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Abstract

This study evaluates the AquaCrop model for simulating grain yield and biomass of barley
in the Sistan region, considering water resource limitations and varying climatic
conditions. Data from four farms in the Zahak and Hirmand counties (Research Center,
Khwaja Ahmad, Zurabad, and Deh-Laghari) were used over two cropping seasons (2023—
2024 and 2024-2025). Three planting date scenarios—early (November 6), mid-season
(December 6), and late (January 5)—and three irrigation levels (full irrigation, 25% deficit
irrigation, and 50% deficit irrigation) were considered. Simulation results showed that the
AquaCrop model can predict grain yield and biomass with high accuracy. During
calibration, the R? values for grain yield and biomass ranged from 0.96 to 0.97, and during
validation, R? ranged from 0.94 to 0.98 for grain yield and from 0.90 to 0.92 for biomass.
The high coefficients of determination and low error statistics indicated that the model
successfully simulated grain yield and biomass with strong accuracy. The sensitivity
analysis indicated that canopy transpiration coefficient (Kc), normalized water
productivity (WP*), and reference harvest index (HIlo) were the most influential
parameters in the model. Furthermore, the irrigation and planting date scenarios showed
that in wet years, a 25% reduction in irrigation decreased yield by 5-7%. In normal years,
reducing irrigation by 25% and 50% led to a 13—20% reduction in yield, and in dry years,
a 25-50% reduction in irrigation caused a 45—48% decrease in grain yield.
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1. Introduction

The use of agricultural simulation models for predicting crop performance and optimizing water
resource management has become essential. One such model is AquaCrop, developed by the Food and
Agriculture Organization of the United Nations (FAO). In recent years, AquaCrop has been widely used
as an effective tool for simulating crop performance under deficit irrigation and climatic stress
conditions in arid and semi-arid regions. Given the extensive research conducted on the AquaCrop
model in various regions, the model must be calibrated for each specific area to achieve reliable results.
In Iran, barley is considered one of the strategic crops and occupies a significant cultivated area. Barley
is one of the four major cereals in the world, alongside wheat, rice, and maize (Tuttolomondo and
Labell, 2008). Since the people of Sistan rely heavily on agriculture and livestock production, barley
cultivation holds particular importance in this region. Therefore, in this study, the AquaCrop model was
used to simulate barley yield and biomass in the Sistan region, with the aim of evaluating the model’s
accuracy in predicting agricultural parameters such as canopy cover, biomass, and grain yield under
deficit irrigation and climatic variability.

2.  Materials and Methods

For conducting this study, four farms located across different parts of the Sistan plain, each with distinct
soil and water characteristics, were selected. These farms were situated at four locations: the Research
Center and Khwaja Ahmad village in the Zahak region, and Zurabad village and Deh Laghari in the
Hirmand region. Data from these four farms were used over two cropping seasons, 2023—2024 and
2024-2025.

The AquaCrop model (version 6.1), as a validated crop simulation model, simulates grain yield and
biomass using soil moisture data throughout the plant’s growth period. During the simulation process,
the effects of water stress on dry matter production and grain yield are accurately adjusted based on
specific soil, crop, and irrigation parameters. In particular, in this study, parameters related to the crop
transpiration coefficient (Kc) and normalized water productivity (WP*) were carefully calibrated and
refined to minimize simulation errors. Simulation in the AquaCrop model is performed in four steps. In
the first step, canopy cover development is separated from root zone expansion. The second step
involves simulating crop transpiration. The third step models biomass production based on the
following equation (Jorenoush et al., 2019):

s
B = Koy X WP* X L= (M

In this equation, B is the daily biomass production, Ky, is the temperature stress coefficient, WP~ is the
normalized water productivity, Tr is daily transpiration, and ETo is the reference evapotranspiration.

In the fourth step, grain yield is simulated using Equation (2):
Y=fH1><H10><B (2)

In this equation, Y is grain yield, fur is the adjustment factor for water or temperature stress, Hlo is the
reference harvest index under non-stress conditions, and B is the biomass.

