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WO FIELD experiments were conducted at the experimental

farm of Faculty of Agriculture, Kafrelsheikh University, Egypt
during 2011/2012 and 2012/2013 seasons. The main objective of this
investigation was to study the influence of three levels of drought
stress imposed during critical stages on the performance and
genotypic variability of three bread wheat cultivars. Results indicated
that exposure wheat plants to moderate (two irrigations) or high stress
(only one irrigation) decreased significantly all characters (except
spike length) compared with low drought stress (three irrigations).
However, the differences between moderate and high drought stress
were not significant for No. of spikelets/ spike and No. of grains/
spike. Large variations among wheat cultivars were recorded for all
the studied characters, indicating that wide range of genetic variability
were present among the studied cultivars. As average over stress
regimes, Sids 12 recorded the most desirable values for spike length,
No. of spikelets/ spike, No. of grains/ spike, spike weight and grain
yield. Whereas, the differences between Sids 12 and Misr 1 were not
significant for grain yield. Misr 1 gave the highest values of plant
height, heading date, No. of spikes/ m? and 1000-grain weight.
Heading date, plant height, spikes/ m?, 1000-grain weight and grain
yield were significantly affected by the interaction between irrigation
regimes and wheat cultivars. The highest grain yield was recorded for
both Misr 1 and Sids 12 wheat cultivars under low irrigation stress
(0.62 and 0.59 kg/ m? respectively). However, the differences
between moderate and high stress were not significant (for grain yield)
in case of Giza 168. Correlation analysis of yield and yield related
characters indicated that under low drought stress condition, No of
spikes/ m? and 1000-grain weight was positively correlated with grain
yield. While, these traits were spike length, No. of spikelets/ spike,
No. of grains/ spike and spike weight in case high drought stress
conditions. The extent of coefficient of variation indicated that high
estimates of phenotypic (PCV) and genotypic (GCV) coefficients of
variability were exhibited by number of grains/ spike (23.7 and 22.3),
number of spikes/ m? (26.1 and 24.14), spike weight (26.5 and 24.2)
for PCV and GCV, respectively.
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Wheat (Triticum aestivum L.) is the most important and most widely cultivated
cereal crop worldwide. Great efforts are continuously executed to increase its
productivity. Drought stress is one of the major constrains that affects yield
productivity and consider a major restriction to agricultural production in arid
and semi arid region. The reduction in grain yield depends upon the growth stage
at which the moisture stress occurs as well as the severity and duration of the
deficiency. The sensitive growth stages of wheat to water stress were from stem
elongation to booting, followed by anthesis and grain filling (Zhang & Oweis,
1999). Shortage of irrigation water during vegetative stage can markedly affect
spike development and decrease yields of cereal grains (Blum et al., 1991).
Subjecting wheat cultivars to moderate or severe water stress at any of these
stages; seeding to maximum tillering, maximum tillering to flowering or at
flowering to maturity decreased plant height, ear number, 1000-grain weight and
grain yield (Choudhury & Kumar, 1980). Water stress during vegetative and
reproductive development is equally injurious to wheat and adequate water
supply throughout crop development is essential to harvest maximum biological
potential (Qadir et al., 1999). Skipping one irrigation at heading date decreased
all the studied traits including grain yield and yield related traits (Sharaan et al.,
2000). Plant height, productive tillers/ plant, spikelets/ spike, spike length, grains
per spike, 1000-grain weight and grain yield reduced at less moisture conditions
(one irrigation) while sterility percentage was increased (Ali & Akhter, 2008).
Exposure of plants to drought stress under high temperature significantly
decreased number of ears/ plot, mean weight of seed per spikelet and grains/ ear
(Amin, 2011).

Knowledge about inheritance and genetic control of different traits is
important for plant breeders. Changes in environments cause changes in genetic
architect of characters (Chowdhry et al., 1999). Genotype X environment
interaction is the main reason for these changes especially accrued in stress
conditions (Sharma et al., 2002). Phenotypic correlation under normal conditions
was studied by many researchers while, the relation under water stress have
limited investigations. Under drought stress conditions, ear number per square
had the highest correlation with grain yield, whereas these traits were grains
number per ear for the well watered conditions (Eman et al., 2012). Grain yield
was positively correlated with each of plant height, spike length, grains/ spike
and 1000-grain weight under water stress condition and with tillers/ plant, spike
length, grains/ spike and 1000-grain weight plant under irrigated conditions
condition (Subhani & Chowdhry, 2000). Spike length was positively correlated
with spikelets/ spike and grain yield and negatively with 1000-grain weight
(Khan et al., 2005).

