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Abstract

In kharif-2022 at crop research centre-1 of ITM University, Gwalior situated in gird agroclimatic zone of
Madhya Pradesh, (India). Eight sorghum genotypes were crossed following line x tester mating design
giving rise to 15 hybrids which were cultivated during spring-summer season 2023 at same place to
estimate the combining ability. Hybrids were evaluated for yield and its allied characters namely Days to
50% flowering, Days to maturity, Plant height (cm), Number of leaves, Leaf length (cm), Leaf breadth
(cm), Leaf area (cm?) and 1000 seed weight (gm). For all the characters under study non additive gene
action was predominant as 6> GCA/ o® SCA ratio was less than unity. It was observed that line CSV 15
and tester RVJ 1862 were good combiners for grain yield per plant while JJ 1022 was a good combiner
for plant height, crosses JJ 1022 x JJ 938 and SPV2376 x RVJ 1862 was found desirable for plant height.
SPV 2688 x RVJ 1862 and SPV2376 x JJ 938 were found good for grain yield per plant.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench; 2n = 2x = 20] is one of the important staple crops, it
is a good substitute to fulfil the requirement of healthy staple food and fodder in dairy
industry, sorghum is important crop in various aspects and should be worked on it provides
food security to areas where water for agriculture is a deficit commodity. In present India
ranks sixth for sorghum production in world with a total production of 4423 thousand tons on
4584 thousand ha of area with a productivity of 1.0 tons/ha (anonymous, 2022-2023). But also,
the yield and grain quality of sorghum is decreasing in Bharat each passing year (FAOSTAT:
http://www.fao.org/faostat). Sorghum is mainly grown as Kharif crop in northern parts of
Bharat while as Rabi crops in southern parts, kharif sorghum is sown during time period of
May-June in Gird region of Madhya Pradesh, Bharat (India). The minimum temperature
requirement for germination is 7-10 °C. More than 80% of the seeds germinate at 15 °C. The
optimum temperature requirement for growth and development is 27-30 °C. Growth and
yields can be affected beyond 35 °C (Chadalavada et al., 2021) Bl. The author believes,
Sorghum being a good climate resilient crop can be sown during March (pre monsoon), it can
make us capable of obtaining two crops consecutively remarkably increasing the sorghum
yields. The primary objective of the study was to evaluate the eight high yielding genotypes
for their combining ability to set a premise for further breeding programmes. Combining
ability analysis helps in identifying the parents, and these parents can be used for hybridization
program in order to produce superior hybrids (Ingle et al., 2018) ©l. As a general rule, general
combining ability (GCA) is the result of additive gene effects, while the specific combining
ability (SCA) is the result of non-allelic interactions (Jinks, 1954; Ingle et al., 2018) [% 8],

Materials and Methods

During kharif-2022 at the crop research centre-1 of ITM University Gwalior, located at 26° 08'
22.6" N latitude and 78° 11' 42.9" E longitude at a height of 211.5m above sea level. Which
falls under gird agroclimatic zone of Madhya Pradesh, Bharat (India). five lines JJ 1022,
SPV2376, IV 16-2, SPV 2688 and CSV 15 were hand emasculated and pollinated with three
testers JJ 741, JJ 938 and RVJ 1862, following line x tester mating design giving rise to fifteen
hybrids which were sown in randomized block design with two replications during spring-
summer season of 2023.
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Recommended set of cultural practices were followed for
cultivation of the crop, data was collected from randomly
selected five plants per replication for nine morphological
characters namely Days to 50% flowering, Days to maturity,
Plant height (cm), Number of leaves, Leaf length (cm), Leaf
breadth (cm), Leaf area (cm?), 1000 seed weight (gm) and
Grain vyield per plant (gm) which were subjected to line x
tester analysis through method suggested by Arunachalam
(1974) @, Statistical analysis was done using R studio
package ‘gpbstat’.

Results and Discussion

Analysis of Variance

Analysis of variance for combining ability as presented in
table 1 revealed that for hybrids (Crosses), all the characters
were significant at 1%, except for days to 50% flowering and
number of leaves per plant which were significant at 5%.
Lines were found significant for all characters except days to
50% flowering and number of leaves per plant while testers
were found significant only for the grain yield per plant. For L
x T all the characters were found significant except days to
maturity and plant height, Significant L x T component
suggested presence of high SCA among hybrids (Dar et al.,
2017) 1, 1t can be estimated that out of all character’s grain
yield per plant showed significant variance for crosses, lines,
tester and line x tester components. It was also observed that
means squares of lines were greater than testers for all
characters except days to 50% flowering and grain yield per
plant indicating greater diversity among testers for days to
50% flowering and grain yield per plant. 6> SCA was higher
in magnitude than ¢ 2 GCA for all the characters under the
study indicating the higher influence of non-additive gene
action, similar results were observed by Prasuna et al., (2013)
12, Totre et al., (2021) 128 observed such results for days to
50% flowering, 1000 seed weight and grain yield per plant.
Dominance variance was found higher than additive variance
for both F=0 and F=1 Totre et al., (2021) [*81 observed similar
results for grain yield per plant, since dominance variance is
higher than additive variance it would be better to go for
heterosis breeding in F2 generation. Presence of non-additive
gene action was also confirmed by the ratio 6 2 GCA/ ¢ 2 SCA
being lower than unity, similar results was observed by
Rachman et al., (2022) 1 for plant height, days to 50%
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flowering, days to maturity and grain yield per plant.

