EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2024, 25(10), 268-281
https://doi.org/10.12912/27197050/191985
ISSN 2299-8993, License CC-BY 4.0

Received: 2024.07.23
Accepted: 2024.08.15
Published: 2024.09.01

Effects of Water Stress on Water Consumption, Water Use Efficiency
of Different Wheat Varieties

Zaman Salah Al-Dulaimi', Rafid S. Al Ubori’, Shatha A.H. Ahmed?

! Department of Field Crops, Agriculture College, Al-Qasim Green University, Babylon, Iraq
2 Department of Field Crops, College of Agriculture Engineering Science, University of Baghdad, Baghdad, Iraq
* Corresponding author’s e-mail: zamansalah@agre.uogasim.edu.iq

ABSTRACT

Given the challenges posed by climate change and population growth, Iraq faces increasing demands for food produc-
tion and water resources. To enhance agricultural productivity and optimize water management for crop efficiency,
this study evaluated various wheat varieties, specifically Mawaddah, Bohuth 10, Aba99, and Babell13, under dif-
ferent irrigation level. These level were based on depletion levels of available water at 40%, 55%, and 70%. Key
metrics measured included actual evapotranspiration, water use efficiency (WUE), grain yield, spike number, grains
per spike, and the weight of 100 grains over the growing seasons of 2022-2023 and 2023-2024. The findings re-
vealed that water consumption varied with depletion levels for all wheat varieties, amounting to 435.53, 397.13, and
365.13 mm season™’, and 465.7, 422.10, and 385.40 mm season' for the respective depletion levels of 40%, 55%, and
70%, across the two seasons. WUE ranged from 1.01 for Babel 113 at the 70% depletion level to 1.85 for Bohuth
and Mawaddah at the 40% depletion level. Among the plant traits, Mawaddah had the best performance at the 40%
depletion level, while Babell13 had the lowest performance at the 75% depletion level. The drought sensitivity index
varied among the varieties due to their genetic differences. Our research supports the feasibility of utilizing water at

depletion levels up to 75% when cultivating drought-tolerant wheat varieties in semi-arid and arid conditions.
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INTRODUCTION

The wheat crop is considered at the top of
the pyramid of major and critical crops for global
food, despite the multiplicity of crops in quantity
and quality, due to its strategic role in achieving
food security in developing countries, as its grains
constitute food almost 35% of the world’s popu-
lation. Climate changes, represented by the rise
in atmospheric pollutants, especially CO,, and
the accompanying climate changes, including ris-
ing temperatures, decreased precipitation, and the
risk of reduced water releases in Euphrates and
Tigris rivers, as well as increased civil and indus-
trial uses of water, expose plants to abiotic stress-
es, including water stress, especially in dry and
semi-arid areas. Dry. Water is important because
of its fundamental role in the field of agricultural
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and economic development in all parts of the
world, including Iraq, which suffers from a major
shortage due to climate change, declining rainfall,
and the monopoly of water resources pursued by
neighbouring countries. This situation has led to
an increase in dry areas, so the trend in agricultur-
al expansion requires effort in how to ration water
and use it rationally. Bufon (2010) indicated that
irrigation scheduling is one of the methods of ir-
rigation management that aims to avoid excessive
use of water, so the amount and need of the plant
for water must be known in order to provide it.
One of the most cost-effective and easily
implemented methods to address water shortages
is the use of water-stress-tolerant plant varieties
(Maleki, 2013). Varieties exhibit differing perfor-
mances based on their growth stages; some are
tolerant during the vegetative stage but sensitive
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during the reproductive stage, while others may
be sensitive or tolerant in both stages. Their tol-
erance and sensitivity to water stress are evalu-
ated through yield and its components (Reyn-
olds et al., 2019), highlighting the importance
of a variety’s efficiency in water use to achieve
the highest yield. This evaluation includes tests
for water stress tolerance standards, such as the
drought sensitivity index (Ali et al., 2021; Khan
et al., 2022). AL-Fatlawi et al. (2023) studied
the water stress response of seven wheat variet-
ies under 3 irrigation levels like: 50% depletion
(control), 65% depletion (medium stress), and
75% depletion (severe stress). They detected a
decrease in biological yield with increasing wa-
ter stress. Yield and its components were sig-
nificantly lower under severe stress compared to
the control, which had the highest averages for
all traits. The decline in yield was attributed to
water stress causing reduced plant growth indica-
tors, including, flag leaf area, plant height as well
as the number of branches. Water stress also led
to decreased interception of solar rays, reduced
change of solar energy into chemical energy due
to stomatal closure, increased respiration, and
biochemical disturbances, ultimately decreasing
yield components and grain yield.