This investigation was conducted to study the influence of three levels of

drought stress imposed during critical stages on the performance and genotypic
variability of three bread wheat cultivars.
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Materials and Methods

The present study was conducted in the experimental farm of Faculty of
Agriculture, Kafrelsheikh University, Egypt, during 2011/2012 and 2012/2013
seasons. The experimental materials comprised of three bread wheat cultivars
with wide range of morphological and agronomical traits; Sids 12, Misr 1 and
Giza 168. All cultivars were grown under three stress irrigation regimes; T1-Low
water stress, having three irrigations; the first at crown root initiation, the second
at heading and the third at grain filling, T2-moderate irrigation stress (two
irrigations) one at crown root initiation and the second at heading and T3-high
stress (only one irrigation) at crown root initiation. A randomized complete
block design with three replications was employed for each irrigation regime.
The experimental plot was 10.5 m® (3 x 3.5 m). Wheat cultivars were sown by
broadcasting on the third week of November in both seasons. The type of the soil
was clay, and the scientific name according to FAO is Typic Torrifluvent (Soil
Survey Staff., 2010). To avoid the effect of lateral movement of flooding water,
each treatment was isolated by ditches. Recommended practices of fertilization
and weed control were applied.

Data were recorded on plant height, heading date, spike length, No. of
spikelets/ spike, No. of grains/ spike, No. of spikes/ m?, spike weight, 1000-grain
weight and grain yield. Analysis of variance was conducted according for each
season according to Steel & Torrie (1980). Error variances from separate
analysis of the data were tested for homogeneity using Bartlett (1937). As such
error was homogenous, the combined analysis was calculated for the data of the
data of the two seasons according to Gomez & Gomez (1984). Phenotypic (PCV)
and genotypic (GCV) coefficients of variability were estimated according to
Burton (1952). The expected genetic advance from selection as reported by
Johanson et al. (1955). Broad sense heritability over water stress treatments was
calculated following Singh & Chaudhary (1985).

Drought susceptibility index (DSI) was calculated according to the formula
given by Ali et al. (1990) as follows: DSI= NS-S/ NS.

where: NS: is yield under normal conditions, S: is yield under drought
conditions.

In this study NS and S mentioned to grain yield under three and one
irrigations, respectively.

Weather data

The information about the weather during the growth period of the two
seasons is presented in Table 1. Noteworthy, rainfall/rain was calculating by
summation the amounts of rainfall over the month in mm then it divided on the
number of rainy days of the month.
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TABLE 1. Monthly average of maximum (day) and minimum (night) air
temperature (C), relative humidity (R.H. %), pan evaporation and
amount of rainfall during the growth period of the two seasons.

Air temperature (C) Relative humidity (%) .
season | Month . 7:30 | 13:30 Pan Evap| Rain fa_II
Max. |Min. |Average AM PM Average (mm) | (mm/ rain)
Nov. 24 105 | 173 86.7 53 69.9 0.22 --
Dec. 20.2 6.4 | 13.3 86.0 61.1 73.6 0.18 3.65
Jan. 182 | 84 | 133 775 60.3 68.9 0.21 4.88
2011/12 | Feb. 175 9.6 13.6 75.6 62.1 68.8 0.30 2.94
Mar. 205 (123 164 77.1 59.8 68.5 0.45 6.71
April 271 | 171 | 221 735 53.5 63.5 0.52 --
May 30.8 |20.8| 258 75.7 50.1 62.9 0.57 --
Nov. 253 |[155| 204 89.2 61.8 75.5 0.19 4.44
Dec. 21.4 |10.11| 15.8 84.8 60.8 72.8 0.23 2.72
Jan. 19.2 76 | 134 90.9 65.4 78.2 0.20 9.86
2012/13 | Feb. 20.8 9.0 14.9 90.2 63.9 77.1 0.29 6.86
Mar. 244 (124 | 184 79.6 50.9 65.3 0.44 9.52
April 260 |159| 21.0 74.2 43.9 59.1 0.50 6.46
May 314 | 218 | 26.6 75.0 45.8 60.4 0.61 --

Source: Sakha Weather Station, Sakha Experimental Station, ARC, Kafrelsheikh, Egypt.