General combining ability effects

Presence of highly significant GCA and SCA effects for most
characters indicated the importance of both additive and non-
additive genes in the expression of the traits (Suguna et al.,
2021) 181, As mentioned in Table 2, for Grain yield per plant,
among lines only CSV 15 (33.17**) showed significant
general combining ability in the desired direction, similar
result was observed for CSV 15 by Jain and Patel (2014) [
while 1V 16-2 (-23.08*) showed negative significant GCA,
among testers it was only RVJ 1862 (26.77**) with positive
and significant GCA In sorghum, positive GCA effects is
desirable for Grain yield per plant while for Days to 50%
flowering and Days to maturity negative GCA effects are
desirable (Kalpande et al., 2015) (9. For Days to maturity
CSV 15 (1.13**) showed the highest significant GCA in
undesirable directio n followed by JJ 1022 (0.8*) while lines
SPV 2376 (-0.7*) and IV 16-2 (-0.7*) showed the significant
GCA in desirable direction. For plant height CSV 15 (12.03%*)
showed highest GCA in undesirable direction, Premalatha et
al., (2006) 22 observed similar results for CSV 15, while JJ
1022 (-11.3*) showed significant GCA in desirable direction.
For Leaf breadth lines SPV 2376 (2.29**), JJ 1022 (-2.74**)
and IV 16-2 (-1.24*) showed significant GCA. Line SPV
2376 (-9.77**) showed significant GCA for Leaf length. Line
JJ 1022 (-96.9**) showed significant GCA for Leaf area. Line
IV 16-2 (-1.78**) showed significant GCA for 1000 seed
weight.

Specific combining ability effects

Out of fifteen crosses SPV 2688 x RVJ 1862 (45.9*) showed
highest desirable significant SCA for grain yield per plant
followed by SPV2376 x JJ 938 (36.82*). For days to 50%
flowering there were no significant combiners however
crosses CSV 15 x RVJ 1862 (-8.6**) and JJ 1022 x JJ 741(-
6.3*) was significant in desirable direction. SCA for JJ 1022 x
JJ 938 (-20.1*) and SPV2376 x RVJ 1862 (-18.53*) was
found significant for plant height in desirable direction.
Crosses SPV 2688 x JJ 741(2**), CSV 15 x RVJ 1862
(1.62**) and IV 16-2 x JJ 938 (1.38*) showed significant
desirable SCA for 1000 seed weight.

Table 1: Analysis of variance for combining ability of nine morphological characters in sorghum and estimates of genetic components

Source df Days to _50% Days to Pl_ant Number of Leaf Leaf Leaf area 1000_ seed | Grain yield
flowering maturity height leaves length | breadth weight per plant
Replication 1 45.63 1.63 1.2 0.83 1 0.1 183.77 0.2 392.41
Crosses 14 35.01* 2.34** 444,03** 1.98* 188.15**| 12.40** 22960.10** 4.89** 3104.53**
Lines 4 8.38 4.78** 584.45** 2.08 201.96* | 23.61** 27030.25* 8.74** 3662.48**
Testers 2 10.8 1.3 94.03 0.13 120.51 1.86 4216.53 0.86 5393.00**
Line X Tester | 8 54.38** 1.38 461.32 2.38* 198.15**| 9.43** 25612.48** 3.97** 2253.43*
Error 14 10.49 0.56 105.84 0.69 43.58 1.81 5906.87 0.58 493.37
Genetic components
c2GCA -1.03 0.05 -0.92 -0.02 -0.53 0.16 -140.61 0.05 45.13
6 ?2SCA 9.76 0.83 139.5 0.47 66.39 4.48 6898.07 1.84 1517.8
6 2GCA/c%2SCA -0.105 0.060 -0.006 -0.042 -0.008 0.036 -0.020 0.027 0.030
62 A (F=0) -4.11 0.2 -3.67 -0.09 -2.12 0.63 -562.44 0.19 180.53
62 A (F=1) -2.05 0.1 -1.83 -0.04 -1.06 0.31 -281.22 0.1 90.27
62D (F=0) 43.89 0.82 355.48 1.69 154.57 7.61 19705.61 3.39 1760.1
62D (F=1) 21.95 0.41 177.74 0.85 77.29 3.81 9852.8 1.69 880.04

