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ABSTRACT

The present study was conducted at Sakha Agricultural Research Station's Experimental Farm to
evaluate six wheat genotypes during 2017/18 and 2018/19 wheat growing seasons under normal irrigation (five
() irrigations) and reduced irrigation (only one irrigation after the establishment). A randomised complete block
= design with nine replicates was the experimental design. Two stress tolerance indices were calculated to
differentiate the high yielder and water deficit tolerant wheat genotypes. Results showed that the irrigation effect
was highly significant for all studied characters, except for number of kernels spike. The mean values of all
studied characters in the normal irrigation were higher than those recorded in the reduced irrigation, except for
number of kernels spike™ and 1000-kernel weight. There were a highly significant differences among genotypes
for all the studied characters. The best cultivar was Misr 2 which recorded the highest values for grain filling rate,
number of spikes m2 and grain yield with a significant differences compared to the other studied genotypes. Two
susceptible/tolerance indices indicated that the three genotypes namely Cham 4, Sakha 93 and Vorobey were
identified as stress tolerant genotypes and the genotypes Cham 4 had the higher grain yield as well. Accordingly,
it was recommended to be used in wheat breeding programs to transmit tolerance genes to the commercial
cultivars for reduced irrigation.
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INTRODUCTION

Wheat is one of the most important sources of food.
In recent years, interest in crop response to environmental
stresses has received a great attention due to severe losses
caused by these stresses. Drought, as an important abiotic
stress, is a major restriction factor to agricultural production
in arid and semi-arid regions.

Drought affects morphology, growth, and
metabolism of plants, and limiting grain yield in most plants.
Plant responses to drought stress are very complex and
include adaptive changes or deleterious effects (Mehraban et
al., 2019). Morphological characters are affected by water
stress due to limited available moisture in the soil, these
characters also indicate how adaptive genotypes cope with
water stress. These characters have the important role in
determining yield components and are used in breeding
programs for improving grain yield and introducing
commercial varieties. Numerous studies showed that days to
heading and maturity, plant height, number of spikes m?,
grain and straw vyields, harvest index, number of
grains/spike, and 1000-grain weight were affected by

different irrigation regimes (Zafarnaderi and Mohammadi,
2013, and Noreldin and Mohmoud, 2017).

During the last decades, in several countries,
breeders have attempted to produce modern varieties that are
highly productive and widely adapted to contrasting
environments. Understanding plant responses to drought is
of great importance and also a fundamental part for
developing tolerant crops which is a promising approach to
meet food demands for food security all over the world.

Therefore, the objective of this study was to identify
the high vyielding and drought tolerant wheat genotypes
under reduced irrigation.

MATERIALS AND METHODS

Field experiment:

The present study was conducted at the Experimental
Farm of Sakha Agricultural Research Station, Kafr El-
Sheikh, Egypt. During the 2017/18 and 2018/19 wheat
growing seasons, six bread wheat (Triticum aestivum L.)
genotypes were used and grown on 28 November. The name
and pedigree of the studied genotypes are listed in Table 1.

Table 1. Name and pedigree and selection history of the studied wheat genotypes.

Ser  Genotype Pedigree and selection history Source
1 CHAM 4 FLK'S/HORK'S' CM39816-1S-1AP-0AP ICARDA
2 SAKHA 93 SAKHA92/TR8103 S.8871-1S-25-1S-0S EGYPT
3 VOROBEY CROC_1/AE.SQUARROSA (224)/[OPATA M 85/3/ PASTOR CMSS96Y025555-040Y-020M-050SY-020SY-6M-0Y CIMMYT
5 GEMMEIZA12 OTUS/3/SARA/THB // VEE MSS97Y00227S-5Y-010M-010Y-010M-2Y-1M-0Y-0GM EGYPT
4 MISR 1 OASIS / SKAUZ /| 4*BCN /3/ 2*PASTOR  CMSS00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0S EGYPT
6 MISR 2 SKAUZ / BAV92 CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0S EGYPT

In each season, two separate irrigation experiments
using the flood irrigation method evaluated the studied
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entries. The first one included four irrigations after planting
irrigation (Normal irrigation treatment, N), while the second
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experiment was given one surface-irrigation after planting
irrigation (reduced irrigation treatment, D).