Results and Discussion

Mean performance

The performance of irrigation treatments and wheat cultivars for all the
studied characters in both seasons and the combined are presented in Tables 2-4.
Significant differences among irrigation treatments were detected for all the
studied characters in the two seasons and the combined except spike length.
Increasing the moisture conditions were associated by delaying heading date,
increasing plant height in both seasons and the combined. Under severe water
stress (only one irrigation at crown root initiation) wheat plants headed earlier by
about six days than higher moisture conditions (Table 2). Sids 12 wheat cultivar
was earlier than the two other cultivars and headed after about 96 days from
seeding. Holding two irrigations decreased plant height from 105 to 94 cm as a
combined data. Misr 1 wheat cultivar recorded significantly taller plants than the
other cultivars in both seasons and the combined; 100.7, 105.1 and 102.9,
respectively.

Subjecting wheat plants to moderate or severe moisture stress revealed in-
significant effects on spike length in both two seasons (Table 2). Such result
indicating that spike length may be more genotypically controlled. Previous
results showed that spike length was in-significantly affected by drought stress
(Ismail et al., 2003). Sids 12 wheat cultivar recorded the most desirable spike
length compared with Misr 1 and Giza 168. Subjecting wheat plants to high
moisture stress (one irrigation) reduced significantly plant height and spike
length compared with two or three irrigations. similar results were reported by
Ali & Akhter (2008).
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TABLE 2. Means of heading date, plant height and spike length as influenced by
water stress and wheat cultivar.

Heading date (day) Plant height (cm) Spike length (cm)

Variable
2011/12|2012/13| Comb. {2011/12|2012/13| Comb. |2011/12|2012/13| Comb.

Low |1034a|101.0a|1022a|1025a|107.5a|1050a| 115 | 128 | 121
tress Moderate| 100.2b| 96.6b | 984b | 95.6b | 99.3b | 975b | 120 | 116 | 11.8
) High | 97.8c | 954c | 96.6¢c | 925¢c | 955¢c | 94.0c | 113 11.8 115
F.Test | ** ** ** o ** ** ns ns ns
Sids12 | 974c | 947c | 96.2c | 98.1b | 945b | 96.3b | 128a | 123a | 12.6a
Cultivars Misrl |103.2a|1009a|102.1a|100.7a|1051a|1029a| 10.7c | 11.3b | 11.0c

ater

(V) Giza168| 99.6b | 98.4b | 99.0b | 959b | 98.7b | 97.3b | 11.6b |12.1ab| 11.8b
F_ Test *% *% *% * *% *% *x * *%
Interaction| T xV * w* * * il w* ns ns ns

*,** and ns: Significant at 0.05 and 0.01 levels of probability and not significant, respectively.
Means followed a common letter are not significantly differed at 0.05 level.

TABLE 3. Means of No. of spikelets/ spike, No. of grains/ spike and No. of spikes/ m?
as influenced by water stress and wheat cultivars.

No. of spikelets/spike No. of grains/ spike No. of spikes/ m?

Variable
2011/12|2012/13| Comb. |2011/12{2012/13| Comb. {2011/12|2012/13| Comb.

Low 199a | 21.8a | 209a | 656a | 71.4a | 685a |252.7a|276.8a|264.8a
Water

Moderate| 19.2a | 20.6a | 199b | 621b | 66.0b | 64.1b |230.3b|2419b|236.1b
High | 17.9b | 19.3b | 18.6c | 59.4b | 62.2b | 60.8b | 216.4b|228.8b|222.6b

F. Test *%* *% *% * * * ** *% *%

stress

m

Sids12 | 20.1a | 21.9a | 21.0a | 86.4a | 75.6a | 8l.0a |1956c|183.0c|189.3¢
Cultivars | Misrl | 181b | 19.2c | 187c | 50.3b | 585b | 54.4b | 287.4a|326.0a|306.7 a

V) Giza168| 188b | 20.6b | 19.7b | 565b | 59.5b | 58.0b |231.4b|2235b|227.4b
F. Test ** ** ** ** ** *% ** *% *%
Interaction | T xV ns ns ns ns ns ns w* ns *x

*,** and ns: Significant at 0.05 and 0.01 levels of probability and not significant, respectively.
Means followed a common letter are not significantly differed at 0.05 level.
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TABLE 4. Means of spike weight, 1000-grain weight and grain yield as well drought
susceptibility index (DSI) as influenced by water stress and wheat
cultivars.