One major agricultural concern is increas-
ing crop-water productivity to fulfil the increas-
ing worldwide demand for food. (Sharma and
Bhambota, 2022; Hassan et al., 2023). To opti-
mize crop-water productivity, it is crucial to ac-
curately and promptly identify crop water stress
while minimizing water wastage in agricultural
systems. Over time, several methods have been
developed for monitoring crop water stress, in-
cluding approaches based on soil water balance
(both evapotranspiration and climate-based), soil
moisture, and plant responses such as leaf/stem
water potential, sap flow, and stomatal conduc-
tance (Sharma and Rai, 2022). Traditional irriga-
tion scheduling based on soil water balance re-
lies on monitoring estimated ETc (using the FAO
two-step method) to maintain soil water balance
and scheduling irrigation when soil moisture falls
below a set threshold, determined by the crop’s ef-
fective rooting depth and the soil’s water holding
capacity (King et al., 2021; Das et al., 2024). The
scientific objectives of this study are as follows:
e testing various wheat varieties under different

irrigation levels to determine which varieties

are most tolerant to water stress and achieve
high production under climate change,

e to improve the estimated wheat yield by con-
sidering the plant growth and yield,

e to evaluate the ETa, yield, and water use ef-
ficiency (WUE) of water stress under different
water level.

MATERIALS AND METHODS
Experimental site

Two field experiments due 2022-2023 and
2023-2024 in the Saddat Al-Hindiyya district,
Babylon Governorate, specifically in the Al-Ma-
hanawiyah area within the extension farm experi-
ment field affiliated with the Babylon extension
training center, 8 km north of Babylon, located
at latitude 32.61°N and longitude 44.30°E. A ran-
domized complete block design (RCBD) with
a split-plot arrangement and 3 replications was
used for both experiments. Depletion — 40%,
55%, and 70% (S1, S2, and S3)—while the sub-
plots included the varieties Mawaddah, Buhuth
10, Ibaa 99, and Babel 113.

The land was prepared and prepared according
to the scientific recommendations followed: (1) the
ploughing process was carried out using medium
ploughing (Abdullah et al., 2014); (2) the land of
the two experiments was fertilized with urea fertil-
izer (N 46%) at an amount of 200 kg N ha' added
in three equal batches, the first when three com-
plete leaves appeared (ZGs13) and the second at
the elongation stage when the second node appears
on the main stem (ZGs32) and the third batch at
the beginning of the lining (ZGs40) according to
the scale of Zadoks et al. (1974), and triple super-
phosphate fertilizer (P205 46%) was added at an
amount of 100 kg ha! (P205) in one batch when
preparing the soil after ploughing before smooth-
ing (Jadoo and Saleh, 2013; Bishay, 2003), (3)
weeds were controlled by manual weeding when-
ever necessary (Bishay, 2003), (4) irrigation was
carried out based on depletion coefficients in the
study; (5) the amount of seeds was according to
the recommendations of the Ministry of Agricul-
ture, ranging between 40-45 kg per acre; (6) the
irrigation depth was according to the recommen-
dations of the Food and Agriculture Organization
of the United Nations (FAO); (7) the plants were
harvested when they reached full maturity.

