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Abstract
Water is essential for agricultural production; however, climate change has ex-
acerbated drought and water stress in arid and semi-arid areas such as Iran.
Despite these challenges, irrigation water efficiency remains low, and current
water management schemes are inadequate. Consequently, Iranian crops suffer
from low water productivity, highlighting the urgent need for enhanced produc-
tivity and improved water management strategies. In this study, we investigated
irrigation management conditions in the Hamidiyeh farm, Khuzestan Province,
Iran and used the calibrated AquaCrop and WinSRFR (a surface irrigation sim-
ulation model) models to reflect these conditions. Subsequently, we examined
different management scenarios using each model and evaluated the results from
the second year. The findings demonstrated that combining simulation of the
AquaCrop and WinSRFR models was highly effective and could be employed
for irrigation management in the field. The AquaCrop model accurately simu-
lated wheat yield in the first year, being 2.6 t/hm2, which closely aligned with
the measured yield of 3.0 t/hm2. Additionally, using the WinSRFR model to
adjust the length of existing borders from 200 to 180 m resulted in a 45.0%
increase in efficiency during the second year. To enhance water use efficiency in
the field, we recommended adopting borders with a length of 180 m, a width of
10 m, and a flow rate of 15 to 18 L/s. The AquaCrop and WinSRFR models ac-
curately predicted border irrigation conditions, achieving the highest water use
efficiency at a flow rate of 18 L/s. Combining these models increased farmers’
average water consumption efficiency from 0.30 to 0.99 kg/m3 in the second year.
Therefore, the results obtained from the AquaCrop and WinSRFR models are
within a reasonable range and consistent with international recommendations.
This adjustment is projected to improve the water use efficiency in the field by
approximately 45.0% when utilizing the border irrigation method. Therefore,
integrating these two models can provide comprehensive management solutions
for regional farmers.
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Abstract: Water is essential for agricultural production; however, climate
change has exacerbated drought and water stress in arid and semi-arid areas
such as Iran. Despite these challenges, irrigation water efficiency remains low,
and current water management schemes are inadequate. Consequently, Ira-
nian crops suffer from low water productivity, highlighting the urgent need
for enhanced productivity and improved water management strategies. In this
study, we investigated irrigation management conditions in the Hamidiyeh farm,
Khuzestan Province, Iran and used the calibrated AquaCrop and WinSRFR (a
surface irrigation simulation model) models to reflect these conditions. Sub-
sequently, we examined different management scenarios using each model and
evaluated the results from the second year. The findings demonstrated that com-
bining simulation of the AquaCrop and WinSRFR models was highly effective
and could be employed for irrigation management in the field. The AquaCrop
model accurately simulated wheat yield in the first year at 2.6 t/hm2, which
closely aligned with the measured yield of 3.0 t/hm2. Additionally, using the
WinSRFR model to adjust the length of existing borders from 200 to 180 m
resulted in a 45.0% increase in efficiency during the second year. To enhance
water use efficiency in the field, we recommended adopting borders with a length
of 180 m, a width of 10 m, and a flow rate of 15 to 18 L/s. The AquaCrop and
WinSRFR models accurately predicted border irrigation conditions, achieving
the highest water use efficiency at a flow rate of 18 L/s. Combining these models
increased farmers’average water consumption efficiency from 0.30 to 0.99 kg/m3

in the second year. Therefore, the results obtained from the AquaCrop and Win-
SRFR models are within a reasonable range and consistent with international
recommendations. This adjustment is projected to improve the water use effi-
ciency in the field by approximately 45.0% when utilizing the border irrigation
method. Therefore, integrating these two models can provide comprehensive
management solutions for regional farmers.
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1 Introduction
Water scarcity is a pressing issue in the agriculture of arid and semi-arid areas
like Iran, where agriculture is the largest consumer of water. Effective water
consumption management is essential, yet water use efficiency in Iranian agri-
culture remains extremely low. The average irrigation system efficiency in Iran
is approximately 35.0% (Madani, 2014), significantly lower than the 70.0%–
90.0% efficiency observed in the most developed countries (Nazari et al., 2018).
To mitigate Iranian water shortage, conserving water resources and promoting
affordable and sustainable irrigation practices are imperative.

