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Fig.1 Temperature and precipitation during the growing season of winter wheat
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Tab.1 Basic physical and chemical properties of soil in the test site

R Eem ﬁ%‘j\)ﬁ%/ m%{@ é‘?fk%/ ﬁiﬂzﬁ?@%/ HH (7] i#ﬂ(jﬁ/ T ITH U /%
(g em™) (g kg™) (9 kg™) (mg kg™) (cm®€em™) >0.05 mm 0.002~0.05 mm <0.002 mm
0~20 1.42 6.32 243 34.67 0.254 55.50 34.90 9.60
20~40 1.45 5.95 177 21.40 0.221 60.60 30.20 9.20
40~60 1.46 5.39 171 10.81 0.218 62.80 29.20 8.00
60~80 1.48 4.55 1.22 0.65 0.205 64.80 27.10 8.10
80~100 1.50 431 1.69 0.52 0.201 60.20 31.10 8.70
1.2 ¥t 133 =%

NI E 3 MWK, EL/NERTT. R
AR 0~60 cm 2 3B RS KA TIRANE,
i VEE K b TR B 40 ) 4 5 A B )R K 616 60%~70%

(W1) . 70%~80% (W2) . 80%~90% (W3) ,
BB AEE A FEAE AR (CK) , JRit 4 MR,
A E R 3, it 12 ANNX, BN X
N 6.66 m°. JitifHARKELAIRE (4 N: 46.4%) . it
BERRES (4 P: 12%) FIELE (4 K: 60%) . A
JIE Jti P Al 240 kg/hm?®, 43 5ol #6 F8 Foft iT AN4 T 30
(HEAE © JBAE=2 : 3) JF, Bl AN BE T 36 o i it
HI, i F & P,0s 120 kg/hm?. K,0 90 kg/hm?, kit
NI “553% 57, T 2020 4F 10 H 16 H4&
Fh, 2021 46 H 4 HUGER, 4EF 03k 231 d.

1.3 MEIEFRSHE

131 HEAKRE

KRBT 52 I S KR . TR KT %%
AEM B, R, B L ERE 258 0~20.
20~40. 40~60. 60~80. 80~100 cm.

132 LEMERE

TER/NFE S F IR A Bt 88K 4 0~100 cm +
FE, B 20em N 12 KRR B it 3R e ] 5
I, B, 1 mol/L SRR RORAR, #
FHE AN e B I E 3 A

FER /NI, T3/ XS] 1 m? K38 211
AN AT TR
1.4 RZWQM 2 #&#8Y

RZWQM 2 #7 | 32 [ R i 57 # L USDA-ARS
FrR, HEHE., BEANER. K. BRI,
AR T aE . RHGR 7 MR R, B TR
B N IR a6 F A B R G . B X I
EIER. BEEN, ARFRET 2020—2021 4
CK £ 4% 122 33 5 /K SRR 25 0 1) s
P, KA IR BT 2, R R A H At
3 AN KEIEAF XS . ) S R 3 AT 36U o

KH 3 AMGEHEAR VAR AL B SR, 4 i
FRUER) TR IR 2 (NRMSE) « PRI iE% (MRE)
M—2kghR (D) M, FIF%E . BiFJ5 1 RZWQM
2 MR, AE 3 ANIRSAMNEE KT T BEE 5 ANt RS R,
4399 180, 200. 220. 240. 260 kg/hm?, A [
AEER R R A /N2 R R R A BB A 7= 77, T
J7ETE WOCHR[12] -
1.5 RS

X H IBM SPSS Statistics 25 % {4Al1 Excel 2021 %
PEATEAR B Gt /i, SR LSD W& T 2R
WEMEE, KH Excel #1T42H.
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Tab.2 Degree of fit between simulated and measured values of

water content in each soil layer during the reproductive period

A +Elem
WA R 00 4060 6080 80100
CK NRMSE 9.3 123 10.1 114 19.1
CF5E) MRE 8.0 11.6 10.4 11.7 14.8
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(BRI MRE 242 227 23.3 175 16,5
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Fig.2 Measured and simulated soil water content of soil layers
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Tab.3 NRMSE and MRE of nitrate-nitrogen in each soil layer during rate determination of CK

