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ABSTRACT

Five cms lines of grain sorghum and 5 restorers of variable tolerance to drought
were crossed in 1999 season to make 25 F;-s. In 2000 season, parents and crosses were
evaluated in field experiments at two locations (Assiut and Shandaweel) under full
irrigation (control),water stress at preflowering ((352) and postflowering (GS3) stages. The
objectives were to study heterosis , combining ability, type of gene action and heritability
for some vicld and agronomic attributes under different drought stress conditions. Average
heterobeltiosis was at maximum for plant height followed by grain yield /plant under both
stress and non-stress conditions. Heterobeltiosis for grain yield in the cross (A-88006 x R-
89022) was 47.5 and 92.7 % under stress at GS2 and GS3, respectively. The restorers V-
112 and R-9001! and the cms lines B-1 and B-102 were the best general combiners for
grain yield under siressed and non-stressed conditions. The crosses A-37 X V-112, A-37 X
RTX82BDM499 under all soil moisture regimes, A-88005 x R-90011 under control and
stress at GS3 and A-88006 X R-90011 under control and stress at GS2 had the most
favourable SCA effects for grain yield. Additive (5°, ) variance was appreciably larger than
dominance (3° , ) variance for all studied traits under all irrigation treatments, excepl plant
height under stress at GS3, where the opposite was true. Overdominance (a >1) was noled
for leaf area under all immigation regimes and plant height under stress at GS3, complete
dominance (a=1) for grain yield under stress at GS2 and GS3 and partial dominance for
50% flowering under all soil-moisture regimes, plant height and grains/panicle under
control and stress at GS2, 1000-grain weight under comirol and stress at GS3 and grain
yield under control. No dominance was shown by 1000-grain weight under stress at GS2
and grains/panicle under stress at GS3. Heritability in the narrow sense was higher under
control than under stress conditions for all studied traits, except 1000 — grain weight . The
highest genetic advance from selection could be obtained through selection under optimum
irrigation conditions for grain vicld /plant (29.8 %), selection under stress conditions at
(GS2 stage for plant height (31.2 %) and selection under stress at GS3 for grains/panicie
(40.6 %) , 1000-grain weight (22.2 %) and leaf arca (14.4 %).

Key words: Grain sorghum, Heterosis ,Combining ability ,Heritability ,Selection
gain Drought stress.

INTRODUCTION

Attempts have been made to improve the drought tolerance of grain
sorghum cultivars, i.e to develop new cultivars of high and stable yield
under low soil-moisture conditions. However the problem has been to



conduct an efficient breeding program for such a complicated character.
Several investigators studied individual characters of direct relation to
drought tolerance in grain sorghum. They recommended growing of hybrids
under soil moisture stress, because they exhibit heterosis (Hoffmann et
al1984, Blum et al 1990,1992, Khizzah er al/ 1995 and Oosterom et al
1996.) Identifying the genetic behavior of traits that contribute to drought
tolerance in grain sorghum is important pre-requisite for a successful
breeding programme to improve drought tolerance. Reviewing the literature
showed that previous studies on the inheritance of traits related to drought
tolerance in grain sorghum were very scarce (Khizzah er a/1995, Al-Naggar
ei all999) The delay by plant breeders to incorporate drought stress
tolerance into breeding programs is related to the huge task of accurate
testing the genetic control of this character Therefore, this investigation
aimed at estimating heterosis, variances and effects due to general (GCA)
and specific (SCA) combining ability , type of gene action, heritability and
predicted genstic advance from selection for some agronomic and yield
attributes under water-stress and non-stress conditions.

MATERIALS AND METHODS

Twentv-five F|fertile hybrids were made in 1999 between 5 restorer
(R) lines and 5 cytoplasmic male sterile (cms) lines. Parents varied in their
drought tolerance (based on previous field experiments). The tolerant
parents consisted of 3 restorer lines (R-89016, R-90011 and V-112) and one
cms line (B-102). The susceptible lines consisted of 2 restorers (R-89022
and RTX82BDM499) and 4 cms lines (B-1, B-37, B-88005 and B-88006).
In the 2000 season, two field experiments were conducted on the 1 ¥ of July
at the Agric. Res. Station of Assiut University (Assiut Governorate) and on
the 3 ™ of July at Shandaweel Agric. Res. Station, FCRI, ARC (Sohag
Governorate) to evaluate the 35 genotypes (10 parental lines and their 25 F,
fertile hybrids) under three watering regimes, i.e. pre- flowering drought
stress (GS2) (by withholding irrigation for 30 days from panicle initiation to
anthesis) , post- flowering drought stress (GS3) (by withholding irrigation
for 40 days from anthesis to maturity) and normal irrigation schedule
{control) .

A split- plot design with three replications was used where the three
irrigation treatments were allotted to the main plots and the 35 genotypes to
sub plots. Each sub- plot consisted of one row of 5 m long and 70 cm wide
with a total area of 3.5 square meters. Sowing was done in hills 20 cm apart
along the ridges. Hills were thinned to two plants per hill after 20 days from
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sowing and before the first irrigation. Pest control and other agricultural
practices were done as recommended.

All measurements were the average of 5 guarded plants taken
randomly from each plot after heading (at the end of stress period) or at
harvest time, except for days to mid- bloom (50% flowering), which was
measured on a plot basis. Data were collected for days to mid-bloom, piant
height from soil surface to the top of the panicle, leaf area (LA) (LA = leaf
length x leaf width x 0.75) using the 6 ¢4 leaf from the top, 1000- grain
weight, number of grains / panicle and grain yield / plant.

