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Background and Objectives: In recent decades, the water crisis has
become one of the most significant barriers to sustainable agriculture,
particularly in arid and semi-arid regions. This crisis is exacerbated by
factors such as uneven distribution of water resources, unsustainable
exploitation of groundwater, and widespread use of traditional and
inefficient irrigation methods. These challenges pose a serious threat to
water security and the sustainability of agricultural production. In countries
like Iran, where a substantial portion of agricultural output depends on
strategic crops such as wheat, this issue is of paramount importance.
Wheat, as one of the most critical agricultural products, supplies
approximately 36% of human food, a significant share of dietary proteins,
and over half of the essential carbohydrates required by humanity, playing
a central role in ensuring global food security. With the continuous rise in
global population and the impacts of climate change on precipitation
patterns and water resources, the need to optimize water use and improve
wheat production methods has become increasingly evident. Therefore,
developing and implementing modern irrigation techniques that ensure
high crop performance with minimal water consumption is a top priority in
agricultural research. Pulse (intermittent) irrigation, which applies water to
the soil at specific, controlled intervals, facilitates better root zone aeration,
reduces continuous soil saturation, and enhances root growth and nutrient
uptake. This method is particularly effective in drip irrigation systems,
which are widely adopted in arid regions due to their high precision,
reduced water losses, and adaptability to dry conditions, thereby improving
water use efficiency and crop performance. Given the growing adoption of
drip irrigation systems for wheat cultivation in Iran and the lack of precise
data on the effects of pulse irrigation, this study was designed to investigate
the impact of the number and duration of irrigation pulses on the
performance of the Haydari wheat cultivar under laboratory and field
conditions.
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Materials and Methods: The experiment was conducted during the
2022-2023 cropping season in Mashhad, Iran, using a split-plot design
based on a randomized complete block design with three replications. The
main factors included the number of irrigation pulses (one, two, and three
pulses) as the primary factor and irrigation duration (12, 15, and 18 hours)
as the secondary factor. Each experimental plot, covering an area of 30 m?
(10 x 3 m), consisted of five rows of the Haydari wheat cultivar planted
with a row spacing of 60 cm and a planting depth of 2-3 cm. To minimize
edge effects and ensure uniform conditions, two border rows were planted
in each plot. The physical and chemical properties of the soil were
determined through random sampling at depths of 0-25 and 25-50 cm. The
soil had a clay-silt-sand texture with specified levels of nitrogen,
phosphorus, potassium, and electrical conductivity, as presented in the
relevant tables. Irrigation was applied based on the plant’s water
requirements at a fixed 6-day interval. The required irrigation depth was
calculated by measuring soil moisture at three depths (0-25, 25-50, and
50-75 cm). Soil samples were collected, and their gravimetric and
volumetric moisture contents were determined using standard equations.
Considering the 90% efficiency of the drip irrigation system, the gross
irrigation depth for each treatment was calculated. The evaluated
parameters included grain yield, thousand-grain weight, plant height, and
water use efficiency, which were meticulously measured and recorded.

Results: The analysis of variance indicated that the number of irrigation
pulses and irrigation duration, both individually and in interaction, had
significant effects (at 1% and 5% probability levels) on the grain yield,
yield components, and water use efficiency of the Haydari wheat cultivar.
The highest grain yield, amounting to 7839.6 kg/ha, was achieved in the
18-hour irrigation treatment with three pulses, while the lowest grain yield,
5992.7 kg/ha, was observed in the 12-hour irrigation treatment with one
pulse. The three-pulse irrigation method resulted in a 13.6% and 26.18%
increase in grain yield compared to the two-pulse and one-pulse methods,
respectively. Regarding water use efficiency, the highest value, 1.053
kg/m3, was recorded in the 12-hour irrigation treatment with three pulses,
while the lowest value, 0.827 kg/m?, was observed in the 18-hour irrigation
treatment with one pulse. These results highlight the superiority of the
three-pulse method in improving water use efficiency, increasing it by
32.6% and 43.18% compared to the two-pulse and one-pulse methods,
respectively. This enhanced performance and efficiency were attributed to
more uniform water distribution in the soil, reduced losses due to deep
percolation, and improved root zone aeration in the pulse irrigation
method.

Conclusion: The findings of this study demonstrated that the effects of soil
water filling and depletion phases are dependent on the number and
duration of irrigation pulses. Shorter pulses, by reducing water losses
through deep percolation and evaporation and improving soil aeration, had
a more positive impact on wheat performance indicators. Pulse irrigation
with three pulses improved yield components, such as the number of grains
per spike, thousand-grain weight, and plant nutrient availability,
significantly increasing the grain yield of the Haydari wheat cultivar and
markedly enhancing water use efficiency. The three-pulse treatment with
an 18-hour irrigation duration achieved the highest grain yield (7839.6
kg/ha), while the three-pulse treatment with a 12-hour irrigation duration
resulted in the highest water use efficiency (1.053 kg/m?®). Overall, the
three-pulse irrigation method, by creating intermittent irrigation cycles and
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providing optimal soil aeration, enables more effective use of limited water
resources. This approach can serve as a practical and sustainable solution
for enhancing wheat production and optimizing water use in arid and
semi-arid regions, particularly in Iran. The results of this study can
contribute to policymaking in water resource management and the
promotion of efficient irrigation practices in agriculture.
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Figure 1. Steps of implementation, growth, and harvesting of yield components of wheat in pulse irrigation method.
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Table 2. Variance analysis of the effect of periodic irrigation method (pulse) in different irrigation durations
on different wheat traits.
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™ * -k indicate non-significance and significance at the probability level of 1 and 5%, respectively
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Figure 2. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on plant height in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 3. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on grain number per spike in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 4. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on 1000-kernel weight in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 5. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on spike weight in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 6. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on grain yield in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 7. Comparison of the average interaction effect of periodic (pulse) irrigation methodxirrigation
duration on biological yield in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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Figure 8. Comparison of the average interaction effect of periodic (pulse) irrigation methodXirrigation
duration on water use efficiency in wheat.
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Columns that have at least one letter in common do not have a significant difference based on Duncan's test at
the 5% probability level.
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