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Abstract: [Objective] This study investigates the mitigation effects and influencing factors of exogenous carbon

addition on nitrogen loss from purple soil in the middle and upper reaches of the Yangtze River under natural
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rainfall conditions, providing a scientific basis for the prevention and control of agricultural non-point source
pollution and the sustainable utilization of water and soil resources in purple soil regions. [ Methods] Taking the
hilly purple soil region in the middle and upper reaches of the Yangtze River as the research subject, six treatments
were established, each with three replicates: chemical fertilizer + straw biochar ('T,), chemical fertilizer + pig
manure organic fertilizer ('T,) , chemical fertilizer + cattle manure organic fertilizer (T3) , chemical fertilizer +
high-organic-matter bio-organic fertilizer (T,) , chemical fertilizer + compound microbial fertilizer ('T5), and a
control group receiving conventional NPK fertilizer ('T;;). The loss fluxes of ammonium nitrogen, nitrate nitrogen,
and total nitrogen in surface runoff and interflow were monitored in 2023 and 2024, and the effects of different
treatments on soil nitrogen loss were analyzed. [Results] (1) Rainfall in the study area was predominantly
concentrated from April to October. When rainfall was greater than 50 mm, the surface runoff volume across
different treatments followed the order of T, > T, > T, > T, > T > Ts, while the sediment yield was ranked
as T, > T, > T, > T; > Ts > T;. The proportion of total nitrogen loss through surface runoff was T;
(11.97%) << T, (12.97%) << T, (15.12%) << T, (15.32%) << T, (17.54%) << T, (27.08%) , and the
proportion of nitrogen loss via interflow was T, (13.8%) << T, (15.29%) << T, (15.31%) << T, (16.8%) << T,
(17.5%) < T, (21.3%). (2) Partial least squares path modeling (PLS-PM) revealed that rainfall
characteristics, carbon source addition, and soil physicochemical properties influenced nitrogen loss to varying
degrees. [ Conclusion ] Exogenous carbon addition in treatments T,, T, T,, and T; effectively mitigates nitrogen
loss from purple soil under natural rainfall, and nitrate nitrogen is the predominant form of nitrogen loss in the soil.
Further analysis using PLS-PM shows that rainfall is a critical environmental driver of nitrogen loss, while also
indirectly influencing nitrogen loss in farmland by altering soil aggregate structure and bulk density.

Keywords: purple soil; carbon source addition; natural rainfall; surface runoff; nitrogen loss
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Table 1 Basic soil physicochemical properties
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Fig. 1 Schematic diagram of runoff plot
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Table 2 Amount of fertilizer applied in each treatment

N-JRZ/ B/ S/ e R/ P,0,/ K,O/
ﬂE% ALI\}E ]‘kz 2 ﬁ 2 $n %ii o 2 : 2
(kg *hm™?) (kg *hm™?) (kg *hm™?) (kg *hm™?) (kg *hm™?)
T, 192 0 6611.6 60 90
T, 168 3429 0 60 90
T, 168 8674.7 0 60 90
ESP N
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T 240 0 0 60 90
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Fig.2 Monthly variations in rainfall and number of rainfall events in 2023 and 2024
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Fig. 3 Variations in rainfall and nitrogen wet deposition flux during individual rainfall events
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Fig. 9 Partial least squares path modeling (PLS-PM ) analysis of effects of rainfall and soil

properties on nitrogen loss in farmland under different treatments
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