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SUMMARY

An investigation was conducted in Sorghum bicolor with line x tester (3 females x 6 males)
to study the combining ability effects for fodder yield and other yield related traits. Analysis of
variance revealed the presence of sufficient variation in the study material. The SCA variance was
greater in magnitude than the GCA variance for most of the traits under study indicating predominance
of non-additive gene action in the genetic control of those traits. Line 14A found good general
combiner for GFY in 1st and 2nd cut, regeneration potential, DFY in 1st cut, GFY in 2nd cut, plant height
whereas tester HJ 541 emerged as a good combiner for GFY in 1st cut, DFY in 2nd cut, no. of leaves per
plant, leaf breadth. For GFY in 1st cut significant high SCA effects exhibiting crosses were 31A × SSG
59-3, 9A × SGL 87, 31A × S 437 and 9A × HJ 541.
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Forage sorghum has captured an important
place among summer forages because it has a lot of
advantages to offer to dairy farmers. It is a short-
season forage that attains its complete bloom in 52-60
days after sowing if harvested at 50% flowering or
heading stage. It has the potential to give high forage
yield (Iqbal, 2015). Forage sorghums include
sudangrass, sorghum varieties, hybrids, and
sorghum×sudangrass (SSG) hybrids (Kalton, 1988).
Sorghum plants grow 150-360 cm tall and produce a
higher dry matter yield than grain sorghum. Forage
sorghum has been proven to be more affordable than
other cereal forages due to fewer requirements for
irrigation and fertilizers. An extensive adventitious
fibrous root system of sorghum that grows up to 140
cm depth can draw extra moisture and vitamins at a
far quicker rate from the soil. The dry-matter
accumulation rate of forage sorghum is one of the
maximum among the cultivated annuals. Sorghum is
an ideal forage crop because it has a quick growth,
high-yielding ability, high dry matter content, leafiness,
wider adaptability, and drought resistance. The
development of forage sorghum cultivars having good
shoot (tillers) and biomass regenerability makes them
more suitable for multiple cuts, which is more useful

for cut-and-carry production in semiarid zones. Thus
sorghum × sudangrass hybrids which have higher
regenerative potential are very productive in a warm
climate.

In India, an estimated area of 2.5-3.0 m ha is
under forage sorghum. However, seed production and
trade-based estimation suggested that the area that can
be covered extends to 4-5 million ha (IIMR, 2013).
Sorghum is an often cross-pollinated crop where
cross-pollination extends from 5% to 15% with an
average of about 6% (Poehlman, 1987), which in turn
brings homozygosity or heterozygosity in the genetic
structure made it suitable to exploit breeding
procedures applicable for both self- and cross-
pollinated crops. This means that either a homozygous
line as a variety or hybrids through heterosis
exploitation can be developed in sorghum.

Although India is the highest milk producing
country yet per capita milk production is very low
due to the huge deficit in the availability of feedstuffs.
The area under forage production has not increased
considerably in the last few decades and our natural
grazing lands and pastures are fastly degrading and
decreasing. Therefore, by developing the varieties/
hybrids giving high yield per unit area, and per unit



time, the target of high production and productivity
of forage sorghum can be achieved.

Prerequisites for forage sorghum hybrid
development are the availability of good combining
male sterile lines and restorers, the presence of
dominance component of genetic variance for forage
yield, and a high degree of heterosis for economic
and multicut traits. Analysis of combining ability is
essential to select desirable parents and high-
performing progenies for population development or
to exploit heterosis (Singh and Chaudhary 1985). L×T
mating design is a commonly used scheme to assess
progeny performance based on general combining
ability (GCA) and specific combining ability (SCA)
effects. Combining ability analysis aims to find out
the nature of gene action underlying the expression of
yield and yield-related traits (Sprague and Tatum 1942;
Griffing 1956). GCA measures the mean performance
of a genotype in a series of crosses, whereas SCA
measures the deviation from the predicted
performance of a cross, based on the summed general
abilities of the associated parents (Schlegel 2010).
Additive and non-additive gene action are associated
with GCA and SCA effects, respectively (Acquaah
2009). Breeding for yield and yield-related traits using
locally adapted and genetically complementary
sorghum germplasm should be a viable way to boost
sorghum production. The objective of this study was
to determine the combining ability effects of selected
sorghum lines for yield, and yield-related traits as a
basis for choosing superior parents and families for
further selection and breeding.

METHODS  AND  MATERIALS

Using L×T mating design (Kempthorne 1957)
18 hybrids were developed by crossing three restorer
lines (9A, 14A, 31A) and six CMS testers (HJ 541,
GFS 5, G 46, SGL 87, S 437, SSG 59-3). F

1 
seeds

were sown in the field, along with their parents, in a
randomized complete block design with three
replications. Each F

1
 and its parents were sown in 4

row of 5m with inter row spacing of 25 cm and plant
to plant spacing of 15 cm. All the recommended
practices were followed to raise good crop of sorghum
during kharif  2019.

