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Abstract

This study was carried out in co-operation between Fac. Agric. Benha Univ., and each of (ACSAD) in
shandaweel and new valley Research Station (ARC) during 2018 and 2019 season. In the first season, a half diallel
cross was made among the nine parents. The nine parents and their hybrids were evaluated in two location i.e.
shandweel (L1) and El-Kharga oasis (L2) during 2019 season. The characters studied were plant height (cm), flag
leaf area (cm?), leaves dry weight (g), grain yield (g), grain yield (ton/fad) and protein%. Location mean square
for all studied trait under study were significant except for grain yield / plant, with mean values in L1 higher than
those in L2 for all traits. Mean squares for genotype, parents, F1 hybrid were significant for all traits at both and
across locations. Appreciable parent vs crosses mean square were detected for all cases grain yield/plant at both
locations as well as the combined analysis, protien % at the first location and grain yield / fed. at the L2. Mean
square for parent x location and crosses x locations were significant for all traits. Significant parents vs crosses x
location mean squares were obtained in flag leaf area. Regarding grain yield /plant or fed , the parental genotypes
P1 and P4 expressed significantly highest mean values compare the other parents. Also, the two crosses P2xP6
and P3xP5 expressed significantly the highest mean values of this trait. The mean squares due to general and
specific combining ability were highly significant for all studied traits. GCA/SCA ratio was used as measure reveal
the nature of genetic variance involved for all studied traits, all trait exhibited high ratios which largely exceeded
the unity were obtained, indicating that large part of the total genetic variability associated with these trait was
additive and additive by additive gene effect. The mean squares of interaction between location and both types of
combining ability were significant for all studied trait. The parental genotypes (ps and P7) expressed significant
desirable gi effect for flag leaf area, leaves dry weight, grain yield/ plant and grain yield/ feddan. Meanwhile, it
gave insignificant negative for other cases.The most desirable inter and intra allelic interactions were presented

by PixPs P2xPs3, P,xPs andP4xPs for grain yield / plant and grain yield/ feddan exhibited significant positive S jj
effects.
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Introduction

Sorghum (Sorghum bicolor L. Moench) is
the 5"most important cereal grain crop originated
from West Africa and staple food for millions of poor
in semi-arid tropics of Africa and Asia (Haussmann et
al., 2002). It has gained importance as a fodder
(green/dry) and feed crop in the last decade. Besides
being an important food, feed and forage crop, it
provides raw material for the production of starch,
fiber, dextrose syrup, biofuels, alcohol and other
products. Sorghum has been classified under family
Graminae, subfamily Poaceae, tribe Andropogonae
and genus Sorghum. Breeding strategies based on
selection of hybrids require expected level of heterosis
as well as the specific combining ability (SCA).
Sprague and Tatum (1942) were the first to develop
the concept of combining ability. They defined
“general combining ability” (GCA) as the average
performance of the lines in hybrid combinations and
“specific combining ability” (SCA) as the deviation of
a cross from the average performance of the lines.
Heterosis or hybrid vigor is the superiority or
inferiority of the hybrids over its parents. The primary
objective of any plant breeding program is to increase

the yield and improve the quality of crop plants
through gene recombination. In breeding high
yielding varieties of crop plant, the breeders often face
with the problem of selecting parents and crosses.
Combining ability analysis is one of the powerful
tools available to estimate the combining ability
effects and aids in selecting the desirable parents and
crosses for the exploitation of heterosis (Sarker et al.,
2002 and Rashid et al., 2007). Presence of heterosis
and SCA effects for yield and its related traits are
reported by Nuruzzaman et al. (2002), Faiz et al.
(2006), Saleem et al. (2008), ElI Hosary
(2020),Marisol et al. (2020), Sedhom et al., (2021)
and Turk et al. (2021). To exploit maximum heterosis
using cytoplasmic male sterile (CMS) technique in the
hybrid programme, we must know the combining
ability of different male sterile and restorer lines. This
study was carried out to achieve the following: -
Formation of high vyielding sorghum hybrids
(Sorghum bicolor L. Moench) using diallel cross
analysis. Estimation of general combining ability for
parents and specific combining ability for hybrids.