The land divided into three sectors, each with
12 experimental units. There were 1.5-meter sepa-
rations between main treatments and replicates to
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prevent water leakage, and 0.75 meters between
experimental units. Each experimental unit, mea-
suring 4 m? (2 x 2 m), included 8 lines with 20
cm spacing and 2 meters in length. Seeds were
planted on November 23" and 26" for the first
and second seasons, respectively, at a seed rate of
120 kg/ha, equating to 48 g per experimental unit,
6 g per line, with a seed depth of 5 cm.

Climate

Figures 1 and 2 illustrate how the region’s
climate, in particular elements like temperature,
precipitation, evaporation, and wind, greatly af-
fects both environmental balance and land dete-
rioration. Generally speaking, the climate is char-
acterized by a long, hot, dry summer that lasts
from May to October. The average temperature
is 11.94 °C in January, the lowest, and 37.41 °C
in July, the highest. According to Mohammed
and Suliman (2023), the minimum temperature
recorded the lowest average of 1.29 °C during
the period of 2011-2021, while the maximum

temperature recorded the greatest average of
48.72 °C in August and the lowest average of
23.4 °C in January.

The rainy season begins in October and con-
tinues until the end of May. The highest rainfall is
in February, reaching 155 mm. The lowest rainfall
is 12 mm in April and stops completely between
June, July, and August. Evaporation rates also in-
crease in hot seasons. The highest rate of evapo-
ration is in July, reaching 8.52 mm.day!, and the
lowest rate is in January, reaching 1.22 mm-day'.

Physical and chemical characteristics

The soil characteristics of the experimental field
soil were assessed by collecting undisturbed soil
samples from various locations at a depth of 0-30 cm
before planting. First, the top 5 cm of the soil surface
was scraped away. The collected samples were thor-
oughly mixed to ensure homogeneity, then air-dried
and smoothed for analysis. Additionally, an irriga-
tion water sample was taken from the river for simi-
lar analysis, as detailed in Table 1.
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Figure 2. Climate data rain and wind speed

270



Ecological Engineering & Environmental Technology 2024, 25(10), 268-281

Table 1. Physical and chemical characteristics of field soil before planting

No. Characteristics Value Unit
Ph
1 Soil 7.9 -
Water 7.7 -
Ec
2 Soil 3
Water 21 DM
3 O.m 0.57 Gm-kg'
4 Porosity 42 %
5 Bulk density 1.39 M gm-m?
Available K
6 Soil 160 Ppm
Water 8.3 Ppm
Available P
7 Soil 7.2 Ppm
Water 6.3 Ppm
Available N
8 Soil 435 Ppm
Water 15.5 Ppm
Sand 5.16
9 Soil particles Silt 60.84 Gm-kg’
Clay 34
10 Soil texture Silty clay loam
11 Water content at f.c 0.428 Cm?cm?®
12 Water content at pwp 0.23 Cm?cm
13 Available water 0.198 Cm=3cm
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Figure 3. Water content curve retention for the soil study

Soil moisture content

The gravimetric method was employed to de-

from planting to the branching stage and 30 cm
from the branching stage to physiological maturity.
These samples were placed in pre-weighed alumi-

termine the soil’s moisture content by collecting  num cans and then weighed while wet. Subsequent-
soil samples with an auger one day prior to irriga- ly, they were dried in a microwave oven at 105 °C
tion. Samples were taken from two depths: 20 cm  for 12 minutes, with the temperature and drying
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time attuned according to Zein’s (2002) method us-
ing an electric oven. After drying Hillel (1980).

mw-dw

2 X 100 (1)

pw =

where: pw — moisture content based on dry
weight; mw — wet weight (g); dw — dry
weight (g).

