40.7 27.2
4 104A 70 109.5 147.3 28 34-9 44.5 30.3

Lines mean 74.8 114.8 125.3 25.27 29.33 51.93 25.3

Male (Testers)
5 RSR 950 88.5 124.9 121 29.3 34 49.5 46.2
6 RSR1012 88.4 128.2 176.5 25.13 33.6 47.5 50.2
7 RSR1013 87.1 127.2 146.3 27.7 31.2 41 33.2
8 RSR984 88.6 128.6 126.9 30.8 30.1 42.5 34.6
9 RSR1014 88.1 128.1 170.5 27.3 38.8 44.2 48.3
10 RSR1019 86.1 126.2 191.6 28.6 27.4 88.0 43.7
11 RSR986 63.7 104.1 132.8 24.1 21.4 70.0 26.9
12 RSR987 89.0 129 187.9 22.7 29.5 97.3 47.7
13 RSR1020 88.3 128.3 175.6 25.6 34.1 96.3 64.1
14 RSR1027 89.0 129.1 200.6 26.1 40.3 36.5 51.6
15 RSR1003 87.6 127.7 221.8 24.8 40.0 59.4 72.2
16 RSR955 89.1 129.1 189.2 27.1 36.2 80.0 49.9

Testers mean 86.13 125.9 170.1 26.6 33.05 62.68 47.38

Hybrids
17 185 A x RSR 950 72.7 113.2 118.9 23.3 29.4 62.5 24.5
18 185 A x RSR 1012 71.1 111.6 178.2 24.3 43.3 50.0 52.5
19 185 A X RSR 1013 72.9 113.5 166.7 22.8 36.8 36.5 35.8
20 185 A X RSR 984 65.9 107.6 154.9 22.9 32.2 36.5 30.0
21 185 AX RSR 1014 74.1 114.6 155.0 22.7 26.4 43.5 31.5
22 185AXRSR1019 73.6 113.6 194.9 24.5 33.7 94.0 54.5
23 185AXRSR 986 64.5 105.0 180.1 27.2 26.9 103.5 37.5
24 185AXRSR987 74.3 114.7 121.5 22.8 30.9 41.5 28.0
25 185AXRSR1020 74.7 115.5 132.4 24.0 32.8 61.0 46.5
26 185AXRSR1027 74.2 114.6 162.8 24.9 39.4 59.5 43.0
27 185AXRSR1003 74.3 114.9 147.4 25.8 26.4 82.5 31.5
28 185AXRSR 955 69.9 110.6 165.7 23.4 31.4 80.5 40.5
29 2010-10AxRSR 950 72.6 112.9 155.5 23.9 36.1 52.5 39.5
30 2010-10AxRSR1012 74.6 114.9 206.5 25.7 34.6 80.5 54.5
31 2010-10AxRSR1013 75.1 115.2 182.9 28.0 40.5 77.5 66.9
32 2010-10AxRSR 984 77.7 117.9 200.4 27.7 36.7 86.5 58.5
33 2010-10AxRSR1014 77.0 117.5 169.5 24.5 42.2 53.5 63.5
34 2010-10AxRSR1019 79.1 119.2 187.4 26.5 33.7 66.0 48.5
35 2010-10AxRSR 986 67.8 108.6 175.7 29.8 30.7 55.5 35.0
36 2010-10AxRSR 987 74.9 115.8 168.4 26.9 38.3 55.5 55.5
37 2010-10AxRSR1020 75.2 115.6 131.8 23.6 36.9 49.0 45.5
38 2010-10AxRSR1027 79.3 119.6 173.4 27.9 34.3 75.5 49.0
39 2010-10AxRSR1003 79.0 119.4 185.5 24.9 37.4 49.5 44.5
40 2010-10AxRSR955 73.9 114.4 182.8 31.2 35.8 78.5 69.0
41 2010-24AxRSR950 81.2 121.7 140.4 22.6 33.6 41.5 37.3
42 2010-24AxRSR1012 76.5 116.6 171.2 26.6 43.6 49.4 60.0
43 2010-24AxRSR1013 80.5 121.1 160.2 22.5 41.5 35.0 41.0
44 2010-24AxRSR984 82.5 122.9 136.9 24.5 33.0 45.5 37.5
45 2010-24AxRSR1014 76.8 117.2 155.8 28.9 34.5 59.5 55.5
46 2010-24AxRSR1019 81.5 121.8 192.3 25.5 36.3 67.5 47.0
47 2010-24AxRSR 986 67.1 107.5 156.9 29.6 39.9 43.0 42.5
48 2010-24AxRSR 987 82.4 123.0 122.0 26.9 35.6 58.5 44.5
49 2010-24AxRSR1020 82.0 122.5 142.5 22.8 36.6 59.0 51.5
50 2010-24AxRSR1027 82.2 122.0 111.3 24.7 31.9 37.5 32.5
51 2010-24AxRSR1003 81.6 122.9 142.0 28.2 27.5 83.0 34.0
52 2010-24AxRSR 955 81.9 122.1 155.6 24.6 27.8 86.5 38.5