Data of each location and data combined over locations in absolute
and relative values were subjectcd to a regular analysis of variance of a split
plot design according to Steel and Torrie (1980). The sum of squares for
genotypes was partitioned into components due to parents, F; hybrids and
parents vs. Fy hybrids. Mean squares of the genotypes X environment
interaction from the combined analysis (environment was considered either
locations, water stress treatments, or their interactions) were also partitioned
into components involving parents, F;'s and parents vs. Fy's with
environment. Line X tester analysis (Kempthorne 1957) was done for each
irrigation regime to estimate general and specific combining ability of the
tested females and males and various types of gene effects and their
interactions with locations. The expected mean squares are based on the
assumption that both parents and environments effects are random, so
estimates of the components of genetic variances are interpreted relative to a
base reference population and how they interact with environments
(Hallauer and Miranda 1981).

Average degree of dominance a was calculated from the following
equation a = {2629 /1824 ):’/2 _where 8% pand 8% 4 are dominance and additive
variances, respectively. The estimates of average degree of dominance a
were used to determine the type of dominance, as follows:a = 0 indicates no
dominance ,a< = 1 indicates positive or negative partial dominance.a = +
1 indicates positive or negative complete dominance anda >+ 1 indicates
positive or negative overdominance. Narrow-sense heritability (h’,) was
calculated according to Hallauer and Miranda (1981) .Genetic advance
(GA) from direct selection was calculated according to Becker (1984 )
using a 10 % selection intensity.
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RESULTS AND DISCUSSION

Heterosis
The contrast between parents and crosses (ANOVA data not

presented) was significant for most traits suggesting significant non-additive
gene effect (heterosis). The heterosis x location interaction was significant
for most traits, suggesting that the expression of heterosis was not stable
across the two locations. The exceptions were days to 50 % flowering and
1000-grain weight where heterosis was stable across locations. The
heterosis x irrigation treatment interaction was significant for most traits,
suggesting that the expression of heterosis was not stable among irrigation
treatments.

The expression of useful heterosis (heterobeltiosis) i.e the degree of
superiority of the F, over the better parents, averaged over locations differed
for the different studied traits (Table 1). Average heterobeltiosis across all
crosses ranged from —0.36 % for days to 50% flowering to 56.1 % for plant
height under control, from -1.9 % for leaf area to 61.7 % for plant height
under stress at GS2 and from —3.69 % for leaf areato 61.7 % for plant
height under stress at (GS3 stage. Plant height showed maximum
heterobeltiosis under all soil moisture regimes, followed by grain yield
(204, 200 and 24.6 %) under control, stress at GS2 and stress at GS3,
respectively.

Significant negative heterosis for days to 50 % flowering (earliness)
is observed for 13, 9 and 11 hybrids tested under normal irrigation, water
stress at GS2 and stress at GS3, respectively, indicating that these hybrids
were earlier than the earliest parent. The crosses tested under full irrigation
exhibited heterobeltiosis values for 50 % flowering ranging from 4.3 %
{A-102 X R-89016) to 5.6 % (A-37 X R-89016). When the crosses were
tested under water stress at GS2 they exhibited heterosis values ranging
from -54 % (A-1 XR-90011)to 7.5 % (A-37 X RTX82BDM499), while
under stress at GS3 they showed heterosis estimates ranging from —1.6 %
for (A-102 X RTX82BDM499) to 5.4 % (A-102 X R-89022).