Irrigation and water volume calculation

Irrigation was finished utilizing plastic cyl-
inders associated with a fixed-release electric
siphon, and a meter was connected to the cylin-
der to gauge the water going through the tube in
liters. Equivalent measures of water were added
to all boards at planting (first irrigation) and in-
side the restrictions of field ability to guarantee
field emergence. The plants were irrigated when
the quantities of prepared water mentioned for the
treatments were exhausted at a depth of 20 and 30
cm. The depth of the added water was calculated
according to the equation (Kovda et al., 1973).

d=(6fc—6w)xD 2)

where: d — depth of added water (mm), Ofc — vol-
umetric humidity at field capacity (cm’
cm?); Ow — volumetric humidity before
irrigation (cm’ cm?); D — effective root
system depth (cm).

The amounts of water were equivalent to 63,
87, and 111 litres/4 m?* at a depth of 20 cm for the
first three irrigations and 95, 130, and 166 litres/4
m2 at a plant depth of 30 cm for the remaining
irrigations and the three treatments in succession.

Grain yield and its components

Number of grains per spike (spikes™)

The average number of grains per spike was
calculated for a random sample of ten spikes for
each experimental unit.

Weight of 1000 tablets (g)

1000 grains were occupied randomly from
the grain yield of every experimental unit (Briggs
and Aytenfius, 1980), weighed, and returned to
the yield.

Number of spikes (spikes m?)

The number of spikes was calculated from an
area of 1 m? of the harvested area.
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Grain yield

Grains were separated from the harvested
sample plants for an area of 1 m? from each ex-
perimental unit and then converted to tons ha.
For calculating the actual water consumption of
the wheat crop (Robertson et al., 1994).

ETa=1+C 3)
where: WUE — water use efficiency was mea-

sured according to the following equation
(AOACQ):

WUEf=—— (4)

where: WUE - efficient use of field water (kg m);
Y — grain yield (kg); and WA — amount of
water added in the irrigation process (m’
season ).

The sensitivity index to water tension was
calculated using the Equation given by Fisher and
Maurer (1978).

ey o

where: S— index of sensitivity to tension; Ys — grain
yield of the variety under tension; Yp — grain
yield of the same variety under normal con-

ditions (without tensioning), ys — average

grain yield of varieties under tension, yp —
average grain yield of varieties under nor-
mal conditions (without tensioning).

RESULTS AND DISCUSSION

Actual water consumption

Table 2 and Figure 4 illustrate the variation in
actual water consumption rates (ETa) based on ir-
rigation treatment depletion levels. The irrigation
treatment with 40% depletion of available wa-
ter (S1) recorded the highest water consumption
rates, with 405.35 and 465.7 mm per season for
the two consecutive seasons, averaging 435.53
mm per season. This was followed by the 55%
depletion treatment (S2), with 372.15 and 422.1
mm per season, averaging 397.13 mm per season.
The 70% depletion treatment (S3) had the lowest
water consumption rates, with 344.85 and 385.40
mm per season, averaging 365.13 mm per season.

The table indicates that water consump-
tion in the depletion treatments S1 and S2
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Table 2. Actual water consumption (mm) and number of irrigations for depletion treatments for the seasons 2022—

2023 and 2023-2024

Season Depletion No lIrrigation Water depth mm Rain Depth mm Eta per season
S1 12 300 105.35 405.35
2022-2023 S2 10 266.8 105.35 372.15
S3 8 239.5 105.35 344.85
S1 13 406.2 59.5 465.7
2023-2024 S2 11 362.6 59.5 422.1
S3 9 325.9 59.5 385.4
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Figure 4. Actual water consumption (mm) for each depletion treatment in the seasons 2022-2023 and 2023-2024

was the highest, whereas treatment S3 had the
lowest water consumption. The humidity lev-
els in treatments S1 and S2 were close to the
field capacity value, leading to increased wa-
ter loss through evaporation and transpiration.
This is expected, as higher humidity positively
impacts plant canopy development, thereby in-
creasing the amount of water lost through these
processes (Jaffar et al., 2023).