Observations recorded : Data were recorded
on five randomly chosen plants for yield and various
yield related traits that affect the biomass production
directly or indirectly. Mean of five plants for each
entry for each character was calculated and used for
statistical analysis. After first cut, regenerability

potential was recorded as per score given by (Anon,
2014). The green fodder yield was recorded by taking
the fresh weight of the plants in the plot at 1st cutting
i.e. 60 days after sowing and at 2nd cutting i.e. 45
days after 1st cutting. The plants harvested for
recording green plant weight were first sun dried and
then oven dried for recording dry fodder yield.

Statistical analysis : Data were analyzed
using INDOSTAT software for estimation of general
and specific combining ability and their effects. The
combing ability analysis was carried out according to
the model suggested by Kempthorne (1957) which is
related to design II of Comstock and Robinson (1952)
in terms of covariance of half sibs and full sibs. This
analysis was based on following model.

X
ijk 

= m + g
ii 
+ g

jj 
+ s

ij 
+ r

k 
+ e

ijk

Where,
X

ijk
 = Phenotypic expression of ijth genotype

in kth replication
m = General mean
g

ii 
= General combining ability effects of ith

female parent
g

jj 
= General combining ability effects of jth

male parent
s

ij
 = Specific combining ability effects of

crosses between ith female X jth male parent
r

k 
= The kth block effect

e
ijk 

= Random error associated with ij th

genotype and kth block

Additive and dominance genetic variances (2

A and 2 D) were calculated by taking inbreeding
coefficient (F) equal to one; that is, F=1 because both
lines and testers were inbred. Significance test for
general combining ability and specific combining ability
effects were performed using t-test. A GCA/SCA ratio
that is greater than unity indicates the predominance
of additive gene action, whereas ratios of less than
unity indicate the predominance of non-additive gene
action for the trait (Baker 1978).

RESULTS  AND  DISCUSSION

Analysis of variances

Analysis of variances for combining ability
indicated that general combining ability (GCA)
variances were significant (Table 1) for plant height,
number of leaves per plant, leaf breadth, leaf length,
internode length, green fodder yield in 1st cut and dry
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fodder yield in 2nd cut while specific combining ability
variances were identified highly significant for all the
characters. The evaluation of components of variances
revealed that the magnitude of SCA variances were
greater than GCA variances for all the characters. This
indicated pre-dominance of non-additive gene action
which emphasized the use of heterosis breeding
approach to exploit the available vigour. It is also
manifested by a very low ratio of 2GCA/2SCA
represented in table 2. The findings were supported
by several other workers Indhubala et al. (2010);
Prakash et al. (2010); Ghazy et al. (2011) and
Chaudhari et al. (2017); Wagaw et al. (2020);
Rachman et al. (2022) who also had been reported
predominance of SCA variance in forage sorghum for
fodder yield and its component characters.

General combining ability effects

Selection of parents based on per se
performance alone may not be always effective
because many times two phenotypically superior
lines may produce poor hybrids. In such cases, the
general combining ability effect of parental lines
which indicate the presence of additive and additive
x additive type of gene action can help in selecting
parents to develop hybrids having potential for yield
and other traits. Parents showing a high average
combining ability in crosses are considered to have
good GCA while, if their potential to combine well is
bounded to a particular cross, they are considered to
have good SCA. The estimates of general combining
ability (GCA) effects for each line and tester are
presented character wise in Table 3. Among lines
14A emerged as a good general combiners for plant
height, internode length, regeneration potential and
green fodder yield in 1st cut and 2nd cut. For tillers/
plant, leaves/plant stem diameter and dry fodder yield
in 2nd cut among lines 9A found to be good general
combiner. Line 31A exhibited good general combining
ability for traits like leaf breadth. Among testers HJ
541, for leaves per plant leaf breadth stem diameter
GFY in 1st cut and DFY in 2nd cut found to be good
general combiner. Tester G 46 emerged as a good
general combiner for GFY in 1st cut.  For trait like
GFY in 2nd cut, tester SGL 87 had significant general
combinig ability. S437 tester exhibited significant
general combinig ability for DFY in 1st cut. For traits
like Internode length, DFY in 1st cut and DFY in 2nd

cut, tester  SSG 59-3 had significant general
combining ability. These results are uniform with
findings of Kadam et al. (2007); Sharma et al. (2007)

and Kumar and Chand (2015); Kumari el al. (2018);
Rocha et al. (2018); Rathod et al. (2019); Veldandi
et al. (2021).