Since 1960, the Iranian government has prioritized increasing the productiv-
ity of irrigated agriculture (Forouzani and Karami, 2011). Despite increased
investments in dam construction, low-interest loans, and policy measures like
subsidized agricultural water and energy use, many water management schemes
have not yielded satisfactory results (Keshavarz et al., 2013; Madani, 2014).
Rapid economic and infrastructural growth in Iran has often overlooked the in-
terrelationships between water, environment, and ecosystem components. This
neglect leads to a lack of integrated perspectives on human-natural systems and
disregards local realities and legitimacy in water management practices. Assess-
ing site-specific challenges is crucial for sustainable water management (Hjorth
and Madani, 2014). Proper irrigation management can achieve high efficiency,
leading to reduced operating costs, increased production per unit of consumed
water, and environmental benefits through better management (Thebuwena et
al., 2024).

Two key factors determine water consumption management and efficiency im-
provement. The first is fertilizer nutrition, which imposes significant costs on
farmers and leads to reluctance among local farmers to adopt it. The second
factor, which can be easily controlled in the area, is the increase in water use
efficiency. Extensive research has been conducted on determining water use
efficiency and its management (Horne et al., 2018; Zhou et al., 2021). Imple-
menting research on the impact of different irrigation management practices and
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their effects on crop performance requires considerable time and resources. Crop
models provide the ability to consider and measure parameters related to water,
soil, and plants, making them critical tools for improving water management on
farms (Zhai et al., 2022). For example, the AquaCrop model can simulate irri-
gation needs, and the WinSRFR model can propose irrigation methods (Alavi
et al., 2022). The AquaCrop model, based on complex biophysical processes,
can simulate and predict performance and water consumption efficiency under
different irrigation management conditions (Amirouche et al., 2021).

A review of the AquaCrop model showed that it was validated using observed
data collected during the growing season. Model calibration revealed a good
fit for canopy cover, and validation results showed a good fit for canopy cover
with 100.0% water application during the development and mid-growth seasons
of potatoes. The AquaCrop model is simple to use, requires fewer input data,
and has high simulation precision, making it a useful tool for forecasting crop
yield under deficit irrigation and for water management to increase agricultural
irrigation efficiency in data-scarce areas (Wale et al., 2022). The AquaCrop
model is highly effective for evaluating irrigation scenarios and has acceptable
accuracy in improving irrigation management (Corbari et al., 2021).

Research comparing the AquaCrop, World Food Study (WOFOST), and Crop-
Syst models in simulating sunflower growth showed that the AquaCrop model
was preferred due to its simplicity and lower data requirements (Raes et al.,
2009). Evaluations of the AquaCrop model in simulating wheat growth in India
and eastern Algeria indicated no statistical difference between measured results
and simulated values (Guendouz et al., 2014; Kumar et al., 2014). In China,
the AquaCrop model’s estimation error for dry matter was between 160 and
380 kg/hm2, and for grain yield, the error ranged from 0.5 to 1.4 t/hm2 (Zhang
et al., 2013). Investigations using the AquaCrop model to simulate potato yield
in Jiroft, Kerman Province, Iran, showed an error of up to 9.0 t in yield simu-
lation (Afshar and Neshat, 2013). These models have been applied in different
countries and have shown different results, which could be attributed to the fact
that each country has unique internal (strengths and weaknesses) and external
(opportunities and threats) factors influencing water management (Nazari et al.,
2018).

To determine the effects of plot or border dimensions, as well as changes in flow
and slope, on water use efficiency and related components, researchers have
developed various models. The surface irrigation models (SIRMOD) and Win-
SRFR (a surface irrigation simulation model) are among the common practical
models used to assess the impact of changes in dimensions (length and width of
borders), discharge, slope, and other parameters related to water use efficiency
in the field to provide proper irrigation management and improve water use effi-
ciency (Radmanesh et al., 2023). Tafteh and Emdad (2017) investigated water
use productivity in Khuzestan Province, Iran, using the WinSRFR model. They
stated that the model could be applied to farms using border strip irrigation
and accurately estimated water use efficiency in this practice. Moreover, water
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use productivity rose from 0.61 in the first year to 0.89 in the second year when
the model managed border strip irrigation. Taghizadeh et al. (2013) evaluated
the WinSRFR model using field data, zero inertia, and kinematic wave methods.
The results showed that the model was the most sensitive to inlet flow rate, flow
interruption time, and parameters of the infiltration equation. In research opti-
mizing border irrigation dimensions using the WinSRFR model, it was reported
that water storage in the soil was about 49 mm, and the best performance was
achieved for border irrigation with a length of 200 m and a semi-heavy texture.
At least 120 m are needed for high efficiency in the border irrigation method be-
cause lengths less than 120 m and widths of 3–5 m increase water use efficiency
by 26.0% (Chen et al., 2013).