For plant height, all hybrids showed positive heterobeltiosis
indicating that these hybrids are taller than the tallest parent. Significant and
positive heterosis is manifested in 25, 24 and 25 crosses tested under
control, stress at GS2 and stress at GS3, respectively. Range of
heterobeltiosis for plant height was from 13.4 % (A-102 X R-89022) to 100
% (A-37 X V-112) in the contrcl treatment, from 0.79 % (A-102 X R-
93011) to 115.8 % (A-102 X V-112 ) under water stress at GS2 and from
22.9 % (A-1 X RTX82BDM499) to 161.5 % (A-102 X R-89022) under
water stress at GS3 stage
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Table 1. Estimates of heterobeltiosis in sorghum F, crosses tested under thiree
irrigation regimes over two locations in 2000.
Crosses Cont. GS2 GS3  Cont. GS82 GS3  Cont. GS2 GSR3
Days te 30% flowering Plant height Leaf area
1 A-1 X R-890106 0. 268 " 66.0%% 649 FQR T4me 367 -9.0%+
7 A1 X R-§9022 1.4 4.0 140 330 B 2a3n %) 28 0.60
3 A XR-9001 L 4% L 63.4*  Si6tn 8614 09 .64 X
4 AX Va2 14+ 2.6 0.0 GR.7%%  S6TAM ABEee 11.6%* 0.8 3.8%<
5 AIXRTX 0.0 45 0.0 4bas 9Ees 22.9%% 1267 2204 _18.0ee
& A-ITXR89016 5.6%* 13+ 4254 F7.0%% 33.0%% 941 219%  22.3es  apger
7 A37TNR-89022 2,84 1.6%+ 4200 46344 18G%% 35.0% 53= 1.8 2
A A.37 X R-900%1 254 404 420 66.1%%  3uqes 5RT 437 5.8%e 5028
9 AN VIR 144 1.3+ T 100+ 95.d4x 994" 76m= 2.9 50+
M A-37XRTX 31 757" 464 S0&mT 47300 448 L 0.0 5.0
11 A-102X R890L6  -4.37> 13+ A 3224 564 33gt* 198 L172A% 0 2L
12 o102 XR-89022 040 §.3x Sars L%t 4780 16L.0°% 17 35n 016
13 A-102X R-9001%  .2.8%* 1.3+ 4= 305 079 48.4% 00 16 2.4
14 A-182X V112 -4 0.0 14n 63.7*% 113870 TR4 2674 3.5 4.04n
15 A-T02XRTX 2% 1.5 -L6* 50544 3684 32344 7.6%% 3.6* 3.2%
16 A-38008 X R-89016  -2.8** 0.0 0.0 5557 388%r 4867 1260 1134 1708+
17 A-38005 X R-B9M22  1.4° 2.7 1.4 SE.E% SRIae SBEAe _42as 6.4% 9.7
18 ABBUUSX R-90017  1.4¢ 1.3+ o G5.8%% 60.94% G754 107 .01 3.3+
19 A-8800SX Vo112 -1.4* .0 pA 77T LA 8374 27 BB Gaen
20 A-8800SX RTX 1.5 1.5% 1.8 BLE**  263%  EX1er 09 5,342 794
21 A-B¥D06 X R-890I6 0.0 SN 1.3 338=  SR1e 36.0%: 4.3 627+ 47
22 A-BBO0AN R-89NZY 2.7%e -39es 140 698" 119.2*  #2.3%- 300 2.3 SFLE
23 A-88006X R-90011 -1.4* -1.34 1.4 5075 T4E B4 Ga 60" 6.0 v.8
24 AS8006X V-1)2 B4 0.0 4027 90475 122.4%F  106%* 103 3.6% 0.3
25 A-88006 X RTX -3 450 0.0 S0.EN 32640 43R 400 S LD YT
Average -0.36 0.4 .66 6.1 552 61.7 0.2 1.5 369
Crosses No. grains/panicle 1000 grain weight Grain vield/plant
1 A-J X R8%016 10.2%%  32.2%+  132**  233*% 1204 0.0 30.0%% 187 214"
T A1 XR-89022 45.6% .78 30.2%¢ 20%% 148 2134 GA0RF 137 BAgAs
3 A TN RO 23 BN LIS TE °.6% 12.64% K] JEEe 23RN 3700
4 AIAMAIR2 39500 8804 dn8n 22 -7.5 7.2k 46,77 44E% S4dn
5 A IXRIX 9.2 73 Y 1835 1638 1g0%% 74 IR 15 gea
& A-37X R8MI6 204~ 17.6%%  -i§= 34 0.8 23 TLdrs B8 4.3%
7 A 37X R-89922 9.4 0.8 597 5.8 R R L L T AL
8 A-37X R-90011 7.1 6.4 34 A73%% 172 2LA** 28T 326%% 3l
5 A3TX V112 0.0 26 0.43 148% 9.4+ 13255 12.8%% 2244 237
1 AJTNRIX 187 88 16%* 7.0 -8as 42,775 185 37 -1
11 A-102XR-89016 66 300% .16 -5 0.8 72 13 208** 1564
17 A-I0Z X R-§902Z  21%+ 2500 17 BTy 29 16640 277 0.40 310
13 A NROMGIL 158 05 118 90+ SIRBAN B9 A4SFr 320 dBEM
19 A-102X V-112 19.50r  §38=c 9 13425 8.3 14.8% 373+ 21S 460
15 A-ID2XRTX -6.2 5.0 2.8 2.6 33 -2:0 50 540 860
16 A-88005 X R-90T6  -14* 1975 .j1%a 08 1.6 1.7 33 158 03
17 A-BBOOS N R-89422  16.5* 1.3 1234 23 48 0.8 35640 [L7 328
18 A-BB00S N R-OVIIE 14+ N 1444 A8 1TEtt 143 118%% 203t 2107
19 A-BR00SX V.112 .14 2.4 13+ 18244 2.6 108~ 1.4 38 -B.67*
20 A-HBOOS X RTN L0 22.0%0 200+ 27 33 0.8 17,54 42 38
21 A-88006 X R-B%1G -9.5* 10,7+ 1137 0.0 4.5 1o 16 1.6 8.0+
22 A-88006 N R-89022 2h4*r 100 2054 2465 103 196 58 4784 92.7es
23 AS8006NXR-90011 01 1.0%* 6.8 6.6 -6.7 AL0%r 281 154 26.0%*
24 ABS006X V-112  14n 36 6.8 14.8%0 53 15670 1074 6% 12,84+
25 A-88006 X RTX 1.6 10.6* 1.5 1.6 3.6 1284 Q30 28.00% 4924
Average 1.5 33 1.1 3.61 -5.258 1.4 20.4 20.0 246




For leaf area, significant positive heterobeltiosis was exhibited in 15,
8 and 8 crosses under control, water stress at GS2 and at GS3 reslaf:ctiv@II

The number of hybrids was 7, 7 and 12 under control, water stress at GS2
and at GS3, respectively which showed sigmficant negative heterosis for LA
Range of heterobeltiosis for LA was from -21.9 % (A-37 X R-89016) to
11.6 % (A-1 X V-112) under control, from -22.3 % (A-37 X R-89016) to
11.3 % (A-88005 X R-89016) under stress at GS2 and from—26.0 % (A-37 X
R-89016) to 10.2 % {A-37 X R-90011} under stress at GS3.

