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Abstract:

Twenty five F; grain sorghum crosses, its parents (five female lines and five
male lines) and one commercial hybrid (Shandaweel-6) as check were evaluated
for yield and four other characters in 2010 and 2011 seasons at Shandaweel Res.
Station under two levels of irrigation (100% and 40% ET). The obtained data
showed significant or highly significant differences between years, irrigation
treatments and among genotypes for all studied traits except between years for
1000-grain weight. The interactions years X genotypes, irrigation X genotypes
and year x irrigation x genotypes were highly significant for all studied traits ex-
cept for No. of green leaves. Also, the interaction years X irrigation was signifi-
cant for plant height and 1000-grain weight. Highly significant differences
among crosses, and parents for all studied traits were obtained in two seasons,
except for No. of green leaves in 2011 season. Mean squares due to parents vs.
crosses were highly significant differences for all studied traits. Partitioning sum
of squares of crosses to their contributions (females, males and males x females
interaction) showed significant or highly significant differences for all studied
traits in the two seasons, except males x females interaction for No. of green
leaves in 2011 season. Likewise, the interactions genotypes X irrigation, parents x
irrigation, crosses x irrigation and their partitions (females x irrigation, males x
irrigation and males % females x irrigation) were significant or highly significant
for all studied traits in the two seasons except for males x irrigation and males x
females x irrigation in the two seasons for no. of green leaves. The interaction
crosses vs. parents X irrigation showed highly significant differences for all stud-
ied traits in the two years. Mean days to 50% flowering of hybrids and their par-
ents were increased by increasing water stress, but plant height, No. of green
leaves, 1000-grain weight and grain yield/plant of hybrids and parents were de-
creased with increasing water stress. Moreover, crosses had taller plants and
higher grain yield/plant than best parents under the two levels of irrigation. Also,
most of the crosses were earlier than their parents.

Both additive and non additive gene effects were important in the inheri-
tance of all studied traits, and the non-additive gene effect played the major role
in the inheritance of all the studied traits. The female lines ICSB- 52 and Sh-B-13
and male line ZSV-14 were good combiners for most studies traits. Moreover,
some crosses showed positive and highly significant SCA for 1000 grain weight
and grain yield / plant.
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Introduction:

Grain sorghum (Sorghum bi-
color L. Moench) is one of the most
adaptability crops and can be grown
in wide series of environments. It is
mainly grown for food, feed, indus-
trial purposes and for emerging bio-
fuels industry. Although sorghum has
an ability to cope with many types of
stresses, including heat, drought, sa-
linity and flooding (Ejeta and Knoll,
2007) but in arid and semi-arid re-
gions, this crop is usually affected by
water stress at the reproductive stage
particularly post flowering stage
(Tuinstra et al., 1997 and Kebede et
al., 2001). Water stress is a major
limitation to crop productivity
worldwide and possible global cli-
mate change scenarios suggests a fu-
ture increase in the risk of drought.
Drought is perhaps the most impor-
tant abiotic stress limiting crop pro-
ductivity around the world and is cer-
tainly of great significance in the
semi-arid tropics, where rainfall is
generally low and its distribution is
erratic. (Rosenow and Clark, 1995,
Boyer 1982 and Bohnet and Jensen
1996). Grain sorghum is one of the
most drought tolerant grain crops and
is an excellent crop model for study
mechanism of drought tolerance.
Drought resistance in sorghum is a
complex trait influenced by many
genes coding for various traits con-
tributing towards drought tolerance
(Blum, 1979).

Developing high yielding hy-
brids with high quality characters un-
der stress conditions has become less
difficult after using the cytoplasmic
male sterile lines. In Egypt, grain
sorghum is the fourth major cereal
crop .Seventy percent are concen-
trated in Upper Egypt at Assiut and
Sohag Governorates. Many studies
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have been established in grain sor-
ghum genotypes.

Ahmed (1993) found that the
combined analyses of variance of two
years showed significant effects of
water regimes and genotypes for
plant height, head width, head
weight, grain yield and seed index.
Furthermore, the genotypes x irriga-
tion interaction was significant for
plant height, head length, threshing
rate and seed index. Skipping irriga-
tion at an early stage of development
mainly delayed flowering and re-
duced plant height. Grain yield and
its components, head length, head
width, and head weight were declined
to their lowest levels when water
deficit was imposed during flowering
stage. Al-Naggar ef al. (1999) found
that significant reduction in grain
weight, grain yield/plant, days to 50%
flowering and No. of green leaves
under drought stress. The differences
among genotypes (parent and hy-
brids) were significant for all the
studied traits, except number of green
leaves, also the differences among
moisture regimes were significant for
all the studied traits. All genotypes x
locations, genotypes X moisture re-
gimes and genotypes x moisture re-
gimes X locations interactions were
significant for all traits except geno-
types x locations interaction for days
to 50% flowering and grain yield
/plant which were not significant. El-
Bakry et al. (2000) found that mean
days to 50% flowering was delayed
from 69.2 to 71.0 and 72.7 days for
the respective treatments; the control,
4 and 3 irrigations. Plant height was
reduced from 210.5 to 189.4 and 11.4
cm. Also, decreasing number of irri-
gations reduced 1000-grain weight
from 33.6 to 31.9 and 30.7 g. Simi-
larly grain yield was reduced from
21.7 for the control to 16.8 and 14.1
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ard/fed. for 4 and 3 irrigation treat-
ments, respectively. The genotypes
varied significantly in their response
to limited number of irrigations. The
average grain yield of seven selected
hybrids under the lowest number of
irrigations (severe stress) was 18.2
ard/fed. compared with the average of
all genotypes (14.1 ard/fed.). The
seven selected hybrids were taller and
had higher 1000-grain weight, while
days to 50% flowering had insignifi-
cant differences among the other
genotypes under severe stress (3 irri-
gation treatment).

