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ABSTRACT

Twenty five F, - s were madein 1999 among 5 cms and 5 restorer lines of grain
sorghum differing in drought tolerance . In 2000 season the paremts and F, s were
evaluated at 2 locations (Assiut and Shandaweel) under 3 soil moisture regimes , i.e full
irrigation (control) ., water-stress at preflowering (GS2) and postflowering (GS3) stages .
The objective was to study the differential responses of growth stages and genotypes of
grain sorghum to soil-moisture stress . Performance of genotypes varied with water supply
and location. Mean grain yield was significantly reduced by soil moisture stress at both
G32 and GS3 stages by 18.2 and 8.6 %, respectively over all parents and by 19.2 and 8.4
%, respectively over all F, hybrids. This indicates that the pre-flowering developmental
stage ((GS2) was more sensitive to soil water deficit than grain filling stage (GS3). Yield
reduction was accompanied by losses in graing/panicle and grain weight. Reduction in
grains/panicle was higher than reduction in grain weight when stress was imposed at GS2 ,
and the opposite was true under stress at GS3 . Water stress at GS2 caused 5.0 and 5.8 %
delay in flowering date, 20.2 and 16.7 % reduction in plant height. for parents and F; s
respectively. Moreover, leaf area declined by 8.8 and 11.9 % for parents and 11.2 and 13.9
% for Fy's when water was withheld at GS2 and GS83, respectively. Sigunificant differences
between studied genotypes were recorded in their response to water deficit imposed at GS2
or GS3 stage. When an advantage in both absolute yield under stress or yield relative to
control was taken as an index of drought toierance in its agronomic definition, the parental
lines: R-89016, R-90011 and V-112 at GS2 and B-102, R-89016, R-90011 and V-112 at
(83 stage could be regarded as the most drought tolerant lines. The crosses A-1 X V-112,
A-37 X R-90011and A-102 X R-90011 at G$2 and A-1 X R-89016, A-1 X R-89022, A-1 X
R-90011, A-37 X V-112, A-88006 X R-89022 and A-88006 X V-112 at GS3 could be
considered the most drought tolerant hybrids. [t is interesting that the parental lines R-
89016, R-90011 and V-112 and the crosses A-1 X R-89016, A-1 X V-112, A-102 X R-
90011 and A-102 X V-112 also excelled in their potential yigld under non-stress conditions,
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INTRODUCTION

Egypt ranks first among grain sorghum (Sorghum bicolor L.
Moench) producers in the world for the average grain yield per unit area,



which reached 17.94 ardabs (2.7 tons)/feddan (6.43 tons/ha) in 1999 season
(Circular No. 548 of the Central Administration of Agric. Extension, ARC,
Ministry of Agric. and Land Reclamation, Egypt, 2000). According to this
circular the cultivated area of grain sorghum in Egypt was about 384
thousand feddans (1 fed. = 4200 m?) which produced about one million tons
of grains in 1999, The whole grain sorghum area in Egypt is located in the
Nile valley and grown under irrigation.

Grain sorghum is generaliy one of the qualified plants for growing in
the Egyptian new reclaimed lands, where the soil is of low water-holding
capacity and the atmospheric temperature is high. Grain sorghum varieties
which wili be grown in such areas should be characterized by high tolerance
to drought and heat stresses.

Research on grain sorghum has led to identification of two most
important drought responses: pre-flowering and post-flowering (Eastin and
Sullivan 1974, Inuyama 1978 and Pedro e a/ 1989). The pre-flowering
response occurs when the plants are stressed during the period from panicle
differentiation to flowering (the GS2 stage) while the post-flowering
response occurs when the plants are stressed during the grain filling period
(GS3). Tt was found that drought stress at GS2 causes reduction in number
of grain/panicle, while drought stress at GS3 causes reduction in grain
weight. Moreover several investigators emphasized the role of gram
sorghum genotypes in drought tolerance (Blum ez al 1989, Saranga et al
1990, Donattelli et al 1992, Castro Nava and Huerta 1994 and Al-Naggar et
ai 1999).

To date limited number of research has been made to identify the
differential response of grain sorghum genotypes to drought stress imposed
by withholding irrigation at different developmental stages. Therefore, the
objective of the present investigation was to study the differential effects of
drought stress imposed by withholding irrigation at pre-and post-flowering
stages on some agronomic and yield attributes of grain sorghum genotypes
known by differences in drought tolerance.