Water use efficiency (kg m3)

Figures 5 and 6 show substantial differences in
WUE for grain yield across the two seasons, in-
fluenced by the depletion of available water, the
varieties, and their interactions. The treatment with
40% water depletion (S1) yielded the highest aver-
age WUE, reaching 1.49 and 1.27 kg m? for the 2
seasons, respectively. Conversely, the 70% water
depletion treatment (S3) resulted in the lowest av-
erages, with 1.02 kg m™ in the first season and 0.83
kg m?in the second season. This was not signifi-
cantly different from the S2 treatment, which had
a value of 1.00 kg m. The S1 treatment increased
water use efficiency by 46.07% and 53.01% over
the S3 treatment in the respective growing seasons.

The decrease in water use efficiency with higher
depletion levels may be attributed to the direct re-
lationship between water consumption and yield,
as well as the reduction in grains per spike, spike
number, and grain weight (Figure 8-14), lead-
ing to a significant (Table 2). This finding aligns
with Shrief and ElI-Mohsen (2015) and Raza et al.
(2023), who demonstrated that higher depletion
levels reduce water use efficiency.

Additionally, the outcomes showed an im-
portant impact of the varieties on water use ef-
ficiency. The Mawaddah variety significantly out-
performed the Bohuth 10 variety in both seasons,
with averages of 1.52 and 1.46 kg m™ in the first
season and 1.24 and 1.17 kg m™ in the 2nd season,
respectively. The Aba 99 variety noted the lowest
averages, 0.97 and 0.82 kg m™, for the two sea-
sons, respectively, with no significant difference
from the Babel 113 variety, which averaged 0.90
kg m? in the 2nd season. The superior water use
efficiency of Mawaddah and Bohuth 10 may be
due to their higher yield components, positively
impacting yield and efficiency. These results are
consistent with Farkas et al. (2020) and Bakry et
al. (2019), who noted that WUE in wheat variet-
ies is influenced by water stress levels.
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Water use efficiency (kg m3)
: season 2023

Mawaddah | Buhouth 10 Aba99 Babel 113
varieties
M S1 Deplation 40% 1,85 1,85 1,08 1,18
H S2 Deplation 55% 1,5 1,4 1,1 1,1
4 S3 Deplation 70% 1,22 1,12 0,72 1,01

Figure 5. Effect of available water depletion levels, varieties, and the interaction
between them on the WUE (kg m) for the 2022 season

Water use efficiency (kg m-3)
: season 2023

Mawaddah | Buhouth 10 Aba99 Babel 113
varieties
M S1 Deplation 40% 1,68 1,52 0,91 0,96
M S2 Deplation 55% 1,17 1,11 0,79 0,93
4 S3 Deplation 70% 0,87 0,87 0,78 0,8

Figure 6. Effect of available water depletion levels, varieties, and the relations
between them on the WUE (kg m™) for the 2023 season

The table also showed a significant interac-
tion effect between depletion levels, varieties, and
growing seasons on this trait. The combination of
Mawaddah and Bohuth 10 varieties consistently
gave the highest averages for this trait across all
depletion levels, while the Baba99 variety had the
lowest averages.

Drought sensitivity index

Figure 7 shows that there was an important
difference in the index for drought sensitivity
in the second season only, although there was
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no significant effect on the evidence of the in-
dex for drought sensitivity in the first season.
The Babel 113 variety showed the lowest aver-
age for the trait, amounting to 0.56 and 0.60,
respectively, and it is different from the Abaa
99 variety in the season. Second, the results
indicated that the sensitivity of the Mawad-
dah and Buhouth 10 cultivars to water stress
reached 1.23 and 1.17 for the two cultivars,
respectively, for the 2nd season. The reason
for the variation of varieties in their sensitiv-
ity to water stress may be due to genetic dif-
ferences among them in the mechanism of
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Figure 7. Effect of varieties on index for drought sensitivity for the 2023 season