Abo-Zaid (2001) reported that
mean squares due to males, females
and their crosses were highly signifi-
cant for all studied traits (plant
height, days to flowering, No. of
green leaves, panicle length, panicle
width, 1000 grain weight and grain
yield / plant) under all irrigation
treatments (well watering control,
with holding irrigation at pre flower-
ing (GS;) and post flowering (GS;3)
indicating that estimates of GCA ef-
fects were significantly for both par-
ents males and females. Contribution
of the variation due to females to the
total variation was much greater than
that due to males for traits studied
under all irrigation treatments. More-
over, variation due to male x female
interaction was also highly significant
for all traits studied, suggested that
SCA effects were significant at 0.01
level of probability under all treat-
ments. Results indicated that GCA
effects for both males and females
and SCA effects interacted signifi-
cantly with locations at 0.01 level
probability for most traits under all
treatments. Mahmoud (2002) re-
ported that most of the crosses were
significantly early in heading com-
pared to earlier parents under the
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three levels of irrigation. Mean days
to 50% flowering of the hybrids and
its parents were increased by increas-
ing water stress, but plant height, No.
of green leaves, 1000-grain weight
and grain yield/plant of the hybrids
and its parents were decreased with
increasing water stress. Moreover, the
F; hybrids had taller plants and
higher grain yield/plant than best par-
ents under the two locations. Also,
most of the hybrids were earlier than
their parents. El-Abd (2003) found
that the intensity of the stress applied
in his study was rather moderate with
reductions under stress being 23.25,
18.38, 6.07, 21.85, 12.14 and 5.61%
for grain yield/plant, total biomass/
plant, plant height, green leaf
area/plant, total leaf area/plant and
1000-grain weight, respectively. The
average percentage of heterosis was
reduced by 8% for grain yield, 17 %
for total biomass/plant, 2 % for plant
height and 1.5% for total leaf area
/plant under water stress, it increased
by 17.4% for green leaf area/plant at
physiological maturity and by 5% in
1000-grain weight. Apparently the
hybrids possessed greater resistance
to premature leaf senescence under
water stress which have contributed
to enhance grain filling as indicated
by the increased individual grain
mass. Amir (2004) found that the
combined analysis of variance over
irrigation levels at each location
showed highly significant differences
among the crosses and their partitions
(females, males and females x males)
for the all studied traits. These results
indicated that the additive (GCA) and
non-additive (SCA) were important
in the inheritance of these traits. Also,
he found that days to 50% flowering
for all studied genotypes increasing
under water stress, means water stress
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delay the days to 50% flowering but,
plant height, No. of green leaves,
1000-grain  weight and  grain
yield/plant were decreased with in-
creasing water stress for the hybrids
and it parents. Mahmoud (2007)
found that highly significant mean
squares were found due to genotypes,
crosses, parents, parents Vvs. Crosses
and males x females interaction for
all studied traits (days to flowering,
plant height, 1000-grain weight,
number of grains/ plant and grain
yield/plant). Some crosses were ear-
lier than its parents and most of the
crosses were heavier in 1000-grain
weight than the better parent. More-
over, all crosses were taller, higher in
number of grains/ plant and higher in
grain yield/plant than the better par-
ent in each year and combined over
two seasons. Both of additive and
non-additive gene effects were im-
portant in the inheritance of all stud-
ied traits. The additive gene effects
played the major role in the inheri-
tance of plant height, 1000-grain
weight and grain yield/plant. Amir
(2008) the results indicate that most
of crosses were earlier, taller, higher
in number of green leaves and higher
in grain yield per plant than the best
parents under two levels of irrigation
(100 and 40 % ET). Some crosses
showed positive and highly signifi-
cant SCA for days to flowering, plant
height, 1000-grain weight, number of
green leaves and grain yield/plant.
The female line ICSA-89002 and
male line MR-812 were good com-
biner for most the studied traits.
Moreover, some crosses showed good
performance and higher yield under
drought and were considered drought
tolerant. El- Dardeer et al (2008)
found that, mean square due to the
interaction of genotypes x irrigation
treatments was also highly signifi-
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cant, indicating that genotypes re-
sponded differently to irrigation
treatments. Furthermore, mean
squares due crosses (C), parents (P),
P vs. C, females (F), males (M), F x
M and their interaction with irrigation
treatments were significant for all
studied traits except days to 50%
flowering. Tadesse et al (2008) re-
vealed significant variation among
entries for panicle length, seed
weight, plant height and time to ma-
turity. The entry x location effect was
significant for the other observed
traits indicating differential response
of the genotypes in each of the loca-
tions. General combining ability
(GCA) for plant height, panicle
length, grain yield and seed weight
was significant among male parents
indicating the prevalence of additive
gene action in determining these
traits. Mahdy et al/ (2010) found that
most of hybrids were significantly
earlier, taller, heavier in grain weight
and higher in grain yield compared to
their parents and checks. Stability
analysis for grain yield demonstrated
that most of F, hybrids had higher
yields than their parents, but the par-
ents were relatively more stable.

The objectives of this investiga-
tion were to study effects of drought
stress by reducing quantity of irriga-
tion water from (100 to 50% ET) and
its effects on yield and some related
traits. In addition to estimate hetero-
sis, general and specific combining
ability effects and to identify the pa-
rental lines of the best hybrids under
water stress.

Materials and Methods:

The experiments were con-
ducted at Shandaweel Agric. Res.
Station, Sohag, Egypt, during the
three summer seasons 0f 2009, 2010
and 2011. In season 2009, twenty five
grain sorghum crosses were devel-
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oped from five introduced cytoplas-
mic male sterile lines (A-lines) and
five restorer lines (R-lines). In 2010
and 2011 seasons, the 25 crosses,
their 10 parents and one check hybrid
(Shandaweel-6) were evaluated at
Shandaweel Station Farm under two
levels of irrigation (100 % and 40 %
ET). The quantity of water applied
was calculated according to the modi-
fied Penman equation for estimating
evapotranspiration (ET) as described
by Jensen et al (1990). A randomized
complete block design with three rep-
lications was used. The experimental
unit was one row, four meter long
and 60 cm. apart and 20 cm. between
hills. After full emergence, seedlings
were thinned to two plants/hill. Sow-
ing date in both of the 2010 and 2011
seasons were on 22nd and 23rd June,
respectively. The recommended cul-
tural practices of sorghum production
in the two years were implemented,
except water irrigation. Data were re-
corded on days from sowing date to
50% flowering, plant height (cm.),
1000 grain weight (gm.), number of
green leaves per plant and grain yield
per plant (gm.) Grain yield was ad-
justed with grain moisture to 14 %
moister.

Drought susceptibility index and
drought tolerance index were calcu-
lated

1- Drought susceptibility index
was calculated according to Fisher
and Maurer (1978) equation: DSI =
(1 — YD/YW) / (1 - YMD/YMW)a Where;

Yp is the drought stress yield
(40% ET)

Yy is the non-drought stressed
yield (100% ET)

Yuw 1s the mean yield for all
100% ET irrigation genotypes.

Ywump 1s the mean yield for all
40% ET irrigation genotypes.
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DSI values >1.0 indicate rela-
tively drought susceptible and <1.0
indicate relatively drought tolerance.
Drought tolerance index (DTI):

Drought tolerance index was
calculated according to the following
equation:

Mean yield under stress (40 % ET)
DTI = x 100

Mean yield under normal (100% ET)

Data of each season and com-
bined over the two seasons, under
both levels of irrigation were subject
to regular analysis of variance of split
plot in a randomized complete block
design according to Gomez and Go-
mez (1984). Line x tester analysis ac-
cording to Steel and Torrie (1980).
General combining ability (GCA) ef-
fects for females and males and spe-
cific combining ability (SCA) effects
for hybrids were estimated according
to Singh and Chaudhary (1977). In
this analysis the mean squares for
male and female parents are consid-
ered independent estimates of general
combining ability (GCA) and the
male x female interaction mean
squares provides an estimate of spe-
cific combining ability (SCA). The
proportional contribution of lines,
testers and their interactions to total
variance were estimated and the vari-
ance for males and females consid-
ered equivalent to GCA (additive)
and the variance for lines x testers
considered equivalent to SCA (non
additive).

Heterosis was calculated as the
percentage of deviation from better
parent according to the following
formula:

F.-BP

H x 100

and its significance was tested
by the LSD test.
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Results and Discussion:

I- Analysis of Variance:

The combined analysis of vari-
ance over years (Table 1) showed
significant or highly significant dif-
ferences between years, irrigation
treatments and among genotypes for
all the studied traits except for 1000-
grain weight between years. Indicat-
ing, the sensitivity of traits to years
and drought stress and the need to
evaluate the different genotypes un-
der different soil water stress for

more years. The interactions years X
genotypes, irrigation X genotypes and
year X irrigation X genotypes were
highly significant for all the studied
traits except for No. of green leaves,
reflecting the differential require-
ments of genotypes to water. Also,
the interaction years X irrigation was
significant for plant height and 1000-
grain weight. These results reflect the
differential response of genotypes for
irrigation from year to another.

Table 1. Combined analysis of variance for 36 genotypes of grain sorghum
under two levels of irrigation over two years, 2010 and 2011 seasons.

Mean squares
$.0.V d.f | Daysto | Plant ) No.of ;00 0 oinl Grain yield
50% flow- | height |green lev- .
ering (cm) els weight (g) |per plant (g)

Years (Y) 1 | 32237 | 41.57° 7.78" 7.44 22.69°
Rep. / Y (Ea) 4 4.97 27.32 2.30 1.13 14.37
Irrigation (I) 1 | 5447.127 | 9316.82" | 752.08" | 1960.54" | 35733.89
Y xI 1 0.75 | 2841.827 | 10.08 18.71 0.01
Rep. (Y xI) (Eb) | 4 432 23.59 0.80 3.75 291
Genotypes (G) 35 | 21.66° |4557.237 | 447 25487 | 1250.10"
GxY 35 | 12,587 | 13524 1.73 287 44917
GxI 35 | 10.64 | 132.06 1.50 6.18" 67.41°
GxYxI 35 | 7.06° | 154.137 0.78 4.88" 32.53"
Error (Ec) 280 3.46 30.02 1.20 1.46 4.87

* #* Significant at 0.05 and 0.01 levels of probability, respectively

2- Mean performance.