Spike weight (g) 1000-grain weight (g) | Grain yield (kg/ m?) | DSI

Variable
2011/12|2012/13|Comb.|2011/12{2012/13|Comb.|2011/12|2012/13|Comb.

L 427a| 456a |436a| 469a | 46.6a |46.8a| 0.51a | 0.59a |055a| -
M 3.71b | 410b |3.96b| 43.6b | 428b |43.2b| 0.46b | 0.51b |0.49b| 0.16
H 3.44b| 372c |358c| 41.6¢c | 42.0b |41.8c| 044c | 0.37c [0.41c| 0.25

F. Test * * **% ** ** **% ** **% **%

\Water
stress

m

Sids12 | 4.86a| 530a [5.10a| 444a | 43.3b [438b| 0.49a | 0.57a |0.52a| 0.20
Cultivars Misrl |3.38b| 350b [3.45b| 45.7a | 45.5a |45.6a| 0.47a | 0.53a [0.50a| 0.42

V) Gizal68 | 3.20b | 3.56b [3.37b| 42.1b | 42.6b |42.4c| 0.43b | 0.39b [0.41b]| 0.13
F_ Test *% *% *% *% *% *x *% *x *x
Interaction | T xV ns ns ns ns * *x * *x *x

*,** and ns: Significant at 0.05 and 0.01 levels of probability and not significant, respectively.
Means followed a common letter are not significantly differed at 0.05 level.

Significant differences among irrigation treatments were detected for number
of spikelets/ spike (Table 3). Subjecting wheat plants to less moisture conditions
decreased number of spikelets compared with other treatments but the
differences between moderate and high moisture conditions were not significant.
Number of spikelets/ spike was maximized in case of Sids 12; 20.1 and 21.9 for
both seasons, respectively.

Regarding to number of grains/ spike and number of spikes/ m?, results in
Table 3 showed that subjecting wheat plants to high moisture conditions detected
the most favorable estimates for both characters. However, the differences
between moderate and severe stress conditions were not significant, as both of
them were suffered from water stress at heading which is particularly sensitive to
water deficit by its direct effect on number of grains/ spike. Large variations
among wheat cultivars were detected for the aforementioned two traits. Number
of grains/ spike was maximized in case of Sids 1 (81 grains). Number of kernels/
spike and number of spikes/ m? were decreased significantly by water stress at
the different growth stages, and the reduction may attributed to the reduction in
photosynthetic efficiency under insufficient water conditions (Hassan, 2005).
Similar results were also obtained by Ali & Akhter (2008). Exposure of wheat
plants to drought stress under high temperature significantly decreased number
of ears/ plot and grains/ ear (Amin, 2011).

Holding irrigation either at heading and/ or grain filling was associated by
significant decrease in spike weight, 1000-grain weight and grain yield (Table 4).
This trend was true in the two seasons and the combined. Reduction in spike
weight may be due to lower number of grains/ spike and lower 1000-grain
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weight under stress conditions. Previous results showed that exposing wheat
plants to drought at grain filling stage caused the highest reduction in 1000-grain
weight, due to the reduction in available assimilates for grain filling (Hassan,
2005). Reduction in grain yield may be due to less number of grains/ spike,
reduction in number of spikes/ m? and 1000-grain weight. Significant differences
were detected among wheat genotypes. Sids 12 recorded the most desirable
value for spikes weight in both seasons and the combined; 4.86, 5.3 and 5.1,
respectively. However, Misr 1 wheat cultivar recorded significantly heavier
1000-grain weight and grain yield compared with the other two cultivars, but the
differences between Misr 1 and grain were not significant for grain yield.
Subjecting wheat cultivars to moderate or severe water stress at any of these
stages; seeding to maximum tillering, maximum tillering to flowering or at
flowering to maturity decreased plant height, ear number, 1000-grain weight and
grain yield (Choudhury & Kumar, 1980). Reduction in grain yield due to water
stress at reproductive development was mainly due to reduction in No. of tillers/ m?,
number of grains/ spike and 1000-grain weight (Qadir et al., 1999).