Specific combining ability effects

In a systematic breeding programme, criterion
like selection of parents with desirable characteristics
and good general combining ability for yield as well as
its components, high heterosis coupled with good per
se performance in desirable direction, not only over
better parent but also over check along with high
estimates of specific combining ability effects are
obviously essential (Grewal and Paroda, 1975). The
different cross combinations showing significant
estimates of sca effects for forage yield, its components
traits which is given in table 4. However, further study
of such crosses with significant sca effects mance for
ultimate expression of significant and desirable sca effects
of crosses. For plant height, significant positive SCA
effects were shown by crosses 31A × G 46 and 14A ×
SGL 87. Among these crosses 31A × G 46 also showed
significant positive SCA effect for leaf breadth. For
tillers per plant the cross 9A × SSG 59-3 (good × poor)
had significant positive SCA effects. For leaves/plant
maximum SCA effect were recorded for crosses 14A
× HJ 541 (poor × good) followed by 14A × G 46 (poor
× good) 31A × GFS 5 (poor × poor) and 31A × SSG
59-3 (poor × poor). Among these hybrids, cross 14A ×
HJ 541 and 31A × SSG 59-3 recorded maximum SCA
effect for regeneration potential. The cross 31A × HJ
541 showed the significant positive SCA effect for
Internode length. For leaf : stem ratio, the cross 9A ×
HJ 541 exhibited a significant SCA effect. Out of 18
crosses, four crosses named 31A × SSG 59-3 followed
by 9A × SGL 87, 31A × S 437 and 9A × HJ 541 showed
positive significant SCA effects for green fodder yield
in the 1st cut. Among these later three crosses also show
significant SCA effects for green fodder yield in the
2nd cut along with cross 14A × SSG 59-3 along with
31A × S 437, 14A × SGL 87, 9A × HJ 541, 9A × G 46,
14A × SSG 59-3, 31A × G 46 and 9A × SGL 87.
Significant SCA effects for dry fodder yield in 1st cut
were recorded by cross 31A × S 437 (20.46) followed
by 9A × SSG 59-3 (13.01), 14A × HJ 541(12.63). For
dry fodder yield in 2nd cut significant SCA effects were
recorded for cross 14A × G 46 followed by 31A × HJ
541, 31A × S 437, 9A × GFS 5. These results are in
agreement with findings of Kumar and Shrotria (2016),
Chaudhari et al. (2017), Vekariya et al. (2017), Rocha
et al. (2018), Muturi et al. (2019) and Rathod et al.
(2019).
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CONCLUSION

Among lines, 14A had significant positive
GCA effects for green fodder yield in 1st and 2nd cut,
regeneration potential, plant height. Among testers, HJ
541 and G 46 were found to be good general
combiners GFY in 1st cut and SGL 87 in 2nd cut.
Maximum SCA effects for green fodder yield in 1st
cut were recorded by crosses 31A × SSG 59-3
followed by 9A × SGL 87, 31A × S 437 and 9A × HJ
541. For green fodder yield, in 2st cut, significant SCA
effects were recorded for crosses 31A × S 437, 14A
× SGL 87, 9A × HJ 541, 9A × G 46, 14A × SSG 59-3,
31A × G 46 and 9A × SGL 87. On the basis of above
study, some parents viz. 14A, HJ 541, G 46 were
identified as good general combining ability, therefore,
these parents can be used for development of hybrids
with high yield potential. Among hybrids, 14A × HJ
541, 31A × S 437 and 9A × HJ 541, 9A × SGL 87, 14A

× G 46 and 31A× SSG 59-3 performed better for green
fodder production and have potential to meet the
growing fodder demand and could also be analyzed
by molecular approach too to confirm their reliability.
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TABLE  4
Specific combining ability effects of hybrids of different morphological and quality characters in forage sorghum

Hybrids Plant Tillers/ Leaves/ Internode Leaf Leaf : Stem Leaf Regeneration GFY in GFY in DFY  in DFY in
height plant plant length breadth stem diameter length potential 1st cut 2nd cut 1st cut 2nd cut