Considering that the number of irrigation cycles is critical to wheat yield and
that water consumption efficiency is low in most wheat fields in the area, the ca-
pability of the AquaCrop model in simulating wheat yield with irrigation cycles
has not been thoroughly investigated. Therefore, in this study, after calibrating
the model, we considered scenarios of different irrigation management practices
in terms of irrigation intervals (according to the usual number of irrigations
in the Hamidiyeh region, Khuzestan Province, Iran) as variables. The effect of
irrigation intervals on wheat yield in the Hamidiyeh region was investigated and
evaluated to validate the model and provide a suitable irrigation management
scenario. Additionally, influential factors were examined to improve water use
efficiency on the farm, and the most suitable irrigation scenario was selected
and recommended. According to previous research, the length and width of
the border, inlet flow, slope, and flow interruption time are the most important
parameters affecting water use efficiency in the field (Nie et al., 2014).

In general, the AquaCrop and WinSRFR models have been investigated sepa-
rately in various studies (Abi Saab et al., 2015; Xu et al., 2019; Mazarei et al.,
2020; Corbari et al., 2021), but no study has combined these two models to
improve farm water management. As a result, this study provides an algorithm
for analyzing the combined results of the two models, which can be used to im-
prove farm water efficiency and productivity. Therefore, we simulated changes
in border length, cut-off time, flow rate, water consumption efficiency, and wa-
ter use efficiency in wheat fields in the Hamidiyeh region using the AquaCrop
and WinSRFR models.

2.1 Study Area
The study was conducted in the Ramseh village of Hamidiyeh region, Khuzestan
Province, Iran (31°04�N, 49°39�E; Fig. 1 [Figure 1: see original paper]). The
study area has a desert climate, which is excessively hot and dry in the summer.
Precipitation is concentrated in the winter, ranging from 300 to 500 mm. Two
agricultural years, i.e., 2018–2019 and 2019–2020 and three different plots, each
approximately 10 hm2 in size, were selected in the Hamidiyeh region. Sampling,
measurements, and determination of soil, water, and plant parameters as well as
irrigation management practices required by the AquaCrop model were carried
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out.

Within each 10-hm2 plot, a farm (totalling three farms; Fig. 1), each with an
area of approximately 2000 m2 (border width of 8–10 m and border length of
150–200 m), was chosen for the collection of soil, water, plant, and irrigation
management data. The Chamran wheat variety was used, and planting occurred
on 15 November, 2018. Fertilization was applied twice during the tillering and
flowering stages, with approximately 150 kg/hm2 of urea fertilizer used at each
stage.

2.2 Experimental Design
To calibrate the AquaCrop model, we measured and recorded various parame-
ters in the selected fields at different growth stages. These parameters included
germination percentage, number of days from planting to emergence, maximum
canopy cover, leaf senescence, leaf maturity, length of the flowering period, num-
ber of days from planting to flowering, maximum root depth, number of days
from planting to reaching maximum root depth, total yield, seed yield, harvest
index, and plant dry matter yield.

Based on the results, the key developmental stages of wheat in the Hamidiyeh
region occurred on the following dates: germination on 27 November, tillering
on 20 December, stem elongation on 22 January, flowering on 25 February, seed
filling on 20 March, and ripening on 25 April of the following year. Table 1
presents the physical and chemical characteristics of the soils in the selected
farms.

Table 1 Mean soil physical and chemical properties

Depth
(cm)

Soil
tex-
ture

PWP
(%)

FC
(%)

SOC
(%)

Clay
loam

Clay
loam

EC
(dS/m)

BD
(g/cm3)

Note: PWP, permanent wilting point; FC, field capacity; SOC, soil organic
carbon; SAR, sodium absorption ratio; EC, electrical conductivity; BD, bulk
density.