The field measurements in this study included soil moisture, grain yield, biomass, and canopy cover.
Soil moisture was measured in two soil layers (0—15 cm and 15-50 ¢cm) during the 2023-2024 and
2024-2025 growing seasons using the gravimetric sampling method, with measurements taken five
times throughout the growing season. Canopy cover and biomass were also measured five times during
the growing season, while grain yield was recorded at the end of the season.
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For the model sensitivity analysis, Equation (3) was used:

3)

SC = |M
Pp

In this equation, SC represents the sensitivity coefficient (dimensionless), P, is the estimated value of
the parameter based on the adjusted input data, and Py is the base value of the same parameter based on
the original input data. The procedure was as follows: in each step, one of the model input parameters
was increased and decreased by 20%, while all other factors were kept constant to determine the model’s
sensitivity to that parameter (Torajzadeh et al., 2024).

3. Results

The results showed that the AquaCrop model was most sensitive to changes in the reference harvest
index (HI,) across all farms. The model is particularly sensitive to reductions in this parameter, making
accurate calibration of Hlo highly important. Following this, the normalized water productivity (WP")
and crop transpiration coefficient (Kc) were identified as the next most sensitive parameters, where
errors in their estimation could lead to significant inaccuracies in simulation outputs. In contrast, the
model exhibited low sensitivity to parameters such as canopy growth coefficient (CGC), upper
temperature threshold, and the duration from sowing to emergence. This sensitivity pattern is consistent
with findings reported in other studies across different climatic regions (Salemei et al., 2011).
Gharibvand et al. (2025) examined the sensitivity of the AquaCrop model under salinity and water stress
in drip irrigation for quinoa. The results showed that the model was most sensitive to changes in the
normalized water productivity parameter, with an average sensitivity coefficient of 0.82. This was
followed by the maximum crop transpiration coefficient, harvest index, and canopy growth coefficient,
with average sensitivity coefficients of 0.72, 0.68, and 0.38, respectively.

The statistical analysis results for both grain yield and biomass in the calibration and validation stages
demonstrated the model’s high accuracy. During the calibration stage, the AquaCrop model showed
high precision in simulating grain yield, with an R? value of 0.97 for the Research Center farm,
indicating excellent agreement between the measured and simulated data. This value for the other
farms—Khaje Ahmad, Zurabad, and Deh Laghari—was 0.96, 0.97, and 0.96, respectively, reflecting
good agreement between simulations and actual measurements in these areas. Similar results were
observed for biomass. The R? values for biomass were 0.96 for the Research Center, 0.96 for Khaje
Ahmad, 0.97 for Zurabad, and 0.96 for Deh Laghari, indicating high simulation accuracy across all
farms. These values demonstrate that the AquaCrop model was able to simulate plant biomass
accurately in different locations. The results of this study were consistent with those of other similar
studies, such as Khoshsirat et al. (2022) and Hellal et al. (2019).

The evaluation results showed that under all irrigation levels and climatic scenarios, as the planting date
shifted from November 6 (early) to December 6 (mid-season), grain yield decreased in the Research
Center and Khaje Ahmad farms, while it increased in the Zurabad and Deh Laghari farms. Delaying
sowing beyond this date (January 5, late planting) led to a reduction in grain yield in all four farms.

4. Discussion and Conclusion

This study demonstrated that the choice of planting date, as an important factor affecting grain yield—
particularly under deficit irrigation and dry years—can significantly influence crop productivity. For
dry and normal years, it is recommended that farmers in the Sistan region select November 6 for sowing
in the Research Center and Khaje Ahmad farms, and December 6 in the Zurabad and Deh Laghari
farms, to achieve better yield under limited irrigation conditions. Ultimately, this study showed that the
AquaCrop model, using accurate meteorological, soil, and irrigation data, can effectively simulate crop
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performance under deficit irrigation. It can serve as a useful tool for agricultural planning and water
resource management in arid and semi-arid regions, particularly in the Sistan area.
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