Each experiment was surrounded by a wide border
(5 m) to minimize water infiltration. The experimental site
was close to the main drainage to avoid high water table
effect. Recommended agricultural practices for wheat

were reported, as shown in Table 2. Details of soil properties

of the research sites in each season are summarized in Table 3.

Table 2. Monthly mean of air temperature (AT ©C),
relative humidity (RH %) and rainfall
(mm/month) in winter seasons of 2017/2018
and 2018/2019 at Sakha location.

cultivation in old land in Egypt were applied at the proper ATOC ATCC RH% Rainfall
time except for irrigation treatment. The preceding cropwas  ponth 2017/18  2018/19 (mm)
maize in both seasons. Max. Min. Max. Min. 2%7/ 2%8/ 2%7/ 2%8/
design (FF?(;;?;;\)’v"i?;e;{ﬁg'rgsl'isa:?;?:w:sesscezmﬂg‘;gggﬁ December 2151 1541 2023 14.32 6513 7564 3295 271
L : January 18.86 14.04 19.64 12.70 60.01 67.69 9.61 14.91
the plot was 2.1 m2, consisting of two rows, 35 mlongand  Fepryary 2154 1451 1959 14.96 6222 70.70 2521 1531
30 cm apart. At the rate of 300 seeds m-2, grains were  March = 2552 16.60 22.06 1822 67.51 7222 000 17.31
manually drilled in rows. April 27.81 19.95 25.81 20.65 66.33 68.79 10.61 3.91
The meteorological data from the Sakha May 37.01 28.01 33.01 26.30 55.26 57.10 0.00 0.00
Meteorological Station for the two winter growing seasons
Table 3. Mechanical and chemical soil analyses during the two growing seasons
Season Sample Soil EC Anions my/l Cations mg/l
depth structure dsm-1 CO3-- HCO3- CL- S04 Ca™ Mg" Na' K*
2017/2018 0-30 Clayey 8.61 233 - 25 10 4332 106 6.1 1238 0.29
30-60 Clayey 8.7 2.1 - 2.25 125 911 6.6 49 8 0.33
2018/2019 0-30 Clayey 8.06 2.01 3 811 4869 56 391 1034 031
30-60 Clayey 7.90 15 25 4.8 716 323 233 842 029

The studied characters were: number of days to
heading and maturity, grain filling period (days) and grain
filling rate (g plot® days?), plant height (cm), number of
spikes m?, number of kernels spike, 1000-kernel weight
(9), grain yield plot™ (kg plot™).

Statistical analysis

Data were subjected to combined analysis of
variance of randomized complete block design over the two
irrigation regimes (normal and reduced irrigations) on the
two seasons as presented by Gomez and Gomez (1984). In
order to confirm the homogeneity of individual error terms,
the Levene test was run as a standard statistical step prior to

the combined analysis (Levene, 1960). According to Waller
and Duncan (1969), the Least Significant Difference (LSD)
test was used to classify the significant differences between
the proper items at probability level of 0.05.
Tolerance indices

Based on the difference between grain yield under
normal (Yn) and stress (Y's) conditions over the two seasons,
two stress tolerance indices were determined. Table 4
displays the names, equations and references of the indexes
for stress tolerance. Genotypes that have the lowest values of
these indices of tolerance are known to be more tolerant of
decreased irrigation.

Table 4. The name, equation and reference of two stress tolerance indices.

Number Index name Formula Reference

% Reduction (Yn-Ys)*100/Y
1 Tolerance Index (TOL) Yo-Ys_ Rosielle and Hamblin, 1981
2 Stress Susceptibility Index (SSI) [1-(YSYRL-(Y /Y W) Fisher and Maurer, 1978

- Ynand Y;indicate to average grain yield of each genotype under normal and stress conditions.

-Y ,and Y ,indicates to average grain yield overall genotypes under normal and stress conditions.