With an average water salinity of 1.9 dS/m, the irrigation water quality is
appropriate for agricultural use. Soil salinity is measured at 5.0 dS/m, which is
below the wheat salinity threshold of 6.0 dS/m (Asana and Kale, 1965), posing
no restriction on wheat cultivation. The number of irrigation times and the
average volume of irrigation water applied to wheat at different growth stages
were measured. Specifically, one irrigation event was applied during the initial
stage, two irrigation events during the development stage, and three irrigation
events during the mid-growth stage. In the first year, 5 irrigation events with a
total volume of 9500 m3/hm2 were applied at different stages.
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In each selected plot, wheat was harvested in three replicates from 1 m2 areas
during the first week of May. The average wheat grain yield in the first year was
approximately 3.0 t/hm2, with a harvest index of 0.41. Based on the average
seed yield and the volume of water consumed in the selected plots, we calculated
the average water productivity (WP) to be approximately 0.33 kg seeds/m3 (Eq.
1).

Grain yield/Total amount of water supplied (1)

To simulate wheat yield changes across irrigation cycles using the AquaCrop
model, we obtained and processed daily meteorological data from the first year.
The data included maximum and minimum temperature, minimum and maxi-
mum relative humidity, wind speed, sunshine hours, and precipitation, sourced
from the Ahvaz synoptic weather station near the study area. Figure 2 [Figure
2: see original paper] illustrates the changes in precipitation and reference evap-
otranspiration (ET0) over the two years. Total precipitation from October to
May was 137 mm in the first year and 228 mm in the second year.

2.3 Data Analysis
The calibration of the AquaCrop model utilized meteorological data and mea-
sured plant and field data collected during the first year to simulate yield changes
at different irrigation timings. To validate the simulated results, we imple-
mented the most suitable scenario suggested by the model in the second year
on the selected farms, and compared and evaluated the obtained results against
the model’s simulation. Measurements indicated that the maximum depth of
wheat roots was approximately 40 cm. Considering the root depth and the soil’
s physical characteristics in the area, we used Equation 2 to calculate the net
water requirement (d�).

𝑑𝑛 =
𝑛

∑
𝑖=1

(𝐹𝐶𝑖 − 𝑃𝑊𝑃𝑖) × 𝐷𝑖 (2)

where d� is the net irrigation need (mm); FC� is the field capacity of the soil
layer i (%); PWP� is the permanent wilting point of the soil layer i (%); D� is
the thickness of the soil layer i (mm); and n is the number of soil layers.

In the three selected farms, soil permeability was measured in three repetitions
(totalling nine measurements) using a double-ring infiltrometer under field con-
ditions during plant establishment. Based on the average measurements, we
calculated the infiltration by Equation 3:

𝐹 = 4𝑡0.5 (3)

chinarxiv.org/items/chinaxiv-202502.00234 Machine Translation

https://chinarxiv.org/items/chinaxiv-202502.00234


where F is the cumulative infiltration (mm); and t is the duration of contact
between water and soil (h).

Using this equation, we defined infiltration conditions for the WinSRFR model
according to the recommendations of Strelkoff and Clemmens (2007), employ-
ing the modified Kostiakov-Lewis method. Average final infiltration rate in the
plots was 4 mm/h. The heavy soil texture and high bulk density (1.51 g/cm3)
contributed to a decrease in the rate of water infiltration into the soil and re-
duced cumulative infiltration. The progression of water in the target farms is
presented in Figure 3 [Figure 3: see original paper]. Irrigation management
information including the number of irrigation events, irrigation dates, and du-
ration of irrigation was also determined.

The WinSRFR model was used to calibrate current conditions. Key parameters
—such as the length, width, and discharge of irrigation borders in the study
area—were determined. The flow rate of the strip was determined using the
diameters of the sluice gate (‘D’in Fig. 1) in the field and the water velocity
at the inlets of the gate. In addition, water flow was measured at each farm.
Subsequently, the most appropriate, applicable, and practical scenario in terms
of length, width, discharge, and irrigation duration for enhancing water use
efficiency was identified and evaluated during the second year. Figure 4 [Figure
4: see original paper] illustrates the process of combining the results of the
AquaCrop and WinSRFR models to optimize on-site water management.