MATERIALS AND METHODS

Ten Parents used in the current investigation were chosen based on
previous experiments according to their absolute and the relative yield under
drought stress and non-stress environment. The origin and status of drought
reaction of the materials are presented in Table (1). The tolerant parents
consisted of three restorer lines, and one cytoplasmic male sterile (cms) line.
Tie susceptible parennts consisted of two restorer and four cms lines.
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Table .1 The parental lines used their, origin and drought reaction.

Lines Origin Drought
reaction

Male sterile (cms) lines

1 1ICSB-1 (A-1) ICRISAT S
2 ICSB-37(A-37) ICRISAT 5
3 TCSB-102(A-102) ICRISAT T
4 ICSB-88005(A-88005) ICRISAT S
5 ICSB-88006(A-88006) ICRISAT )
Restorer (R) lines

1 ICSR-89016 ICRISAT T
2 ICSR-89022 ICRISAT S
3 ICSR-900G11 ICRISAT T
4 ICSV-112 ICRESAT T
3 RTX-82BDM-499 Texas A &M S
T = tolerant 8 = susceptible

ICRISAT = International Crop Research Institute for Semi — Arid Tropics-India
Texas A &M = Texas A& M University , US.A.

The five restorer (R) lines were crossed onto the five (cms) lines to
make a total number of 25 F; fertile hybrids in 1999 seseaon at Giza Res.
Station, FCRI, ARC. In the 2000 season, two field experiments were
conducted on the 1 st of July at the Agric. Res. Station of Assiut University
(Assiut Governorate) and on the 3 rd of July at Shandaweel Agric. Res.
Station, FCRI, ARC (Schag Govemnorate) to evaluate the 10 parental lines
(5 restorer and 5 cms lines) and their 25 F,; fertile hybrids (making a total
number of 35 genotypes) under three watering regimes, i.e. pre-flowering
drought stress (by withholding irrigation for 30 days from panicle initiation
to anthesis), post- flowering drought stress (by withholding irrigation for 40
days from anthesis to maturity)and normal irrigation (controt).

A split-plot design in a randomized complete blocks with three
replications was used where the three irrigation treatments were allotted to
the main plots and the 35 genotypes allotted to sub-plots. Each sub- plot
consisted of one row 5 m long 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 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
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harvest time, except for days to mid - bloom, which was measured on a plot
basis. Data were collected for: (1) days to 50% flowering (to mid - bloom),
(2) plant height from soil surface to the top of the panicle, (3) leaf area
(LA). LA = leaf length x leaf width x 0.75, using the 6 ” leaf from the top.
(4) 1000- grain weight, (5) Number of grains / panicle, and (6) grain yield /
lant.

P Data of each location and combined data over the two locations in
absolute and relative values were subjected toa regular analysis of
variance of a split plot design according to Steel and Torrie (1980) .

RESULTS AND DISCUSSIONS

Combined analysis of variance for agronomic and yield traits (Table
2) showed that significant differences existed among the genotypes, parents
and F;’s for all studied traits. The differences among soil moisture
(irrigation) regimes were significant (P <0.01) for all agronomic and yield
traits.

All genotypes X locations, genotypes X moisture regimes and
genotypes X moisture regimes X locations interactions were also significant
(P < 0.01) for all studied agronomic and yield traits. Thus the performance
of genotypes varies with location and water supply confirming previous
results (Krieg and Hutmacher, 1986, Saranga et al 1990 and Al-Naggar er af
1999).

Differential response of growth stages:

A comparative summary of means and ranges of all studied traits
over all parental lines and hybrids subjected to three soil moisture regimes
are presented in Table (3). Mean grain yield per plant was significantly
reduced by soil moisture stress at both GS2 and GS3 stages to 81.8 and 91.4
%, respectively, over all parents and to 80.8 and 91.6 %, respectively over
all F; hybrids. This indicates that the developmental stage GS2 was more
sensitive to soil water stress than the GS3 stage This observation agrees
with Blum (1973), Lewis et af (1974), Legg et af (1979), Mirhadi and
Kobayashi (1980), Bakheit (1990) and Craufirad and Peacock (1993) who
reported that soil water stress at pre-flowering stage reduced yield more than
at post- flowering stage.

