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Abstract: [Objective] The objective of this study was to clarify the effects of nitrogen fertilizer (N) on winter wheat yield and
the optimum N level under different planting conditions in the Loess Plateau. [Method] A total of 82 field studies were obtained
through literature retrieval. The effects of N on yield and water use efficiency of winter wheat in different regions, annual mean
temperature, annual precipitation and plough layer organic matter content in the Loess Plateau were compared by meta-analysis.
Regression analysis was used to explore the relationship between yield and N application rate, water use efficiency and N application
rate in each group. [Result] Compared with no N application, N application improved the yield and water use efficiency of winter
wheat in the Loess Plateau by 66.09% and 72.38%, respectively (P<<0.05). The effect of N on yield was more prominent in the
northwest than that in the southeast, and the effect of N on water use efficiency was more prominent in the southeast than in
northwest. The yield of northwest reached the highest when the N application rate was 212 kg-hm™, and the highest yield could be
obtained by applying another 15 kg N-hm™ in southeast. The water use efficiency reached maximum at 232 kg N-hm™ in northwest,
while at 224 kg-hm™ in southeast. The effects of N on yield and water use efficiency of winter wheat were more prominent in areas
with average annual temperature <<10°C. At the area of average temperature >10°C, yield and water use efficiency reached the
maximum when N rates were 189 kg-hm™ and 187 kg-hm™, respectively. However, at the area of average temperature <<10°C, yield
and water use efficiency reached the maximum when N rates were 225 kg~hm'2 and 239 kg-hm’z, respectively. The effect of N on
yield was prominent in areas of annual average precipitation < 600 mm, while the change rate of water use efficiency was prominent
in areas with annual precipitation >>600 mm. The yield and water use efficiency reached the highest at 235 kg N-hm™ and 244 kg N-hm™
application rates in areas with annual precipitation <600 mm, while 235 kg-hm? and 250 kg:hm™ in the area with annual
precipitation >600 mm. The effect of N on yield and water use efficiency was prominent when the organic matter content in plough
layer was <12 g-kg”. Under the condition of topsoil organic matter >12 g-kg™, the yield and water use efficiency tended to be
highest when the N application rates were 163 kg-hm™ and 175 kg-hm™. The optimum N application rate was 226 kg-hm™ when the
topsoil organic matter content <12 g-kg”. [ Conclusion] The optimum N application rates for high yield of winter wheat in the
southeast and northwest were 227 kg-hm™ and 212 kg-hm™, respectively. The optimum N application rate was 188 kg-hm™ in the area
with average annual temperature >10°C, and 225 kg-hm™ when average annual temperature <<10°C. In the area with annual
average precipitation >600 mm, the optimum N application rate was 250 kg'hm?, and 235 kg'hm™® when annual average
precipitation <600 mm. The optimum N application rate was 226 kg-hm™ under the topsoil organic matter content <12 gkg™', and
163 kg'hm™ when the topsoil organic matter content >12 gkg™.

Key words: nitrogen fertilizer; winter wheat; yield; water use efficiency; meta-analysis
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Fig. 1 Distribution map of winter wheat experimental sites in Loess Plateau
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Table 1 Paired experimental group number/observation number distribution of effects of nitrogen fertilizer on winter wheat yield

and water use efficiency
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Fig. 2 Effect of nitrogen application on winter wheat yield (A) and water use efficiency (B) under different regions (b), different

annual average temperature (c), different precipitation (d) and different topsoil organic matter content (e)
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Fig. 3 Effect of nitrogen application on yield (A) and water use efficiency (B) of winter wheat in different regions
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Fig. 4 The relationship between nitrogen rates and winter wheat yield and water use efficiency in different regions
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Fig. 5 Effect of nitrogen application on yield (A) and water use efficiency (B) of winter wheat under different annual temperature
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Fig. 6 The relationship between nitrogen rates and winter wheat yield and water use efficiency in different annual average
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Fig. 8 The relationship between nitrogen rates and winter wheat yield and water use efficiency in different annual average

precipitation
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Fig. 10 The relationship between nitrogen rates and winter wheat yield and water use efficiency in different topsoil organic matter
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