Materials and Methods
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The parental varieties or lines in this study were pl
(Var. Izraa7), p2 (Var. 1zraa62 ), p3 (Var. Shalakh6),
P4 (Var. Shalakh?7) , p5 ( line Acsad56 ), p6 (line
Acsad60), p7 (line Acsad63), p8 (Var. Gizal5), p9
(Var. Dwrado ). A half diallel cross was made among
the nine parents during 2018 giving a total of 36
crosses. The nine parents and their hybrids were
evaluated in two location i.e. shandweel
ResearchStation (L1) of the Agricultural Research
Center, Sohag Governorate (26°33 N 31°41.67 E) and
the second location is Agricultural experiment station,
Desert Research center (DRC)(L2), El-Kharga oasis,
New valley Governorate (27 ° 47.7 N, 30° 24.7 E)
during 2019 season. The dry method of planting was
on 1%, 2"Agust, at L1 and L2, respectively. Each
experiment was designed in randomized complete
block design with three replications in both locations.
Each plot consisted of two ridges of five meter length
and 70 cm width. Each was spaced 20 cm with two
kernels planted per hill and late thinneel to one plant/
hill. The other cultural practices of growing sorghum
were practiced at each location. Ten guarded plants
from parents and the F,-s were selected randomly from
each plot for recording observations on different
characters.The characters studied were plant height
(cm), flag leaf area (cm?), leaves dry weight (g), grain
yield (g), grain yield (ton/fad) and protein%. Regular
analysis of variance of RCBD design was allowed for
each location then the combined across location was
made after test of homogeneity of errors. The analysis
of variance for combining ability for eachlocation
andcombined analysis across them was carriedout to
estimation of various effects (GCA and SCA) was
done following the technique of griffing (1956) for
method 2 ,model 1

Results and Discussion

Anova for all studied characters at each and
across locations(Table 1).Location mean square for all
studied trait under study were significant except for
grain yield / plant , with mean values in L1
(Shandaweel) higher than those in L2 ( El-kharga ) for
all traits, Table2.

The increase in the first location in these
traits may be due to the prevailing of favorable
temperature and high fertility of soil and dulcet water
leading to greater vegetative growth, yield and its
component of sorghum plant therefore, the first
location seemed to be non-stress environment. These
results are in harmony with those obtained by Castro-
Nava et al. (2012) and Jabereldar et al (2017).

Mean squares for genotype, parents, F1
hybrid were significant for all traits at both and across

locations. Appreciable parent vs crosses mean square
were detected for all cases grain yield/plant at both
locations as well as the combined analysis, protien %
at the first location and grain yield / fed. at the second
location. This indicates the wide diversity between the
parental materials used in the present study.

Mean square for parent x location and crosses X
locations were significant for all traits. This may
revealed that the performance at genotypes,parent,and
crosses differed from location to another.

Significant parents vs crosses x location
mean squares were obtained in flag leaf area,
indicating that parental genotypes were less affected
by location variation than their F1 hybrids. on the
contrarily, insignificant overall heterotic effect was
obtained for other trait, reflecting that both at the
grand mean of the parental genotypes and their F1
hybrids increased in same direction and magnitude
from location to location.

Combining ability analysis:

The analysis of variance for combining
ability at the combined analysis for all the studied trait
is presented in table 1.

The variance of general combining (GCA)
includes the additive and additive by additive genetic
portion. While, specific combining ability (SCA)
represents the non-additive genetic portion of the total
variance arising largely from dominance and epistatic
deviations. The mean squares due to general and
specific combining ability were highly significant for
all studied traits.

If both general and specific combing ability
mean squares are significant, one may ask which type
and or types of gene action are important in
determining the performance of single-cross
progeny.To overcome such situation the size of mean
squares can be used to assume the relative importance
of both types of combining ability. For all traits
general and specific combing ability mean squares
were highly significant. Hence GCA/SCA ratio was
used as measure reveal the nature of genetic variance
involved for all studied traits, all trait exhibited high
ratios which largely exceeded the unity were obtained,
indicating that large part of the total genetic variability
associated with these trait was additive and additive
by additive gene effect.

The mean squares of interaction between location
and both types of combining ability were significant
for all studied trait. Such result showed that the
magnitude of all types of gene action varied from
location to another. If is fairly evident that the ratio
for
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Table 1. Observed mean squares from ordinary analysis and combining ability for the studied traits in each and
across locations.

