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Effects of irrigation-fertilization-tillage on nutrient loading and crop yield in Ulansuhai wa-
tershed based on improved SWAT model
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Abstract: Irrational irrigation, fertilization and farming are the main causes of agricultural non-point source pollution in Ulansuhai
watershed. As an important ecological security barrier in northern China, Lake Ulansuhai has been facing problems, such as lake
water environment pollution and water ecological degradation. To achieve the integrated management of lake water environment, ag-
ricultural non-point source pollution in the watershed must be controlled. The study improved the original version of SWAT 2012 by

modifying the modules of soil water balance, solute balance, groundwater balance, and plant growth. A distributed hydrological
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model of Ulansuhai watershed was constructed with the improved SWAT model,, which was calibrated and validated with measured
runoff,, nitrate nitrogen (NN) , total phosphorus (TP ) emissions, groundwater depth and crop yield. Three scenarios including re-
duced amount of irrigation, fertilization, and adjusted farming mode based on the current situation were applied on three main crops
(corn, sunflower and wheat). NN and TP loadings and their effects on the crop yields under different management scenarios were
simulated using the improved SWAT model. The results showed that the improved SWAT model has a good simulation fitting. For
different crops, reducing the irrigation amount by 5% in summer can increase production by up to 8.41% —10.32% , and reducing
10% irrigation in autumn will significantly reduce the NN and TP loadings. The nutrient load of different crops showed a decreasing
trend with an increasing reduction ratio of nitrogen and phosphorus fertilization (NPF), but the declining rate gradually became
smaller. The yields of different crops increased first and then decreased with the ratio of NPF increase. When the ratio of NPF re-
duction reached 20% , the yield of corn and wheat began to decline, and when it reached 25% the yield of sunflower began to de-
cline. The nutrient loads and wheat yield of different crops gradually decreased with an increase of the mixing depth and efficiency
of the tillage mode, while the yield of corn and sunflower gradually increased with the tillage parameters. If combining cutting 5% of
summer Irrigation, reducing 20% NPF amount, and the template plowing combination, corn yield could increase by 36.5%. If cut-
ting 10% of autumn watering, reducing 25% NPF, the template plowing combination, sunflower nitrate nitrogen load could reduce
by 42.1%. If cutting 5% of summer irrigation, 20% reduction NPF, and no-tillage combination, wheat yield could increase by
29.1%. However, cutting 5% of autumn watering, 20% reduction NPF and conventional spring ploughing combination, NN
loading of wheat farming could reduce by up to 27.2% , and TP loading could reduce by up to 18.5%. This research can provide a
scientific basis for the implementation of agricultural management measures to reduce non-point source pollution, increase crop
yields in Ulansuhai watershed and reduce the nutrients loads in Lake Ulansuhai.

Keywords: Nutrient load; crop yield; agricultural management measures; improved SWAT model; Ulansuhai watershed; Hetao

Irrigation District; non-point source pollution
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Tab.2 Irrigation levels of maize, sunflower and wheat in different irrigation periods in

irrigation management measures
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Tab.3 Nitrogen and phosphorus fertilization levels of maize, sunflower and wheat in
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Tab.5 Sensitive parameters and values of runoff, groundwater depth, nitrate nitrogen,

total phosphorus and crop growth
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Tab.6 Evaluation of the efficiency of runoff, groundwater depth, nitrate nitrogen,
total phosphorus and crop yield simulation verification
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Fig.4 Spatial Kriging interpolation (a) and model simulation (b) spatial distribution
of groundwater depth in the study area in 2016
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Fig.5 Comparison of simulated and measured crop yields in the study area
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