*, ** significant at 5% and 1% level, respectively
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Table 2: GCA effects of parents and SCA effects in hybrids for nine morphological characters in sorghum

Days to 50%| Days to |Plant height| Number |Leaf length|Leaf breadth| Leaf area | 1000 seed | Grain yield per
flowering |maturity (cm) of leaves (cm) (cm) (cm?  |weight (gm) plant (gm)
Lines
JJ 1022 0.6 0.8* -11.3* -0.67 -0.85 -2.74** -96.9** -0.28 -12.67
SPV 2376 0.77 -0.7* 8.53 0 -9.77** 2.29** -1.53 0.13 -16.67
1V 16-2 -0.4 -0.7* -3.8 -0.5 3.32 -1.24* -27.15 -1.78** -23.08*
SPV 2688 0.93 -0.53 -5.47 0.5 2.98 0.93 60.97 1.55 19.25
CSV 15 -1.9 1.13** 12.03* 0.67 4.32 0.76 64.6 0.38 33.17**
S.E. 1.32 0.31 4.2 0.34 2.69 0.55 31.37 0.31 9.07
C.D. 2.83 0.66 9 0.73 5.78 1.18 67.29 0.67 19.45
Testers
JJ741 -1.2 -0.3 2.87 -0.07 -3.97 0.49 -21.24 -0.33 -14.78
JJ 938 0.6 -0.1 -3.23 -0.07 2.48 -0.27 19.75 0.12 -11.98
RVJ 1862 0.6 0.4 0.37 0.13 1.48 -0.22 1.48 0.22 26.77**
S.E. 1.02 0.24 3.25 0.26 2.09 0.43 24.3 0.24 7.02
C.D. 2.2 0.51 6.98 0.56 4.48 0.91 52.13 0.52 15.06
Crosses
JJ 1022 x JJ 741 -6.3 -0.2 -1.2 0.57 53 -0.33 31.61 0.58 10.12
JJ 1022 x JJ 938 -1.1 -0.9 -20.1 -0.43 -12.65 -0.06 -70.5 0.38 -1.68
JJ 1022 x RVJ 1862 74 1.1 21.3 -0.13 7.35 0.39 38.88 -0.97 -8.43
SPV2376 x JJ 741 1.53 0.3 8.97 0.9 -14.03 0.99 -89.07 -0.58 -15.63
SPV2376 x JJ 938 -1.27 0.1 9.57 -0.6 2.77 -2.09 -44.75 -0.03 36.82
SPV2376 x RVJ 1862 -0.27 -0.4 -18.53 -0.3 11.27 1.11 133.82 0.67 -21.18
IV 16-2 x JJ 741 -0.8 -0.7 3.8 0.4 5.63 -1.33 -1.01 -0.67 8.78
IV 16-2 x JJ 938 0.4 1.1 -5.1 0.4 -8.2 -1.06 -60.75 1.38 27.48
IV 16-2 x RVJ 1862 0.4 -0.4 1.3 -0.8 -4.82 2.39 61.76 -0.72 -36.27
SPV 2688 x JJ 741 0.87 0.13 -2.03 -2.1 2.97 2 98.36 2 -7.55
SPV 2688 x JJ 938 -1.93 -0.57 -0.93 0.9 4.52 1.27 65.62 -1.45 -38.35
SPV 2688 x RVJ 1862 1.07 0.43 2.97 1.2 -7.48 -3.27 -163.99 -0.55 45.9
CSV 15xJ) 741 4.7 0.47 -9.53 0.23 0.13 -1.33 -39.89 -1.33 4.28
CSV 15xJJ 938 3.9 0.27 16.57 -0.27 6.18 1.94 110.37 -0.28 -24.27
CSV 15 x RVJ 1862 -8.6 -0.73 -7.03 0.03 -6.32 -0.61 -70.49 1.62 19.98
S.E. 2.29 0.53 7.27 0.59 4.67 0.95 54.34 0.54 15.7
C.D. 491 1.14 15.6 1.26 10.01 2.04 116.56 1.16 33.68

*, ** significant at 5% and 1% level, respectively

Conclusion

The GCA effect is considered as the intrinsic genetic value of
the parent for a trait, which is due to additive gene effects and
it is fixable (Simmonds 1979; Suguna et al., 2021) [20. 161 |t
can be concluded from the study that most of the characters
were under the influence of non-additive gene action therefore
heterosis breeding is more useful crosses SPV 2376 x JJ 938
and SPV 2688 x RVJ 1862 can be used for making good
yielding varieties for the spring summer season in gird region
therefore intensive study of F2 population is recommended it
can also be concluded that except line IV 16-2 all the lines
were somewhat good combiners but CSV 15 showed similar
results as a parent in the following study as observed by
Premalatha et al., (2006) 2 and Jain and Patel (2014)
while in tester RVJ 1862 was a good combiner for grain yield
per plant.
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