As can be seen in Figure 4, the input parameters of the Aquacrop model in-
clude weather, crop, management, and soil properties that simulate irrigation
scheduling, yield, and WP, and the input parameters of the WinSRFR model
include soil hydraulic properties and irrigation systems that calibrate field con-
ditions. Finally, the results of these two models are combined and analyzed in
three dimensions. Based on the indicators considered, we proposed the most
appropriate method to improve water management on the farm.

3 Results
Agricultural and plant data measured from the farms were used to calibrate
the AquaCrop model. Using these measured data, simulations were performed
under different irrigation schedule conditions. Various management scenarios
were applied in terms of irrigation frequency to compare changes in wheat grain
yield by considering different numbers of irrigation events, ranging from 3 to 6
(Table 2 ), which are conventional in the study area. The results demonstrate
the relationship between irrigation frequency (3–6 irrigation events), grain yield,
water consumption, and wheat water use efficiency in the specified trials (Table
2). Notably, there was no significant difference in grain yield and total yield
between 4 and 5 irrigation events. The considered irrigation schedules followed
the region’s standard practices for the stages of planting, tillering, stem forma-
tion, flowering, and grain filling (totalling 5 irrigation events). Four irrigation
events were allocated up to the tillering stage, while 3 irrigation events excluded
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the tillering and stem formation stages. The results indicated that the average
total yield and wheat grain yield simulated under 4 and 5 irrigation events did
not differ significantly. However, the volume of water consumed in 4 irrigation
events decreased by 20.0% compared with 5 irrigation events. Consequently, the
applied water use efficiency increased by 21.0% in 4 irrigation events compared
with 5 irrigation events (Table 2).

Table 2 Variation of simulated wheat yield with irrigation events using the
Aquacrop model

Index

Consumed
water
(kg/m3) ET (mm)

Total yield
(t/hm2)

Grain
yield
(t/hm2)

WP
(kg/m3)

Farm 1 11,200 5800 7600 9400 11,200
Farm 2 5800 7600 9400 11,200 5800
Farm 3 7600 9400 11,200 5800 7600

Note: 3–6 mean the irrigation events; ET, evapotranspiration; WP, water pro-
ductivity.

Furthermore, the simulation showed that increasing irrigation during the ripen-
ing stage (April) did not significantly enhance the grain and total yield but
reduced water use efficiency due to the additional irrigation event. Conversely,
with only 3 irrigation events, grain yield decreased by 15.0%. Given the sig-
nificant yield reduction with 3 irrigation events compared with more frequent
irrigation, this scenario was not recommended for optimal performance. There-
fore, based on the simulation, it was recommended to apply at least 4 irrigation
events during the planting, stem elongation, flowering, and seed-filling stages to
maintain an appropriate production level under existing conditions.

To validate the results obtained from the AquaCrop model in simulating wheat
grain yield, we measured water consumption and yield data from the three
selected farms in the second year based on the 4 irrigation events recommended
from the first year’s results. The climatic conditions of the second year were
examined and evaluated using the model’s results. The simulated wheat grain
yield under normal regional conditions (5 irrigation events) averaged 2.7 t/hm2,
which was not significantly different from the measured yield of 3.0 t/hm2 (Fig.
5 [Figure 5: see original paper]). This similar agreement indicated that the
simulated wheat yields obtained from the model aligned well with the measured
values and could be reliably used to simulate different irrigation scenarios.

In each selected plot, wheat was harvested in three replicates from 1 m2 areas
during the first week of May. The average wheat grain yield in the second year
was approximately 4400 kg/hm2. Figure 5 presents the simulated performance
results in the second year using the AquaCrop model. As shown in Figure 5,
the coefficient of regression, normalized root mean square error, and agreement
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index were 0.924, 0.14, and 0.89, respectively. These criteria indicated the model’
s effectiveness and efficiency in simulating wheat yield over two consecutive years.
Both the measured and simulated yields in the first year were lower than those
in the second year. The key factor influencing yield differences between the two
years was the timing and frequency of irrigation, which increased wheat yield
in the second year, highlighting the AquaCrop model’s effectiveness.