RESULTS AND DISCUSSION

The water table levels were deeper than 190 cm in the
two seasons after 60 days of sowing during reduced irrigation
treatment at the boot stage. Thus after 155 days of sowing under
normal irrigation treatment, it reached the same depth.

Analysis of variance

Mean squares of all studied characters combined
over the two irrigation regimes across the two seasons are
illustrated in Table 5.

Table 5. Mean squares of the studied characters combined over the two irrigation regimes under the two growing

seasons of 2017/2018 and 2018/2019.

Daysto  Daysto Grain Grainfilling  Plant No. of No. of 1000- Grainyield

SOV Df heading maturity filling period rate height spikes kernels  kernel  plot? (kg

(day) (day) (day) (g plotiday?) (cm) m?2 spike? weight (g) plot}
Season (S) 1 661.50** 4873.50**  1944.00** 2654.10** 7.41 231542.52** 3584.64** 385.75*  1.54**
Irrigation (1) 1 67557* 4374.00** 1611.57** 1317.67** 5807.41** 266844.74** 293.22 411.35** 8.21**
Y *| 1 13.50 13.50 0.0001 36.93 29.63 22407.41* 1891.16** 041 0.11
Error 32 8.62 19.43 17.64 64.98 30.32 3501.36 108.63 54.90 0.16
Genotypes (G) 5 230.69** 222.99** 213.18** 649.74**  3056.57** 28814.96** 1850.71** 160.93**  0.99**
G*S 5 0.001 0.003 0.0001 30.93 208.24**  8247.03* 506.60** 73.14* 0.10
G*I 5 17.10 37.90* 83.53** 402.16**  158.24**  8752.05* 199.30 93.95* 0.57**
G*S*| 5 0.002 0.004 0.001 70.30* 85.46*  13846.14** 232.94 50.34 0.17**
Error 160 11.88 11.84 17.94 26.33 28.80 2827.25 124.92 31.99 0.04
Total 215 2217 60.85 39.41 74.72 134.72 6434.88 200.84 44.48 0.14

*, **:Significant and highly significant at 0.05 and 0.01 probability levels, respectively .
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Table 6. Mean performance of studied genotypes for all characters over the two irrigation regimes across the two

growing seasons.

Days to Daysto  Grainfilling Grainfilling Plant  No.of No.of 1000-kernel Grainyield

Genotypes heading maturity period rate height spikes nr kernels  weight plot® (kg

(day) (day) (day) (gplot'day?)  (cm) 2 spike?! @ plot?)
Cham 4 97 143 46 31.85 95 428 44 48.07 145
Sakha 93 96 149 53 25.02 94 401 50 45.02 1.33
Vorobey 97 147 51 25.80 97 353 51 4472 1.28
Misr 1 102 151 49 29.75 110 350 58 44.43 144
Gemmeiza 12 97 148 50 28.84 107 324 61 49.39 144
Misr 2 101 149 48 36.61 117 441 62 4477 1.76
LSD o005 161 1.60 1.97 2.39 2.50 24.75 5.20 2.63 0.098

Highly significant differences were found between
the two seasons for all characters, except for plant height,
indicating the important effect of the environmental
conditions. Results showed that the irrigation regimes had
highly significant effect on all the studied characters, except
for number of kernels spike™*. The mean squares of irrigation
regimes explained that a large part of the total variation for
most characters confirming the relative importance of
irrigation treatments in water stress tolerance breeding
programmes. A similar pattern was discovered by Abd El-
Mohsen et al. (2015) and Farhat (2015). The interaction
between growing seasons and irrigation regimes had
insignificant effect on all the studied characters, with the
exception of the number of spikes m2and number of kernels
spike™. With regard to the genotypes effect, for all characters
studied, there were highly significant differences between
the genotypes studied. The interaction effect between
genotypes and seasons had insignificant effect on all the
studied characters, except for plant height, number of spikes

m2, number of kernels spike and 1000 kernels weight
which was significant or highly significant. Concerning the
interaction between genotypes and irrigation, its effect was
highly significant on all the studied characters, except for
days to heading and number of kernels spike® which had
insignificant effect.