Contd...
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Table 1. Cntd....

1000 Grain
Sr. Name of parents/ Da(;s to Dl?ys.to ll:la.mltl grain Harvest Dr}{ ({odlder yield/
No. crosses f510 o paysic. eignt weight index (%) '€ UEnE plant
owering Maturi. (cm) (2) () ()
53 104A x RSR 950 76.2 116.4 149.5 26.2 28.8 100.5 48.5
54 104A x RSR 1012 70.5 110.5 200.6 25.7 36.2 94.0 76.5
55 104A X RSR 1013 70.0 110.1 160.4 26.4 28.2 96.0 42.5
56 104A X RSR 984 74.5 114.7 198.0 30.0 36.0 81.5 58.5
57 104A X RSR 1014 75.6 116.0 190.6 26.7 31.0 102.5 60.0
58 104A X RSR 1019 75.9 116.1 214.0 28.6 44.9 79.5 71.0
59 104A X RSR 986 80.0 120.2 158.6 27.0 33.5 32.0 30.7
60 104A X RSR 987 75.3 115.3 194.7 23.4 33.1 64.1 44.2
61 104A X RSR 1020 75.3 115.6 164.1 27.7 37.2 40.5 31.1
62 104 A X RSR 1027 74.7 114.7 172.9 26.4 32.7 63.5 33.5
63 104 AX RSR 1003 74.8 175.2 207.4 24.6 39.9 70.5 70.0
64 104 A X RSR 955 66.0 106.3 195.0 31.6 37.7 54.5 55.5
65 CSH 15R (Ch) 66 106.4 170.7 25.9 28.6 61.5 41
Hybrid mean (HM) 175.28 116.9 166.5 25.85 34.75 64.09 46.45
SE + 3.39 3.44 2.82 0.71 1.72 4.29 3.26
CDat5% 6.82 6.92 5.68 1.42 3.46 8.63 6.55
CDat1% 9.10 9.24 7.59 1.90 4.61 11.52 8.75
Table 2. Analysis of variance for combining ability and estimates of GCA and SCA variances in rabi sorghum.
Days to Days to Plant 1000 Harvest Dry fodder Grain
Sources DF 50% physio. height grain index (%) yield per yield per
flowering maturity (cm) weight (g) mdex (%o plant(g) plant(g)
Replication 1 0.25 1.81 3.78 13.28 2.41 0.01 0.20
Treatments 63 87.87** 82.61%* 1548.62** 10.95%* 51.03%% 819.62%* 349.40%*
Parents 15 132.69%* 128.29%* 2371.15%* 10.89** 68.49%* 900.13%* 432.41%*
Line 3 34.21% 38.66* 478.79** 12.62%* 87.79%* 507.44%% 35.11%
Testers 11 101.30%** 97.19%* 2013.74** 10.48** 60.12%* 1025.92%% 314.08**
Line vs.Tester 1 773.44** 739.26%* 11979.60%** 10.26** 102.61%* 694.45** 2026.04%*
Parent vs.hybrid 1 1540.24%%  1321.65%* 1393.85** 3.37% 129.62%* 403.44%* 537.23%*
Hybrids 47 42.66%* 41.68%* 1289.41%* 11.12 43.79%* 802.78** 318.91%*
Error 63 10.36 10.83 6.86 0.50 3.19 16.50 9.24
Estimates
02GCA 8.81 8.66 273.61 1.61 3.07 53.37 50.83
02SCA 5.49 4.87 238.64 3.59 20.29 426.17 95.02
02A 17.62 17.32 547.23 3.22 6.14 107.34 101.67
02D 5.49 4.86 238.64 3.59 20.29 426.17 95.02
02A/ 02D 3.21 3.56 2.29 0.89 0.30 0.25 1.07

* Significant at 5% level; ** Significant at 1% level.