Irrigation efficiency was assessed using the WinSRFR model to determine the
optimal number of irrigation events. Based on changes in the input flow rate
and depth of irrigation water, Table 3 presents the range of water application
efficiency. The water application efficiency in the selected plots ranged from
27.0% to 32.0%, indicating that a significant portion of water applied in the field
was lost through deep percolation beyond the root zone (40 cm). The WinSRFR
model, calibrated with an error range of 6.9%–10.7% (average error of 8.8%),
provided a suitable estimate of efficiency under current conditions, enabling the
simulation of efficiency changes with alterations in inlet flow dimensions and
rates (Table 3).

Table 3 Comparison between measured and simulated application efficiencies
in the first year

Farm
Irrigation
Stage

Discharge
(L/s)

Water
depth

Net
water
depth

Measured
appli-
cation
effi-
ciency
(%)

Simulated
appli-
cation
effi-
ciency
(%)

Standard
error

Initial DevelopmentMid-
growth

Initial DevelopmentMid-
growth

Initial Development

The results obtained for a slope of 0.2% are shown in Figure 6 [Figure 6: see
original paper]. The border width was set at 8 m (Fig. 6a), the minimum
width necessary for a combine harvester to enter the field. The inflow to the
border ranged from 15 to 22 L/s. The findings indicated that a border length
between 180 and 200 m provided higher application efficiency compared with
other conditions. Furthermore, the water application efficiency along a border
of 180 m length and 8 m width (Fig. 6a), with a flow rate of 15–18 L/s at a
slope of 0.2% and an average irrigation duration of 3.0–3.5 h, ranged from 34.0%
to 38.0%. Conversely, with a border length of 200 m and the same width, if the
inflow remained between 15 and 18 L/s, the average water use efficiency was
approximately 34.0%.

In Figure 6b, values for different lengths from 150 to 250 m, with a fixed width of
10 m and flow rates ranging from 15 to 22 L/s (slope of 0.2% and net irrigation
depth of 50 mm), were evaluated and compared. The WinSRFR model results
showed that when the border length and width were 180 and 10 m (Fig. 6b),
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respectively, and the inflow ranged from 15 to 18 L/s, and the average water
use efficiency was about 43.0%. Under these conditions, the highest water use
efficiency was achieved (approximately 46.0%) with an irrigation time of about
3.0–3.5 h. Notably, when the border length increased to 200 m under the same
condition, the average water application efficiency at a flow rate of 15–18 L/s
decreased to 41.0%.

Additionally, other lengths from 150 to 250 m with a fixed width of 12 m (Fig.
6c) and inflow rates ranging from 15 to 22 L/s (slope of 0.2% and net irrigation
depth of 50 mm) were studied. Implementation of the WinSRFR model revealed
that the water use efficiency was 44.0% when the border length and width were
180 and 12 m, respectively, with an inflow rate ranging from 15 to 18 L/s. If
the border length increased to 200 m (width of 12 m) and irrigation duration
increased, the average water use efficiency decreased to 41.0%.

For a more definitive conclusion, the highest application efficiency was obtained
at a border length of 180 m. Therefore, Figure 7 [Figure 7: see original paper]
illustrates the average changes in water use efficiency for the three border widths
examined. The results indicated that under existing conditions, a width of 10
m was optimal. A flow rate of 15–18 L/s did not significantly decrease water
use efficiency at widths of 10 and 12 m. However, at a width of 8 m, there was
a greater decrease in water use efficiency due to flow rate changes. Thus, a flow
rate of 15 L/s is recommended for this width. Moreover, a significant decrease
in water use efficiency was observed across all three widths at a flow rate of 19
L/s, so inflows exceeding 19 L/s were not advisable for each border. While flow
rates of 20–25 L/s could be applied to a border length of 180 m and a slope of
0.2% with a width of 10 m, lower discharge rate was recommended to enhance
efficiency.

Using the results from the first year, we prepared three experimental farms in the
second year based on the recommendation of the WinSRFR model. Each farm
had a border length of 180 m and a width of 10 m. All parameters measured in
the second year were also examined, and the results are presented in Table 4 .