Yield under control ranged from 43.3 to 78.0 g/plant for parental lines
and from 51.6 to 112.5 g/plant for F;’s (Table 3). Yield under water stress at
GS2 ranged from 39.3 to 63.2 g/plant among parents and from 45.9 to 91.3
g/plant among hybrids. When water stress was practiced at GS3 stage, yield
range was 434-73.5 and 44.8-99.9 g/plant for parents and hybrids
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Table 2. Combined analysis of variance for agronomic and yield traits of grain
sorghum genotypes evaluated under three irrigation regimes at
Asstut and Shandaweel, 2004,

— 1000 No. of Gramn

{E‘f’:;:mce E.f. E}) v/.:'mn l‘:‘i‘;‘; ’ Leafarea | grain Grains vield/

| : & weight /panicle _plant
Locations(L) 1| 232 1837.7%% | 182393** | 676.6** | 29190015+~ | 1673.3+%
Loc(Reps.) 4 | 35 192.5%+ 511.4 27.8%# 531712%* 125
Irrigations(T) 2 18662+ 51508+ | 616369%* | 510%* 14622962%% | 9470.2%+
LXI 2 | 7434 3399++ 45996** | 574% 1223003%* | 934+
L(Reps X ) 8 | 27ee 33.8 3591.4%% | 9.7 225951+ 44
Genotypes(G) | 34 | 2508+ 23643%+ 119144** | 180** 6883744 | 3768%+
Parents(P) 9 | 298.6* 165024+ 1598115 | 203.7%+ 5509851%* | 1618.7*
P vs Crosses 1 | 7262+ 218207=% | 344123** | 7343** | 26822131%* | 392594+
Crosses(F, ) 24 | 2131% 18214%* | 94520%% | 148%* 6568187*% | 3095%*
G XL 34 | 7.3 3507+ 5065.3% | 57.6** 12349752 | 635+
PXL 9 | 12.5%+ 473.57 SO95** 79.74% 1302616** | 436.8**
PwsF,XL 1 | 084 13303+ | 44101+ | 0.05 276830+ 404>+
F: XL 24 | 5.6+ 262.8%+ 48443% | SL7** 12495324 | T19%*
GXI 68 | 470 263.4%+ 22494+ 43%* 280335+ 165.8*
PXI 18 | 524+ 470.5% 14234+ 12 198974++ 129.8**
PvsF,X1I 2 |25 162.4% 8579.60% | 11.1%+ 310740+ 113%
F X1 48 | a7 190++ 2295+ 52+~ 309578%+ 181.6%*
LXIXG 68 | 3.1+ 124.7%+ 1513+ 388 2425198 | 149.8**
LXIXP 18 | 2.9%* 167%* 107572+ | 2.0 114752+* 56.5%*
LXIXPvsF, | 2 | 018 132.8%+ 4351+ 1.9 60831 226
LXIXF, | 48 | 32+ 108.5%+ 1559++ 4.6% 298003 +* 190.6+*
Error [ 408 | 0.63 214 2975 1.95 49611 10.6
CV% Ll.os 2.84 | 2.4 J 6.0 7.5 4.8

*, ** significant and highly significant at 0.05 and 0.01 probability level, respectively.

respectively, indicating higher reduction of both maximum and minimum
yield range limits for parents and higher reduction of maximum yield range
limits for hybrids at GS2 than at (GS3. This might be attributed to the effect
of high severity of soil moisture stress at GS2 stage.

Both parents and hybrids differed markedly in drought tolerance at
both GS2 and GS3 stages. Drought tolerance measured by relative yield
ranged from 60.5 to 108.0% at GS2 and from 80.1 to 100.2 % at GS3
among parents and ranged among hybrids from 64.5 to 94.2 % at GS2 and
from 76.7 to 105.0 % at GS3 (Table 3).

Mean grain weight was reduced to 94.7 and 91.9 % at GS2 and to
89.4 and 86.7 % at GS3 for parents and hybrids, respectively as compared to
control. Parents ranged for 1000-grain weight from 17.8 to 26.9 gunder
control, from 16.0 to 26.0 g at GS2 and from 15.7 to 24.9 g at GS3, while
hybrids ranged from 20 to 31 gunder control, from 19.2 to 29.0 g at GS2
and from 16.5 to 28.8 g at GS3.