The combined data over the two
years under 40% Of irrigation (Table
2) indicated that days to 50% flower-
ing for the parental lines ranged from
73.7 (Dorado x ICSR-273) to 77.50
(NM-36565) with an average of
75.80 days. Whereas, for the crosses
it ranged from 72.30 (ICSA-52 x
MR-812) to 75.5. (Sh - A-2 x
NM36565) with an average of 74.3
days. Under 100% of irrigation, NO.
of days to 50% flowering for the pa-
rental lines ranged from 69.30 (ShB-
2) to 73.20 (MR-812) with an average
of 71.30 days, while, for the crosses
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it ranged from 68 (ICSA-52 x MR-
812) to 71.5 (ICSA-52 x ZSV-14)
with an average of 69.80 days. These
data showed that increase in the aver-
age of days to 50% flowering over
the two years for the parental lines
and the crosses by decrease irrigation
water from 100 to 40 % ET by 4.50
days. respectively. In general, most of
the F1 crosses were earlier than their
parents. While, sixteen and twenty
one crosses were significantly earlier
than the check hybrid Shandaweel-6
under 40% and 100% ET, respec-
tively.
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Table 2. Means of days to 50% flowering and plant height for the evaluated
genotypes of grain sorghum under two levels of irrigation in two sea-
sons and over two seasons.

Days to 50% flowering Plant height

Genotypes 100% ET 40% ET 40% ET 100% ET

2010/12011/Com.|2010/2011|{Com.| 2010|2011 |Com. | 2010 | 2011 |Com.
ICSA-20 x (Dorado x R-273) | 69.0| 70.7| 69.8 | 73.0| 74.3| 73.7|181.7|185.0(183.3|171.0{155.0{163.0
ICSA-20 x ICSR-92002 67.7|75.0{ 71.371.7/79.0| 75.31200.0|{208.3|204.2|188.3|173.0|180.7
ICSA-20 x MR-812 70.0{67.3| 68.7|74.0/ 71.7| 72.8 |155.0/164.3|159.7|141.0|140.0|140.5
ICSA-20 x ZSV-14 67.3169.0] 68.2|73.0/73.0] 73.0]192.3]194.31193.31179.0|160.3|169.7
ICSA-20 x NM-36565 68.7|70.0| 69.375.0/ 75.3| 75.2{171.7|176.3|174.0|{158.3|148.3|153.3
ICSA-52 x (Doradox R-273) | 68.3| 72.3| 70.3 | 72.3| 76.7| 74.5|192.7|196.7(194.7/179.31164.3|171.8
ICSA-52 x ICSR-92002 67.0{70.7| 68.8|73.0| 75.3| 74.2 1204.31205.0|204.7|189.3]|172.3|180.8
ICSA-52 x MR-812 68.068.0| 68.0|72.7/72.0| 72.3170.0{169.7|169.8|156.7|147.0|151.8
ICSA-52 x ZSV-14 72.3170.7| 71.5|75.3] 74.7| 75.0 |198.7]200.0|199.3|185.3|168.0|176.7
ICSA-52 x NM-36565 68.3172.3| 70.3|74.0/ 76.7| 75.3 |189.0|198.3|193.7|175.7|164.0|169.8
ShA2 x (Dorado x R-273) | 71.0|71.3| 71.2|73.7{75.3| 74.5|185.0{163.3|174.2|1162.0/146.7|154.3
ShA2 x ICSR-92002 68.7|72.7| 70.7|74.0| 76.3| 75.2 1198.0|207.3|202.7|180.0|{170.7|175.3
ShA2 x MR-812 69.3168.7] 69.0|74.0/ 72.7| 73.3]190.0|188.3|189.2|176.7|166.3|171.5
ShA2 x ZSV-14 72.0{69.0| 70.5|75.0/ 73.0| 74.0{174.3]188.3|181.3|161.0|154.0|157.5
ShA2 x NM-36565 70.3170.7| 70.5|76.3| 74.7| 75.5]192.0197.3|194.7|178.7|165.0|171.8
ShA11 x (Dorado x R-273) | 69.0|72.3| 70.7 | 73.0| 76.3| 74.7202.0|206.7|204.3 |188.7(175.7|182.2
ShA11 x ICSR-92002 67.0|72.0| 69.5|72.3|76.7| 74.51224.0|220.0|222.0|200.0|185.3|192.7
ShA11 x MR-812 69.7169.0] 69.374.3]73.7| 74.0 |182.7]195.0|188.8]167.3]1160.0|163.7
ShA11 x ZSV-14 69.0|71.7| 70.3|74.0/ 76.0| 75.0 |152.0{160.0|156.0|138.7|133.7|136.2
ShA11 x NM-36565 69.0{69.0| 69.0|73.7| 74.3| 74.01195.3]196.7|196.0|179.3|170.0|174.7
ShA13 x (Dorado x R-273) | 71.0|70.7| 70.8 | 75.0| 75.7| 75.31191.7|205.0(198.3(170.7(167.3|169.0
ShA13 x ICSR-92002 69.7|71.7| 70.7|75.0/ 75.0| 75.0 |168.3/168.3|168.3|155.0|143.3|149.2
ShA13 x MR-812 69.0167.7| 68.374.0/71.7| 72.8 [178.0/190.0{184.0{164.7|156.0/160.3
ShA13 x ZSV-14 70.7|68.7| 69.7|76.3| 74.0| 75.21177.7201.7|189.7|161.0|160.3|160.7
ShA13 x NM-36565 68.3169.7| 69.0|73.0| 74.3| 73.7|211.7|210.0|210.8|193.3|183.3|188.3
Average 69.2070.4| 69.8|73.9174.7| 74.3 |187.1]191.8]189.5|172.0|161.2|166.6
ICSB-20 67.0|74.0| 70.5]72.3|78.0| 75.2{119.3|121.7|120.5|106.0|105.0|105.5
ICSB-52 69.0174.0| 71.5]74.0{77.3| 75.7 |155.7{161.7|158.7|139.0/137.7|138.3
ShB2 66.0|72.7| 69.3174.0|77.7| 75.8 |124.3129.0|126.7|109.3|110.7|110.0
ShB11 66.7|72.3| 69.5]75.0/76.3| 75.7|170.0{185.7|177.8|155.0|151.3|153.2
ShB13 70.0|71.7| 70.8 | 74.3|75.0| 74.7 |150.0{155.0|152.5|136.7|130.3|133.5
(Dorado x ICSR-273) 70.0170.3] 70.2173.0{74.3| 73.7|161.0{165.7|163.3|147.7|139.0|143.3
ICSR-92002 72.0|74.0| 73.0|76.7|78.0| 77.3 1165.7{170.0|1167.8|152.3|143.0|147.7
MR-812 72.3174.0| 73.2|75.0{78.0| 76.5|147.7{151.0|149.3|131.0|127.7|129.3
ZSV-14 75.3167.7|71.5|77.7|74.0| 75.8 |182.3|182.0|182.2|169.0|151.0/160.0
NM-36565 71.3174.7| 73.076.0/79.0| 77.5|153.3{161.0|157.2|136.7|134.3|135.5
Average 70.0(72.5|71.3 |74.8|76.8|75.8 |152.9|158.3|155.6]138.3]133.0]135.6
Shandaweel-6 69.0(70.7 |69.8 |73.0|74.3|73.7 |181.7|185.0(183.3|171.0|155.0]163.0
LSD 0.05 1912824182823 |82 |76 |79 ]|79]|65]| 172

Average plant height under 40%
ET over the two seasons (Table 2) for
the parental lines varied from 105.5
(ICSB-20) to 160.0 (ZSV-14) with an
average of 135.6 cm, while for the
crosses, it ranged from 136.2 (ShA-
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11 x ZSV-14) to 192.7 (ShA-11 x
ICSR-92002) with an average of
166.6 cm. Moreover, under 100% ET
irrigation, the plant height for paren-
tal lines varied from 120.5 (ICSB-20)
to 182.2 (ZSV-14) with an average of
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155.6 cm. while for the crosses, it
varied from 156.0 (ShA11 x ZSV-14)
to 222.0 (ShA-11 x ICSR-92002)
with an average of 189.50 cm. Most
of the crosses were taller than its par-
ents in all cases (over two years and
under the two irrigation levels), re-
flecting the presence of hybrid vigor.
Most of the crosses were significantly
taller than the check hybrid Shand-
weel-6, also, the parental line ICSR-
92002 gave the tallest crosses com-
pared to the other parental lines. The
reduction in the average of plant
height for the parental lines and the
crosses under water stress was 20.0
and 22.9 cm, respectively.