The significance of the interaction effects is due to
the wvarious abilities of the cultivars to adapt their
characteristics to the environment, indicating the importance
of testing genotypes in different environments in order to
decide the best ones for a specific environment. The
interaction effect among genotypes, seasons and irrigations
regimes had a significant effect on grain filling rate, plant
height and number of spikes m? only. Similar findings were
reported by Thapa et al. (2017), Liu et al. (2017),
Hooshmandi (2019) and Mehraban et al. (2019).

Mean performance

Results in Table 6 showed the mean performance of
the studied genotypes for all the studied characters over the
two irrigation regimes across the two growing seasons. The
observed significant variation among the genotypes might
partially reflect their different genetic backgrounds. It is
obvious that the cultivar Sakha 93 was the earliest genotype
for days to heading (96 days), followed by the genotypes
Cham 4, Vorobey and Gemmeiza 12 (97 days), and the
genotype Cham 4 was the earliest one in maturity (143 days)
and had the shortest grain filling period (46 days), with
significant differences compared to the other studied
genotypes. These results indicated that the earliest genotypes
for days to heading are not necessary to be the earliest for
days to maturity. It is also noted that the early maturing

genotypes had short grain filling period. The best cultivar
was Misr 2 which recorded the highest values for grain
filling rate (36.61 g plot® day?), number of spikes m? (441)
and grain yield (1.76 kg plot?) with significant differences
with the other genotypes. Wheat breeders always prefer the
low values for grain filling period and high values for grain
filling rate which coincide with Pireivatlou et al, (2011) who
reported that The major factors for producing greater grain
yield in wheat are considered to be the short effective grain
filling period and high grain filling rate.

The tallest plant height were recorded for the
genotype Misr 1 (110 cm), Gemmeiza 12 (107 cm) and Misr
2 (117 cm) while the shortest ones were Cham 4 (95 cm),
Sakha 93 (94 c¢cm) and Vorobey (97 cm). The maximum
number of kernels spike? was produced by the two
genotypes of Gemmeiza 12 (61) and Misr 2 (62), while the
heaviest 1000-kernel weight was obtained by the genotypes
Cham 4 (48.07 g) and Gemmeiza 12 (49.39 g).

Interaction Effect

The interaction effect between growing seasons and
genotypes were insignificant for all the studied characters,
except for plant height, number of spikes m?, number of
kernels spike® and 1000-kernel weight (Table 7). The
significant interaction effect indicated that wheat genotypes
differently responded to the environmental conditions
suggesting the importance of assessment of genotypes under
different environments in order to identify the best genetic
make up for a particular environment.

Results revealed that the tallest plants were recorded
by the cultivar Misr 2 being 114 and 119 cm in the two
seasons, respectively, while the shortest plants were obtained
by the genotype Cham 4 (95 cm) in the 1% season and the
cultivar Sakha 93 (92 cm) in the 2™ season. With respect to
the number of spikes m?, it is clear that the cultivar Misr 2
gave the maximum values in the two growing seasons
recording 523 and 360 spikes m?, respectively, while the
lowest number of spikes m? were obtained by the cultivar
Gemmeiza 12 recording 362 and 287 spikes m? in the two
seasons, respectively. The cultivar Gemmeiza 12 gave the
highest number of kernels spike? (69 kernels spike?) in the
1% season and the cultivar Misr 2 (65 kernels spike?) in the
2" one, while the lowest values were produced by the
cultivar Sakha 93 (53 kernels spike™) in the 1% season and
the genotype Cham 4 (39 kernels spike™) in the 2" season.
Considering the weight of 1000-kernel, the cultivar
Gemmeiza 12 gave the heaviest weight being 51 and 47.8 ¢
in the two seasons, respectively, while the least weight was
obtained by the cultivar Misr 1 (43.4 g) in the 1% season and
the cultivar Misr 2 (41.4 g) in the 2" one. These results are
in harmony with those reported by Mehraban et al. (2019).
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Table 7. Mean values of all studied characters as affected by the first-order interaction effect between growing season

and genotypes.