Table 3. Meafls., and ranges ?f different traits of grain sorghum genotypes measured und
conditions of 3 soil moisture regimes (control, stress at GS2 and stress at GS
(Data are combined across Assiut and Shandaweel locations).

Parents Hybrids
Un- Un-
-+ Traits stressed Stressed at Stressed Stressed at
(control) {control)
Gs2 GS3 GS2 Gs2
on Range Days 65-80 65-83 65-79 6378 67-8%0 64-78
. 3: to % - 101.5-106.8  99.6-104.9 - 101.3-110.0 99.0-106.7
Flowering  Mean Days 733 769 74.5 70.6 74.7 72.2
% 100 105.0 101.6 100 1058 1022
L8145 among stress levels 1.08 0.85
Ranse cm. 99.203 95180 96-186 140-259 104-218 118245
Plant £ % . 677959  86.6-96.9 . 71.2-93.9 84.2.95.1
height Mean cm 148.2 118.3 1342 191.4 159.4 173.7
% 100 79.8 90.5 100 83.3 90.7
LSDy s« among stress levels 8.6 3.0
Range em® 614-832 533.773 811-763 631-883 513800 506-768
Leaf g % - 256957  82.3-92.7 . 81.3-96.5 79.7-93.9
area Mean e’ 771 657.5 635.6 789 700.6 679.5
% 100 91.2 88.1 100 B8.8 86.1
L.SD; o5 among stress levels 204 19.3
Rep No. 20253822 17823664  1974-3782 20734426 1901-3899 19724231
Grains/ B¢ % . 66.2-104.7  83.1.989 - 66.0-101.4 £6.5.99.5
panicle Mean No. 2738 2319 2552 3128 2790 2958
: % 100 84.7 6.6 100 89,2 94.5
LS8y o5 among stress levels 243.2 1552 o
gm. 17.8-269  16.0-26.0 15.7-24.9 20.6-31.0 19.2-29.0 16.5-28.8
;:’g Range % . 9399 84.0-92.5 . 82.0-100 73.7.93.7
1 gm. 22.6 21.4 20.2 256 23.5 22.2
weight Mean %% 100 94.7 89.4 100 919 86.7
LSDyqs among stress levels 1.6 1.56
. gm. 433-780 399632 434735 5161125 45.9.91.3 44.8-99.9
yirl‘;“ Range - 60.5-108  80.1-100.2 ] 64.594.2 76.7-10%
plant —_ gnL 60.2 49.1 55.0 79.7 64.4 73.0
% 100 81.8 91.4 100 80.8 91.6
LSI)g o5 amnong stress levels 32 38

number

Moreover, mean number of grains per panicle of stressed plants in
percent of the control plants for each genotype, was generally decreased to
847 and 89.2% of the control when drought was imposed at GS2, and to
03.2 and 94.5 % at GS3 for parents and hybrids, respectively. It decreased to
66 % at GS2 and to 83.1 % at GS3 in the genotype most sensitive to drought
stress, while it increased up to 104.7 % at GS2 and 99.5 % at GS3 in the
most tolerant genotype.
The number of grains per panicle was reduced due to water stress
relatively more than grain weight for both parents and hybrids stressed at
(GS2 stage. In contrast, grain weight was reduced relatively more than

of grains/panicle for all genotypes stressed at (GS3. Although,

reduction in grain weight at GS3 stage was more than that at GS2, reduction
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in number of grains per panicle was more in parents than in hybrids. This
result is consistent with by Mirhadi and Kobayashi (1980), Eastin ef af
(1983), Farah (1983), Eastin ef af (1989), Bakheit (1990} and Al-Naggar et
al (1999), who showed that reductions of sorghum grain yield due to
drought stress before anthesis are related to decreases in grain number,
while a smaller grain weight is responsible for yield losses from water stress
after anthesis. In wheat, drought stress has been found to affect pollen
activity, which reduced seed number (Saini and Aspinall 1981). Reduction
in grain number of sorghum subjected to water stress regime before anthesis
may be also related to inefficient pollination and fertilization, but it can also
result from ovule abortion after fertilization as found in maize (Moss and
Downey 1971).

Yield reduction due to drought imposed prior to and after flowering
were accompanied by losses in grain number/panicle and grain weight, but
reduction in each yield component, separately, was not as high as reduction
in grain yield/plant. Reductions in number of grains/panicle were higher
than reduction in grain weight for both parents and hybrids stressed only at
(GS2 stage, but reductions in grain weight were higher than reduction in
number of grains/panicle for both parents and hybrids stressed at GS3 stage.