Regarding number of green
leaves (Table 3) for the parental lines
under 40% ET over seasons ranged
from 5.2 (ShB-11) to 6.30 (ICSR-
92002) with an average of 5.80
leaves. Whereas, for the crosses it
ranged from 5.70 (ICSA-52 x NM-
36565) to 7.20 (Sh-A-2 x ICSR-
92002) with an average of 6.5 leaves.
Moreover, No. of green leaves for the
parental lines under 100% ET over
two years ranged from 5.8 (ShB-11)
to 9.0 (ICSR- 92002) with an average
of 7.5 leaves, while, for the crosses it
ranged from 7.0 (ShA-11 x ZSV-14)
to 9.8 (ICSA-20 x (Dorado x ICSR-
273)) with an average of 8.6 leaves.
These results indicated that the
crosses had more No. of green
leaves/plant than the parental lines
under two levels of irrigation. Reduce
water of irrigation from 100% to 40%
ET lead to reductions in the average
of No. of green leaves for the parental
lines and crosses by 1.7 and 2.8, re-
spectively.

Regarding 1000 grain weight
(Table 3) for the parental lines under
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40% ET over seasons ranged from
23.0 (Sh-B-2) to 26.8 (ICSR-92002)
with an average of 23.3 gm, and for
the crosses it ranged from 23.6 (SHA-
11 x ICSR-92002) to 27.4 (ICSA-52
x MR-812) with an average of 23.9
gm.. Moreover, under 100% ET for
the parental lines it ranged from 25.2
(Dorado x ICSR-273) to 29 .7 (ZSV-
14) with an average of 27.1 gm.,
while, the crosses ranged from 25.7
(ICSA-20 x MR-812) to 30.5 (ShA-2
x NM-36565) with an average of 27.7
gm. The data showed, reduction in
the average of 1000-grain weight for
the parental lines and crosses (3.80)
by decrease water irrigation from 100
to 40% ET. Ten and four crosses
were significantly higher in 1000
grain weight than the check hybrid
Shandaweel-6 under 100 % and 40%
ET; respectively.

Grain yield for the evaluated
genotypes under the two levels of ir-
rigation in the two seasons and com-
bined over seasons (Table 4) showed
that grain yield under 40% ET over
the two seasons for the parental lines
varied from 33.7 (SHB-11) to 55.1
(ZSV-14) with an average of 47.6
gm., while, for the crosses varied
from 40.5 (SHA-11x ( Dorado x
ICSR-273)) to 80.2 (ICSA-52 x ( Do-
rado x ICSR-273) with an average of
60.0 gm. On the other hand, grain
yield/plant for the parental lines un-
der 100% ET, ranged from 51.0 (Sh-
B-11) to 72.9 (ZSV-14) with an aver-
age of 64.7 gm. whereas, the crosses
it ranged from 64.5 (ICSA-20 x
NM36565) to 96.7 (ICSA-20 x ZSV-
14) with an average of 78.8 gm.
Moreover, the data showed that
Crosses
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Table 3. Means of No. of green leaves and 1000 grain weight for the evalu-
ated genotypes of grain sorghum under two levels of irrigation in two
seasons and over two seasons.

No. of green leaves

1000 grain weight

Genotypes 100% ET 40% ET 100% ET 40% ET
2010 2011 [Com{2010{2011/Com, 2010 | 2011 | Com. | 2010 2011 | Com.

ICSA-20 x (Doradox R-273)| 9.7 | 10.0 | 9.8 | 6.7 | 6.7 | 6.7 | 26.7 | 27.2 | 27.0 | 23.5 | 24.8 | 24.2
ICSA-20 x ICSR-92002 97197 {97 |73]63|6.8|27.1|27.7| 27.4 |22.2|253 | 23.8
ICSA-20 x MR-812 871 9.0 |88]6.0]63|62]|254]26.0| 25.7 |23.7|24.4| 24.1
ICSA-20 x ZSV-14 9.0 87 |88 ]63|57]6.0]28.7]28.2]| 28.5 |27.0]26.5]| 26.8
ICSA-20 x NM-36565 731 73 73576762273 |278| 27.6 |24.3|24.6| 24.5
ICSA-52 x (Doradox R-273)| 8.3 | 83 |83 |7.0|7.0|7.0|28.5]|28.0]| 283 |257|255| 25.6
ICSA-52 x ICSR-92002 731 7.7 |75]6.0]67]63]|27.9]282| 28.0 | 259 26.1 | 26.0
ICSA-52 x MR-812 87193 19.0|70]72|7.1]|31.1]29.0| 30.0 |27.9]|268| 274
ICSA-52 x ZSV-14 87| 80 | 83]70]6.7|6.8|283|28.7| 28.5 |126.0]|24.5]| 253
ICSA-52 x NM-36565 6.7 8.0 |73|50]63|57]30.1]|29.2| 29.7 |27.5|268| 27.2
ShA2 x (Dorado x R-273) 87193 19.0|50]73|62]259|259| 259 |23.9]|24.0| 24.0
ShA2 x ICSR-92002 87193 19.0]|60|83|72]283]29.2| 28.7 |26.9]26.0]| 26.5
ShA2 x MR-812 83| 87 | 85|57 ]73|65|274|28.1| 27.8 |262]|24.6| 254
ShA2 x ZSV-14 83| 87 | 85577767267 |28.1| 274 |25.1]|254| 253
ShA2 x NM-36565 80| 9.0 |85]|57]6.7|6.2]30.3]30.8| 30.5 |27.3]|26.8]| 27.1
ShA11 x (Dorado x R-273) | 9.0 | 93 [9.2|7.0|7.0|7.0]27.0]|28.1| 27.6 | 25.0 | 24.5| 24.8
ShA11 x ICSR-92002 87193 19.0]|60]63|62]263]|26.7]| 26.5 |23.5]|23.6| 23.6
ShA11 x MR-812 83| 87 | 85]6.0]57|58|28.1|28.8| 28.4 |26.8|257]| 263
ShA11 x ZSV-14 6.7 73 |7.0|57]6.7]6.2]29.4]28.1| 28.8 |27.2|24.7| 26.0
ShA11 x NM-36565 87| 83 |85]|70]63|6.7|288]|283]| 28.5 |26.7]|26.1| 264
ShA13 x (Dorado x R-273) | 83| 93 |88 |6.0|7.3|6.7|257|27.0| 264 |24.7|24.7| 24.7
ShA13 x ICSR-92002 8711009363 |7.7|7.0]258]26.8| 263 |23.8|23.6| 23.7
ShA13 x MR-812 80| 93 |87]16.0]7.0]65]256]263]| 26.0 |23.5]23.9]| 23.7
ShA13 x ZSV-14 93110.09.7|63|6.7|6.5]268|27.5| 27.1 |243|24.6| 24.5
ShA13 x NM-36565 80| 87 [ 83147 ]73|6.0]26.1]|26.7]| 264 |23.6|24.4| 24.0
Average 84| 89 | 86|61 ]68|65]|27.6|27.9| 27.7 |22.7|25.1| 239
ICSB-20 6.7 73 |7.0|5.0]6.7|58]250]|279| 27.7 |22.7|25.1| 23.9
ICSB-52 53] 80 |6.7]6.7[53]6.0]25.1]264]| 257 |23.0|244 | 237
ShB2 7.7 83 |80 |57]63]6.0]|253]|255| 253 |23.1|22.8| 23.0
ShB11 57] 6.0 |58|43]6.0]52]258]|258]| 255 |23.9|23.2| 23.6
ShB13 7.7 7.0 {73|50]6.0|55|249]|26.1| 26.0 |26.1|225| 243
(Dorado x ICSR-273) 83| 87 | 8557160 |58]27.7]255] 252 |264]24.0| 25.2
ICSR-92002 83197 19.0|63]63|63]|28.6|28.8]| 28.2 |27.1]|26.4] 26.8
MR-812 87| 80 [ 83]63|53|58]29.5]294| 29.0 |25.6|23.4]| 245
ZSV-14 7.0 73 |72 |50]6.0|55]28.0]|29.8| 29.7 |26.1 |24.8 | 25.5
NM-36565 7.7 7.7 |7.7]16.0]50|55]258|285| 28.2 |23.5|275| 255
Average 731 7.8 |7.5]56[59|58]26.7 (274 27.1 |22.2]244| 233
Shandaweel-6 83| 9 |87]163]7.0|6.7]27.5]26.7]| 27.1 |26.1]24.9] 25.5

LSD 0.05 1.1} 1.3 |12 |13]15]14] 1.0 | 0.8 0.9 1.2 | 14 | 1.3
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Table 4. Means of grain yield for the evaluated genotypes of grain sorghum
under two levels of irrigation in two seasons and over two seasons, and
drought tolerance and susceptible index.

