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Effects of nitrogen fertilizer reduction on crop nitrogen
utilization and yield under annual double-cropping patterns
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Abstract To investigate the effects of nitrogen (N) fertilizer reduction on crop N utilization and yield under annual
double-cropping systems, a field experiment was conducted from 2022 to 2023. Three cropping systems were
established: Maize-wheat (M-W), soybean-wheat (S-W), and peanut-wheat (P-W), combined with three N
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application levels: No N application (0 kg/hm?*), reduced N treatment (120 kg/hm? for maize, 60 kg/hm? for
soybean, 120 kg/hm? for peanut) , and conventional N application (225 kg/hm? for maize, 120 kg/hm?* for
soybean, 180 kg/hm? for peanut). Winter wheat uniformly received 120 kg/hm?* Crop N accumulation, N use
efficiency indices, soil nitrate-N content, grain yield, and economic returns were evaluated across different
cropping systems. The results showed that: 1) Crop yield and yield components increased with increasing N
application rates. Compared with redaced N treatments, reduced N application did not significantly affect crop
yields; however, N use efficiency of maize, soybean, and peanut increased by 28. 7%, 45.6%, and 13. 4%,
respectively. 2) Compared with the M-W rotation, the S-W rotation under different N application rates and the
P-W rotation under reduced-N treatment both significantly decreased soil nitrate-N content (especially in deep
layers) during the autumn crop season, thereby reducing the risk of N leaching. Meanwhile, the N accumulation,
yield, and N use efficiency of the subsequent wheat in both rotation systems were significantly higher than those
in the M-W rotation. Reducing N fertilizer application can improve N use efficiency and reduce N surplus while
ensuring autumn crop yields. Legume-based rotation systems (S-W, P-W) can significantly reduce soil nitrate-
N accumulation and the risk of N leaching. 3) Partial factor productivity of N increased by 83.35%, 95. 2%, and
39. 6%, while N uptake efficiency increased by 61.5%, 83.3%, and 33. 1%, respectively. Among the cropping
systems, the M-W system achieved the highest grain yield (average 18 557 kg/hm?) but exhibited the lowest
economic return (average 32 424. 8 yuan/hm?). Under the same N application rate of 120 kg/hm? for the autumn
crop, the economic returns of the S-W and P-W systems were comparable and significantly higher than those
of the M-W system. When yield, environmental benefits and economic returns are considered comprehensively,
increasing legume-based rotation systems combined with reduced N application in the North China Plain can
maintain yield while reducing environmental risks, thereby promoting green and sustainable agricultural
production.

Keywords maize-wheat; soybean-wheat; peanut-wheat; double-cropping patterns; nitrogen application rate;

nitrogen use efficiency; yield
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Fig. 2 Plant nitrogen accumulation of maize, soybean, and peanut at different growth stages under

different cropping rotation patterns
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A, B, C are vegetative growth, flowering and maturing stages of 2022 autumn crops, respectively; D, E, F refer to the jointing, flowering and

maturing stages of wheat in 2022-2023, respectively.

B4 AEREEXNERLETARBLIELEHSRIENTEN

Fig. 4 Dynamic changes of soil nitrate nitrogen content in different soil layers under different rotation patterns

and nitrogen treatments
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