RSR 1003 for plant height and dry fodder yield,
whereas RSR 955 was good general combiners for
plant height, 1000 grain weight, dry fodder yield
and grain yield per plant. (Table.3).These studies
would help the selection of parents for the
incorporation of the specific characters in the new
progeny (Kale, 2012). The studies on general
combining ability effects indicates that the parents
showing good general combining ability for grain
yield also possess either average or good general
combining abilities for two or more yield
contributing characters.

Specific Combining Ability (SCA) effects

Specific combining ability effects are indicative of
heterosis. Similarly, they represent both dominant
and epistatic gene actions. The two cross
combinations viz., 185A x RSR 984 (good x
average) and104 A x RSR 955 (average x average)
were displayed significant negative SCA effects for
days to 50 per cent flowering. For physiological
maturity highly significant SCA effects in the
desirable direction were observed in the crosses
viz; 104A x RSR 955 (average x average), 185A x
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RSR 984 (good x average) indicating the presence
of dominance or non-allelic interactions
(Prabhakar et al., 2013).

For plant height, twenty-two cross combinations
were showed significant positive SCA effects. The
crosses, 104A x RSR 987 (good x poor), 185A x
RSR 986 (poor x average), 104A x RSR 1003 (good
x good), RMS 2010-10A x RSR 984 (good x good),
RMS 2010-10A x RSR 1027 (good x poor), RMS
2010-10A x RSR 1020 (good x poor), RMS 2010-
24A x RSR 950 (poor x poor), RMS 2010-24A x
RSR 1019 (poor x good), RMS 2010-24A x RSR
1013 (poor x average) and 185 A x RSR 1013
(poor x average) were showed higher magnitude of
positive SCA effects (Kumar and Chand, 2015).

For 1000 grain weight, seventeen cross
combinations were showed significant positive
SCA effects. The crosses RMS 2010-24A x RSR
1014 (average x average), RMS 2010-24A x RSR
1003 (average x average), 104A x RSR 984 (good x
average) and 104A x RSR 955 (good x good),RMS
2010-10A x RSR 1012(good x average), RMS 2010-
24A x RSR 987(average x poor),RMS 2010-10A x
RSR 955(average x good),104A x RSR 1020(good x
poor),185A x RSR 1003(poor x average),were

expressed significant positive SCA effects (Samdur
et al.,2013).

For harvest index, out of forty-eight crosses, twelve
cross combinations 104A x RSR 1019 (average x
good), 185A x RSR 1027 (poor x average), RMS
2010-10A x RSR 1014 (good x poor), 104A x RSR
1003 (average x poor), RMS 2010-24A x RSR 986
(good x poor), 185A x RSR 1012 (poor x good),
RMS 2010-10A x RSR 1019 (good x good), 104A x
RSR 955 (average x poor) and RMS 2010-24A x
RSR 1013(good x poor), were showed high
magnitude of positive SCA effects (Jadhav and
Deshmukh, 2017).

For dry fodder yield per plant, eighteen cross
combinations were showed significant positive
SCA effects. The crosses, 185A x RSR 986 (average
X poor), 104A x RSR 1014 (good x average), 104A X
RSR 950 (good x average), 104A x RSR 1013 (good
x average), RMS 2010-10A x RSR 984 (average x
average), RMS 2010-24A x RSR 1003 (poor x
good), RMS 2010-24A x RSR 955 (poor x good)
and 185 A x RSR 1019 (average x good) were
showed high magnitude of positive SCA effects
(Dehinwal et al., 2017).

Table 3. General combining ability effects of parents for yield and yield contributing characters in rabi sorghum.

S Days to Days to Plant 1000 Dry fodder  Grain

T p % hysiological height  S'all Harvest ield per ield per

No arents 507% paysio’ogica 18 weight index(%) e p e p

flowering  maturity (cm) (2 plant(g) plant(g)

Female

1 185A -3.43%* -3.25%* -0.94** -1.67%* -2, 27%* -1.47 -8.610%*

2 RMS2010-10A  0.24 0.24 10.17** 0.83** 1.69** 0.91 5.90%*

3 RMS2010-24A  4.40%* 4.43** -17.56** -0.28 0.39 -8.60%** -3.11%*

4 104A -1.213 -1.42* 17.33** 1.12%% 0.20 9.17%* 5.82%*
SE+ 0.69 0.70 0.58 0.14 10.35 0.88 0.67
Males