Table 4 Range of water productivity (WP) measured in the second year

Farm Replication
Stage
(L/s)

Depth
of
water
(mm)

Net
depth
of
water

Measured
water
appli-
cation
effi-
ciency
(%)

Simulated
water
appli-
cation
effi-
ciency
(%)

Standard
error

WP
(kg/m3)

Farm
1

Initial DevelopmentMid-
growth

Initial DevelopmentMid-
growth

Initial Development

Farm
2

Initial DevelopmentMid-
growth

Initial DevelopmentMid-
growth

Initial Development

chinarxiv.org/items/chinaxiv-202502.00234 Machine Translation

https://chinarxiv.org/items/chinaxiv-202502.00234


Farm Replication
Stage
(L/s)

Depth
of
water
(mm)

Net
depth
of
water

Measured
water
appli-
cation
effi-
ciency
(%)

Simulated
water
appli-
cation
effi-
ciency
(%)

Standard
error

WP
(kg/m3)

Farm
3

Initial DevelopmentMid-
growth

Initial DevelopmentMid-
growth

Initial Development

Average Initial DevelopmentMid-
growth

Initial DevelopmentMid-
growth

Initial Development

Table 4 indicated that in the second year, the model accurately estimated border
irrigation conditions, with errors ranging from 6.0% to 15.0%. A flow rate of
18 L/s achieved the highest water application efficiency, highlighting the Win-
SRFR model’s effectiveness in recommending this flow rate. By implementing
the management strategies suggested by both the AquaCrop and WinSRFR
models, the average water consumption efficiency increased from 0.3 kg/m3 un-
der farmers’current practices to 0.99 kg/m3 in the second year. Therefore,
adjusting irrigation schedules, dimensions, and flow rates using the WinSRFR
and AquaCrop models can significantly improve water use efficiency, promoting
proper irrigation management on farms.

4 Discussion
Water use efficiency is extremely low in the agriculture of Iran, and many water
management schemes perform poorly. This study proposed a method for identi-
fying various factors influencing water management and provided strategies to
address current issues in irrigation. The AquaCrop and WinSRFR models are
highly beneficial and can be applied in irrigation management (Abi Saab et al.,
2015; Xu et al., 2019; Mazarei et al., 2020; Corbari et al., 2021).

The findings demonstrate the effectiveness of the AquaCrop model in simulating
wheat yield over two consecutive years (Fig. 5). Irrigation timing is a major fac-
tor affecting yield variations between different years. In this case, the AquaCrop
model performed well, as evidenced by the increased wheat yield in the second
year. Corbari et al. (2021) improved water use efficiency for maize and tomato
in Italy using the AquaCrop model. The model is based on an operational opti-
mization irrigation strategy that considers crop stress thresholds and evaluates
the impact of irrigation volumes and frequency on crop yield, canopy cover, and
the main source of water loss—water not used by the plants and lost through
cumulative drainage flux. The AquaCrop model was validated and the mean
absolute errors of ET, maize yield, and tomato yield were 0.3–0.9 mm/d, 0.9
t/hm2, and 10.0 t/hm2, respectively.
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Improved water and soil management in the field can explain differences be-
tween actual and potential yields. Simulations of the AquaCrop model on crop
water requirements aligned with satellite remote sensing estimations. For maize,
actual satellite remote sensing estimates in the Kou Valley (southwestern Burk-
ina Faso) were 549 mm/season, while the study reported 387 mm/season under
net irrigation requirements (Sawadogo et al., 2020). However, standalone pro-
gram of the AquaCrop model has the drawback of being time-consuming when
assessing crop water requirements. To overcome this, researcher developed a
semi-automated software environment to run and evaluate field-level simulation
simultaneously (Sallah et al., 2019). The AquaCrop model assumes uniform
fields without spatial differences in crop development, transpiration, soil charac-
teristics, or management, considering only vertical incoming and outgoing fluxes
and overlooking horizontal water movement. However, developing an irrigation
decision support system is complex and requires collaboration between national
institutions and farmers. One solution is to create a dashboard for user-friendly
irrigation programming and monitoring consultation (Ferrández-Pastor et al.,
2018).

