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Effects of Water and Nitrogen Regulation on Fate of Nitrogen
Fertilizer and Gaseous Losses in Saline—Alkali Farmland
Li Xiang', Liu Xia', Qu Zhongyi*, Qiao Tian', Yu Hanhong', Zhao Jingyi'

(1.College of Water Conservancy and Civil Engineering , Inner Mongolia Agricultural University, Hohhot 010018, China;
2.School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou, Inner Mongolia 014010, China)
Abstract: [ Objective] This study aims to investigate the effects of water and nitrogen regulation on the emission
patterns of NH; and N,O and the nitrogen fertilizer utilization rate in saline-alkali farmland. [ Methods] Sunflower
was used as the research subject. Two irrigation gradients were set: T1, mild deficit irrigation (field capacity
65%-75%) , and T2, full irrigation (field capacity 75%-80%). Four nitrogen application levels were
established: N1 (0 kg/hm*), N2 (150 kg/hm*) , N3 (225 kg/hm*) , and N4 (300 kg/hm?®). By analyzing the
effects of different irrigation gradients and nitrogen application levels on NH,; and N,O emissions, the pattern
characteristics of nitrogen fertilizer utilization, residue, and loss in saline-alkali land were clarified. [ Results ] Under
the two irrigation conditions, with increasing nitrogen application rate, both the N,O emission flux and NH;
volatilization rate significantly increased. Peak emissions under the N4 treatment were 4.4%-21.4% higher than

those under N3 and N2. Under the same nitrogen application level, the cumulative NH; volatilization and N,O
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emissions under the T2 treatment were 10.10%-20.41% and 16.41%-39.77% higher than those under the T1
treatment, respectively. The gaseous nitrogen fertilizer loss rate under the T1 treatment was 7.05%-32.38%
lower than that under the T2 treatment. The "N isotope tracing results showed that the fate of fertilizer nitrogen
followed the pattern: nitrogen fertilizer loss rate = nitrogen fertilizer residual rate > nitrogen fertilizer utilization rate.
The residual fertilizer nitrogen was mainly concentrated in the 0-20 cm soil layer, accounting for 46.13%-63.14% of
the total residual amount, and gradually decreased with increasing soil layer depth. Under the T1 treatment, the
sunflower yield was higher than that under the T2 treatment by 4.12%-12.38%. The nitrogen fertilizer utilization
rate under the T1 treatment was 8.46 % -14.96 % higher than that under the T2 treatment. Among them, the T1-
N3 treatment achieved the highest yield and nitrogen fertilizer utilization rate, reaching 2 796.01 kg/hm* and
26.10% , respectively. Additionally, the effects of salinity on the nitrogen transformation process were mainly
related to the composition of salt ions, and Na'+K" and HCO, were positively correlated with the gaseous
nitrogen emission rate (r = 0.57-0.86). [Conclusion] For severely saline-alkali farmland, under mild deficit
irrigation conditions, a nitrogen application level of 225 kg/hm* (TIN3) can effectively reduce nitrogen fertilizer
residue and gaseous losses while ensuring nitrogen fertilizer utilization efficiency, representing the optimal water
and nitrogen management mode for emission reduction and efficiency improvement.

Keywords: water and nitrogen regulation; "N tracer technique; gaseous nitrogen fertilizer emission; nitrogen

fertilizer utilization rate; fate of nitrogen fertilizer
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Fig.4 Dynamic distribution of soil salinity under different treatments during growing seasons (2024—2025)
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Table 1 Changes in nitrogen fertilizer utilization rate, residual rate, and loss rate under different treatments (2024—2025)
2024 4F 2025 4F
A 3
AFIH=R/ 0 AL A/ 0 JRHR R/ RIERAR/ % JIEEREE/ % AIEBER/ %
TIN2 21.59+0.62d 30.78+0.45e 47.6340.27a 23.48+0.26¢ 33.20+£0.40f 43.324+0.67b
TIN3 24.8240.54a 33.2140.54d 41.9640.83b 26.1040.36a 36.3640.28d 37.5440.47d
TIN4 22.4240.27¢c 35.5340.66¢ 42.064+0.72b 24.0640.20e 37.774+0.42b 38.174£0.17d
T2N2 20.094-0.36¢ 33.944-0.56d 45.97+0.66a 21.1340.35¢ 34.7540.23¢ 44.12+0.43a
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A FRR, NLO F 3 ik & 4F 7 2 8 31,41 %~
32.68% . T2N4 kb3 Y N,O B3+ HE & & b W%,
FHYKh T2N3, 551k NH, 95 & 1940 e i — 50, %
B T2N4 & S 30308 AR KU e KA K S0 4%
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Table 2 Cumulative NH; volatilization, cumulative N,O emissions, and gaseous fertilizer nitrogen loss rate under different

treatments (2024—2025)

2024 4F 2025 4F
Ak 3 NH, £tk &/ N,O Rt Hes/ A& NH, it & &/ NO RitHejil s/ AMAE
(kg+hm %) (kg+hm %) PRR/ % (kg-hm™® (kg-hm™® BRE/ %
T1N2 29.732+1.842 ¢ 1.360+0.037d 9.77940.260b  32.418+0.795¢ 2.0154+0.156e  11.6154-0.386b
T1N3 32.779+1.931d 1.505+0.010cd 7.67540.213d  37.377£0.205d  2.211+0.077d 9.6144-0.119¢
T1N4 34.3941.662cd  1.660=0.023c 6.23310.155¢  42.089+0.108c  2.396+0.075¢ 8.5434-0.052d
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AR K CAD o - ok - o o
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Fig.8 Correlation analysis between soil properties and nitrogen indicators (2024—2025)
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