Drought stress imposed after anthesis, i.e. at the GS3 stage did not
produce significant changes in the number of days to 50 % flowering. But,
water stress imposed at GS2 stage caused significant delay in heading date
by 3.6 and 4.1 days for parents and hybrids, respectively as compared to the
controls.

Flowering date under stress at GS82 stage ranged among parents from
66 to 83 days and among hybrids from 67 to 80 days. It was delayed by
water stress at GS2Z by up to 5 and 3.8 % for parents and hybrids,
respectively. This result agrees with Pedro ef a/ (1989), Blum ef o/ (1989),
Craufurd et al (1993) and Al-Naggar ef al (1999), who reported that drought ..
stress at GS2 stage can delay flowering in sorghum. Moreover, Lopez-
Castaneda (1979) found that anthesis was retarded in barely and wheat by
moisture stress.

Plant height of parental lines under stress at GS2 stage ranged from
95 to 180 cm and for hybrids from 140 to 259 cm. It was reduced by
drought stress before heading to a mean of 79.8 % with a range of 67.7 -
95.9 % across parents and a mean of 83.3 % with a range of 71.2 - 93.9
across hybrids as compared with controls. The reduction in plant height due
to water stress at GS2 was also reported by Blum ef al (1989), Blum et a/
(1992) and Al-Naggar ef al (1999).

Leaf area (LA) declined significantly in response to water stress. It
decreased at (GS2to 91.2 and 88.8 % and at the GS3 to 88.1 and 86.1 % for
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parental lines and hybrids, respectively. It declined to 81.3 and 79.7 % in the
poorest genotypes, while it was reduced only to 96.5 and 93.9 % in the best
ones, when water was withheld at GS2 and GS3, respectively as compared

to controls.

Differential response of genotypes

Means of genotypes under 3 irrigation regimes in absolute and
relative values to control are presented in Table (4). When an advantage in
both absolute yield under stress and relative yield to control was taken as an
index of drought tolerance, the parental lines: V-112, R-89016 and R-90011
at both GS2 and GS3 and B-102 at GS3 only could be regarded as the most
drought tolerant lines under the conditions of this study. Moreover, the
crosses A-1 X V-112, A-102 X V-112, A-102 X R-90011 and A-1 X R-
90011 at both GS2 and GS3, A-37 X R-90011, A-37 X V-112 and A-102 X
R-89022 at GS2 and A-8806 X R-89022, A-88006 X V-112, A-1 X R-
89016 and A-1 X R-89022 at (GS3 could be considered the most drought
tolerant hybrids in this experiment {Table 4).

It is interesting that the parental lines V-112, R-89016 and R-90011
which excelled under stress at GiS2 and GS3 and A-102 which excelled at
GS3 also excelled n potential yield under non-stress conditions. But R-
89016 showed low relative yield at both GS2 and GS3 stress. V-112, A-102
and R-90011 at GS3 and R-90011 at GS2 showed high relative yield.
Furthermore, the crosses A-1 X V-112, A-102 X R-90011 and A-102 X V-
112, which excelled under stress at GS2 and GS3 and A-1 X R-89016 which
excelled under stress at GS3 also excelled in potential yield, reaching a yield
level of more than 100 g/plant under control (Table 4), while these crosses
exhibited low relative yield at GS2 and GS3. Only the crosses A-37 X R-
90011 and A-102 X R-89016 which excelled in absolute yield under stress
at GS2 and A-88006 X R-89022 and A-88006 X V-112 which excelled at
(3S3 excelled also in their relative yield to control (drought tolerance index).

Based on results obtained, it is evident that absolute yield under
stress and relative vyield as a measure of drought tolerance may be
independent characters. However, we could find some genotypes, which
show both high absolute yield under stress and high relative yield.

The effect of drought stress on number of grains per panicie of each
genotype 1s presented in Table (4). The parental lines R-90011 and R-
89022, RTX82 BDM-499 and V-112 stressed at GS2 stage and R-90011, R-
89016, RTX 82 BDM-499 and V-112 stressed at GS3 stage exhibited high
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e 4. Means of studied characters for 10 parentai lines and their 25 F; crosses of grain sorghun
tested under 3 irrigation regimes (data are combined over two locations) in 2000 season.