Days to Daysto Grainfilling Grain filling Plant No. of No.of 1000-kernel Grainyield

Genotypes heading  maturity  period rate height spikes kernels weight plot!
(day) (day) (day)  (gplot'day®)  (cm) m? spike™ ()] (kg plot™)
1t 2ndg 1stg pndg g pdg jstg g ptg pndg jstg pdg g pndg jtg pdg  1tg 2ndg
Cham 4 95 99 139 148 43 49 3621 2748 95 96 502 353 49 39 492 469 155 135
Sakha 93 94 97 144 154 50 56 2840 2164 97 92 475 327 53 47 469 431 144 122
Vorobey 95 98 143 152 48 54 2973 2187 99 94 373 333 57 45 458 437 140 117
Misr 1 100 104 146 155 46 52 31.67 27.83 108 112 390 310 63 53 434 455 144 143
Gemmeiza 12 9% 99 143 153 47 53 3317 2451 106 109 362 287 69 53 510 478 159 130
Misr 2 99 103 144 154 45 51 3971 3351 114 119 523 360 59 65 481 414 180 172
Mean 9% 100 143 152 46 52 3315 2614 103 103 437 328 58 50 474 447 154 137

LSD ogs NS NS NS NS 354 35.65 7.27 3.94 NS

1% S: First season and 2™ S: Second season.

Table 8. Mean values of all studied characters as affected

regimes and genotypes.

by the first-order interaction effect between irrigation

Daysto Daysto Grainfilling Grainfilling Plant No. of No.of  1000-kernel Grainyield
Genotypes heading maturity  period rate height spikes kernels weight plot®

(day) (day) (day)  (gplot'day’)  (cm) m spike™ ()] (kg plot™)

N D N D N D N D N D N D N D N D N D
Cham 4 98 96 148 138 50 42 2988 3381 98 93 452 404 42 45 4661 4952 149 141
Sakha 93 97 95 154 144 57 50 2564 2440 98 91 484 317 48 52 4293 471 145 120
\orobey 99 95 153 142 54 48 2645 2515 102 92 416 290 48 54 4131 4813 140 117
Misr 1 104 100 154 148 50 48 3449 2501 118 102 392 307 61 55 4376 451 169 1.18
Gemmeiza 12 99 96 153 142 54 47 3232 2536 112 103 371 278 58 64 4737 5141 171 118
Misr 2 104 98 153 146 49 48 4391 2931 124 110 533 349 62 62 4613 4341 214 1.38
Mean 100 96 152 143 52 47 3212 2717 108 98 441 324 53 55 4469 4745 165 125
LSD 005 NS 2.38 2.78 3.77 3.54 35.65 NS 3.94 0.16

N: normal irrigation and D: reduce irrigation.

The interaction effect between irrigation regimes and
genotypes was significant for all studied characters, except
for days to heading and number of kernels spike™? (Table 8).
The mean values of all studied characters under normal
irrigation were higher than those recorded in the reduced
one, except for number of kernels spike™ and 1000-kernel
weight.

Results indicated that the genotype Cham 4 was the
earliest maturing under both normal and reduced irrigation.
The shortest grain filling period was obtained by the cultivar
Misr 2 and the genotype Cham 4 under normal and reduced
irrigation, respectively. Mehraban et al. (2019) indicated that
early heading and maturity have an advantage of allowing
drought escape, enabling the cultivar to efficiently utilize
irrigation or rainfall during critical growth stages.

Under normal irrigation, the cultivar Misr 2 recorded
the maximum values of grain filling rate (43.91 g plot* day
1), number of spikes m? (533 spikes) and grain yield (2.14
kg plot?), while the genotype Cham 4 was the best one
under the reduced irrigation, it was recorded (33.81 g plot?
day™), (404 spikes m?) and (1.41 kg plot™) for grain filling
rate, number of spikes m? and grain yield plot?,
respectively.

The tallest plants were obtained by the cultivar Misr
2 while the shortest plants were given by the cultivar Sakha
93 under the two irrigation regimes. The maximum 1000-
kernel weight were produced by the cultivar Gemmeiza 12
being 47.37 and 51.41 g under normal and reduced
irrigations, respectively. These results indicated that water
deficiency caused a significant decreases in most studied
characters. Which are in agreement with those reported by
Singh et al. (2018) and Abd EI-Kreem et al. (2019).