Results in drought susceptibility index between low and high water stress are
presented in Table 4. Results showed that genotype which exhibited the highest
yield potential under non-stressed condition has failed to produce the same level
of yield under high stress. Results showed that exposure wheat plants to high
moisture stress resulted in reduction in grain yield by about 25%, where such
reduction was about 16% under moderate water stress (two irrigations). Wheat
genotypes exhibited large variation in yield reduction under severe water stress
compared with low stress conditions. Misr 1 was the most sensitive to water
deficit and recorded the highest DSI value (0.42), followed by Sids 12 (20%) and
Giza 168 (13%). The previous results were in accordance with those reported by
Drikvand et al. (2012).

Interaction effects
The significant interaction effects between wheat cultivars and irrigation
treatments are presented in Table 5. Heading date was significantly affected by
the interaction between wheat cultivars and irrigation treatments. The most
favorable value for heading date (93.5 days) recorded by Sids 12 wheat cultivar
under severe moisture stress. The plant height of Misr 1 was strongly decreased
from 114.2 to 98.5 cm by moving the irrigation level from three irrigations to
two irrigations. The most desirable estimates for plant height (91.5 cm) were
associated with high moisture stress in case of Misr 1 wheat cultivar. Number of
spikes/ m?, 1000 grain weight and grain yield were significantly affected by the
interaction between irrigation treatments and wheat cultivars. Sids 12 surpassed
the other cultivars and recorded the most favorable estimates for such traits when
it subjected to high moisture conditions. However, the differences between
moderate and high moisture stress were not significant for number of spikes/ m?
in case of Giza 168. Holding irrigation at grain filling of Giza 168 wheat cultivar
showed in-significant effects on grain yield compared with three irrigations.
These results were in genera agreement with those of Sharaan et al. (2000) and
Ahmadi et al. (2009).
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TABLE 5. Heading date, plant height, No. of spikes/ m?, 1000-grain grain weight and
grain yield influenced by the interaction between water stress and wheat
cultivars over two seasons.

) 1000- )
Heading Plant . Grain
i i No. grain .
Cultivars | Water stress date height . ) . yield
spikes/ m weight ,
(day) (cm) (kg/ m”)
(9)
L 99.8¢c 100.8b 207.6 fg 48.0a 0.59a
Sids 12 M 95.2 f 96.6 de 196.5¢g 425¢ 0.53b
H 9359 915f 163.8h 41.1cd 047¢c
L 105.2a 1142 a 344.1a 47.1a 0.62 a
Misr 1 M 1015b 98.5 bed 314.0b 452D 0.53b
H 99.5¢ 96.0 de 262.2¢ 445b 0.36¢e
L 101.7¢ 100.1 bc 242.7d 45.1b 0.45cd
Giza 168 M 98.5d 97.3 cde 227.7e 42.0c 0.41de
H 96.8 ¢ 946¢€ 2119f 40.0d 0.39e
Means followed a common letter are not significantly differed at 0.05 level.
L: Low water stress M: Medium water stress H: High water stress

From the aforementioned results it is clear that high moisture conditions
(three irrigations) is required to obtain high yield potential from Sids 12 and
Misr 1, while, moderate moisture conditions (two irrigations) may be sufficient
for Giza 168.

Variance components

Estimates of variance components, phenotypic (PCV), and genotypic (GCV)
coefficients of variability, broad sense heritability and genetic advance are
presented in Table 6. Genotypic (o g) variances were highly significant for all
the studied traits, indicating that wheat cultivars differed in their genetic
potential. Also the variances due to water stress were significant or highly
significant for all the studied traits, reflecting the direct effect of moisture
conditions on the expression of such traits. Variance components indicated that
the interaction of genotype with moisture treatments was great in magnitude in
determining the performance of heading date, plant height, number of spikes/ m?,
1000-grain weight and grain yield. Significant G x T interaction revealed that the
genotypes interacted considerably with the moisture changes.

Wheat cultivars showed wide range of variation for all studied traits. The
extent of coefficient of variation indicated that high estimates of phenotypic
(PCV) and genotypic (GCV) coefficients of variability were exhibited by
number of grains/ spike (23.7 and 22.3), number of spikes/ m? (26.1 and 24.14),
spike weight (26.5 and 24.2) and grain yield (33.6 and 32.3%) for PCV and
GCV, respectively. High GCV values for the aforementioned four traits
indicated that these traits might be more genotypically controlled and it would be
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possible to achieve further improvement from them. High heritability estimates
in broad sense were detected for heading date (93.8%), grain yield (92.3), spike
length (91.9%), number of grains/ spike (88.8%), number of spikes/ m* (85.5)
and spike weight (82.9) while, it was moderate for the other traits. Ajmal et al.
(2009) found that the magnitude of broad sense heritability were detected by
plant height, grains/ spike and grain yield; 0.94, 0.92 and 0.91, respectively.
While, it was low for number of spikelets.