100% ET 40% ET

Genotypes 2010 | 2011 | Com. | 2010 | 2011 | Com, | D11 | DSI
ICSA-20 x (Dorado x R-273) | 69.6 | 71.7 | 70.6 | 54.0 | 519 | 53.0 | 75.1 1.02
ICSA-20 x ICSR-92002 84.4 | 813 | 829 | 62.0 | 62.7 | 624 | 753 | 1.01
ICSA-20 x MR-812 762 | 73.0 | 74.6 | 549 | 51.2 | 53.1 | 71.2 | 1.18
ICSA-20 x ZSV-14 96.8 | 96.7 | 96.7 | 74.1 | 729 | 73.5 | 76.0 | 0.98
ICSA-20 x NM-36565 60.7 | 683 | 64.5 | 45.6 | 43.7 | 447 | 69.3 | 1.26
ICSA-52 x (Doradox R-273) 859 | 84.0 | 849 | 469 | 51.6 | 49.2 | 58.0 | 1.73
ICSA-52 x ICSR-92002 79.0 | 76.3 | 77.7 | 56.0 | 54.0 | 55.0 | 70.8 | 1.20
ICSA-52 x MR-812 927 | 85.7 | 89.2 | 783 | 76.3 | 773 | 86.7 | 0.55
ICSA-52 x ZSV-14 69.0 | 72.7 | 70.8 | 52.0 | 509 | 514 | 72.6 | 1.12
ICSA-52 x NM-36565 73.8 | 72.0 | 72.9 | 62.1 | 56.6 | 594 | 81.5 | 0.75
ShA2 x (Dorado x R-273) 727 | 76.7 | 74.7 | 604 | 64.0 | 62.2 | 83.3 | 0.69
ShA2 x ICSR-92002 733 | 73.3 | 73.3 | 55.7 | 62.6 | 59.2 | 80.8 | 0.79
ShA2 x MR-812 669 | 76.3 | 71.6 | 52.8 | 559 | 543 | 75.8 | 0.99
ShA2 x ZSV-14 923 | 91.7 | 92.0 | 77.0 | 77.3 | 77.2 | 83.9 | 0.66
ShA2 x NM-36565 843 | 83.7 | 84.0 | 68.6 | 63.7 | 66.1 | 78.7 | 0.87
ShA11 x (Dorado x R-273) 727 | 763 | 745 | 38.6 | 423 | 40.5 | 544 | 1.87
ShA11 x ICSR-92002 68.7 | 72.0 | 70.3 | 47.3 | 43.8 | 455 | 64.7 | 145
ShA11 x MR-812 793 | 79.0 | 79.1 | 59.3 | 60.0 | 59.7 | 75.5 | 1.01
ShA11 x ZSV-14 71.7 | 66.0 | 68.8 | 53.7 | 53.3 | 53.5 | 77.8 | 0.91
ShA11 x NM-36565 73.0 | 76.0 | 745 | 57.9 | 654 | 61.6 | 82.7 | 0.71
ShA13 x (Dorado x R-273) 94.0 | 96.7 | 953 | 77.7 | 82.7 | 80.2 | 84.2 | 0.65
ShA13 x ICSR-92002 90.7 | 91.7 | 91.2 | 643 | 79.1 | 71.7 | 78.6 | 0.88
ShA13 x MR-812 70.3 | 63.7 | 67.0 | 52.7 | 523 | 52.5 | 784 | 0.89
ShA13 x ZSV-14 92.8 | 86.0 | 894 | 734 | 722 | 72.8 | 814 | 0.76
ShA13 x NM-36565 82.1 | 770 | 79.6 | 64.6 | 70.7 | 67.7 | 85.1 | 0.61
Average 78.9 | 78.7 | 78.8 59.6 | 60.7 | 60.1 - -
ICSB-20 67.5 | 70.7 | 69.1 | 49.1 | 452 | 47.1 | 68.2 | 1.31
ICSB-52 63.1 | 63.7 | 63.4 | 49.7 | 447 | 472 | 744 | 1.05
ShB2 64.0 | 63.7 | 63.8 | 47.7 | 474 | 476 | 74.6 | 1.04
ShB11 48.7 | 53.3 | 51.0 | 32.5 | 349 | 33.7 | 66.1 1.39
ShB13 583 | 557 | 57.0 | 434 | 399 | 41.7 | 73.2 | 1.10
(Dorado x ICSR-273) 62.0 | 63.3 | 62.7 | 483 | 46,6 | 474 | 75.6 | 1.00
ICSR-92002 69.8 | 66.0 | 67.9 | 52.6 | 439 | 482 | 71.0 | 1.19
MR-812 68.0 | 69.7 | 688 | 51.3 | 540 | 52.7 | 76.6 | 0.96
ZSV-14 72.1 | 73.7 | 72.9 | 55.8 | 543 | 55.1 | 75.6 | 1.00
NM-36565 72.1 | 69.0 | 70.5 | 56.0 | 54.0 | 55.0 | 78.0 | 0.90
Average 64.6 | 649 | 64.7 | 48.6 | 46.5 | 47.6
Shandaweel-6 76.6 | 78.0 | 77.3 58.7 | 599 | 59.3
LSD 0.05 4.2 2.8 3.5 3.0 34 3.2

significantly out yielded more
than their parents under both levels of
irrigation in two seasons and over
two seasons indicating the presence
of heterosis. Also, 9 and 8 crosses
had significantly out yielded the
check hybrid Shandaweel — 6 under
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100% and 40% ET; respectively. The
best crosses (ICSA-20 x ZSV-14),
(ShA-2 x ZSV-14) and (ShA-13 x
(Dorado x ICSR-273)) gave the high-
est yield over the two years under
both irrigation levels. In addition,
these crosses are drought tolerant and



Assiut J. Agric. Sci., (44) No. (2) 2013 (13-38)

significantly out yielded check hybrid
Shandaweel-6, these crosses can be
evaluated in a large scale and could
be considered as promising crosses
under drought stress conditions. On
the other hand, reduce water irriga-
tion from 100% to 40% ET reduced
the average of grain yield/plant over
two years of the parental lines and
crosses by 16. 7 and 19.0 gm, respec-
tively.

Drought tolerance and susceptibil-
ity indexes (DTI and DSI)

The results of drought tolerance
index and drought susceptibility in-
dex for grain yield/plant (Table 4)
cleared that the different genotypes
(lines and crosses) differed greatly in
their response to water stress, some
genotypes scored drought tolerance
index over 76 % at 40 % ET which
could be considered tolerant to
drought and some were severely af-
fected by drought and scored less 70
% and considered susceptible geno-
types to water stress. For example the
best two lines were MR-812 (76.6%)
and NM-36565 (78.0%), also the best
eight crosses, ICSA-52 x MR-812
(86.7%), ICSA-52 x NM-36565
(81.5%), ShA2 x (Dorado x R-273)
(83.3%), ShA2 x ZSV-14 (83.9%),
ShA11 x NM-36565 (82.7%), ShA13
X (Dorado x R-273) (84.2%), ShA13
x ZSV-14 (81.4%) and ShA13 x
NM-36565 (85.1%). On the other
hand, lines ICSB-20 (68.2 %) and Sh
B-11 (66.1 %) and the crosses ICSA-
52 x (Doradox R-273) (58.0 %) and
ShA1l x (Dorado x R-273) (54.4 %)
indicated to their susceptible to
drought.