The interaction effect between growing season,
irrigation regime and genotypes had insignificant effect on

all studied characters, except for grain filling rate, plant
height, number of spikes m? and grain yield plot* (Table 9).
The mean values of all the studied characters under normal
irrigation were higher than those obtained in the reduced
irrigation in both seasons, except for 1000-kernel weight.
The insignificant interaction effect indicates that wheat
genotypes responded similarly to the environmental
conditions.

Results indicated that the cultivar Misr 2 gave the
highest grain filling rate under normal irrigation, while the
genotype Cham 4 had the highest values under reduced
irrigation in both seasons.

The results revealed that the tallest plants were
recorded by the cultivars Misr 1, Gemmeiza 12 and Misr 2,
while the shortest plants were produced by Cham 4, Sakha
93 and Vorobey under the two irrigation regimes in both
Seasons.

The maximum number of spikes m? were obtained
by the cultivar Misr 2 under normal irrigation in the 1%
season and under reduced irrigation in the 2" season. The
genotype Cham 4 gave the highest number of spikes m?
under the reduced irrigation in the 1% season, while the
genotype Vorobey produced the highest number of spikes m-
2 under normal irrigation in the 2" season. This suggests that
reducing irrigation can result in a clear reduction in number
of spikes m? These findings were in line with those
obtained by Milad et al. (2016) and Singh et al. (2018). The
current study showed a significant reduction in grain yield
plot? due to reducing irrigation in both seasons. The cultivar
Misr 2 produced the highest grain yield under normal
irrigation in both seasons and under reduced irrigation in the
2" one, while the highest grain yield was obtained by the
genotype Cham 4 under the reduced irrigation in the 1%
season.
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Table 9. Mean values of days to heading, days to maturity, grain filling period, grain filling rate, plant height and
Number of spikes m2as affected by the second-order interaction effect between irrigation regimes, genotypes

and growing season

Days to heading (day) Days to maturity (day) Grainfilling period (day) Grainfilling rate (g plot'day?) Plant height (cm)

Genotypes %S 2Mg 1S 2Mg 1S 2 g 1%S 2ds 1S 2ndg

N D N D N D N D N D N D N D N D N D N D
Cham 4 9% 94 100 97 143 134 153 143 47 39 53 45 332 392 266 284 97 93 99 93
Sakha 93 95 93 99 96 149 140 159 149 54 47 60 53 298 270 215 218 99 95 97 86
Vorobey 97 93 101 96 148 138 158 147 51 45 57 51 296 299 233 204 10495 99 88
Misr 1 102 98 106 101 149 143 159 152 47 45 53 51 372 261 318 239 117 98 119 105
Gemmeizal2 97 94 101 97 148 138 158 147 51 44 57 50 395 269 252 238 11399 111 107
Misr 2 102 96 106 99 148 141 158 150 46 45 52 51 470 324 408 262 122106 125 113
Mean 98 95 102 98 148 139 158 148 49 44 55 50 36.1 302 282 241 109 98 108 99
LSD 005 NS NS NS 5.33 5.01
1% S: First season and 2™ S: Second season.  N: normal irrigation and D: reduce irrigation
Table 9. Cont.

No. of spikes m? No. of kernels spike®  1000-kernel weight (g)  Grain yield plot™ (kg plot?)
Genotypes 1%S 2nds 1 2nd 1 2nd 18 2nd
N D N D N D N D N D N D N D N D

Cham 4 472 533 431 275 50 48 35 42 468 516 464 474 155 155 142 128
Sakha 93 583 366 386 267 53 53 42 52 449 489 410 453 161 126 129 114
Vorobey 385 362 447 219 56 58 40 50 418 498 409 465 148 132 132 102
Misr 1 429 350 355 265 68 59 55 51 418 450 457 452 172 116 166 120
Gemmeiza 12 380 344 362 212 74 64 42 64 496 525 452 504 200 118 142 118
Misr 2 625 421 442 278 61 57 63 67 516 446 407 422 216 144 212 132
Mean 479 396 404 253 60 57 46 54 461 487 433 462 175 132 154 119
LSD 005 5041 NS NS 0.24