(Grainyield/plant(g) Grains/panicle .. 1008grain weight(g)
enotypes Un- Stressed at Un- Stressed at Ua- Stressed at
stressed stressed stressed )
control G52 GS83 control GS2 GS3 control G52 G83
Parents
ICSB-1 54.8 459 43.9 2555 2279 2352 218 20.6 183
1CSB-37 54.4 45,7 539 2278 1975 2115 24.2 232 21.2
ICSB-102 714 43.2 65.8 2716 1807 2256 258 23.9 23.4
1CSB-88005 54.4 47.9 50,7 2109 1924 1974 26.2 25.0 233
ICSB-88006 47.58 39.9 43.7 2125 1782 1985 24,0 223 21.9
ICSR-89016 78.0 51.7 67.4 3438 2276 3145 219 20.9 19.9
ICSR-89022 433 46.9 43.4 2533 2654 2472 18.0 179 16.3
ICSR-90011 65.2 574 60.5 3s22 3664 3782 17.8 16.0 15.7
ICSV-112 76.7 63.2 73.5 2882 2381 2652 26.9 260 4.9
0 RTXS82BDM-499 56,7 43.6 46,7 3021 2445 2785 19.0 18.0 17.1
.8D (.05 Parents 2.50 1.22 1.44 305.6 299.2 236.6 1.%7 1.60 0.99
Parents X stress levels 3.2 243.3 1.6
Crosses
1 A-1 X R-89016 102.1 68.5 821 3789 3014 3560 27.0 23.4 19.9
2 A-1 X R-89022 $9.9 58.0 819 ki) | 2455 3219 244 23.6 222
3 A-1 X R-90011 94.9 70.5 83.4 3o10 3264 3474 23.9 22.0 185
4  A-1XV-112 112.5 91.3 98.8 4022 3787 38958 27.5 24.5 231
5  A-1x RTX82BDM 70.3 63.2 53.9 2742 2622 2650 258 240 21.6
6  A-37XR-8MI6 69.5 61.6 64.5 2760 2677 2685 25.0 23.0 21.7
7 A-37 X R-89022 62.2 54.0 57.7 s 2639 2690 228 20.3 187
8§  A-37TXR90011 83.9 757 79.5 4095 3899 3910 20.0 19.2 16.5
9 A-37X V.12 86.5 70.9 80.9 1882 2444 2664 30,9 29.0 27.7
10 A-37 X RTX82BDM 35.5 47.4 52.9 1456 2230 2351 22.5 213 185
11 A-102 X R-8%016 9.5 70.3 71.9 3210 2959 3095 24.5 23.7 21.7
12 A-102 X R-89022 51.6 46.7 44.8 2154 2000 2052 23.2 23.2 19.5
13 A-102 X R-90011 103.2 75.9 96.4 4426 3681 4231 23.5 20.6 213
14 A-102X V-112 105.3 76.8 99.9 3445 2711 3156 30.5 28.7 28.6
15 A-102X RTXS82BDM 75.0 63.4 60.1 2832 2568 27158 26,3 24.7 229
16 A-88005 X R-89016 73.9 66.8 67.6 2938 2725 2812 26.2 24.6 23.7
17  A-88005 X R-8%22 73.8 63.3 67.2 2952 2689 2776 25.6 238 235
18 A-88005 X R-90011 729 68.7 73.2 3287 3334 3256 22.3 2.6 20.0
19  A-S8BDISX V-112 75.9 60.8 68.6 2481 2323 2310 310 25.8 27.6
20 A-83005XRTX828BDM 54.2 459 48.9 2073 1901 1972 25.5 24.2 23.1
21  A-88006 X R-89016 74.9 50.6 71.8 3111 2520 2772 24.0 233 222
22 A-88006 X R-89022 87.9 692 84.2 3051 2923 2980 29.9 24.6 262
23 A-88006 X R-90011 83.5 61.4 76.3 3819 3255 3524 224 20.8 19.5
24 A-88006X V-112 84.9 67.3 829 2480 2468 2470 30.9 27.9 288
25  A-88006X 66.2 56.2 69.7 2792 2705 2742 13.6 21.5 19.1
RTXS82BDM
LSD 0.05 Crosses 51 2.6 2.6 3116 2218 200.2 2.02 1.5 14
Crosses X stress levels 3.8 255.2 1.56
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I'abie 4. Continued