For 1000-grain weight significant positive heterobeltiosis values
were shown by 9, 7 and S crosses under control, water stress at GS2 and at
GS3, respectively. On the other hand 4, 6 and 8 crosses showed significant
negative heterobeltiosis for 1000-grain weight under respective soil
moisture regimes. Ranges were from —17.3 % (A-37 X R-90011)to 24 6%
(A-88006 X R-89022) under control, from ~17.6 % (A-88005 X R-90011)
to 16.5 % (A-1 X RTX -82 BDM-499) under water stress at G52 and from -
22.1 % (A-37 X R-90011) to 21.3 % (A-1 X R-89022) under stress at GS3.
The hybrids A-1 X R-89022, A-1 X RTX82BDM499 and A-88006 X R-
89022 exhibited significantly positive (favourable) heterobeltiosis for grain
weight under stress at both GS2 and GS83 stages, indicating that these
hybrids can develop heavier grains than the best parent.

Regarding number of grains per panicle, 11, 16 and 10 crosses
exhibited positive (favourable) heterobeltiosis, out of them 8, 10 and 8
crosses showed significance for heterobeltiosis under control, stress at GS2
and stress at (GS3, respectively. On the other hand, 13, 9 and 14 crosses
exhibited negative heterobeltiosis, outof them 8, 5 and 10 crosses showed
significance for heterobeltiosis under control, GS2 and GS3, respectively.
It’s interesting to mention that a broad range was observed for
heterobeltiosis manifested in this trait among crosses. This range was from —
31.4 % (A-88005 x RTX82BDM499) to 45.6 % (A-1 X R-89022) under
control, from -24.6 % (A-102 X R-89022)t0 57.9 % (A-1 X V-112) under
stress at GS2 and from -29.2 % (A-88005 X RTX82BDM499) to 46.8 %
(A-1 X V-112) under stress at GS3. The later cross exhibited the greatest
(favourable) heterobeltiosis for grains/panicle under water stress at both
GS2 and GS3.

With respect to grain vyield, all the hybrids showed positive
heterobeltiosis, under control and stress at GS2 stage, out of them 17 and 20
crosses exhibited significant heterobeltiosis values under the same soil
moisture regimes, respectively. While under stress at GS3 19 crosses
showed significant and positive heterobeltiosis values and only 2 crosses
had significant negative heterobeltiosis for grain yield under stress at GS3.
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The range of heterobeltiosis for grain yield was from 0.7 % (A-
88006 X RTX82BDM499) to 64.0 % (A-1 X R-89022) under control, from
0.4 % (A-102 X R-89022)to 47.5 % (A-88006 X R-89022) under stress at
GS2 and from -8.6 % {A-102 X RTX82BDM499) to 92 7 % (A-88006 X R-
89022) under stress at GS3.

In general, significant favourable heterosis above the better parent in
this study was manifested in some hybrids for all studied traits. The
existence of heterosis for different characters in grain sorghum crosses
developed under either control or water stress conditions had been
demonstrated by several authors. Blum (1970) found that heterosis in
grain sorghum developed under drought conditions was manifested in
earliness and piant height. Blum et al (1992) reported that sorghum hybrids
subjected to drought stress were earlier compared with open-pollinated
cultivars. El-Bakry (1998) found that grain sorghum hybrids were earlier
and taller than their better parents.

Heterosis for leaf area per plant, leaf area index or leaf number per
plant was not clearly seen by Blum (1970) and Blum ez al (1990), whereas it
was evident during the pre-heading stages in other studies (Gibson and
Schertz 1977). El-Bakry (1998) reported that grain sorghum hybrids had
smaller leaf area of the third leaf from the top of the plant than parents.
Oosterom ef al (1996) reported that the expression of heterosis for non-
senescence as related to the stay-green trait was stable across experiments.

Blum (1970) found that heterosis in grain sorghum developed under
drought conditions was manifested in number of kernels/panicle. Blum er al
(1992) found that although sorghum hybrids subjected to drought stress
produced more grains compared with open-pollinated cultivars, cultivars
were less affected by water stress than hybrids. They attributed that to the
superior physiological resistance to drought stress of these cultivars. Blum
et al (1990) reported that significant heterosis was found for biomass, grain
yield per plant and grain number per panicle. No heterosis occurred for
harvest index, indicating that heterosis in grain yield was due to heterosis in
biomass.

Results of heterosis in this study showed that some grain sorghum
hybrids were earlier, taller, had heavier grains and higher grain yield than

their respective parental lines under control as well as drought stress
conditions.

Analysis of variance

Mean squares of the 25 hybrids tested under each soil moisture
regime were partitioned into males, females and male X female components
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(Table 2)_.Und§r all soil moisture regimes, mean squares due to males and
females in their respective crosses showed highly significant differences for
most traits evaluated, indicating that estimates of GCA effects were

significant (P < 0.01) for both parental males and females for all traits.

Contribution of the variation due to females to the total variation was
greater than the contribution of the variation due to males for all traits .
Mean squares due to females were greater than mean squares due to males
by many folds ranging from 141 (grain yield) to 14.3 folds (50 %
flowering) under control, from4.0 ( plant height) to 41.7 folds (50 %
flowering) under stress at GS2 and from 2.3 (grains/panicle) to 27.3 folds
(50 % flowering) under stress at GS3. This indicates that most of the total
GCA variance was due to the females GCA variance.

Variation due to male x female interaction was also highly
significant for all studied traits. This suggests that SCA effects were
significant at the 0.01 level under all soil moisture conditions. Similarly,
when hybrids X locations interaction mean squares (Table 2) were
partitioned, highly significant male X locatton interactions were detected for
most traits, indicating that GCA effects for males interacted significantly
with locations at 0.01 level. The exceptions were plant height under control
and 1000-grain weight under control and stress at GS2 where males did not
interact significantly with locations.

Females X locations interactions were highly significant for all traits
except for days to 50 % flowering under control (Table 2). This indicates
that GCA effects of females interacted differently with locations. The
interaction of males X females X locations was significant for all traits,
under all soil moisture regimes. This reveals that the crosses between males
x females (SCA effects) behaved somewhat differently from location to
location for all traits under all irrigation regimes.

