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Introduction

The decrease in rainfall in recent decades and the occurrence of drought in Iran, which is one of the arid and
semi-arid regions, as well as the significant wastage of water in the agricultural sector, have caused many
researchers to look for new irrigation methods that lead to improving water consumption. Therefore, the
importance of conducting this experiment is to reduce surface water evaporation, save water, and reduce
leaching and use of nitrogen fertilizer in maize cultivation. Nowadays, due to the decrease in rainfall and the
excessive water consumption in the agricultural sector, the importance of water resources management has
received more attention from researchers. Therefore, simulation models an effective role in evaluating irrigation
management methods to improve water consumption in the agricultural sector. This study aimed to assess the
AgquaCrop model in terms of simulating the yield and biomass of maize under two methods of irrigation (wick
and surface) and nitrogen fertilization (topdressing and fertigation).

Materials and Methods

This experiment was carried out in 2020 and 2021 in the Faculty of Agriculture of Razi University.
Experimental treatments included wick irrigation and surface irrigation (at three levels of 100, 70, and 50%) and
two levels of nitrogen fertilizer, 100 and 50% of the plant's fertilizer requirement. The statistical design was
factorial in the form of randomized complete blocks and was implemented in three replications. In the wick
irrigation method, fertilizer was provided to the plant through tanks and in solution. In the surface irrigation
method, fertilizer was topdressing on the soil surface. Nitrogen fertilizer was applied in three stages. In each
watering, the amount of water used will be measured and recorded through the meter. At the end of the
experiment, the data measured in the first and second years were used for calibration and validation,
respectively. For both stages of calibration and validation of the model, the measured (observed) and simulated
values of yield, biomass, canopy cover, and water productivity were compared and statistically analyzed. For
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statistical evaluation, root mean square error (RMSE), efficiency coefficient of the Nash-Sutcliffe model (EF),
and Wilmot agreement index (d) were used.
Results and Discussion

The results indicated that the root mean square error (RMSE) for simulating canopy cover development
under various irrigation and fertilizer treatments ranged from 1.5% to 6.1% during the calibration stage (2020)
and from 2% to 6.4% during the verification stage (2021). The model's efficiency factor (EF) for canopy cover
simulation was between 0.91 and 0.99 during the calibration stage and between 0.93 and 0.99 during the
validation stage. For biomass simulation, the RMSE values ranged from 1.07 to 2.1 tons/ha in the calibration
stage and from 1.4 to 2.9 tons/ha in the validation stage. The model's EF for biomass simulation ranged from
0.87 to 0.98 in the calibration stage and from 0.92 to 0.99 in the validation stage. These results demonstrate the
model's high accuracy and reliability in simulating both canopy cover and biomass development across different
treatments. AquaCrop simulation results showed that the model was able to simulate water productivity better
than yield and total biomass, so the coefficient of determination (R?) related to water productivity, yield, and
biomass of maize was obtained as 0.82, 0.52, and 0.54, respectively.

Conclusion

The simulation of yield, dry matter, and water productivity in the calibration and verification stage was lower
than the actual value in all treatments. The most significant difference between the observed and simulated
values of yield, biomass and water productivity was observed in the wick treatment (first and second year).
According to the obtained results, it can be concluded that AquaCrop was chosen well and within the
expectations for the studied area and the ability of AquaCrop in the field to provide a low irrigation model like
the wick method is suitable and practical.
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Table 1- General properties of the soil of the experimental site (depth of 0-30 cm)

Sk oleogas 2020 2021
Soil properties
o 14.40 19.40
Sand (%)
o) 44.00 37.20
Clay (%)
o 41.60 43.40
Silt (%)
el 40.90 39.40
Field capacity (%)
Sgyen el 5.00 16.14
Hydraulic conductivity (mm.h-%) ' '
glesl b 50.0 58.2
Saturation (%)
Sy Aol 26.30 23.80

Wilting point (%)
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Table 2- Meteorological information of the experiment site during the maize growth period in 2020 and 2021
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B0 422 29.6 14.3 31 18 4 0
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September
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e 423 25.9 9.8 31 17 3 0
June
2020 » 413 30.4 153 22 13 3 0
July
0y 42.6 29.5 15.8 28 16 5 0
August
e 39.7 26.5 10.4 25 14 3 0
September
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Table 3- Statistical indices of crop cover and dry matter simulated by AquaCrop under different irrigation and fertilizer

treatments in 2020 and 2021
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Fig. 2- Comparison of observed and simulated canopy cover under the treatments of surfaceso-fertilizerso (A), surfaceso-
fertilizerioo (B), surfaceso-fertilizerso (C), surfacez-fertilizerioo (D), surfaceioo-fertilizerso (E), Surfaceioo-fertilizerioo (F), wick-
fertilizerso (G), wick-fertilizerioo (H) during two growing seasons (2020 and 2021)
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Fig. 3- Comparison of observed and simulated biomass development under the treatments of surfaceso-fertilizerso (A),

surfaceso-fertilizerioo (B), surfaceso-fertilizerso (C), surfacero-fertilizerioo (D), surfaceioo-fertilizerso (E), Surfaceioo-fertilizerioo
(F), wick-fertilizerso (G), wick-fertilizerioo (H) during two growing seasons (2020 and 2021)
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Fig. 4- Relationship between observed and simulated total biomass (A), seed yield (B) and water productivity (C) for
AquaCrop calibration (2020 year)
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Fig. 5- Relationship between observed and simulated total biomass (A), seed yield (B) and water productivity (C) for
AquaCrop validation model (2021 year)
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Table 4- Observed and simulated yield, biomass and water productivity by AquaCrop under irrigation and fertilizer treatments in 2020

and 2021
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