5 RSR950 0.396 0.37 -25.41%* -1.91** -2,78%* 0.16 -9.14*

6 RSR 1012 -2.10 -2.28 22.64%* -0.30 4.69** 4.38%* 14.28%*

7 RSR1013 -0.65 -0.70 1.07 -0.98%* 2.03%* -2.84 0.21

8 RSR 984 -0.13 0.096 6.07** 0.41 -0.23 -1.59 -0.47

9 RSR 1014 0.60 0.65 1.24 -0.21 -1.24* 0.66 6.031**

10 RSR 1019 2.25 1.99 30.67%* 0.36 2.38%* 12.66** 8.66%*

11 RSR 986 -5.43%* -5.35%* 1.34 2.50%* -2.04** -5.59%* -10.17**

12 RSR 987 1.45 1.52 -14.83** -0.89%* -0.28 -0.19** -3.54*%

13 RSR 1020 1.52 1.57 -23.78%* -1.38** -1.12 -11.72%% -1.44*

14 RSR 1027 2.32 2.05 -11.38** 0.10 -0.08 -5.09** -7.09**

15 RSR 1003 2.15 2.42 4.09%* 0.003 -1.98%* 7.28** -1.59

16 RSR 955 -2.35 -2.33 8.29%* 2.29** -1.60%** 10.91%* 4.28%*
SE+ 1.20 1.22 0.99 0.25 0.61 1.52 1.15

* Significant at 5% level; ** Significant at 1% level.
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Table 4. Specific combining ability (SCA) effects for yield and yield contributing characters in 48 crosses of rabi

sorghum.
1000 A
Sr. Days to Days to ) Pla}nt B Harvest Dry fodder Grain yield
No Crosses 50% physiological height weight index (%) yield per per
: flowering maturity (cm) (2) plant(g) plant(g)

