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Simulation of Water Productivity Indices Using SWAP Agrohydrological
Model and Comparison with Field Conditions in Paddy Soil
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Abstract

In recent decades, several models have been developed to simulate farm water management. The main
focus of most researchers is obtaining more products per unit of water consumed. Water productivity
defined as crop yield per unit of water consumption. Due to limitation of water resources and its optimal
consumption in order to save water and increase its productivity, this study was conducted to simulate
water productivity indices of rice (Hashemi caltiver) using SWAP model in paddy soils at field scale.
For this purpose, two closed-ended lysimeters were used to measure the actual evapotranspiration. The
quantity of evapotranspiration was measured daily and water productivity based on irrigation water
(WP;) and evapotranspiration (WPet) was calculated and compared with the simulated values
afterward. The obtained results indicated that the SWAP model had a high accuracy for estimating
amount of yield (R>=0.90 and RMSE=648.73) and the amount of water consumed in the
evapotranspiration process (R?=0.89 and RMSE=164.07). Using the calibrated SWAP model, the water
productivity indices from division of yield on evapotranspiration (WPer) and yield on irrigation water
(WP5) in the studied farm was estimated amount of 0.553 and 0.876 kg/m?, respectively. Also, results
showed that with increasing irrigation efficiency, elimination of deep percolation and reduction of
evaporation, water use efficiency increases by 30%. In general, for optimal management of paddy soils
in field scale and considering the optimal yield at harvest time, serious attention must be paid to water
efficiency to come up with most effective ways to deal with water crisis and to increase the quantity
and quality of rice production.
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Abstract

In recent decades, several models have been developed to simulate farm
water management. The main focus of most researchers is obtaining more
products per unit of water consumed. Water productivity defined as crop
yield per unit of water consumption. Due to limitation of water resources
and its optimal consumption in order to save water and increase its
productivity, this study was conducted to simulate water productivity
indices of rice (Hashemi caltiver) using SWAP model in paddy soils at
field scale. For this purpose, two closed-ended lysimeters were used to
measure the actual evapotranspiration. The quantity of evapotranspiration
was measured daily and water productivity based on irrigation water
(WPi;) and evapotranspiration (WPer) was calculated and compared with
the simulated values afterward. The obtained results indicated that the
SWAP model had a high accuracy for estimating amount of vyield
(R?=0.90 and RMSE=648.73) and the amount of water consumed in the
evapotranspiration process (R?=0.89 and RMSE=164.07). Using the
calibrated SWAP model, the water productivity indices from division of
yield on evapotranspiration (WPgt) and yield on irrigation water (WPj;) in
the studied farm was estimated amount of 0.553 and 0.876 kg/m?,
respectively. Also, results showed that with increasing irrigation
efficiency, elimination of deep percolation and reduction of evaporation,
water use efficiency increases by 30%. In general, for optimal
management of paddy soils in field scale and considering the optimal yield
at harvest time, serious attention must be paid to water efficiency to come
up with most effective ways to deal with water crisis and to increase the
quantity and quality of rice production.
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1.  Introduction

Introduction, Due to the high water requirement of rice, its water productivity is less than other cereals,
so that rice water productivity on a global scale is about 0.15 to 0.6 kg/m?® and for other cereals are
around 2.4 kg/m3. Several models have been developed for water movement in soil and for crop growth.
One of these models is SWAP which has a high capability in simulating the movement of water in the
soil and water balance components (Vazifedoust et al., 2008). Yet, estimating water productivity is an
important indicator in evaluating irrigation systems and its performance in agriculture and is considered
as an indicator of water saving in different stages of exploitation in the agricultural sector (Wagas et al.,
2020). In agricultural production systems, water productivity for plants is defined as the amount of yield
(grain) produced per unit of water consumption (Molden et al., 2001). Abbasi and Sepaskhah (2011)
reported the amount of irrigation water-based productivity (WP;) for some rice cultivars in Iran under
flood irrigation and intermittent irrigation is in the range of 0.09 to 0.52 kg/m?®. Due to the increasing
trend of water restrictions, rice producers are trying to consume less water in order to save water,
increase water productivity and produce more rice (Kijne et al., 2003). Consequently, it is necessary to
measure the water efficiency indices. It is predicted that in developing countries, water abstraction for
agricultural sector will increase to 50% by 2025 and in developed countries by 18% (Gheewala et al,
2014).

2.  Materials and Methods

This research was conducted to simulate water productivity indices of rice using SWAP model in a
paddy field at the Rice Research Institute of Iran with an approximate area of 4964 m?2 in 2018. In this
study, in order to calculate the hydraulic parameters of the soil using RETC software, the information
of the percentage of soil components to the depth of root development in three layers of 0-10, 10-20
and 20-30 cm and the specific bulk density of the soil were used. Required data in the SWAP model
included soil information, irrigation, plant parameters and meteorological data. The rice cultivar used
in this study, Hashemi, was planted on the May 17, and harvesting operations were carried out on
August 18. During this period, two closed-ended lysimeters were used to measure the actual
evapotranspiration. The quantity of evapotranspiration was measured daily and water productivity
based on irrigation water (WP;;) and evapotranspiration (WPer) was calculated and compared with the
simulated values afterward.

3. Results

Results, The obtained results indicated that with using the calibrated SWAP model, the water
productivity indices from division of yield on evapotranspiration (WPer) and yield on irrigation water
(WP5) in the studied farm was estimated amount of 0.553 and 0.876 kg/m?, respectively. Also, results
showed that with increasing irrigation efficiency, elimination of deep percolation and reduction of
evaporation, water use efficiency increases by 30%.

4.  Discussion and Conclusion

In general, in order to optimal management of paddy fields on a large scale and considering the optimal
yield at the time of rice harvest, the amount of water consumption of rice plants from transplanting to
harvest should be sufficient information to be able to consider in later years to improve water
consumption according to the optimal performance of the product. Also, by measuring the amount of
water required by the plant and by improving water consumption management in a large area of
agricultural lands and increasing its consumption efficiency, water loss can be significantly prevented.
Serious attention to water efficiency and its promotion by applying efficient methods and policies such
as increasing irrigation efficiency, eliminating deep percollation and reducing evaporation is one of the
most effective ways to deal with water crisis and increase the quantity and quality of production in
agriculture. In general, the results of this study showed that the SWAP model can be used with
acceptable accuracy for irrigation management and calculation of water productivity in the field.
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