SOV d.f. Plant height (cm) Flag leaf area (cm2) Leaves dry weight (g)

T S C L1 L2 Comb L1 L2 Comb L1 L2 Comb
Location (L) 1 417ZZ'97 2276.5** 47:1,;89

1k *
RepIL , 4 ‘84 1570041 809845 5140 a5 20251 28173 69074 40373
4 436977 2950.08% 4895.36* 1477845 15500.87 2796692 12636 12325  209.41
302013  4250.35% 6003.11* 1588575 13893.62 2841427 15771 14955  300.28
3 476885 2687.91* 4701.08* 1481884 16267.69 28502.85 12116 11881  191.04
* * * *
et vs.or g1 M5 o pgagee  SO0BETT 1520074 oo 5730%  683LY 12546
GIL 44 2424 5%* 2312.4%% 40.2%*
par./L 8 127637 1365.1%* 6.97
-— 55 27565.68* 2583.68* 48.93*
Par.vs.cr.x.L 1 18.1 396.03* 0.24
Error g 167 28.09 15.76 21.93 39.07 26.12 326 418 393 406
. g g 461941 100236* 484594* 1255386 1219813 2390126 16523 14088  285.04
*%k * * *x *%x *%x *%x *%k *%k
A g 36 TR gegigme orrsge  aarges  J00447% 60B254% 1476 1891% 2197+
* *
GCAXL 8 1765.83 850.73%* 2107
SCAX L 36 505.35%* 753.04%% 11,75
Error g 167 9.36 5.25 7.31 13.02 8.71 10.87 139 131 135
GCAJSCA 6.13 2,62 5.28 3.89 3.38 3.93 1119 745  12.97
f/%ACX 0.36 0.04 0.07
E/Cs/?:z 0.65 0.12 053
SOV d.f. Grain yield/ plant (g) Grain yield/ feddan (ton) Protin%

SV s C L1 L2 Comb L1 L2 Comb L1 L2 Comb
)Loca“o” (L 2.96 0.05* 5.76%
Rep/L 2 4 IZS6T ooz qgpawe a1t 024 g2rec 114 1T ggme
Genoypes 44 5% qsazee 210050 0a9e 024 03w R DLy v

129.83*
Parents 8 8 A 180.81%%  216.18%*  021%%  032%%  045%*  15%  765%  575%
3 125.58*
Crosses S % A 127.08%%  214.62%%  019%%  023%%  Q27%%  3Akx  TAGrk 705w
Par.vs.cr. 11 78 17.21 0.92 0.13%* 0.03 0.14* 013  399%  278%
GIL 44 47,98 0.13%* 3.54%%
par./L 8 94.46%* 0.08%* 3.39%*
criL 35 38.04% 0.15%* 3.63%*
Par.vs.cr.x.L 1 24.09 0.02 1.34
Error g 167 10.07 732 8.7 0.02 0.01 0.01 072 042 057
GCA 8 8 Y2087"  quagiex o599 023%% 0210  034%%  178%%  54g%*  503%*
SCA g 36 2364%%  2256*  3536%%  003%%  0.05%% 005  083%  18%%  168%*
GCAXL 8 39.19%* 0.1%* 2.00%%
SCAXL 36 10.84% 0.03%* 0.95%*
Error g 167 3.36 244 29 0.01 0 0 024 014 019
GCAJSCA 5.0 6.42 6.39 8.23 42 7.43 215 304 299
S%'g/’; 017 0.28 0.44
E/%’“CZ 031 07 0.56
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* and ** refers to significant p< 0.05 and p< 0.01, respectively.
L1,L.2 and C refer to shandweel, EI-Kharga and combined across locations, respectively.

Table 2. Estimates of general combining ability effects of nine inbred lines for all the studied traits across two

locations.
Plant Flag leaf Leaves dry Grain yield/ Grain yield/ Proti
parent height (cm) area (cm2) weight (g) plant (g) feddan (ton) n%
*
gl -7.26%* 62.44** -5.54** 1.6** -0.04* 0'12
g2 2.78** 0.38 -1.22** -1.95** -0.06** 0.05
g3 -5.29** -24.73** -2.08** -0.97* -0.07** 0 2-8*
g4 2.55** -1.17 0.97* 0.02 0.39*
g5 8.68** 3.3** 2.98** 3.67** 0.08** -0.09
g6 27.1%* 24.35%* 5.42** 3.97** 0.23** 0'18*
g7 8.69** 10.86** 3.15%* 1.61** 0.09** 0.13
g8 -11.96** -20.2** -0.96** -3.31** -0.07** 0.46*
g9 -25.28** -55.23** -3.76** -5.59** -0.2** 0.47*
*
I(;(?SD 9 1.51 1.84 0.65 0.95 0.04 0.24
s 1.98 2.41 0.85 1.24 0.05 0.32
L.S.D gi- 2.26 2.75 0.97 1.42 0.06 0.37
gj 0.05
LSD gi- 2.96 3.61 127 1.87 0.07 0.48
gj 0.01

