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Construction and Application of APSIM Model for Different Tillage
Practices in Arid Agricultural Areas of Central Gansu
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(1.Agronomy College, Gansu Agricultural University, Lanzhou 730070, China;
2.State Key Laboratory of Aridland Crop Science, Lanzhou 730070, China)

Abstract: [Objective] To evaluate the applicability of the APSIM model in simulating spring wheat cultivation
and water productivity in arid agricultural areas of central Gansu, and to investigate the effects of conservation
tillage and different nitrogen application scenarios on the yield and water use efficiency of dryland spring wheat.
[Methods] This study was based on a long-term conservation tillage experiment Cinitiated in 2001) at the Dingxi
Comprehensive Experimental Station for Dryland Agriculture of Gansu Agricultural University. Four treatments

were established : conventional tillage ('T), no-tillage (NT), conventional tillage with straw incorporation (TS),
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and no-tillage with straw mulching (NTS). Using field observation data from 2024 to 2025, cultivar and soil
parameters were locally calibrated and validated to construct an APSIM model suitable for this region. On this
basis, combined with historical meteorological data from 2002 to 2025, long-term scenario simulations were
conducted for spring wheat yield, water consumption, and water use efficiency under different tillage practices and
nitrogen application gradients, and the simulation accuracy was comprehensively evaluated using the coefficient of
determination (R*) , root mean square error (RMSE) , and normalized root mean square error (NRMSE).
[Results | The calibrated APSIM model accurately simulated the growth and development of spring wheat, with
RMSE between measured and simulated phenological periods of 0—4 days. The mean RMSE and NRMSE for
yield and leaf area index were 59.3 kg/hm? and 0.2 m?/m?, and 3.5% and 16.0% , respectively. The NRMSE for
soil moisture in the 0—200 cm soil layer at different growth stages ranged from 1.6% to 18.2%. Based on the
calibrated APSIM model, the effects of tillage practices and nitrogen application rates on the water productivity of
spring wheat under long-term conditions (24 years) were systematically evaluated. The results showed that the
water productivity and water consumption of spring wheat fluctuated synchronously with interannual precipitation.
Among the treatments, NTS performed best, with a multi-year mean yield of 1 919.76 kg/hm” and a water use
efficiency of 5.6 kg/Chm*mm). It maintained stable yields in most years, achieved the highest water use
efficiency, and showed the smallest yield decline in years with precipitation fluctuations, indicating that it was a
suitable tillage practice for this region. Further simulations under the NTS regime showed that water consumption
increased with nitrogen application rate, but excessive nitrogen application did not further increase yield and
instead reduced resource use efficiency. [ Conclusion] Overall, a nitrogen application rate not exceeding 112.5 kg/
hm? is recommended. NTS combined with appropriate nitrogen application (112.5 kg/hm®*) is an optimized
management pattern for achieving high and stable yield of spring wheat and improving resource use efficiency in the
arid agricultural areas of central Gansu, and it provides guidance for sustainable agricultural development in this
region and similar ecological zones.

Keywords: APSIM; tillage practices; soil moisture content; scenario simulation; water productivity
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Fig.3 Comparison between simulated and measured soil volumetric moisture content at different depths under no-tillage

with straw mulching in 2024
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Fig.4 Relationship between measured and simulated yield of spring wheat
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Table 5 Comparison between simulated and measured
yield of spring wheat
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Fig.5 Comparison between simulated and measured soil volumetric moisture content at different depths under no-tillage with

straw mulching in 2025
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Fig.6 Interannual variation characteristics of climate
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Fig.7 Simulation of water consumption and water productivity of spring wheat under different tillage practices over long-

term simulation
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Fig.9 Variations in water productivity of spring wheat under different nitrogen application scenarios
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