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Research on nitrogen equilibrium and nitrogen fertilizer input threshold in rice soil with drip irrigation in the
Hexi Oasis irrigation area

TANG Wenxue', MA Zhongming™, LUO Shuanglong', DUAN Yu®

(1.Institute of Soil, Fertilizer and Water—saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China; 2. Gansu
Academy of Agricultural Sciences, Lanzhou 730070, China)

Abstract: In order to determine the nitrogen fertilizer input threshold of rice based on yield and environmental safety under drip irrigation
in the Hexi Oasis irrigation area, field tests on rice drip irrigation were conducted at the Zhangye Water—Saving Agricultural Pilot Station in
2020 and 2021. Five nitrogen application levels of 0, 135, 225, 315 kg+hm™, and 405 kg+hm™ were set and labeled as NO, N1, N2, N3, and
N4, respectively. Then, the impacts of the nitrogen application levels on the rice yield, accumulative mineral nitrogen, and nitrogen balance
in soil were studied. The results showed that nitrogen application significantly increased the rice yield and formed a significant quadratic
parabolic curve together with the rice yield and the amount of nitrogen applied. The rice yield reached the value of 5 684 kg-hm™2(99.7% of
the maxium yield) when 222 kg« hm™ of nitrogen was applied. There was a significant exponential correlation between the cumulative

amount of mineral nitrogen in soil and the amount of nitrogen applied. When the amount of nitrogen applied was 315 kg« hm™, the
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cumulative amount of mineral nitrogen was 151 kg+-hm™, which was significantly higher than the levels of 119 kg+hm™when the amount of
nitrogen applied was 225 kg - hm™. Additionally, when the amount of nitrogen applied reached 315 kg« hm™, the mineral nitrogen moved
from the shallow to deep layers, following a trend of aggregation. There was a significant linear correlation between the nitrogen apparent
balance value and the amount of nitrogen applied. The amount of nitrogen applied was 171 kg« hm™ when the nitrogen apparent balance
value of nitrogen was 0. When the amount of nitrogen applied ranged from 171 to 222 kg+hm™, the rice yield was 5 551 to 5 684 kg+hm,
the cumulative amount of mineral nitrogen in soil was 104 kg-hm™ to 118 kg+hm™, and the nitrogen balance value was 0 kg+hm™ to 44 kg
hm™. By considering the relationship among the yield, accumulative amount of mineral nitrogen, soil nitrogen surplus, and the amount of
nitrogen applied, the proposed rational nitrogen fertilizer input threshold for rice under drip irrigation in the Hexi Oasis irrigation area is
171 kg-hm™ to 222 kg+hm™. Under this nitrogen application condition, the rice yield is high, the input and output of nitrogen in soil reach
equilibrium, and the cumulative amount of mineral nitrogen is low, ensuring a high and stable rice yield and reducing environmental risks.

Keywords: nitrogen application; yield; accumulation of soil mineral nitrogen; soil nitrogen balance; nitrogen threshold; drip irrigation with

plastic film mulching; rice
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Figure 1 Precipitation and temperature during rice growth period under film drip irrigation
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Table 1 Basic physical and chemical properties of the tested soil

AL &b 2R EPORA AL HCE
+ BRI pH Organic matter/ Total salt/ Total nitrogen/ NO;-N/ Available P/ Available K/
Soil depth/cm (g-kg™") (g-kg") (g-kg") (mg-kg™) (mg-kg™) (mg-kg™)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
0~20 8.4 8.22 7.71 7.90 1.95 1.74 0.64 0.77 15.35 17.36 22.12 24.77 106.48 82.00
20~40 8.3 8.09 5.69 6.21 1.46 1.53 0.55 0.68 9.54 8.55 25.41 26.52 73.45 69.29
R ETHEKESEENAERE
Table 2 N application rate for drip irrigation under plastic film mulching at different growth stages
fb3m it 2R HNIE Base fertilizer  3-BENE Tillering fertilizer AL Ear fertilizer AR Granulated fertilizer
Treament Total N application rate/(kg-hm™) 5H 147 6HHH  6HTH  7HTE  THTM 8 H i)
NO 0 0 0 0 0 0 0
N1 135 20.25 20.25 20.25 27 27 20.25
N2 225 33.75 33.75 33.75 45 45 33.75
N3 315 47.25 47.25 47.25 63 63 47.25
N4 405 60.75 60.75 60.75 81 81 60.75
Jit ey =X R HE Mt A B K 43 2 IRt A Bt K 43 2 Rt A BiEE K 1 A
http://www.aed.org.cn — 765 —
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Figure 2 Effects of N application rates on maize yield
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Figure 3 Effects of different N application rates on mineral
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Figure 4 Accumulation of soil mineral nitrogen under different N application rates
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Table 3 Effects of different N application rates on nitrogen balance in soil-crop system (kg+-hm™)
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S35 315 17.42 108.00 71.43 511.35b 192.88+9.74a 151.30+14.28b 167.17+24.02b 122.12+9.74b
N4 2020 405 17.42 103.82 72.74 598.98a 180.96+6.69b 184.28+25.20a 233.74+31.88a 224.04+6.69a
2021 405 17.42 112.17 69.12 603.71a 179.29+6.18b 229.99+9.39a 194.43+13.21a 225.71+6.18a
STy 405 17.42 108.00 71.43 601.35a 180.13+6.44b 207.14+7.90a 214.08+14.33a 224.88+6.44a

T : [FIZA [Al“F BE 3R 28 5 .35 (P<0.05)

Note : Different letters in a column indicate the significant differences (P<0.05 ).
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Figure 5 Relationship between yield and mineral N accumulation

from 2020 to 2021
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