3
S e RS T R—
siressed stressed * t,g:s;d Stressed at
cohtrof G52 83 control Gsz G583 :-ontroi csz Gss
FParents
1 ICSB-i 620 575 550 73 78 74 112 97 107
2 1CSB-37 6i4 570 546 71 75 72 121 109 114
3 ICSRB-102 S80 533 s11 73 76 74 149 101 130
4 ICSB-88005 641 562 i 72 76 73 126 105 111
3 ICSRB-88006 795 737 TI0 73 78 74 136 98 119
6 ICSR-89016 832 733 733 80 83 79 195 137 169
7 ICSR-89022 826 773 763 76 80 77 164 125 148
8 ICSR-90011 785 672 646 75 79 79 177 136 162
9 ICSV-112 795 761 737 75 78 78 203 180 186
10  RTX82BDM-499 722 658 619 65 66 65 929 95 96
1.SD 0.05 Parents 30.6 14.1 254 1.26 0.88 - 2.83 146 2.9
Parents X stress levels 20.4 1.08 8.6
Crosses
1 A-1X R-89016 770 699 667 73 77 74 186 168 171
2 A-1X RS89 832 795 768 72 75 73 149 125 133
3 A1 X RO 778 730 698 72 T4 73 183 150 167
4 A1XVa12 §88 768 768 74 76 74 189 152 170
5  A-Ix RTX82BDM 631 513 506 65 69 65 140 104 118
6 A-37 X R-B9016 649 569 542 75 76 73 190 145 170
| A-37 X R-89022 870 759 742 73 77 s 177 126 155
8 A-37 X R99011 819 709 712 73 78 75 p2ij] 152 181
9  A-37TX V112 856 739 721 72 76 73 242 213 27
10 A-37 X RTXS2BDM 707 658 650 67 71 68 149 140 139
11 A-162 X R-89016 667 607 582 70 17 73 197 158 173
12 A-102 X R-89022 840 800 765 73 80 78 169 149 151
13 A-102 X R-90011 706 661 (%1} i | 75 73 208 180 193
14 A-102X V-112 816 788 767 72 76 73 244 218 232
15 A-102X RTXB2BDM 777 682 639 63 67 64 149 136 138
16 A-88005 X R-8%016 727 650 609 760 76 73 196 156 165
17 A-88005 X R-89622 785 723 689 71 T4 72 196 166 176
18 A-88605 X RI90011 803 671 661 73 77 73 209 169 186
19 A-88005 X V-112 817 694 667 n 76 72 224 200 204
20  A-88005XRTX82BDM 718 603 570 [Z] 67 66 169 120 146
21 A 83006 X R-89016 B6S 83 T6R 73 76 78 182 152 162
22 A-88006 X R-89022 856 755 744 71 75 73 231 206 217
23 A-88006 X R-90011 843 737 718 72 77 73 205 171 184
24 A-88006X V-112° 877 733 735 74 78 77 259 218 248
25  A-88006X RTX32BDM 8§27 692 676 63 69 65 149 126 140
LSD 0.05 Crosses 8.3 21.6 13.4 091 .84 —— 2,85 336 1.4
Crosses X stress [evels 19.3 0.G85 3.0

absolute and relative values for grains/panicle. On the other hand, the lines B-88006 and B-102
ander stress at (GS2 and B-88003 and B-88006 under stress at GS3 showed both fow absolute
and low relative values of grain/paniclc.  The hybrids A-! X V-112, A-37 X R-90011 and
A-88005 X R-90011. A-102 X R-90011, A-1 XR-90011 and A-88006 X R-90011 siressed at
both GS2 and GS3 had both high absolute and relative values of grains/panicle, indicating
tolerance to reduction of grain number under drought stress. In contrast, the crosses A-88005 X
RT X 82 BDM, A-88005 X V-112, A-102 X R-89022 and A-37 X RTX82BDM stressed at
G882 and GS3 exhibited both low absolute and low relative values for grains per panicle.
indicating susceptibility to drought.
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Drought stress effect on 1000-grain weight of each genotype is presented in Table (4).
The tolerant lines to reduction in grain weight by water deficit. considering both absolute and
relative values were V-112, B-102 and B-88005 at both G52 and GS3. These lines excelled also
in their potential grain weight. On the other hand, the parental lines R-90011, R-89022 and
RTX82BDM-49% showed sensitivity to drought at both GS2 and GS3 stages measured by
absolute and relative wvalues for grain weight. The hybrids A-37 X V-112, A-102 X V-112, A-
88005 X V-112 and A-88006 X V-112 were the most tolerant crosses to the effect of drought
stress on grain weight, when both absolute and relative values at GS2 and GS3 stages are
considered. On the contrary, the most susceptible crosses for reduction in grain weight due to
waler stress were A-37 X R-90011, A-37 X R-890022, and A-88006 X R-20011 at GS2 and A-
1 X R-90011, A-37 X R-89022, A-37 X R-90011 and A-37 X RTX82BDM-499 at GS3.