General combining ability effects

Estimates of GCA effects obtained from the males and femaies in
their crosses evaluated under each soil moisture regime are presented in
Table (3). Concerning days to 50 % flowering GCA effects of the lines V-
112 (male) and B-88006 (female) were negative {favourable) and significant
under all soil moisture regimes. Positive GCA effects for flowering indicate
a parental effect for hybrid lateness, while the negative GCA effects indicate
hybrid earliness.
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Table 2. Mean squares from combined analysis of variance for males, females,
males X females and their interactions with locations under three soil

moisture regimes in 2000,

Source Mean squares

of ar Daysto Plant Leaf 1000 Grains/  Grain

. 0% height area grain panicle  yield/
varation flowering weight plant

Control
Males (M) 4 225 53588 42096**  17.1** 3409462*% 2598+
Females(F) 4 367.9% 26401**  91S81** 2328+ 7362462**  3663%*
MxF 16 10.0% 1500.9%%  16930%* 222+ 934353%%  TE5en
MXL! 4 45 39 194.7% 6% 280151+  127%»
FXL' 4 1M 24.0%*,  8304**  76.6* 468998  9g2*»
MXFXL 16 2.8 5694+ 3058%* 131 574097+ 442%*
Error 96  0.64 6.2 52.4 3.1 74336 20.1
Stress at GS2
Males (M) 4 B4 SS73.5%% 213324+ 9.2 695260* 407~
Females(F) 4 350.4% 22431%* 96040+ 165.4%% 5237262+ 1867%"
MxF 16 14.6% 2007%* 18278%% 11.4%* §75936%+ 373
MXL! 4 42 40124 T132% 0.8 4749455+ 174%
FXL' 4 33 111.6**  1807** 35.5%n 6666317 167**
MXFX1! 16 3.0+= 234.3%%  2868** 1474 562998+ 202+
Error 9 0.5 86 359 1.8 37643 5.1
Stress at GS3

Males (M) 4 15.0%% 5668.2%* 30210%* 5.5 4142151%*  1254%+
Females(F) 4 40924 24919+* 103119**  251%» 9670522**  3931*»
MxF 16 15.8%* 1786.6%* 17368+ 22.7%% 134144%%  618**
MXL' 4 1505+ 3332+ 104424+ 243+ 424483%% 367
FXL! 4 32%n 32454+ 1421%* 37.4%+ BI8344**  1032**
MXFXL' 16 4.2~ 128.9%% 33132+ 20.8** B47824*% 2947
Error 96 0.5 63 454.3 0.7 39417 9.6

=, ** significant at 0.05 and 0.01 probability levels , respectively.

L' = Locations

Regarding the estimates of GCA effects for plant height, the lines R-90011,
V-112 and RTX82BDM499 (as males) and B-102 and B-88005 (as females)
showed positive and significant GCA effects, while R-89016 (male) and B-
1, B-37 and B-88006 (females) showed significant and negative GCA
effects under all soil moisture regimes. The highest positive GCA effect
under all treatments was obtained from the female B-88005, while the
lowest negative GCA effect was shown by the female B-88006. This
indicates that the line B-88005 played an important role in increasing the
height of all crosses involved and the line B-88006 is important for
decreasing the plant height of the crosses.
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Table 3.

General combining ability effects of 5 males an

d 5 femate i f orai
sorghum combined over ale lines of grain

Assiut and Shandaweel locations for all studied

traits in 2000 season.
F L TELR S TR R0 00 e or s 101111ttt
Parental lime Cont. GS2 GS3 GS82 G83 Cont. GS2 GS3
) Days to 50%heading Plant height Leaf area
Maies:
ICSR-£9016 0.4%* -0.3* 0.3 S22.0%% 0 210%F 0 J22.0%F 0 940%F 030 1.1
ICSR-89022 1.2%* 0.60** 0.9*% 0.60 420%*  0.60 B70%*  -13.7%¢ 63
ICSR-90011 -0.9%* 0.020 0.1 2.10 % 750%+  370%*  278%* 7.80%* 28
[C8V-112 0.6% 0T -0.9% 5.60 %% 270 %+ 1.80¥*  -19.6%*  -32.4%F  40%*
RTX-82BDM  -0.08 0.40%* 0.3 13.8%% 150 % 15.8%* 65.5%* 39 4% 48%»
Females:
1C8B-1 1.6%* 1.5%= 1.7%* -1.1* 5.1%% 5.5 -52.9%% 30 -46%*
IC8SB-37 1.3%* P53 2.0%% <7.2%% 5.1k -7.2¥* 47.7%% 65 8** 62.1%*
ICSB-102 1.4%* 1.4 1.2%+ 9.9+ 4.9%* 8.3** 0.88 1.03 39
ICSB-88005 1.8%* 1.5%* 1.5% 40.2* % 40.7%* 41.9%* G1.8%* 4334 51.4%¢
[CSB-88006 -6.2¥* 6 1% -6.6%* -41.9%# -35.4%% S37.5%+ -57.5%* <71,2%* STEEE
S.E.gi 0.14 0.13 0.46 (.45 0.53 D.45 1.3 3.46 39
3.E.gi-gj 0.19 0.18 0.65 .63 0.75 Q.63 1.84 4.9 3.5
1000 grain weight No. of grains / panicle Grain vield/plant
Males:
ICSR-89016 -(0.05 -0.02 0.3 303 -115 43.5 1.0 0.07 0.1
ICSR-89022 -0.37 -0.42 0.2 S22t 2494 -276%* -5.5 % -0.5%* 57
ICSR~90011 R B -3.0%* -3 1% 794 ¥ 696%¥ 917* 86 %% TF.E 8.1%*
ICSV-112 4.5 ** 3.6%* 4.7%% -69.5 -49.9 -85.7 11.7%# 367 13.3*
RTX-82BDM  -1.01** 025 -l -552 M L3REHE -602%% Sl6.0%r g yx -16%*
Females:
ICSB-1 0.26 -0.10 R R 523 ** 232%% 506%* 14.6%* 5.5% T.1%*
ICSB-37 -1.30** 0.9 %* -1.5%% =139 ** -12.6 -8.2 -1.5 = -2.8%* ~5. e
1C5B-102 -0.07 0.30* 0.4%* 81.8 -6.8 -478 2.5 % 1.3%* 2.1%*
1CSB-88005 0.60%* 0.30 1.4%* -385.4%% -9+ -535%* -8.1 EER ST T
ICSB-88006 0.40 0.20 0.9%* 80.8 -16.2 85.8* -l * -0.6 4,37
S.E.gt 0.30 0.24 0.15 497 354 382 0.82 0.41 0.56
S.E gi-gj 0.43 (.34 0.2 703 50.1 51.2 1.1 (.58 0.80