TABLE 6. Estimates of variance components, phenotypic (PCV), and genotypic
(GCV) coefficients of variability, broad sense heritability and genetic
advance for all the studied traits (data over two seasons).

1000-

Heading Pl_ant Spike l_\lo.of No_.of No.of Sp_ike grain Gl_’ain/
Parametergy date | height | length splk_elets/ gra_ms/ spikes/ m? weight weight yleld2

(cm) | (day) | (cm) spike spike (@) © (kg/m?)
Mean
(X-) 99.1 98.8 11.9 19.8 64.5 241.2 3.97 43.9 0.48
o’g 8.63** | 22.5** | 0.57** | 1.38** |206.6** | 3388.9** | 0.92** | 2.45** | 0.024**
ot 0.06* | 8.1** | 0.02ns | 0.09ns | 8.28ns | 71.9** |0.065ns | 1.35** |0.002**
ot 8.08** | 29.0** | 0.01* | 0.86** | 15.0* | 641.9** | 0.04** | 2.23** | 0.004**
PCV 3.16 5.9 6.61 6.85 237 26.1 26.5 4.90 336
GCV 2.96 4.8 6.3 5.94 22.3 24.14 24.2 3.56 32.3
(h%bs) 93.8 66.2 91.9 75.0 88.8 85.5 82.9 534 923
(Ag) 3.13 8.02 149 2.10 27.88 110.9 1.79 2.36 0.30
(A g (%) 6.1 8.1 125 10.6 43.2 45.9 45.3 5.4 63.0

*, ** and ns: Significant at 0.05 and 0.01 levels of probability and not significant, respectively.

The expected genetic advance under selection as a percentage of mean found to
be high in magnitude for grain yield (63.0%), number of spikes/ m? (45.9%), spike
weight (45.3%), number of grains/ spike (43.0%). High genetic advance from
selection for the previous traits may be due to the large variation among the studied
wheat cultivars in respect to such traits. High heritability is not always associated
with high genetic gain from selection, but in order to make effective selection, high
heritability should be associated with high genetic gain (Dixit et al., 1970). High
heritability estimates coupled with high genetic gain from selection were recorded
for grain yield, number of grains/ spike, number of spike/ m? and spike weight,
indicating that the selection of these traits should be effective and satisfactory for
successful breeding purposes. Selection upon these traits would be directly
reflected on further improvement in grain yield. These results were, in general,
agree with those reported by Al- Tabbal (2012) and Khan (2013).

Trait associations
Grain yield is considered the most reliable criteria for selection. It is a complex
trait and associated with the other characters. It is therefore, become imperative to
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study degree to which different characters are correlated among themselves as well
as grain yield (Usman et al., 2003). The correlations among all pairs of characters
are presented in Table 7. Correlation between grain yield and measured traits under
irrigation condition was different from drought stress conditions, suggesting that
grain yield controlling mechanisms operate differently under these conditions
(Ahmadi et al., 2009). The results indicated that, under stress conditions, spike
length, number of spikelets/ spike, number of grains/ spike and spike weight were
positively correlated with grain yield, whereas these traits were plant height,
number of spikes/ m? and 1000-grain weight in case of high moisture conditions.
Grain yield was positively correlated with spike yield under drought and irrigation
conditions (Telebi et al., 2010).

TABLE 7. Phenotypic simple correlation coefficients among the studied traits under
three water stress conditions averaged over three wheat cultivars and