Mean number of days to flowering of each genotype under water stress is presented in
Table (4). It is obvious that date of heading of each genotype was not significantly affected by
experiencing drought at GS3 while significant differences were observed due to drought at GS2
stage. The penotypes showing low absolute number of days o heading under stress coupled
with the low increase in relative value (less delay) at GS2 stage which means less effect from
drought and could be considered tolerant to water stress included the paremtal lines RT X
82BDM-499. B-37, B-88005 and B-102 and the crosses A-1 X R-90011, A-1 X V-112, A-37 X
R-89016, and A-88005 X RTX82BDN 499. On the other hand, genotypes exhibiting high
absolute number of days to heading under stress and high increase in the relative number (inore
delay) at G52 as compared to control (which means susceptibility {0 water stress) were the lines
R-89016, R-89022 and V-112 and the hybrids A-102 X R-89016, and A-88006 X V-112.

Mean plant height in absoluie and relative values of each genotype is presented in
Table (4). The most tolerant parentat lines to reduction in plant height due to drought were R-
89016, R-89022, R-9001] and V-112 at both GS2 and GS3. On the other hand, B-1. R-88006
and RTX82BDM-499 at GS2 and B-1 and RTX 82BDM-499 at GS3 were the most susceptible
and also exhibited low values of plant height under well-watering conditions,

The most tolerant hybrids to plant height reduction by water stress were A-37 also V-
112, A-102 X V-112, A-88005 X V-112, A-88006 X R-89022 and A-88006 X V-112 at both
GS2 and GS3. On the contrary, A-1 also R-89022, A-1 also RTX82BDM-499, A-37 X R-
89016, A-38005 X RTX82 BDM-499 and A-88006 X RTX 82BDM-499 at GS2 and A-t x R-
89022, A-1 X RTX82BDM-499, A-37 X RTX82BDM A-102 X RTX82BDM, and A-88006 X
RTX82BDM-499 at GS3 were the most sensitive to reduction in plant height due to drought

Effect of water stress on leaf area (LA) of each genotype is shown in Table (4). The
most tolerant genotypes to the reduction in LA duc to drought imposed at both pre-and post-
flowering stages were the lines A-88006. R-89016, R-89022 and V-112 and the crosses A-1 X
R-82022, A-1 X V-112, A-162 X R-89022, A-102 X V-112 and A-88006 X R-89016. On the
contrary, the most susceptible genotyp:s to reduction in LA due to stress imposed at GS2 and
GS3 stages were the lines B-1, B-37, B-102, and B-88005 and the hybrids A-1 X RTX82 BDM-
499, A-37 X R-89016, A-102 X R-89016, and A-88005 X RTX82 BDM-499.

Summarizing the previous-mentioned results, it is obvious that the drought tolerance
exhibited by different genotypes and expressed in terms of both high absolute yield under stress
and high yield relative to control was associated with drought tolerance expressed by characters
other than yield which were similar in some cases and different in other cases. The drought
tolerance expressed by vicld was associated with the drought tolerance expressed by number of
grains/panicle. LA and plant height for the parental lines B-102, R-89016, R-90011 and V-112:
days to 50% flowering, plant height, and 1000 grain weight for B-102; plant height, LA, and
number of grains for R-89016; plant height and number of grains for R-90011; and plant height,
number of pgrains and 1000 graim weight for V-112. However, it has to be kept in mind that
drought tolerance will be more effective for characteristics contributing to grain vield. In
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addition the high-yielding genotype under the stress conditions
from its reaction to stress.
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