*,** Significant at 0.05 and 0.01 probability levels, respectively.

For leaf area the male, RTX82BDM499 and the females B-37 and
B-88005 had the highest positive and significant GCA effects under all soil
"moisture regimes, but the male V-112 and the females B-1 and B-88006 had
the highest negative and significant GCA effects, under all soil moisture
regimes.

With regard to 1000-grain weight, the lines V-112 and B-88005
{under all soil moisture regimes), B-102 (under stress at GS2 and GS3) and
B-88006 (under stress at GS3) had positive and significant GCA effects
which would increase grain weight of hybrids. Other lines had either
significant negative or non significant GCA effects on 1000-grain weight.

With respect to number of grains/panicle, the restorer R-90011 and
the cms line B-1 had the highest significant and positive GCA effects
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(favourable) under all soil moisture regimes. But the males R-89022 and
RTX82BDM499 and the females B-88005 had negative and significant
GCA effects under all irrigation treatments.

For grain yield/plant, the male V-112 followed by R-90011 and the
females B-1 and B-102 had positive and significant (favourable) GCA
effects under all irrigation treatments, indicating that they are good general
combiners for yield. The superiority of these lines in GCA effects for grain
yield could be attributed mainly to their superiority in GCA effects for
either 1000-grain weight or number of grains/panicle.

Specific combining ability effects

Estimates of SCA effects for the Fy hybrids tested under the three
moisture regimes are presented in Table (4). The SCA effects for days to 50
% flowering showed that 7, 8 and 3 crosses under control, stress at GS2 and
stress at GS3, respectively had significant and positive values. On the
contrary 8, 10 and 0 crosses had significant negative SCA effects under the
respective moisture regimes. The lowest significant negative (favourable)
SCA effects for daysto 50 % flowering were shown by the cross A-88005
X R-89022 foliowed by A-1 X V-112 under control, A-102 X R-89016 and
A-88006 X R-90011 under stress at GSZ and A-37 X RTX82BDM449 and
A-88006 X R-90011 under stress at GS3.

For plant height, 11, 8 and 12 crosses had positive and significant
SCA effects and 9, 12 and 11 crosses showed negative and significant SCA
effects under control,siress at GSZ and at GS3, respectively. The highest
positive SCA effects were shown by the crosses A-37 X RTX82BDM499,
A-1 X R-89016, A-88005 X R-89022 and A-88005 X R-90011 under all
s0il moisture regimes, A-88005 X RTX82BDM499 under control and stress
at GS3, A-37 X V-112 under stress at both GS2 and GS3 and A-102 X R-
90011 under stress at GS2 stage.

Significant and positive estimates of SCA eftects for leaf area (LA)
were obtained for 11, 12 and 10 crosses under conirol, stress at GS2 and
(GS3, respectively. The highest positive SCA effects were exhibited by the
crosses A-1 X RTX82BDM499, A-1 X R-89016, A-102 X R-89022, A-
88005 X R-89016, A-37 X R-90011, A-88006 X R-90011 and A-88006 X
RTX82BDM499 under all irrigation treatments and A-37 X R-89016, A-
88005 x R-90011 and A-88006 x R-89022 under stress at both GS2 and
GS3.



Table 4. Specific combining ability effects of 25 grain sorghum crosses tested
Pnder J im'ﬁation regimes (Data are combined over two