Both of DSI and DTTI at 40 % of
water irrigation showed fairly the
same picture, the tolerant lines and
hybrids scored the highest drought
tolerance index and the lowest
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drought susceptibility index and se-
lection should be for high yielding
genotypes at severe drought which
showed DSI lower than the unity. In
general, most of the drought tolerance
crosses were developed from one or
two drought tolerance lines, also, re-
storer lines MR-812 and NM 36565
had good drought tolerance. These
results are in harmony with these ob-
tained by Al-Naggar et al. (1999), El-
Bakry et al. (2000), Mahmoud
(2002), El-Abd (2003) and Amir
(2008).

In general, mean days to 50%
flowering of the hybrids and its par-
ents were increased by increasing wa-
ter stress, but plant height, No. of
green leaves, 1000-grain weight and
grain yield/plant of the hybrids and
its parents were decreased with in-
creasing water stress. Moreover, the
F, hybrids had taller plants and
higher grain yield/plant than best par-
ents under the two levels of irriga-
tions. Also, most of the hybrids were
earlier than their parents. It could be
noticed that the best yielding ability
genotypes were not the best stable
genotypes. These results are in har-
mony with those obtained by Al-
Naggar et al. (1999), El-Bakry et al.
(2000), Mahmoud (2002) (2002), El-
Abd (2003) and Amir (2008).
Combining Ability:

Analysis of variance:

The combined analysis of vari-
ance of 35 genotypes (25 crosses and
10 parents) of grain sorghum over
two levels of irrigation at each year
for all the studied traits are presented
in Tables (5 and 6).

Data cleared that, highly signifi-
cantly difference between the two
levels of irrigation for all the studied
treats in 2010 and 2011 seasons, re-
flecting the sensitivity of genotypes
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to irrigation. Moreover, highly sig-
nificantly differences among geno-
types, crosses, and parents for all the
studied traits in 2010 and 2011 sea-
sons, except crosses and parents for
No. of green leaves in 2011 season.
Also, highly significant differences
among parents vs. crosses for all the
studied traits reflecting the presence
of heterosis. Partitioning sum of
squares of crosses to their contribu-
tions (females, males and males x
females interaction) showed signifi-
cant or highly significant differences
for all the studied traits in 2010 and
2011 seasons, except males x females
interaction for No. of green leaves in
2011 season. On the other hand, the
interactions between genotypes X ir-
rigation, parents X irrigation crosses x
irrigation and their partitions (females
X 1irrigation, males X irrigation and
males x females X irrigation) were
significant or highly significant for all
the studied traits in the two seasons
except the interaction between males
x irrigation and males x females X
irrigation in the two seasons for no of
green leaves. The interaction between
Crosses Vvs. parents X irrigation
showed highly significant differences
for all the studied traits in the two
years.

Partitioning sum of squares
crosses to their contributions.

The proportional contribution of
sum of squares of lines, testers (as an
indication to GCA or additive effects)
and their interaction (as an indication
to SCA or non-additive effects) to
crosses sum of squares were esti-
mated.

For days to 50% flowering in
the combined over two levels of irri-
gation, partitioning sum of squares of
crosses to their contributions ac-
counted for 27.3 and 25.4 % in 2010
season and for 18.2 and 52.3% in

of
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2011 season as calculated from the
females and males; respectively,
while they reached 47.2 and 29.3 %
in 2010 and 2011 seasons; respec-
tively, as calculated from female x
male interaction. Moreover, partition-
ing sum of squares of crosses X irri-
gation to their contributions, they ac-
counted for 19.8 and 30.1 % in 2010
season and 18.0 and 34.7 in 2011 sea-
son as calculated from the females X
irrigation and males X irrigation; re-
spectively. However;sum of squares
reached 50.1 and 47.4 % in 2010 and
2011 seasons; respectively, as calcu-
lated from female % male x irrigation
interaction. These results indicated
that both additive and non additive
gene effects controlled flowering
date, and generally the non-additive
were more pronounced than the addi-
tive effects.

For plant height, partitioning
sum squares of crosses to their con-
tributions, the sum of squares ac-
counted for 22.1 and 37.9 % in 2010
season and counted 29.8 and 27.2 in
2011 season as calculated from fe-
males and males; respectively. How-
ever;they reached 40.0 and 43.0 % in
2010 and 2011 seasons; respectively,
as calculated from female x male in-
teraction. As well as, partitioning sum
squares of crosses X irrigation to their
contributions, they reached 22.2 and
37.0 % in 2010 season and 23.9 and
29.6 in 2011 season as calculated
from females x irrigation and males x
irrigation;  respectively, however;
they reached 40.8 % and 46.5 % in
2010 and 2011 seasons; respectively,
as calculated from female X male x
irrigation interaction. These results
indicated that both additive and non
additive gene effects controlled plant
height and the non-additive gene ef-
fect played the major role in plant
height inheritance.
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For No of green leaves per
plant, partitioning sum of squares of
crosses to their contributions, indi-
cated that GCA accounted for 11.1
and 24.0 % in 2010 season and ac-
counted 28.2 and 25.7 in 2011 season
as calculated from females and males,
respectively, while the SCA reached
65.1 % and 46.1 % in 2010 and 2011

seasons respectively, as calculated
from female x male interaction. As
well as, partitioning sum squares of
crosses X irrigation to their contribu-
tions, it could be indicated that GCA
accounted for 28.7 and 14.8 % in
2010 season and accounted 32.7 and
15.5% in 2011

Table 5. Combined analysis of variance of 25 F,’s and 10 parents over two

levels of irrigation in 2010 studied season.
Mean squares
Days to Plant No. of . Grain
8.0.V d.f 50% height green 100.0-l;gtraln yield per
flowering (cm) leaves weight (g) plant (g)
Irrigation (1) 1 [361995.17 7 P031693.73" [3685.95" | 252010 [319226.38"
Rep (irrigation) 4 0.52 58.18 1.8 1.92 3.98
Genotypes (G) 34 9.62" 2091.46 237 5.55 462.55
Parents (P) 9 18.27" 1513.49" 235" 6.69 193.19"
Parents vs. Crosses | 1 19.377 32989.737 | 18.44" 37.37" 4582.94"
Crosses (C) 24 597 1020.77" 1.707 3.79" 391.88"
Female (F) 4 9.79" 1354.25" 1.53 6.32" 811.45"
Male (M) 4 9.1" 2319.48" 2.05 3.83" 631.75
F x M 16 423" 612.72" 1.66" 3.15 227.01°
G xI 34 7.48" 1058.71 227 14.48" 278.25"
PxI 9 15.337 760.26 " 3.15 14.51 100.08"
Pvs.C x1I 1 9.89" 16496.69° | 12.66 80.15 2413.63"
CxI 24 443" 52737 1.517 11.74" 256.09"
F x1 4 527 701.98" 26 22.15" 506.99
M x I 4 8.00 1170.68" 1.34 8.97 405.21"
F xM x I 16 3.337 322.9° 1.27 9.82" 156.08"
Error b 136 1.36 25.24 0.58 1.52 5.09

* #* Significant at 0.05 and 0.01 levels of probability, respectively
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Table 6. Combined analysis of variance of 25 F1’s and 10 parents over two

levels of irri

ation in 2011 studied season.

Mean squares
S.0.V d.f Days to Plant No. of lg(rl'g?n G rain
50% flow- heich green . yield per
. eight (cm) weight
ering leaves (@ plant (g)

Irrigation (1) 1 [377978.56 [2012990.58" [4198.71 | 396.11° [319245.60
Rep (irrigation) 4 0.65 61.69 1.5 3.08 8.71
Genotypes (G) 34 20.65 1738.66 2.027 4.137 47334~
Parents (P) 9 14.80" 1288.49" 1.34 5.16 15371
Parents vs. Crosses 1 88.84" 27256.75" | 27.637 | 10.797 | 5602.34"
Crosses (C) 24 20.00" 84420 1.2 347 379.49"
Female (F) 4 21.78" 1509.14" 2.037 4.00° 862.32"
Male (M) 4 62.77 1379.78" 1.85 3.50." 640.87
FxM 16 8.86 544.09" 0.83 3.337 193.44"
G xI 34 10.89" 923.92" 2237 15.74" 294337
PxI 9 8.55 685.87 245" 12.827 93.18"
Pvs.C x1 1 44.427 13937727 | 13.95° | 37.727 | 2802.31"
Cx1I 24 10.36 470.95" 1.66° | 15..927 | 265.26
Fx1I 4 11.18" 674.08" 3.26 39.77 621.33"
M x [ 4 21.56 837.27 1.54 7.29" 326.78"
F xM x [ 16 7.36 328.59" 1.29 12.14" 160.87
Error b 136 3.1 19.57 0.77 1.41 3.8

* #* Significant at 0.05 and 0.01 levels of probability, respectively

season as calculated from fe-
males X irrigation and males X irriga-
tion, respectively, while the SCA
reached 56.1 % and 51.8 % in 2010
and 2011 season respectively, as cal-
culated from female x male X irriga-
tion interaction. These results indi-
cated that both additive and non addi-
tive gene effects controlled No of
green leaves per plant. The effect of
SCA and its reaction with irrigation
was more pronounced than that of
GCA.