their resistance to that stress and their ability
to reduce the loss that occurs to the yield and
its components when exposed to water stress
(Rana et al., 2017). The sensitivity of variet-
ies to water stress also depends on the nature
of their growth. Varieties that have a short
growing season and are early in flowering and
maturation will have little effect on them. They
are characterized by relative stability in yield,
such as the Babel 113 variety. For two suc-
cessive planting seasons, they carry the low-
est values for drought sensitivity, unlike late-
flowering and maturing varieties, whose yield
is affected by It was exposed to reduced water
deficiency during the flowering and grain-fill-
ing stages, especially when these stages coin-
cide with high temperatures, wind speed, and
low humidity (Appendices 1 and 2), as in re-
search varieties 10 and Mawaddah for the two
growing seasons, which increased the evidence
of its sensitivity to water stress. This result is
consistent with what was concluded by Khan.
et al (2022) and Chaouachi et al (2023).

Number of spikes (m)

Water depletion and variations in the number
of spikes for the two research seasons are depict-
ed in Figures 8 and 9, with only the first season
showing a significant interaction. The highest av-
erage number of spikes was produced by the irri-
gation treatment with 40% of the available water
drained (S1), reaching 313.42 and 370.08 spikes
m for the two consecutive seasons, respectively.
Comparing this to the irrigation treatment with
55% depletion, there was no discernible differ-
ence (S2). By comparison, the treatment with
70% depletion (S3) resulted in the least average
amount of spikes over the course of two seasons
(205.0 and 338.58 spikes m2). Since the stage
of stripping is nearing, the decrease in the num-
ber of shoots that subsequently spike may be the
cause of the spike number decline with increased
depletion.is particularly sensitive to water stress,
depending on the duration and intensity of the
stress. This effect is more pronounced at the start
of vegetative growth, leading to fewer fertile

400
350
(3]
S 300
~
§ 250
§ 200
" 150
o
= 100
&
“ 50
5}
o 0
é Mawaddah Buhouth 10 Aba99 Babel 113
3 varieties
M S1 Deplation 40% 373,67 372,67 248,33 259
M S2 Deplation 55% 373,33 372,33 247,67 258,67
4 S3 Deplation 70% 221,67 221,33 175,33 201,67

Figure 8. Effect of water depletion levels, varieties, and the interaction between

them on the number of spikes (spikes m) for the season 2022
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Figure 9. Effect of water depletion levels, varieties, and the interaction between

them on the Number of spikes (spikes m™) for the season 2023

branches and spikes (Liwani, 2017). These find-
ings align with those of Liwani et al. (2019) and
Kreet and Al Hasson (2020), who also found that
water stress significantly reduces the number
of fertile spikes. The results also show that the
Mawaddah variety, 322.89 and 381.78 spikes m™
for the two seasons, respectively, are not signifi-
cantly different from the Bohouth 10 variety. In
contrast, the Ibaa 99 variety had the lowest aver-
ages, with 223.78 and 328.44 spikes m?, showing
no significant difference from the Babel 113 va-
riety in the second season. The variation in spike
numbers among the varieties could be due to dif-
ferences in the number of shoots forming spikes
and their ability to allocate nutrients to produc-
tive shoots. The combination of the S1 treatment
and the Mawaddah variety resulted in the high-
est average number of spikes, with 373.67 spikes
m?, not significantly different from combinations
of S2 and Mawaddah, S1 and Bohouth 10, and

S2 and Bohouth 10. Conversely, the lowest av-
erage, 175.33 spikes m?, was observed for the
combination of the S3 treatment and the Ibaa 99
variety.