locations in 2000.
Crosses Cont. GSZ rS3 Cost. GS2 GS3 Cont. GS2 GS3
Days to 50% .
fowering Plant height Leaf area
1-A-1 X R-89016 03 09 01  18%*  274% 248 43.0%%  37.6% 318
2-A-1 X R-89022 13*% 14 02 032 S 110 78.8%* TRS  .B5.6%*
3-A-1 X R-90011 R¥-LLEN ¥ 11 d2ss 35 0.90 AL6* 616" 483"
4A1X V112 13 T 02 -06 12 4.5+ 108~ 20.8** 158
5-A-1X RTX 0.8*+ 0.5 LOZ* 223%% LT.5%* 224" 667 BL.7+* 8624~
6-A-37X R-89016 0704 _0.7*% 0.4 1354 B4 1L 49 28.4%% 253
7-A-37 X R-89022 208 02 01 BAe .2424% 12140 42.1** 630 6.20
8-A-37 X R-99011 1.9%%  3.8a 37 1724+ _12.7%% L186%%  3ILS*  26.7%*  263*
9-A-37X V-112 D30 4% 1.4 59N BT T Tes 323 105 -11.8
10A-37X RTX A0.9%% 1% (1B 32.9%  36.6%% 348" 463 .50.9%¢ .46.1%*
11-A-102 X R-89016 0.9%% _16* 025 34t 66 GE 31 22 135
12-A-102 X R-89022 083 12% 030 050 B4* 20+ FLTAs 21.3%% 352%n
13-A-102 X R-50011 0.6 13 101 49 Bl 594 £5.7%% _A4T73nx 5060+
14-A-102 X V-112 1.9**  15** 040 22+ 21 2.6%* 328%  1.60 17.5%
15-A-102X RTX 202 03 1.0 -102%*  84% (143 .11.8** 38 -15.4
16-A-88005 X R-89016 1.2** 04 0.6 20.7%%  26T** .23.4%* 46.6%%  21.5+%  32.7%+
17-A-88005 X R-85022 2140 0% 16 9des 174 1050 142** 880 3.9
18-A-88005 X R-90011 0.38 0.8 1.0 10.5%  9.70% 1294 -7 36.9% 301
19-A-88005 X V-112 -0.7% 0. 0.6 -13.0%% 2900 138 47 1760 (2334
20-A-88005X RTX L2%* 137 267 K7t 2400 134%t 39.0%% 497+ A4.6%n
21-A-88006 X R-§9016 0.18 114 0.5 127+ 110 3ERA GLE*=  _116%%  -103%n
12-A-88006 X R-89022 LO* 34** 12 -10 2024  2.5* J15.3%% 4204 4814+
23-A-88006 X R-50011 65 1.6 15 24 LS50 .22+ T2O*x 453 33.7%
24-A-88006 X V-112 0.4 09% T g9 g 77w 3.40 5.6 1.70
25-A-88006X RTX LI 081 08 -142%*% 1304 JJLS5e* 30.4%+  22.8%% 199+
S.E. g 0.32 028 102 191 12 192 29 7.7 8.7
S.E sy_six 0.45 0.3% 14 143 1.7 1.4 4.3 10.8 123
10010 grain weipht Gruins/panicle Grain yield /plant
1- A1 X R-89016 15+ o0l 0.8 104 360 320* 7.5 18% 20
2- A-1X R-89022 08 0.4 1.47% 263~ 894  -411*~  .3.8% 040  2.7*
3- A-1 X R-90011 0B 08 0.5% 335 18634 235%+ 44 238 27
4+ A-1X V112 03 07 0.4%~ 162 1420 620 4.2+ 554 2.4
5 A-IXRTX -1.8*% 0.4 0.5 304 -2425% 206*+ 34 58%n g5
6 A-37 X R-89016 18 0.6 1.2%*% 267.8% -318**  170.3* 18 58%  7.5%e
7- A-37 X R-89022 -0 -18% L1Tne 300 3104 108 28 -1.40 36
8- A-37 X R-90011 1.9 0.4 2.0% _E57TY EI43NN TIEAN 264 %  _1324% 2454+
9-A 37X V-112 2.0 0.3 0.1 407 334.0%* 328.4**  10.Q%% B9ax  Tg**
10- A-37X RTX 437 13= 32 202 398.0%% 2164 1747 1167 12.8%+
11- A-102 X R-89016 1.2 11 0.4% 9= 454,40 242 S1.38r 67 47
12- A-102 X R-89022 08 02 L0 308%% Q254" $48.4°* 18 6.8%% 424+
13- A-102 X R-90011 05 .04 1.7°% 419%% 2007 124 12955 2.7%n  Q4mx
14- A 102X V112 2.7% 83 .5~ 253= 438 394 .60 060  -0.02
13- A-F02X RTX 21 001 06 25 2155 390.8+ 0.9 35%e 89
16- A-88005 X R-89016 2.7 27 267 43Ten TR44nr B16.67" Sax 12.3%% 54>
17- A-88005 X R-§89922 PR LI LI &SI | | 2848 273 S1~ 030 0.50
18- A.88005 X R-50011 02 o8 01 301* 224 4133+ 96 180" 11.5*»
19- A-B8005 X V-112 0.4 12" 0.6 <1955 -22f.4%" -254% 5.6% 907" 9B
20- A-88005X RTX 03 03 0.8%* -501.4°* 256.3%* .403%*  -14.8%n _55An 76w
21- A-88006 X R-89016 0.9 0.8 1.7R% 350 7%* 151 TGS TG 2.1+ -10.34=
221- A-88006 X R-85022 07 LL1r G 160 16240 1244 03 $4** 15
23- A-88006 X R-90011 1.8** 0.9 1.4*% 1707 169.7% 47 PR LL] G.3% 0.80
24- A-88006 X V-112 03 05 0.6%* 1206 -308.4*% -96.7 21 60% 030
25- A-BB006X RTX L2312 2.8%% 2037%% 3163%% T8d*= 1.7 3.0%% 8.2

* ** Significant at §.05 and 0.01 probability levels, respectively.
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For 1000-grain weight 5, 3 and 11 crosses showed significant
positive SCA effects while 6, 5 and 12 crosses showed significant negative
SCA effects under control, stress at GS2 and at GS3, respectively. The
highest positive (favourable) SCA effects for grain weight was shown for
the crosses A-88005 X R-89022, A-37 X RTX82BDM499 under all
irrigation treatments and A-102 X RTX82BDM499 under control.