*and ** refers to significant p< 0.05 and p< 0.01, respectively.

L1,L2 and C refer to shandweel, El-Kharga and
combined across locations, respectively.

SCAXL /SCA was higher than ratio of GCAXL/GCA
for all studied trait. The result indicated that non
additive effect were more influenced by the
environmental condition than additive effect Specific
combining ability was stated by several investigators
to be more sensitive to environmental change than
GCA, (Gilbert, 1958, Fernandez, 1992, Raman et
al., 2012, Menezes et al., 2015, Mohammadi,
2016, Abebe et al.2020, El Hosary 2020,Marisol et
al. 2020, Sedhomet al., 2021 and Turk et al.
2021.

Estimates of GCA effect (g1) for individual
parental genotypes at the combined are presented in
table 2. General combining ability effect computed
here in were found to differ significantly from zero in
all traits. High positive values would be of interest
under all trait in question except plant height where
high negative over would be useful from the breeder
point of view.

The parent No.1 exhibited significant
desirable g, effect for plant height, flag leaf area, grain
yield / pant or feddan and protein%. The parental

genotype (p3) expressed significant negative gi effect
for plant height. It had undesirable gi effect for other
cases.
The parental genotype (p4) exhibited significant
desirable gi for leaves dry weight and grain yield/
plant. Also, it had a boor combines for other traits. The
parental genotypes (ps and P7) expressed significant
desirable gi effect for flag leaf area, leaves dry weight,
grain vyield/ plant and grain vyield/ feddan.
Meanwhile,it gave insignificant negative for other
cases.The parental genotype (p6) behaved as good
combines for flag leaf area, leaves dry weight, grain
yield/ plant and grain yield/ feddan and protin%.
Therefore, the parental pgs could be considered as an
excellent parent in breeding programs towards
releasing high yielding varieties. The parenta no 8 and
9 expressed significant negative, gi effect for plant
height. Moreover, the both parental genotypes p8 and
p9 gave undesirable gi effect for others traits.
Specific combining ability effect of the parental
combinations at the combined analysis are presented
in Table 3. The most desirable inter and intra allelic
interactions were presented by PixPa4, P1xPs, P1xPs,
P1xP7, Po2xP, PzXPg, PzXPgY P3xPy4, P3XP3,P3XP9, P4xP7,
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P4xPo, P5XP7, PsxPs, PsxPg, PeXP7, PexPg and PeXPgiOI'
plant height, P1xP3, P1xPs, P1XPs, P2XP3, PoXPs, P2xPg,
PzXPg, P3xPs, P4XP5,P4XP5, P4xPs, PsxPs, PGXP7, PsxPo,
P7xPg and PyxPgfor flag leaf area; PixPs, P2xPs,
P2XP5, PzXPg, P3XP5, P4XP5Y P4XP6, P4XP3, P.xPg
andP7xPg, for leaves dry weight; PixPs P2XP3 P2xPs
andP4xPs for grain yield / plant and grain yield/ feddan

exhibited significant positive Sij effects. These

crosses may be prime importance in breeding
programmers either towards hybrid sorghum
production or traditional breeding for high yielding
which involved the good combiners for the traits in
view. In these crosses showing specific combining

ability-involving only one good combiner such
combinations would show desirable transgressive
sigregates, providing that the additive genetic system
present in the good combines as well as the
complementary and epistatic effect present in the
cross, act in the same direction to reduce undesirable
plant characteristics and maximize the character in
view. Therefore, The previous crosses might be of
prime importance in breeding program for traditional
breeding procedures. In most traits, the values of SCA
effect were mostly different from location to another.
This finding coincided with that reached above were
significant SCA by locations mean squares were
detected in Table (1).

Table 3. Estimates of specific combining ability effects of all parental combinations for all studied traits across

two locations.