Number of grains per spike (spike™)

Figures 10 and 11 show that the 40% wa-
ter depletion treatment (S1) yielded the highest
number of grains per spike, averaging 49.17 and
47.00 grains per spike over two consecutive sea-
sons. In contrast, the 70% depletion treatment
(S3) recorded the lowest averages, with 40.33
and 38.46 grains per spike, reflecting decreases
of 18.6% and 18.17% compared to the S1 treat-
ment. The decline in grain number is attributed
to increased depletion rates, leading to reduced
dry matter accumulation and carbon metabolism
products due to water stress. This stress height-
ens competition between the rapidly elongating
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M S1 Deplation 40% 56,67 58 41 41
M S2 Deplation 55% 50 50,67 45,67 42,33
i S3 Deplation 70% 46,33 46 32,67 36,33

Figure 10. Effect of available water depletion levels, varieties, and the interaction
between them on the number of grains per spike (grain spike ') seasons 2022
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Figure 11. Effect of available water depletion levels, varieties, and the interaction
between them on the number of grains per spike (grain spike ') seasons 2023

stem and the spikelet primordia, resulting in
fewer grains. Additionally, stress during late de-
velopmental stages, such as node elongation and
the early floret stage, likely causes floret abor-
tion. These findings align with those of Isidro et
al. (2011) and Farooq et al. (2014), who linked
reduced grain numbers to irrigation water avail-
ability before and during flowering.

The varieties also showed significant dif-
ferences in grain numbers per spike. In the first
season, the Bohuth 10 variety outperformed the
Mawaddah variety, averaging 51.56 and 51.00
grains per spike, respectively. In the second sea-
son, Mawaddah significantly surpassed Bohuth
10, with Bohuth 10 averaging 50.31 and 49.75
grains per spike. The Abaa 99 variety had the
lowest averages, with 39.78 and 32.72 grains per
spike over two seasons, showing no significant
difference from the Babel 113 variety in the first
season. The variation in grain numbers among va-
rieties can be attributed to genetic traits and envi-
ronmental factors, including the varieties’ growth
characteristics under water stress and their ability
to form florets that develop into grains due to the
nutritional supply under these conditions. These
results are consistent with findings by Isidro et al.
(2011) and Hou et al. (2018), who reported that
grain numbers per spike are positively related to
environmental and genetic factors.

The interaction between water depletion treat-
ments and varieties significantly affected grain num-
bers per spike in the first season only. The combina-
tion of Bohuth 10 with the 40% (S1) yielded highest
grain number average per spike, not significantly

different from the Mawaddah variety with the same
treatment. Conversely, the combination of Abaa 99
with the 70% depletion treatment (S3) recorded the
lowest average, with 32.67 grains per spike, showing
no significant difference from the Babel 113 variety
under the same treatment.

Weight of 1000 grains (g)

Figures 12 and 13 indicate significant dif-
ferences in the weight of 1000 grains across the
depletion treatments and varieties, with no sig-
nificant interaction effect over the two seasons.

The results show that 40% (S1) produced the
highest 1000-grain weight, averaging 41.36 and
42.49 grams for the two seasons, respectively. In
contrast, the 70% depletion treatment (S3) had the
lowest averages, at 30.74 and 30.40 grams for the
two consecutive seasons. This reduction in grain
weight under water stress is likely due to de-
creased vegetative characteristics, such as the flag
leaf area, which is crucial for metabolite prepara-
tion during grain filling. This reduction leads to
smaller and fewer grains and less accumulated dry
matter transferred to the grains. These findings
align with those of Devesh et al. (2019) and Siyal
et al. (2020), who demonstrated that final grain
weight depends on the source strength and down-
stream capacity. When source efficiency declines,
downstream transport also decreases, influenced
by the quantity and duration of nutrient prepara-
tion from flowering to physiological maturity.
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Figure 12. Effect of available water depletion levels, varieties, and the interaction

between them on the weight of 1000 grains (g) for the 2022 season
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Figure 13. Effect of available water depletion levels, varieties, and the interaction
between them on the weight of 1000 grains (g) for the 2023 season

