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Abstract: Winter wheat is the main cereal crop in Northern China, and excessive nitrogen (N) fertilization and irrigation are
employed in recent years to ensure a high grain yield. A high amount of N was lost via leaching, which exacerbated the risk of
non-point source pollution and further increased the resource waste. It is highly necessary to clarify the characteristics and
influencing factors of N leaching loss during the winter wheat season in the region. The literature on N leaching loss from the winter
wheat production in Northern China, published from 2000 to 2023 was screened, and linear, multiple-factor regression models, as
well as random forest and XGBoost models were established in the study. The research showed that the N leaching during the winter
wheat season was mainly affected by the fertilizer rate and irrigation water, as well as soil properties (pH, clay and sand content), and
was effectively inhibited by crop straw incorporation. Multiple variable combinations were constructed based on the results of
importance analysis and stepwise regression. Grid search method, Bayesian and the combination of Bayesian and Early stopping
were used to optimize the model parameters. The models constructed through Random Forest, based on all influential variables and
based on the influential variables screened by stepwise, had the R* of 0.628 and 0.708, respectively, and the R” for the corresponding
models constructed through XGBoost were 0.745 and 0.722, respectively. This indicates that the prediction effects of N leaching
based on Random Forest and XGBoost were much better than the linear and multiple-factor regression models. The influence of
multiple factors on N leaching was comprehensively considered in the machine learning models, and the effects of prediction were
better when choosing the influential variables screened by empirical statistical methods as independent variables. The results of this
study can provide technical support for reducing the N leaching in the winter wheat production in Northern China.

Key words: winter wheat; nitrogen leaching; machine learning; XGBoost; grid search; bayesian optimization
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Fig.1 Distribution histogram of total N leaching loss and logarithmic total N leaching loss during the winter wheat season
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Table 1 Parameters of multiple regression model for total N leaching loss in winter wheat fields

ZH RETME Rt i Pl

AP Intercept -113.721 35.454 -3.208 0.002
A NEJE % 5 Fertilizer N rate 0.066 0.012 5.341 <0.001
FEFFIE H % N &8 Straw incorporation N rate -0.022 0.025 -0.871 0.385
AP A R = Organic fertilizer N rate 0.059 0.025 2338 0.020
7K NI Water input 0.085 0.015 5.874 <0.001

3% pH 1 Soil pH 6.051 3.364 1.799 0.074

T IEAS G Soil total N 12.583 6.015 2.092 0.038

A HLF i Soil organic matter -0.340 0.431 -0.789 0.431
Hhiki 2 & Clay content 0.892 0.165 5.408 <0.001
WP B Sand content 0314 0.087 3.605 <0.001
AR S Sampling depth -0.010 0.032 -0.322 0.747

M FHASFF 5 Straw incorporation
S % Total N rate
F{H F statistic: 10.311
AL Multiple R”: 0.344

P {8 P-value: 6.43x10 '
BIESLELE Adjusted R 0.310

2 G B VA TR 50 S5 S80Ik 2 B PR S0 R i R 1)
AP (R2=0.310,P<0.001) 45 H A 25 XA 2 [
B, A BIGE v 27 W 3 KPR A 7 R Ay
Yiegonon=0.060X qumisen~0.022X spriaminsrt0.059X wapumsimnset-
0.085X purwt6.051X s py +12.583X tuwaeman
—0.340X pumenut0.892X wimerut0.314X 0.0 10X spen—

113.721. 1 T Rt R R (ULt R RS AT IS H
BANFE R HULE AR RS F R R 2, b
F A AT L A AT 3 FH g A\ R0 2 ) A7 AE SR R
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Table 2 Parameters of stepwise regression model for total N leaching loss in winter wheat fields

ZH RETTIE FRAEIL R EL PRk t{H Pl
AL Intercept -129.773 23.956 -5.417 <0.001
S i % Total N rate 0.064 0.395 0.012 5.270 <0.001

& RS FF 5 Straw incorporation -0.001 -0.203 0.000 -3.019 0.003
7K $ N\ i Water input 0.087 0.470 0.013 6.642 <0.001
Hiki4 1 Clay content 0.893 0.489 0.151 5.926 <0.001
0 i4 18 Sand content 0.305 0.272 0.082 3.708 <0.001
1% pH {H Soil pH 7.472 0.201 2.644 2.826 0.005
45 &5 Soil total N 11.170 0.132 5.525 2.022 0.045

F {H F statistic: 14.3
AR Multiple R%: 0335

P {H P-value: 432x10 "
BEIERA TS Adjusted R: 0.311

2.3 BEHLARAFN XGBoost [F])H

TIF R FH A 45 2 2 R DL i 07 48 2 926 X6 ¥ b
5 s i T B HLARMRAT XGBoost #i £t %
USEIGARAL I BEHLAR AR A XGBoost 2444
Z6 AN 3. BEALARARAII [0 6 45 2= 20 DL 74

FAE R FER F5 KA E 53 0 R 150 F1 200, 15 R 22
30 AR ) e R R T R e /N B O 20 R0 1L
XGBoost F7Y DU W48 Sk de S N4, B ek
IREE 3700 20 200 A1 10 AT, HEAT 200 (B4,
TR PR E AL TR

*3 BBEtE
Table 3 Hyperparameter range

" y ZHOEH
] e ‘ - ,
LRSS U HHE Rk
PR U (n_estimators) 50, 100, 150 50~200
1) £ KR P (max_depth) 10, 15,20 1~20
BB e e .
T RN R A KL (min_samples_split) 2,4,8 2~10
Random Forest
75 55 5 /M A K (min_samples_leaf) 1,2,4 1~10
PRAN B AVRFAE L 5] (max_features) 0.3,0.4,0.5 0.1~1.0
YR ) $ R (n_estimators) — 50~200
PR S5 KR S8 (max_depth) — 3~10
2% 3] % (learning_rate) — 0.01~0.4
A P g /MR AS AR A (min_child_weight) — 3-9
XBoos FEANZR LA (subsampl 0.3~0.8
eXtreme Gradient Boosting N VIR ‘SU sample) e
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alpha — 1.0~1.5
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