Regarding 1000 grain weight,
partitioning sum of squares of crosses
to their contributions, showed that
GCA accounted for 27.8 and 16.8 %
in 2010 season and accounted 19.2
and 16.8 in 2011 season as calculated
from females and males, respectively,
while the SCA reached 55.4 % and
64.0 % in 2010 and 2011 seasons re-
spectively, as calculated from female
x male interaction. As well as, parti-
tioning sum squares of crosses X irri-
gation to their contributions, showed
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that GCA accounted for 31.5 and
12.7 % in 2010 season and accounted
41.6 and 7.6 in 2011 season as calcu-
lated from females x irrigation and
males x irrigation, respectively, while
the SCA reached 55.8 % and 50.8 %
in 2010 and 2011 season respectively,
as calculated from female X male x
irrigation interaction. These results
indicated that both additive and non
additive gene effects controlled 1000
grain weight. The effect of SCA and
its reaction with irrigation was more
pronounced than that of GCA.
Regarding grain yield per plant,
partitioning sum of  squares of
crosses to their contributions, indi-
cated that sum of squares were 34.5
and 26.9 % in 2010 season and 37.9
and 28.1% in 2011 season as calcu-
lated from females and males; respec-
tively, while they were 38.6 and 34.0
% in 2010 and 2011 seasons; respec-
tively, as calculated from female x
male interaction. Likewise; partition-
ing sum squares of crosses x irriga-
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tion to their contributions, sum of
squares were 33.0 and 26.4 % in 2010
season and 39.0 and 20.5% in 2011
season; respectively as calculated
from females x irrigation and males x
irrigation. However; they reached
40.6 % and 40.4 % in 2010 and 2011
seasons; respectively, as calculated
from female % male X irrigation inter-
action. These results indicated that
both additive and non additive gene
effects controlled grain yield per
plant and the non-additive gene effect
played the major role in grain yield
inheritance.

A- General combining ability
(GCA):

General  combining  ability
(GCA) effects of the female and male
lines for each irrigation level in 2010,
2011 and combined over two years
are presented in Table (7).

GCA effects for days to 50%
flowering showed that the female line
ICSB-20 had negative (favorable)
GCA effects under two irrigation lev-
els in the two seasons and combined
over two seasons. Also, the male line
MR-812 had negative (favorable) and
significant GCA effects under two
irrigation levels in 2011 season and
combined over two seasons. These
lines were the best combiners for
earliness.

For plant height the lines ICSR-
92002, NM- 36565, ICSB-52 and Sh
B-11 had positive and significant
GCA effect under two irrigation lev-
els in 2010 and 2011 seasons and
combined over two seasons. These
lines had favor gene for tallness. On
the other hand, the female Ilines
ICSB-20 and the male line MR-812
and ZSV-14 had negative and signifi-
cant GCA effects under two irrigation
levels in 2010 and 2011 seasons and
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over two seasons. These lines had fa-
vor gene for shortness.

For No. of green leaves per
plant the female lines ICSB -20 and
ICSB -52 and the male line ICSR-
92002 had positive and insignificant
(GCA) effects for No. of green leaves
under two irrigation levels in 2010
and 2011 seasons and over two sea-
sons. These lines had favor gene for
stay green.

For 1000-grain weight the fe-
male lines ICSB- 52 and the male line
NM-36565 had positive and signifi-
cant or highly significant GCA effect
under two irrigation levels in 2010
and 2011 seasons and over two sea-
sons. These lines had favor gene for
heavier 1000 grain weight.

Regarding grain yield per plant,
GCA effects showed that the female
line Sh-B- 13 and the male line ZSV-
14 had positive and significant or
highly significant GCA effects under
two irrigation levels and over two
levels of irrigation. Also, the female
line Sh-B- 2 had positive and signifi-
cant or highly significant GCA ef-
fects under stress condition in 2010
and 2011 seasons and combined over
two season. These lines would be
considered best combiners for grain
yield/plant.

In general, the female Ilines
ICSB- 52 and Sh-B-13 and male line
ZSV-14 were good combiners for
most studies traits. Similar results
were obtained by Mahmoud (2002),
El-Abd (2003), Amir (2004) and
Amir (2008). They concluded that
general combining ability effects
were significant in some parental
lines for some studied characters.

B- Specific combining ability
(SCA).

Specific  combining  ability
(SCA) was calculated for each irriga-
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tion level in 2010 and 2011 seasons
and over two seasons (Table8).

Combined data over two years
for days to 50% flowering showed
that, the crosses No. 3, 5, 7, 8, 13, 15,
18, 23 and 25 had negative and sig-
nificant SCA effects under water
stress only. Indicating that these
crosses could be considered the best
combinations for earliness. While the
cross No. 20 had positive and signifi-
cant SCA effects under two irrigation
levels.

For plant height the crosses No.
2,4,9, 13, 16, 17, and 25 had posi-
tive and highly significant SCA ef-
fects under two irrigation levels. In-
dicating that these crosses could be
considered the best combinations for
tallness. On the other hand, the
crosses no.3, 8, 11, 19 and 22 had
negative and significant SCA effects

For No. of green leaves the
crosses No. 2, 8, 20 and 24 had posi-
tive SCA effects under two irrigation
levels. While cross no.20 had positive
and significant SCA effects under 40
% ET irrigation level means this
cross would be considered good
combinations for No. of green leaves
under water stress.

Regarding SCA for 1000-grain
weight, the crosses No. 4, 8, 12, 15,
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18 and 21 had positive and significant
under 100% ET irrigation levels.
Moreover, crosses No. 4, 12 and 21
had positive and significant SCA ef-
fects under two irrigation levels.
These crosses were considered as best
combinations for heavier 1000-grain
weight.

Regarding grain yield per plant,
crosses No. 2, 4, 8, 14, 15, 18, 20, 21
and 22 had positive and significant
SCA effect under two irrigation lev-
els. These crosses were considered as
best combinations for grain yield.

In general, crosses which had
negative significant SCA effects for
days to 50% flowering were early in
flowering. Moreover, most of the
crosses which had positive significant
SCA Effect for 1000 grain weight
and grain yield per plant were high in
grain yield. These results were
agreement with the obtained by
Mahmoud (2002), EI-Abd (2003),
Amir (2004) and Amir (2008) Found
that crosses had negative significant
specific combining ability effects
were early flowering. Moreover, gen-
eral and specific combining ability
effects were effective in predicting
hybrid performance in all traits.
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Table 8. Continue