Estimates of SCA effects for number of grains/panicle were positive
and significant in 7, 8 and 9 crosses and negative and significant in 6, 10
and 9 crosses under control, stress at (GS2 and at GS3, respectively. The
highest positive SCA effects were obtained from A-37 X V-112, A-102 X
R-89022, A-88005 X R-89016 and A-88006 X RTX82BDM499 under all
irrigation treatments, A-102 X R-90011 under control, A-37 X RTX82
BDM499 under stress at GS2 and A-88005 X R-90011 under stress at GS3.

With respect to grain yield, SCA effects were significant and
positive for 9, 11 and 9 crosses and significant and negative for 8, 10 and 9
crosses under control, stress at (GS2 and stress at G83, respectively. The
highest SCA effects for grain yield were obtained for the crosses A-37 X V-
112 and A-37 X RTX82BDM499 under all soil moisture regimes, A-37 X
V-112 and A-88005 X R-90011 under control and stress at GS3, and A-
88006 X R-90011 under control and stress at GS2.

It is interesting to report that under any soil moisture regime the
supenority of a hybrid regarding its SCA effect for grain yield was due to its
superiority in SCA effects for one or more yield components.

Components of genetic variance

Variance components estimates (Table 5) were appreciably larger
for additive (c°») than for dominance (c°p) variance for all the six studied
traits under all irrigation regimes except for plant height under stress at GS3.
Moreover, the magnitude of interaction variance for o’ p X locations was
markedly higher than for o’s X locations for most traits under all soil
moisture regimes, indicating that dominance types of gene action was more
affected by environment than additive types. These results are in agreement
with those obtained by Chhina and Phul (1988) who reported that non-
additive gene action was thought to be of major importance in the
inheritance of grain yield and its components under irrigated and limited
irrigation environments.

Degree of dominance a (Table 5) was partial (a < 1) under all soil-
moisture regimes for 50 % flowering, under control and stress at GS2 for
plant height and grains/panicle and under control and stress at GS3 for
1000-grain weight. Moreover, partial dominance was also exhibited for
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Table 5. Estimates of additive (37 A) and dominance (5 > D) variance, their interactions with
locations, degree of dominance a , heritability (b%) and selection gain (GA) for
characters of grain sorghum hybrids under each soil moisture regime in the

2000 season.
B Variance Days to Plant Leafarea 1000-grain  Grains/ Grain
components 50% height weight panicle yield/
flowering Plant
Control
A 12.36 961.6 3313.5 495 310075 183.6
§'p 1.2 242.0 2771 1.5 6004 53.8
5 AxL 0.0 -9.2 276 3.76 -26603 57.0
s DxL 0.72 16.9 84.4 33 166587 140.6
5% 0.1 1.03 8.7 0.5 1239 3.35
a 0.41 0.71 1.29 0.78 6.20 0.77
h? (n) 88.2 79.6 53.9 475 77.4 540
GA(%a) 8.7 284 12.8 151 31.3 29.8
Stress at GS2
5T A 10.9 798.1 2586.6 4.79 138835 53.06
5D 2.0 295.4 2568 0.5 52156 28.3
5% Ax L 0.08 29 213.5 0.5 1038.6 4.1
8’DxL 0.86 75.2 836 4.8 175118  65.6
52 ¢ 0.08 14 59.8 0.05 6274 0.85
a 0.61 0.86 1.41 0.0 0.28 1.04
h? () 81.0 70.4 451 64.0 48.7 46.1
GA(%) 7.8 31.2 12.8 16.2 235 19.8
Stress at GS3
82A 127 245.3 3111.4 7.8 466573 104.5
8D 2.0 276.3 23425 0.3 -118946 54.0
5% AxL 0.66 26.6 601.3 1.33 -30188 56.0
s’DxL 1.2 40.8 . 95340 6.7 269469 94.8
3% e 0.08 105 5.7 0.1 6569.5 1.6
a 0.56 1.50 1.23 0.28 0.0 1.01
h? (n) 80.8 44.1 493 64.1 76.8 44.4
GA(%) 8.7 159 14.4 222 40.6 24.6

grain yield under control. Complete dominance of the higher parent (a =
approximately 1) was shown by grain yield under stress at both GS2 and
(GS3 stages. Overdominance (a > 1) was manifested by leaf area under all
irrigation regimes and by plant height under stress at GS3. No dominance (a
= 0) was shown by 1000-grain weight under stress at GS2 and
grains/panicle under stress at (GS3.

Heritability and selection gain

Narrow-sense heritability estimates (Table 5) ranged from 47.5 %
for 1000 grain weight to 88.2 % for days to 50 % flowering under control,
from 45.1 % for leaf area to 81.0 % for days to 50 % flowering under stress
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2' GS2 and from 44.1 % for plant height to 80.8 % for 50 % flowering under
stress at GS3. Narrow sense Lorability for grain yield was of medium
magnitude (54.0, 46.1 and 44.4 % under control , under stress at GS2 and
stress at GS3, respectively).

It’s concluded that heritability estimates in the narrow-sense under
control were higher than those under stress at GS2 and GS3 for all studied
traits except for 1000-grain weight . Similar to our results, some
investigators found that heritability was decreased under stressed
environments (Frey 1964, Subandi and Compton 1974, Ordas and Stucker
1977 and Asay and Johnson 1990).

The best genetic advance percentage {Fable 5) could be obtained
through practicing selection under optimum irrigation conditions for grain
yield /plant (29.8 %) , selection under stress conditions at GS2 stage for
plant height (31.2 %) and selection under stress at GS3 for grains/panicle
(40.6 %), 1000-grain weight (22.2 %) and leaf area (14.4 %).
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