The Babel 113 variety showed significant
superiority in 1000-grain weight, averaging
36.98 and 37.67 grams for the two seasons,
without a significant difference from the Abaa
99 variety in the first season. The Buhouth 10
variety had the lowest averages, with 34.27 and
35.09 grams over the two seasons, and no sig-
nificant difference from the Mawaddah variety.
Variations in 1000-grain weight among variet-
ies may be attributed to genetic differences in
grain filling duration or grain number per spike.
Fewer grains per spike result in heavier grains
due to the compensation principle, where fewer
grain sites lead to less competition for nutrients
(Jadoua et al., 2017).
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Grain yield (ton ha™)

Figures 14 and 15 show significant effect of
water stress, varieties, and their interaction on
grain yield characteristics over two seasons.

The 40% (S1) highest grain yields, averaging
6.05 and 5.92 tons ha'! for the two consecutive
seasons. In contrast, the 70% depletion treatment
(S3) resulted in the lowest yields, with 3.52 and
3.21 tons ha!, reflecting decreases of 41.81% and
45.77% compared to S1. The reduction in grain
yield with increased depletion is likely due to de-
clines in key yield components, such as the num-
ber of spikes, grains per spike, and grain weight,
as well as the adverse effects of water shortage
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Figure 15. Effect of available water depletion levels, varieties, and the interaction
between them on the grain yield (ton ha'') for the 2023 season

combined with high temperatures during the grain
filling period. These factors shorten the filling pe-
riod and reduce the amount of accumulated dry
matter transferred to the grain, negatively impact-
ing yield. These findings are consistent with those
of Hafez and Seleiman (2017) and Bandgar et al.
(2020), who reported that water stress leads to
decreased grain yield. Varieties also showed sig-
nificant differences in grain yield. The Mawaddah
variety outperformed Bohouth 10 in both growing
seasons, with yields of 5.78 and 5.54 tons ha™! for
the first season and 5.38 and 5.05 tons ha™! for the
second season, respectively. Mawaddah achieved
the highest yield increases, at 57.92% and 52.41%
for both seasons, compared to the Abaa 99 variety,
which had the lowest averages of 3.66 and 3.53

tons ha''. Abaa 99 did not differ significantly from
Babel 113, which recorded 3.83 tons ha' in the
second season. The higher grain yields of Mawad-
dah and Bohouth 10 may be attributed to their su-
perior number of spikes per unit area and grains
per spike, key components closely related to yield.
These results align with findings by Abd El-Rady
and Koubisy (2023), and AL-Fatlawi et al. (2023),
who showed that yield increases result from im-
provements in one or more of its components. Ad-
ditionally, the interaction between depletion levels
and varieties significantly affected yield in both
seasons, with the combination of Mawaddah and
Bohouth 10 varieties producing the highest aver-
ages across all depletion treatments.
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CONCLUSIONS

In this study, In order to calculate wheat yield,
we took into account plant growth and yield as
well as the ETa, yield, and WUE of water stress
at various water levels. Wheat yield and ETa in-
creased with irrigation, and certain wheat types’
induced yield increases were well-suited to with-
stand water stress. Wheat plants grown under the
treatment of depletion of 40% of the available wa-
ter excelled in grain yield as a result of their supe-
riority in the number of grains per spike, number
of spikes, as well as the weight of 1000 grains.
Compared to the 70% depletion treatment, which
achieved the lowest average grain yield. The 40%
depletion treatment also noted the highest WUE.
Our research fills a essential gap in understanding
the various responses of wheat varieties to water
stress, providing valuable insights for breeding
programs aimed at developing drought-resistant
crops. The findings also open new prospects for
improving wheat resilience to climate change,
emphasizing the importance of selecting and cul-
tivating varieties with superior WUE to sustain-
able agricultural productivity in water-limited
environments.
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