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Abstract

Background an Objectives

Iran is a country with a mostly hot and dry climate, and due to the high rate of evaporation, it loses
a large amount of water annually in the form of evaporation. While only 12% of Iran's area is under
cultivation, about 93% of Iran's water is consumed in the agricultural sector. One of the solutions
available to improve and develop the agricultural sector is to increase the efficiency of water
consumption for strategic plants such as wheat with proper management in the field, especially in
low irrigation conditions. Wheat, in the composition of products, covers nearly 50% of the country's
agricultural land. As a result, wheat has a major share in the country's per capita consumption and
plays a prominent role in food security and social stability. One of the types of wheat, winter wheat,
can tolerate -40 °C when the ground is covered by snow, and -32 °C when it is not covered by
snow. In terms of wide range of tolerance, this wheat is compatible in different parts of the country
such as Zanjan and is widely cultivated. Therefore, this study aimed to use the AquaCrop model to
simulate and evaluate the performance of winter wheat in low irrigation in the Zanjan region.
Methodology

Field tests to determine and analyze different managements of low irrigation are limited due to the
limited validity of the tests to the physical conditions of the test site, the limited number of
scenarios tested in the field, and the high costs of conducting the test. To overcome these
limitations, plant models can be used as a powerful tool to simulate field experiments. AquaCrop is
a simple, strong, and multi-dimensional model to determine the optimal water consumption limit
under different conditions. The model's ease of use, the need for relatively few input parameters,
and sufficient accuracy in the simulation have made the AquaCrop model a reliable tool for
estimating production under the rain, low irrigation, and supplemental irrigation conditions in
agriculture. In order to evaluate the AquaCrop model for managing irrigation operations (deficit
irrigation), the data of the field experiment conducted in the crop year 2019-2020 in the research
farm of Zanjan University were used. The investigation was conducted to investigate the reaction of
wheat plants to different levels of irrigation in the form of a statistical design of split plots in the
form of random complete blocks and in three replications. The experimental irrigation treatments
included supplying 60, 80, and 100 % of the water requirement of the plant. Also, the model was
calibrated with the data of the first iteration of real values. Then, by entering the harvest index of
the second and third repetitions of all irrigation treatments, the yield and water consumption
efficiency of the wheat plant was simulated and predicted for them. The irrigation method of the
plots is gravity, and to control the amount of water given to the plots, a volumetric meter installed
on the tap was used.

Findings

Based on the results, the biggest difference between the simulated values and the actual values of
yield and water consumption efficiency was 6.9 and 7.0%, respectively, in the 80% water
requirement treatment and in the third iteration. The lowest difference was obtained by 0.1 and
0.5% in the treatment of 60 and 80% of the second repetition, respectively. The value of the
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coefficient of determination of the simulated values and the actual values of yield and water
consumption efficiency were 0.96 and 0.99, respectively, which indicated the good performance of
the model in simulating and predicting the values of yield and water consumption efficiency of
wheat plants under low irrigation conditions.

Conclusion

The AquaCrop plant model as a powerful tool for simulating field experiments was developed and
presented by FAO. In this study, this software was used to simulate the performance and water
consumption efficiency of wheat plants under the influence of different levels of irrigation. The
results indicated the good performance and efficiency of this model in predicting the values of these
two investigated parameters in the Zanjan region, so that the difference between the predicted and
measured values of wheat plant yield and water consumption efficiency was less than 10%.
Therefore, this software can be used to check different scenarios of water-soil-plant without cost,
and based on the obtained results, the proper management decision-making can be done.

Keywords: AquaCrop model, Crop yield, Deficit irrigation, Water use efficiency, Winter wheat.
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