Grain yield/plant

No. Genotypes 100% ET 40% ET

2010 2011 | Comb. | 2010 2011 | Comb.
1 [ICSA-20 x (Dorado x R-273)| -7.99" | -8.89" | -8.44" | -0.03 | -2.42" | -1.23
2 |ICSA-20 x ICSR-92002 6.56° | 2917 | 4737 | 6417 | 6.447 | 6437
3 |[ICSA-20 x MR-812 049 | -2.03° | -0.77 | -3227 | -3.827 | -3.527
4 |ICSA-20 x ZSV-14 13.67° | 1457 [ 14127 | 9547 | 11.747 | 10.64™
5 |ICSA-20 x NM-36565 127371 -6.567 1 9.65 [-12.717[-11.947|-12.327
6 |ICSA-52 x (Doradox R-273) | 5.737 | 3.51" | 4.627 | -8.09" | -3.97" | -6.03"
7 |ICSA-52 x ICSR-92002 -135 | -22.037 | -1.69 | -052 | -3.46" | -1.99
8 |ICSA-52 x MR-812 14457 10717 [ 12.587 [ 19.277 [ 20.157 | 19.717
9 |[ICSA-52 x ZSV-14 -16.687 ] -9.36" [-13.027 [-13.527|-11.50" |-12.51"
10 |[ICSA-52 x NM-36565 2.15 | -2837 | 249" | 286 | -1.22 | 0.82
11 |ShA2 x (Dorado x R-273) | -5.29" | -6.03" | -5.66" | 1.62 | 147 | 1.54
12 |ShA2 x ICSR-92002 4917 | -7.237 | -6.07 | -4.677 | -1.87 | 327
13 |ShA2 x MR-812 9.187 | -0.83 |-5.00" [-10.15"| -7.30" | -8.73"
14 |ShA2 x ZSV-14 8.837 | 7.447 | 8137 | 7.66° | 7.937 | 7.79”
15 |ShA2 x NM-36565 10.56" | 6.647 | 8.60° | 5.547 | -0.23 | 2.65
16 |ShAIl x (Dorado x R-273) | -0.40 | 0.11 | -0.15 | -8.68 |-8.48 |-858"
17 |ShAI1 x ICSR-92002 4697 | -2.097 | -3397 | -1.53 | -8.997 | -5.26"
18 |ShAI1l x MR-812 8.05 | 8317 | 8187 | 7.937 | 8.56° | 825
19 [ShAIl x ZSV-14 7.017 |-11.767 | 9397 | -4.137 | -4.327 | -4.227
20 [ShA1l x NM-36565 4.05° | 5447 | 475 | 6407 [13.247 | 9.827
21 [ShA13 x (Dorado x R-273) | 7.95" [ 11.317 | 9.63" | 15.19" | 13.41" | 14.30
22 [ShA13 x ICSR-92002 4397 | 8447 | 6427 | 030 | 7.887 | 4.097
23 |ShA13 x MR-812 -13.817[-16.16" [-14.98" [-13.84" |-17.59" |-15.71"
24 |ShAI13 x ZSV-14 1.20 | -0.89 | 0.15 044 |-3.85" | -1.70
25 [ShA13 x NM-36565 027 [-2.697 | -1.21 |-2.097 | 0.14 | -0.98

* #% Significant at 0.05 and 0.01 levels of probability, respectively

Heterosis:

Estimates of heterosis for days
to 50% flowering, plant height, No.
of green leaves/ plant, 1000 grain
weight and grain yield per plant for
25 crosses as a percentage of the bet-
ter parent under two levels of irriga-
tion water (100 and 40 % ET) in 2010
and 2011 seasons and combined over
two seasons are presented in Tables 9
and 10.

The combined data over the two
years under water stress (Table 5)
showed that heterosis for days to 50
% flowering ranged from - 4.35 to
2.83 %, three crosses out of twenty
five crosses had negative and signifi-
cant heterosis (earliness)-. Whereas,
under optimum irrigation heterosis
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values for days to 50 % flowering
ranged from -3.70 to 6.47 %, two
crosses out of twenty five crosses had
negative and significant heterosis
(earliness). It is noted that, these
crosses had negative and significant
SCA.

Under water stress condition
heterosis for plant height ranged from
-14.81 to 38.97 %, nineteen crosses
out of twenty five crosses had posi-
tive and significant heterosis, while
one out of twenty five had negative
and significant heterosis. On the other
hand, under optimum irrigation het-
erosis values for plant height ranged
from -15.23 to 34.24 %. Twenty
crosses had positive and significant
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heterosis, while one cross had nega-
tive and significant heterosis.

For No. of green leaves per
plant heterosis ranged from -18.03 to
28.83 % and  —18.62 to 27. 83 %
under stress and optimum irrigation,
respectively. Moreover, seven and
five crosses had positive and signifi-
cant heterosis under stress and opti-
mum water irrigation, respectively.

For 1000-grain weight heterosis
ranged from -11.10 to 10.06 % and
from -12.58 to 3.60 % under stress
and optimum water irrigation, respec-
tively. Most of crosses had negative
and significant heterosis for 1000-
grain weight. This indicates that the
increase in grain yield may be attrib-
uted to the increased number of
grains.

33

Regarding grain yield / plant
under water stress, heterosis values
ranged from -26.45 to 55.05 %,
While, under optimum irrigation it
ranged from 5.53 to 54.38 %. eight-
een and sixteen crosses out of twenty
five crosses had positive and signifi-
cant heterosis for grain yield/plant
under stress and normal irrigation,
respectively. It is noted that, the high
positive value of heterosis were also
high positive and significant SCA. In
general, some crosses were earlier,
taller, higher green leaves, 1000-grain
weight and grain yield/plant than the
better parents. These results are in
harmony with those obtained by El-
Bakry (2000), Mahmoud (2002), El-
Abd (2003), Amir (2004) , Mahmoud
(2007)and Amir (2008).
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Table 10: Heterosis of twenty five crosses for grain yield per plant in per-
centages from the better parent under two levels of irrigation in 2010,
2011 and combined over two seasons.

No. Genotypes 100% ET 40%ET

2010 | 2011 | Com. | 2010 | 2011 | Com.
1 |[ICSA-20 x (Dorado x R-273) | 3.16 | 1.42 | 229 [10.08" | 11.437 ] 10.76"
2 |[ICSA-20 x ICSR-92002 33.77 | 27.757 | 30.76 | 24.957 | 34.6" | 29.78"
3 |ICSA-20 x MR-812 19.017 | 14.66" | 16.847 | 13.847 | 7.98° | 1091
4 |ICSA-20 x ZSV-14 56.137 | 52.637 | 54.387 | 53.597 | 56.49" | 55.04
5 [ICSA-20 x NM-36565 215 | 7.897 | 287 | -5.50 | -6.17 | -5.84"
6 |ICSA-52 x (Doradox R-273) | 23.027 | 18.87 | 20.95" |-10.81" | 14.07 | 1.63
7 |ICSA-52 x ICSR-92002 13.187 | 15.66° | 14.427 | 6.56° [ 20917 | 13.74"
8 |[ICSA-52 x MR-812 32.76" | 29.807 | 31.287 | 49.05" | 61.04" | 55.05
9 [ICSA-52 x ZSV-14 -1.15 [ 10.107] 4.48 | -1.12 | 15.86 | 7.37
10 [ICSA-52 x NM-36565 573 | 9.097 | 7417 [ 18.127 | 26.697 | 22.417
11 [ShA2 x (Dorado x R-273) 6.86 | 8497 | 7.687 | 17.737] 18.58" | 18.16
12 [ShA2 x ICSR-92002 775 | 526" | 6517 | 8527 [15.997 | 12.26
13 |ShA2 x MR-812 -1.67 | 9577 | 395 | 278 | 3.55 3.17
14 [ShA2 x ZSV-14 35.787 | 31.58" | 33.687 | 50.00" | 43.217 | 46.61
15 [ShA2 x NM-36565 24.027120.107 | 22.06" | 33.647 | 17.87 | 25.76
16 |ShAI1 x (Dorado x R-273) 0.83 | 3.62 | 2.23 [-30.817[-22.097]-26.45"
17 |ShA11 x ICSR-92002 481 | 226 | -3.54 |-15.187|-19.46 | -17.327
18 |[ShA1l x MR-812 9.897 | 7.247 | 857 | 6347 [ 10487 | 841"
19 [ShAIl x ZSV-14 -0.65 |-10417] -5537 | -3.77 | -1.84 | -2.81
20 |[ShA11 x NM-36565 1.2 3.17 | 219 | 3.86 | 2037 | 12.08"
21 |ShAI13 x (Dorado x R-273) 30437 ] 36.79" | 33.61° | 38.77 | 53.1" | 45.94"
22 [ShA13 x ICSR-92002 25.817 | 32.857 [ 29.337 | 14.95 | 46.437 | 30.69"
23 [ShAI13 x MR-812 241 | 7737 5.07 | -5.787 | -3.11 | -4.45
24 [ShAI13 x ZSV-14 28.77 | 24.647 | 26717 | 31.227 [ 33.797 | 3251
25 |ShA13 x NM-36565 13.97 | 11.597 | 12.787 | 15.487 | 30.95" | 23.22"

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