two years.
. . . . . 1000- .
Water | Plant | Spike |[Spikelets/|Grains/ (Spikelets/| Spike . |Grain/
Characters stress | height | length | spike | spike m? weight grain ield
9 9 p p g weight Y|
Headi L 0.91** | -0.66 -0.76* | -0.75* | 0.99** | -0.71* | 0.06 | 0.36
eadin
date g M 0.70* | -0.95** | -0.81** | -0.90** | 0.94** | -0.78* | 0.77* | -0.03
H 0.92** | -0.98** | -0.93** | -0.83** | 0.90** | -0.77* | 0.67* |-0.92**
Plant L -0.56 -0.55 -0.53 | 0.93** | -041 | 0.34 | 0.68*
an
heiaht M -0.72* -0.49 -0.49 0.77* -0.56 0.62 | 0.18
g H -0.78** | -0.76* | -0.83** | 0.87** | -0.77* | 0.51 | -0.90*
Soik L 0.83** | 0.92** | -0.74* | 0.74* | 0.36 | -0.08
I:: t‘; M 0.86** | 091 | -0.87** | 080* |-0.66 | 0.15
9 H 0.94** | 0.75* | -0.98** | 0.73* |-0.68*|0.88**
. L 0.96** | -0.78* | 0.90** | 049 | 0.17
Spikelets/
spike M 0.79* | -0.77* 0.62 | -0.64 | 0.06
P H 0.66 | -0.95**| 0.63 |[-0.75*| 0.78*
. L -0.78* | 0.93** | 0.49 | 0.15
Grains/
. M -0.71* | 0.89** | -0.43 | 0.45
spike
H -0.79* | 0.92** | -0.19 | 0.81**
. L -0.70* | 0.05 | 0.40
Spikelets/
2 M -0.59 [0.91**| 0.25
H -0.73* | 0.71* |-0.89**
. L 049 | 031
Spike
. M -0.26 | 0.52
weight
H -0.07 | 0.82**
1000- L 0.82**
grain M 0.57
weight H -0.53
*and **: Significant at 0.05 and 0.01 levels of probability.
L: Low water stress M: Medium water stress H: High water stress
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1000-grain was positively correlated with each of heading date and number
of spikelets/ m? under moderate and high moisture stress, while it was negatively
correlated with spike length under high water stress. Spike weight was positively
correlated with each of number of grains/ spike and spike length under all water
moisture and negatively with plant height under severe water stress. Previous
results showed that both spike weight and kernel weight per spike were the most
related to grain yield under stress and non-stress conditions (Ismail et al., 2003).

Strong positive association between plant height and each of heading date
and number of spikes/ m? under all moisture conditions and with high grain yield
under high moisture conditions. These results confirmed the previous results
where Misrl was the tallest cultivar and gave the highest values of heading date,
spikes/ m® and grain vyield (under high moisture conditions). While, the
association between plant height and grain yield was negative under drought
stress (-0.90). Such result confirms the strong reduction of grain yield in case of
Misr1 from 0.62 to 0.36 kg/ m? with decreasing number of irrigations from three
to one irrigation. Also, plant height was negatively correlated with spike length
under all moisture treatments. These results are logic as Sids 12 wheat cultivars
recorded the longest spike but it in the same time gave the shortest plants under
all moisture regimes. Strong negative association were detected between plant
height and each of spikelets/ spike, grains/ spike and spike weight, this may be
interpreted that the most favorable values from such traits were recorded for Sids
12 which detected the lowest estimates of plant height.

Heading date, addition to its relation with plant height, was positively
correlated with spikelets/ m? and 1000-grain weight under all moisture condition,
and negatively associated with grain yield under drought. This may be confirmed
the aforementioned results where Misr 1 which gave the highest estimates for
heading date and grain yield under high moisture conditions was strongly
decreased in its grain yield when it exposure to drought stress.

Spike length, in addition to its relation with grain yield showed strong
positive correlation with spikelets/ spike, grains/ spike and spike weight under all
water treatments, while it showed negative association with 1000-grain weight
under high water stress (-0.68).

Number of grains/ spike, beside its relations with spike length and number of
spikelets/ spike, showed strong positive correlation with spike weight under all
water treatments. However it negatively correlated with spikes/ m?, this may be
true that great numbers of spikes per unit area may be reflected on fewer number
of grains/ spike. Previous results showed that grain yield was positively
correlated with each of plant height, spike length, grains/ spike and 1000-grain
weight under water stress condition and with tillers/ plant, spike length, grains/
spike and 1000-grain weight plant under irrigated conditions condition (Subhani
& Chowdhry, 2000). Similar results were also obtained by Eman et al. (2012).
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From the previous results, it was clear that, the genotype which exhibited the
highest yield potential under non-stressed condition has failed to produce the
same level of yield under drought stress. Wheat genotypes exhibited large
variation in yield reduction under severe water stress compared with low stress
conditions. Misr 1 was the most sensitive to water deficit and recorded the
highest DSI value (0.42), followed by Sids 12 and Giza 168, suggesting that
Giza 168 wheat cultivar was the most desirable wheat cultivar regarding to
drought tolerance.
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