1% S: First season and 2™ S: Second season. N: normal irrigation and D: reduce irrigation

Tolerance indices

The results in Table 10 show the mean grain yield
under normal (Yn) and reduced irrigation (Ys) of the six
wheat genotypes, as well as the estimates of two indices of
stress tolerance and their respective ranks. Under normal
irrigation, the grain yield varied from 1.40 kg plot? for the
genotype Vorobey to 2.14 kg plot? for the cultivar Misr 2,
with average of 1.64 kg plot* while under reduced irrigation,
the mean grain yield ranged from 1.17 kg plot?* for the
genotype Vorobey to 1.41 kg plot for the genotype Cham
4, with average of 1.25 kg plot™. Over the two irrigation
regimes, the mean of grain yield varied from 1.29 kg plot*
for the genotype Vorobey to 1.76 kg plot? for the cultivar
Misr 2.

Generally, the mean reduction % of grain yield under
reduced irrigation was 23.78 % less than its respective value
under normal irrigation. Unfortunately, the highest grain
yield reduction % (more than 30 %) was obtained by the
three cultivars Misr 1, Gemmeiza 12 and Misr 2, which had
the maximum grain yield under normal irrigation. On the
contrary, the lowest grain yield reduction % values were
achieved in the three genotypes, Cham 4 (5.37 %), Sakha 93
(17.24 %) and Vorobey (16.43 %), which had the minimum
grain yield under normal irrigation. Accordingly, it is not
necessary that the high yielder genotype under normal
irrigation to be also high yielder under the reduced one. The
current findings show that there is a genetic diversity
between the genotypes tested in terms of grain yield under
stress and non-stress conditions, enabling us to scan for
stress-tolerant conditions.

The grain yield of the tested genotypes under both
normal and reduced irrigation was formulated to calculate
two tolerance indices as presented in Table 10. Genotypes
having the lowest values of tolerance index (TOL) and stress
susceptibility index (SSI) would be more stress tolerant.

Table 10. Two stress tolerance indices (STI) and their
respective ranks of six wheat genotypes based
on grain yield (kg plot') under normal and
reduced irrigation over the two seasons.

Grainyield Stress Tolerance

Genotype (kg ploth) Indices
Normal Stress Mean Red. % TOL SSI

Cham 4 149 141 145 537 0.08 0.22
Sakha 93 145 120 133 1724 025 0.72
\orobey 140 117 129 1643 0.23 0.69
Misr 1 169 118 144 3018 051 1.26
Gemmeizal2 171 118 145 3099 053 1.30
Misr 2 214 138 176 3551 0.76 1.49
Mean 164 125 145 2378

Tolerance rank
Cham4 4 1 2 1 1 1
Sakha 93 5 3 5 2 2 2
Vorobey 6 6 6 3 3 3
Misr 1 3 4 4 4 4 4
Gemmeiza 12 2 4 3 5 5 5
Misr 2 1 2 1 6 6 6

It is obvious that the two susceptible/tolerance
indices gave similar ranks for genotypes concerning the
stress tolerance, where the three genotypes namely Cham 4,
Sakha 93 and Vorobey were identified as stress tolerant
genotypes. The three genotypes had the lowest values of
tolerance stress indices, while the cultivars Misr 1,
Gemmeiza 12 and Misr 2 were identified as susceptible
genotypes under the current study. On the other hand, The
similarity between the two indices in the ranking of stress
tolerance genotypes can be due to the fact that both indices
are functional. The current findings are in line with those
obtained by the Abd EI-Mohsen et al. (2015), Ali and El-
Sadek (2016) and Mohammadi (2016).

It can be concluded that among the three stress
tolerant genotypes, the genotype Cham 4 only had mean
grain yield equal or exceeds the grand mean. Accordingly, it
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was preferred to cultivate it under shortage water conditions
and can be used in wheat breeding program to transmit
tolerance genes for reduced irrigation to the commercials
cultivars.
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