ratio

9A × HJ 541 10.58 0.11 2.37 -0.81 0.11 0.13** 1.98 -1.83 0.01 1.59* 0.88** -14.09* -4.28
9A × GFS 5 14.30 -0.16 -0.41 1.55 -0.05 -0.02 1.36 1.54 0.24 0.01 -0.10 5.91 7.83**
9A × G 46 -14.01 0.23 -3.18 1.48 -0.17 0.05 0.03 4.51 0.12 -1.04 0.83** 5.46 -5.27*
9A × SGL 87 0.13 -0.92** 0.01 0.41 -0.33 -0.04 -1.55 -11.27* 0.05 2.23** 0.52* 8.13 3.94
9A × S 437 -1.95 0.11 1.19 -2.40* 0.06 -0.067* 0.56 1.58 -0.43 -0.59 -0.95** -18.42** -1.17
9A× SSG 59-3 -9.05 0.65* 0.04 -0.22 0.39 -0.06 -2.38 5.47 0.01 -2.21** -1.18** 13.01* -1.06
14A × HJ 541 -24.16** 0.26 5.75** -2.85** 0.03 -0.071* -1.40 -1.90 0.91* 0.26 -0.36 12.63* -7.38**
14A × GFS 5 -6.20 0.22 -4.57** -1.72 0.18 0.05 0.87 -0.53 -0.19 0.54 0.24 -9.37 -5.61*
14A × G 46 -6.09 0.12 5.09** 0.09 -0.80* -0.07* -1.37 -6.34 -0.3 0.59 -1.39** -8.48 16.94**
14A × SGL 87 19.50* 0.33 -0.28 1.24 -0.20 0.04 -0.58 5.99 0.52 0.21 0.94** 2.19 3.83
14A × S 437 3.08 -0.30 -2.32 1.87 0.31 0.02 -0.30 3.17 -0.19 -1.10 -0.27 -2.04 -7.27**
14A × SSG 59-3 13.87 -0.63* -3.68* 1.39 0.47 0.03 2.77* -0.38 -0.75 -0.50 0.83** 5.07 -0.50
31A × HJ 541 13.59 -0.36 -8.12** 3.66** -0.14 -0.06 -0.57 3.73 -0.93* -1.84** -0.52* 1.46 11.66**
31A × GFS 5 -8.11 -0.06 4.98** 0.17 -0.13 -0.04 -2.23 -1.01 -0.04 -0.56 -0.14 3.46 -2.22
31A × G 46 20.10* -0.35 -1.92 -1.57 0.97** 0.02 1.33 1.84 0.18 0.45 0.55* 3.02 -11.66**
31A × SGL 87 -19.63* 0.60 0.28 -1.64 0.53 0.00 2.12 5.28 -0.57 -2.44** -1.46** -10.32 -7.77**
31A × S 437 -1.14 0.20 1.13 0.54 -0.37 0.04 -0.27 -4.75 0.62 1.69* 1.21** 20.46** 8.44**
31A× SSG 59-3 -4.82 -0.02 3.65* -1.16 -0.86* 0.03 -0.39 -5.09 0.74** 2.71** 0.35 -18.09** 1.56
SE (d) 8.09 0.30 1.64 0.97 0.34 0.03 1.21 4.21 0.37 0.67 0.26 5.54 2.11
5% significant value 16.44 0.60 3.34 1.96 0.69 0.07 2.46 8.55 0.76 1.35 0.52 11.26 4.29
1% significant value 22.08 0.81 4.48 2.64 0.93 0.09 3.30 11.48 1.02 1.82 0.7 15.11 5.76

TABLE  3
General combining ability effects of parents for different morphological characters in forage sorghum

Female Plant Tillers/ Leaves/ Internode Leaf Leaf : Stem Leaf Regeneration GFY in GFY in DFY  in DFY in
parents height plant plant length breadth stem diameter length potential 1st cut 2nd cut 1st cut 2nd cut

ratio

9A -7.35* 0.30* 0.30* 0.30 -0.94** 0.02 -2.75** -5.54** -0.24 -0.92** 0.09 2.76 2.50**
14A 21.94** 0.15 0.15 3.57** 0.03 -0.02 0.08 2.42 0.52** 1.97** 0.52** 4.04 -1.72
31A -14.59* -0.45** -0.45** -3.87** 0.91** 0.01 2.67** 3.12 -0.29 -1.04** -0.61** -6.79** -0.78
SE (d) 3.30 0.12 1.36 0.39 0.14 0.01 0.49 1.72 0.15 0.27 0.10 2.26 0.86
Male parents
HJ 541 -0.81 0.16 8.25** 1.08 0.49* 0.01 2.25** 1.87 0.04 1.24** 4.87 12.83**
GFS 5 1.22 -0.14 -1.85 -2.27** -0.35 -0.02 -0.15 2.05 -0.18 -0.24 -0.43** -12.46** -18.27**
G 46 7.56 -0.19 2.25* 0.58 0.33 -0.01 0.48 -0.25 -0.069 0.84* -0.25 -7.35* -1.50
SGL 87 -0.81 0.08 -2.59** -1.34* 0.16 -0.01 -2.11** -2.02 0.34 -0.18 0.5** -4.69 -2.72*
S 437 -10.75* -0.18 -3.88** 0.58 -0.12 0.02 -0.79 1.90 -0.18 -1.54** -0.24 8.53* -3.27*
SSG 59-3 3.60 0.26 -2.18* 1.39* -0.5* 0.01 0.33 -3.54 0.043 -0.13 0.19 11.09** 12.94**
SE (d) 4.67 0.17 1.93 0.56 0.20 0.02 0.70 2.43 0.22 0.38 0.15 3.20 1.22
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