A review of earlier studies indicates that irrigation duration, inflow rate, and
strip length and width are among the most significant factors influencing water
use efficiency (Tafteh and Emdad, 2017; Radmanesh et al., 2023; Zahedpour
Yeganeh et al., 2024). The findings demonstrate that the WinSRFR model,
with an average error of 9.0%, provides a reasonable estimate of efficiency under
current conditions and can be used to simulate applied efficiency when the inlet
flow’s dimension and flow rate change (Table 2). Radmanesh et al. (2023)
studied irrigation performance in continuous and surge irrigation by furrows
using the WinSRFR and SIRMOD models. They found that these models are
reliable for evaluating furrow irrigation strategies and improving management.
The study suggests that irrigation engineers can use surface irrigation models
to design optimized furrow lengths and stream sizes in arid and semi-arid areas
for efficient water management.

Researchers implemented the WinSRFR model under various conditions based
on initial information such as border dimension, inlet flow, irrigation duration,
slope, and infiltration data, all crucial for surface irrigation (Navabian et al.,
2009). Various parameters appropriate and applicable to the regional condi-
tions were considered, including different lengths (150–250 m), widths (8–12
m), flow rates (15–22 L/s), and irrigation durations, to assess their impacts
on irrigation efficiency. This multivariate approach is recommended for effec-
tive surface management and water use efficiency (Sanchez et al., 2009; Ma et
al., 2010). The average water use efficiency achieved at a border length of 180
m, width of 10 m, flow rate of 15–18 L/s, and irrigation duration of 3.5–4.0
h was approximately 46.0%. This result is consistent with findings reported
by Raghuwanshi et al. (2011) and Abbasi and Sheini Dashtegol (2017), who
reported higher irrigation efficiencies of approximately 43.0%–50.0%.

The results of the second-year evaluation (Table 3) revealed that both the
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AquaCrop and WinSRFR models accurately estimated border irrigation con-
ditions. A flow rate of 18 L/s was found to achieve the highest water efficiency.
By utilizing a combination of these models, farmers were able to increase their
average water consumption efficiency from 0.30 to 0.99 kg/m3 in the second
year. Effective management of irrigation schedules, dimensions, and flow rates
is crucial for improving water use efficiency. These findings align with those of
previous studies by Alavi et al. (2022) and Khoshsirat et al. (2022). The results
obtained from the AquaCrop and WinSRFR models are within a reasonable
range and consistent with international recommendations (Alavi et al., 2022).
However, the precise amount of infiltration is crucial and can only be accurately
determined through modelling and direct measurement; otherwise, recommen-
dations remain general. Surface irrigation is optimized and simulated using the
WinSRFR model, which also helps determine the best furrow length, flow rate,
and other parameters for surface irrigation to maximize water use in the field.
The AquaCrop model is used together with irrigation management optimization
and scenario selection after the WinSRFR model has optimized furrow length
and flow per unit width. Therefore, the combination of these two models will
improve water use efficiency and increase productivity. These two models can
therefore be utilized in other arid farms by utilizing the basic information about
the soil, water, plant, and climate. The findings of this research are applica-
ble to the specific infiltration levels and existing conditions of the study area.
Therefore, it is recommended that irrigation methods could be evaluated and
optimized using the AquaCrop and WinSRFR models in similar farms.

5 Conclusions
Given that changes in climatic condition, especially precipitation, significantly
affect plant performance, it is recommended to predict and simulate crop per-
formance under different water and soil conditions using the AquaCrop model.
Additionally, adjusting the length of existing borders from 200 to 180 m using
the WinSRFR model increased water use efficiency to 46.0% in the second year.
Therefore, to enhance water use efficiency in the Hamidiyeh farms, it is sug-
gested to set the border length to 180 m, width to 10 m, flow rate to 15–18 L/s,
and irrigation duration to 3.0–3.5 h in the irrigation to achieve approximately
46.0% field water use efficiency.

The combined use of the AquaCrop and WinSRFR models provides compre-
hensive management solutions for farmers in the study area. This approach
has proven highly effective in increasing water use efficiency and achieving the
overarching goals of irrigation management in the Khuzestan Province, Iran.
Fortunately, the application of these models is not restricted to any particular
area. Therefore, they can be used in any climate by providing basic information
such as soil, water, plant, and climate.
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