1 1X5 0.45 0.40 -12.23%* 0.96 -0.32 -0.28 -4.34
2 1X6 1.35 1.45 -0.98 0.44 6.14%** -17.01** 0.24
3 1X7 1.70 1.77 9.09%** 0.39 2.34 -23.28** -2.39%
4 1X8 -5.82% -4.92%* -7.71%* -1.68** -0.02 -24.53%* -7.515%*
5 1X9 1.65 1.52 -2.78 -1.31% -4.88** -19.78** -12.52%*
6 1X10 -0.50 -0.83 7.69%* -0.11 -1.16 18.72%* 7.86*
7 1X11 -1.92 -2.08 22,22%% 0.44 -3.60* 46.47%* 9.69%*
8 1X12 1.00 0.75 -20.21%* -0.56 -1.34 -11.93** -6.44**
9 1X13 1.33 1.30 -0.36 1.15% -0.79 10.09%* 9.96%*
10 1X14 0.03 0.12 17.64%* 0.65 7.30%* 1.97 12.11%*
11 1X15 0.30 0.05 -13.23%* 1.52%% -4.13%* 12.59%* -4.89*
12 1X16 0.40 0.50 0.87 -1.13* 0.47 6.97%* -1.78
13 2X5 -3.31 -3.39 4.26* -0.85 2.47* -12.66** -3.85
14 2X6 1.19 1.26 7.21%% -0.72 -6.51%* 11.12%* -12.27%*
15 2X7 0.24 -0.01 5.18% 2.28%* 2.07 15.34** 14.20**
16 2X8 2.31 1.89 17.68** 0.57 0.53 23.09%* 6.48**
17 2X9 0.89 0.94 -8.39%* -2.04** 6.97%* -12.16%* 4.98*
18 2X10 1.34 1.29 -19.92%* -0.58 5.17%% -11.66** -12.65**
19 2X11 -2.29 -1.96 -2.29 0.57 -3.70%* -3.91 -7.32%*
20 2X12 -2.06 -1.64 6.58%* 1.03* 2.18 -0.31 6.55%*
21 2X13 -1.84 -1.89 -21.07** -1.75%* -0.65 -4.28 -5.55%
22 2X14 1.46 1.64 8.13%* 1.10* -2.0 15.59%* 3.60
23 2X15 1.34 1.06 4.76% -1.75%% 2.91* -22,78%% -6.40**
24 2X16 0.74 0.81 -2.14 2.13% 0.91 2.59 12.23%*
25 3X5 1.12 1.22 16.88** -1.15% 1.27 -14.15%% 2.96
26 3X6 -1.08 -1.23 -0.37 1.32% 3.75%% -10.47** 2.34
27 3X7 1.47 1.70 10.21** -2.19** 4.36* -17.65%* -2.69
28 3X8 2.95 2.70 -18.09** -1.51%% -1.94 -8.40%* -5.52%
29 3X9 -3.48 -3.55 5.63** 3.44%% 0.60 3.35 5.99%
30 3X10 -0.43 -0.30 12.71%* -0.50 -1.20 -0.65 -5.14*
31 3X11 -7.15 -7.25 6.63** 1.50%* 6.75%* -6.90 9.19**
32 3X12 1.27 1.37 -12.09%* 2.26%* 0.72 12.20%* 4.56
33 3X13 0.80 0.82 17.36** -1.41%* 0.33 15.23%% 9.46™*
34 3X14 0.20 -0.15 -26.24%** -1.05% -3.16* -12.90%* -3.89
35 3X15 -0.23 0.37 -11.02** 2.61*%* -5.73%% 20.23** -7.89%*
36 3X16 4.57 4.32 -1.62 -3.33- -5.75%% 20.10** -9.27%*
37 4X5 1.74 1.77 -8.91%* 1.04* -3.42* 27.09%* 5.23
38 4X6 -1.46 -1.48 -5.86%* 1.04* -3.38* 16.36%* 9.80%*
39 4X7 -3.41 -3.45 -24.48%* 0.30 -8.76* 25.59%* -9.12%*
40 4X8 0.56 0.35 8.12%* 2.61*%* 1.43 9.84* 6.55**
41 4X9 0.94 1.10 5.54** -0.09 -2.68* 28.59%* 1.55
42 4X10 -0.41 -0.15 -0.48 1.18% 7.53%% -6.42* 9.93**
43 4X11 11.36** 11.30 -26.56** -2.52%% 0.55 -35.67%% -11.55%*
44 4X12 -0.21 -0.48 25.72%% -2, 72%* -1.55 0.04 -4.67*
45 4X13 -0.29 -0.23 4.07* 2.09%* 1.11 -21.04** -13.67**
46 4X14 -1.69 -1.60 0.47 -0.71 -2.14 -4.67* -11.82%*
47 4X15 -1.41 -1.48 19.49** -2.39%* 6.94%* -10.04%** 19.18%*
48 4X16 -5.71% -5.63 2.89 2.33%* 4.37%* -20.66** -1.20

SE+ 2.40 2.43 1.99 0.50 1.22 3.03 2.30
* Significant at 5% level; ** Significant at 1% level.
Parents: 1. 185A 2. RMS 2010-10A 3. RMS 2010-24A 4.104A 5. RSR 950 6. RSR 1012 7. RSR 1013

8. RSR 984 9. RSR 1014 10. RSR 1019 11. RSR 986 12. RSR 987 13. RSR 1020 14. RSR 1027
15. RSR 1003 16. RSR 955
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Nineteen cross combinations were showed
significant positive SCA effects for grain yield per
plant. The crosses 104A x RSR 1003 (good x poor),
RMS 2010-10A x RSR 1013 (good x average), RMS
2010-10A x RSR 955 (good x good), 185A x RSR
1027 (poor x poor), 185A x RSR 1020 (poor x
poor), RMS 2010-24A x RSR 1019 (poor x good),
RMS 2010-24A x RSR 1012 (poor x good), 185A x
RSR 986 (poor x poor), RMS 2010-24A x RSR
1020 (poor x poor) and RMS 2010-24A x RSR 986
(poor x poor)were showed high magnitude of
positive SCA effects (Chaudhary et al.,, 2006;
Premalatha et al.,, 2006; Kalpande et al., 2019).
These crosses also showed high SCA effects for one
or more yield contributing characters. When the
crosses showing good SCA effects involves either
both or one parent with poor/average GCA effects
indicating prevalence of non-additive gene action.

The higher magnitude of SCA variance over GCA
variance was observed in 1000 grain weight,
harvest index, dry fodder/plant and grain
yield/plant which indicate the importance of non-
additive gene action for these characters (Samdur
et al., 2013). The overall gene action studies from
combining ability analysis indicated that
dominance or non-additive gene action was
important for most of the characters studied.
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