Plant height  Flag leaf area Leaves dry Grain yield/ Grain yield/ Proti
Cross (cm) (cm2) weight (g) plant (g) feddan (ton) n%
P1xP2 55* 3.37 -10.21 ** -2.47 -35.53 ** 0.2
P1xP3 20.75 ** 54.14 ** 3.90* 11.12 ** 49,57 ** 0.57
P1xP4 -16.45 ** -15.42 ** -2.83 5.49 ** -207.94 ** -0.07
P1xP5 -14.68 ** 18.28 ** -0.12 6.06 ** -118.43 ** 0.22
P1xP6 -21.89 ** -7.27 * -5.56 * 9.85 ** -53.55 ** -0.47
P1xP7 -28.72 ** -12.62 ** -11.68 ** -2.91 -227.93 ** -0.35
P1xP8 2.17 6.44 * -0.92 -5.73 ** 246.47 ** 0.26
P1xP9 -0.44 -14.19 ** 2.96 -5.06 ** 260.13 ** 0.23
P2xP3 45.4 ** 103.87 ** 30.59 ** 17.82 ** 513.6 ** 1;24
P2xP4 -4.72 -1.19 -3.37 -1.96 12.75 ** -0.13
P2xP5 28.96 ** 81.67 ** 11.06 ** 5.09 ** 270.1 ** 1,;16
P2xP6 2.51 52.46 ** 2.45 39.48 ** 0.02
P2xP7 -25.54 ** -53.56 ** -9.24 ** -5.48 ** -187.9 ** 1*,?:6
P2xP8 -7.6 ** 11 ** 8.16 * -3.16 * -22.67 ** 0.51
P2xP9 -29.57 ** -75.8 ** -12.03 ** -5.37 ** -237.5 ** '0;86
P3xP4 -24.13 ** -48.59 ** -12.04 ** -8.52 ** -199.14 ** -0.69
P3xP5 -2.34 -86.72 ** 9.02 ** 231 91.88 ** -0.76
P3xP6 17.4 ** 72.23 ** 1.35 4,97 ** 94.09 ** 0
P3xP7 -0.06 -1.28 -6.12 * -4.42 ** -11.79 ** 0.33
P3xP8 -13.54 ** -32.56 ** -6.43 * -3.75 * -121.9 ** 1*f8
P3xP9 -9.64 ** -17.36 ** -3.38 -3.74 * -83.06 ** 0.21
P4xP5 41.67 ** 57.05 ** 12.56 ** 5.17 ** 342.53 ** 2,;22
P4xP6 26.52 ** 45.67 ** 6.64 ** 0.48 192.74 ** 12
P4xP7 -13.34 ** -77.68 ** 0.82 0.97 -115.47 ** _0;(88
P4xP8 2.95 45,72 ** 8.52 ** 5.08 ** 36.25 ** -0.43
P4xP9 -8.29 ** -2.25 -1.55 0.21 -57.41 ** 1*18
P5xP6 -0.36 30.53 ** -0.48 -3.26 * -40.25 ** 0.02
P5XP7 30.83%%  -102.48 ** 9.14 ** 6.04 * 28012+ L34
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136
P5XPS 220.84%%  -18.92 ** 112,91 ** 3.34% -215.73 ** L3
P5XPY A264%% 22,89 ** -6.86 * -4.66 ** -104.4 ** -0.59
P6XP7 5.61* 38.81 ** 033 -1.88 50.41 ** 027
P6XPS 22.12% 38 379 * 379 % 11018 ** 057
P6XPY 851 * 10.4 ** 211 252 73.85 ** 072
P7xP8 20.83*%%  54.35%* 9.76 ** 5.89 ** 260.77 +% =19
P7xP9 2558 ** 25.88 ** 416 ** 3.42 % 2171 ** 0.9*
P8Xp9 14.34 %% -35.06 * 4.91* 2.24 1164 ** 0.72
-
J!SSD5 (s 6.35 5.88 3.14 3.04 0.12 0.78
o
J!SSDl (s 4.82 7.75 414 4 0.16 1.03
v
J";E)S (s 21.72 35.94 4.48 0.18 1.15
v
j"_ilt))l (s 28.62 47.36 12.12 5.9 0.23 1.52

*and ** refers to significant p< 0.05 and p< 0.01, respectively.
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