NRMSE/% MRE/%
HiH
0~20 cm 20~40 cm 40~60 cm 60~80 cm 80~100 cm 0~20 cm 20~40 cm 40~60 cm 60~80 cm 80~100 cm
1015 85 39 24 24 93 9.7 5.7 71 16.9 22.7
1031 59 17.2 4.6 15.9 8.4 2.0 16.0 5.8 211 138
0102 8.1 6.3 8.6 118 118 19.1 5.3 7.2 112 116
0328 42 10.7 10.9 176 17 2.6 9.3 19.6 115 14
0507 36 15.8 12.9 155 208 29.9 171 10.8 10.1 186
0610 03 19.7 12,6 8.9 172 245 19.8 12.3 9.0 16.1
NO,;-N#/(mg kgt) NO,-N#/(mg kg NO,-N#/(mg kg™
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Fig.3 \Verification of soil nitrate-nitrogen under different treatments
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) FH 258 AR AIF J5 1Y RZWQM 2 A5 BB 5] it
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i 25 20 B B I e 2 ) 486 o 22 20 388 o 5 PR
#, W1, W2, W3 /KPR LM ER R EIEE
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Tab.4 Comparison between measured and simulated values of

winter wheat yield under different irrigation levels

S 4
4b 5 S/ B \eMsEre  MRES6 D
(kg hm™) (kg hm™)
CK  3589.70469.86c  3399.86 4.03 529 099
W1 439260410999 386626  11.19 1198  0.79
W2 54435049805 496854 1009 873 077
W3 540040431.88a 491096 1040 906  0.70
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Fig.4 Relationship between nitrogen application rates and soil
nitrate nitrogen accumulation within 1 m
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Characteristics of soil nitrogen transport under moisture measurement and

supplemental irrigation in winter wheat
YU Jing!, PANG Guibin'", YU Haoyang®, XUE Jianwen', CONG Xin®, ZHANG Lizhi?>, WANG Xin? XU Zhenghe'

(1. College of Water Resources and Environment, University of Jinan, Jinan 250022, Ching;
2. Water Resources Research Institute of Shandong Province, Jinan 250014, China)

Abstract: [Objective] To explore reasonable water and nitrogen management practices in the main winter wheat
producing areas of North China. [Method] A field experiment was carried out at the Irrigation Experiment Centre
Station of Shandong Province from 2020 to 2021 using "Qimai No.1" wheat as the material. Four irrigation
treatments were set up, with the upper and lower limits of irrigation at 60%-70% (W1), 70%-80% (W2), 80%-90%
(W3) and no irrigation (CK) of the field water holding capacity, and the application rate of nitrogen was 240 kg/hm?.
The data from the experiments were used to determine the rate of the parameters of the RZWQM 2 model and to
validate the model, and the model was applied to simulate the effects of the water and nitrogen regulation on the
accumulation of soil nitrate nitrogen and nitrogen use. The model was used to simulate the effects of water and
nitrogen regulation on soil nitrate nitrogen accumulation and nitrogen utilisation. [Result] The results showed that
the standard root mean square errors (NRMSE) of soil profile water content, soil nitrate nitrogen amount and yield
ranged from 9.3% to 25.0%, 0.3% to 29.7% and 4.03% to 11.19%, respectively, and the mean relative errors (MRE)
ranged from 8.0% to 24.2%, 1.4% to 30.4%, and 5.29% to 11.98%, respectively, with consistency index D were all
higher than 0.65; using the corrected RZWQM 2 model, five nitrogen levels (180, 200, 220, 240 kg/hm’and 260
kg/hm?) were set at W1, W2 and W3 moisture measurement and recharge levels, and the soil nitrate nitrogen
accumulation produced at the W2 and W3 levels was increased by 30.9%-59.7% and 49.6%-79.6%, respectively,
compared with the W1; The simulation concluded that N application of 220-240 kg/hm® and W2 levels were more
favourable for soil nitrate N accumulation in the 0-1 m soil layer, with accumulation of 108.30-125.10 kg/hm?.
Nitrogen uptake efficiency and nitrogen fertilizer bias productivity of N application of 220 kg/hm? and W2 levels
were 59% and 23.4 kg/kg, respectively. [Conclusion] In conclusion, the RZWQM 2 model can be used to simulate
soil nitrate nitrogen accumulation and nitrogen utilisation in the main production area of winter wheat in North
China, and moisture supplemental irrigation W2 and nitrogen application of 220-240 kg/hm? are more reasonable
water and nitrogen management measures in this area.
Key words: RZWQM 2 model; supplemental irrigation by measuring moisture; water and nitrogen regulation;
nitrate-nitrogen accumulation; nitrogen use efficiency
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