Journal of Water and Soil

https://jsw.um.ac.ir ek

Research Article
Ev Vol. 36, No. 3, Jul.-Agu. 2022, p. 319-331

Efficiency of Aquacrop Model in Simulating Yield of Quinoa in Different Deficit
Irrigation Managements

M.R. Emdad!*, A. Tafteh?, N. Ebrahimipak®

Received: 10-04-2022 How to cite this article:
Revised: 25-04-2022 Emdad M.R., Tafteh A., and Ebrahimipak N. 2022. Efficiency of Aquacrop
Accepted: 07-06-2022 Model in Simulating Yield of Quinoa in Different Deficit Irrigation

Available Online: 22-09-2022 Managements. Journal of Water and Soil 36(3): 319-331. (In Persian with
English abstract)
DOI: 10.22067/JSW.2022.75796.1149

Introduction

Quinoa (Chenopodium quinoa) is native plant in Bolivia, Chile and Peru, which is widely adapted to different
climatic conditions and can grow in all soils. This plant has shown adequate adaptation to arid and semi-arid areas
conditions and is planted from areas with low elevation (sea level) to areas with an altitude of 4000 meters above
sea level. Quinoa is often cultivated in areas with limited water resources, and it is rare to find quinoa cultivation
under full irrigation conditions. Some studies have shown that quinoa yields slightly better under full irrigation
(without water restriction) than quinoa under deficit irrigation. Crop growth models are very important tools in the
study of agricultural systems and they can be used to simulate the yield of crop in different conditions. Given that
the study of performance limiting factors requires numerous and costly research and experiments in different areas,
so finding a way to reduce the number, time and cost of these experiments is worthwhile. Aquacrop model is one
of the applied models that are used to simulate yield variations in different water and soil management.

Materials and Methods

This investigation was carried out in two growing seasons of 2019 and 2020 to determine the efficiency of
Aquacrop model for simulating Quinoa grain yield and biomass under imposing three stress treatments of 30, 50
and 70% of water consumption in development and mid-growth stages. Plant spacing was 40 cm between rows
and 7 cm between plants within rows. Seeds of quinoa (Titicaca cultivar) were cultivated in the first decade of
August 2019 and in the third decade of July 2020. The experiment was a randomized complete block design with
three replications. Three deficit irrigation treatments including 30, 50 and 70% of available water were considered
in two growth stages (development and mid-growth) in 18 experimental plots (3 x 4 m). Soil moisture in rooting
depth (about 40 cm) was measured by TDR and after the soil moisture of the treatments reached the desired values,
plots were irrigated until the soil moisture reached the field capacity. The results of grain and biomass yield in the
first year were used to calibrate the Aquacrop model and the results of the second year were used to validate the
model. Root mean square error (RMSE), normalized root mean square error (NRMSE), Willmott index (D), model
efficiency (EF) and mean error deviation (MBE) were used to compare the simulated and observed values.

Results and Discussion

The results of the first and second year were used to calibrate and validate the model, respectively. The results
of the first year showed that irrigation with 50 and 70% of available water in the development stage reduced quinoa
grain yield by 17 and 33%, respectively, compared to the control treatment. The application of these two deficit
irrigation treatments in the middle stage reduced the yield by about 12 and 28%, respectively. The results of
comparing the statistical indices of grain yield, biomass and water use efficiency showed that the NRMSE for
grain, biomass and water use efficiency were 9, 8 and 14% in the first year and 9, 6 and 9% in the second years.
Furthermore, the EF for these traits were 0.81, 0.77 and 0.64 in the first year and 0.68, 0.71 and 0.62, in the second
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year, respectively.

Conclusion
The results of calibration and validation of the model showed the accuracy and efficiency of the Aquacrop
model in simulating grain yield, biomass and water use efficiency of quinoa. This model can be used to provide
the most appropriate scenario and irrigation management for different levels of deficit irrigation managements.
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Figure 1- View of Quinoa research farm
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Table 1- Some physical and chemicals soil characteristics on farm
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Soil depth  Sand  Silt Clay Soil texture
cm YA YA YA - % % - dS/'m % mg/kg mg/kg mg/kg mg/kg
0-30 46 30 24 Loam 27 14 78 12 048 156 222 206 4.38
30-60 45 33 22 Loam 25 12 75 12 0.5 155 210 205 4.50
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Table 2- Quality characteristics of irrigation water
EC SAR pH Ca Mg Na Cl HCOs
dS/m - - mg/l._mg/l_ mg/l._mg/l mg/l
039 044 75 552 49 126 135 116
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Table 3- Quinoa growth phenology stages
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Figure 2- Comparison of changes in measured water requirement of quinoa plant during growth period with the results of
Aguacrop model and NIAZAB
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Table 4- Comparison of statistical indices of measured evapotranspiration with the model and NIAZAB

s MBE RMSE NRMSE D EF
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chibable os 626 006 096 098
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Table 5- Measured yield, evapotranspiration and water use efficiency of quinoa in the first year

s S B3 G 2l Bpan o)
Treatment Yield Biomass ET WUE
t/ha t/ha (mm) kg/m? (ET)
T1 3.63 8.06 320 11
T2 3 6.83 250 1.2
T3 242 5.77 220 11
T4 3.63 7.28 300 1.2
T5 3.2 6.75 250 1.3
T6 2.6 5.94 200 1.3
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Table 6- Measured yield, evapotranspiration and water use efficiency of quinoa in the second year

Jowi 3,80as 039y Gigpt Ol dpas )
Treatment Yield  Biomass ET WUE
t/ha t/ha (mm) kg/m3 (ET)
T1 3.79 7.24 345 1.1
T2 3.07 5.94 268 11
T3 2.56 5.83 240 1.1
T4 3.20 7.24 295 1.1
T5 2.81 6.53 265 1.1
T6 2.58 5.89 214 1.2
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Table 7- Results of statistical analysis of model calibration in the first year
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Figure 3- Comparison of measured and simulated quinoa seed yield (first year)
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Figure 4- Comparison of measured and simulated quinoa biomass (first year)
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Figure 5- Comparison of measured and simulated water use efficiency of quinoa (first year)
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Figure 6- Comparison of measured and simulated quinoa grain yield (second year)
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Figure 7- Comparison of measured and simulated quinoa biomass (second year)
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Figure 8- Comparison of quinoa measured and simulated water use efficiency (second year)
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Table 8- Results of statistical analysis of model evaluation in the second year
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