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1 MRI5E%
1.1 WIS XH#ER

RIET 2020 4F 10 H—2021 4E 5 H 7MLk
TR 7K B R 2 0 TR DX AR b v 25 AR 36 3 iR AT
(34.78N. 113.76E, 4k 110 m), Rl T

e P, %S SRR AT KRR KU, 3R
145 C. ZHETHMHFKE 637.1 mm. T3 H K
K 6.57 h/d. Jo5E #1220 d. R A-TH, K2
+IEAHEHE L. 0~100 cm LR AR,
ROBER. HRE. AR BR SR E S 870,
104.4. 11.8. 539. 45~60 mg/kg.

% 1 KI X 0~100 cm L 3E LM R

Table 1 Physical parameters and mechanical composition of 0~100 cm soil in the test area

- LUBLE S HEARZH R %
j:)%vﬁﬁfglcm - = 3 N 3 3 Sy 3 Iy - 3 o - P
ARG em™)  HIEFIZKZE/(cm® em™) WIATHAZER/(mg €m™) WG EA R/ (mg €m™) LU AREE 5 A <% A
0~20 1.35 32 0.036 8 0.0104 0.17 0.64 0.19
20~40 1.56 34 0.020 4 0.0033 0.11 0.65 0.24
40~60 141 34 0.0132 0.0018 0.09 0.65 0.26
60~80 1.36 37 0.0129 0.0013 0.08 0.65 0.27
80~100 1.40 37 0.0105 0.0009 0.05 0.61 0.34
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Fig.1 Temperature and rainfall during the growing period of winter wheat

1.2 RBE&It

RIRHBENLIX B0, B 3 Akl R IR
3 PR, JE O AN, KR 3 RESR, St
27 /I o AR B 347K 23 514 120 kg/hmPON -
220 kg/hm?® (Np). 320 kg/hm?® (Ng). HFFlii & KT
TEE 3 KSR, 4378 60%6(W1). 70%6
(Wp) 1 80%6 (W3) (6 NHIAIFIKE), &AL
S N AEFE AL, o AR AR R — L, 3
N 67.5 kglhm?, FFHcR AT 2 UGB AE, HEAER A&
INFZE IR BRI HIRE L, WK IS DA A2 7 HA N TR T
JZ L HK A ARRIE, 245 A FE I AKCRAC T BT K
IR BRI AT REK, A NZREIKE AN 45 mm.
RIGKIEALEE T RVEN R 2. INEF T RG22,
FE [ 365 T 77 KR FH o M, %406/ X K 10 m
% 1.5m, REG/NX [EEE D 1.5 m IR X.
1.3 WM B &k
131 A %%4E

G tHEkE B350 (HM-NL08) Fi
X AR SEE 0 (http://data.cma.cn/) 3K75
132 HEAKRE

TEA/NELGREN, KA TRIME &R 5
FITERERT WK JE I OCHEAE & W Bk 5~10 d I 1
RIS /KE . TRIME B RCIETE R I8 AT 1R F Mt

FEBAT 5 AP 35 KGRI B YR LA 100 em,
HF 5 20 cm W& 1 VR CRE R ATEE ZK R 5 25 i 170,
* 2 RIEAREL I T E

Table 2 Experimental water and fertilizer treatment scheme

e VK VB, e JBM(kg hm?)

N Ry TRy .

sy o kghm) ) B
WiN;  60%6& 120 52.5
WiN;  60%6 4 180 220 152.5
WiN3  60%6& 320 252.5
W_N;  70%6 120 52.5
W2N,  70%6 6 45 270 220 67.5 152.5
W2N;  70%6 320 252.5
W;3N;  80%6& 120 52.5
W;3N,  80%6& 9 405 220 152.5
W3N3  80%6 320 252.5

ORI BRI = e R AR (N/15%. P/15%. K/15%). BAEN:
JRZE (5 N 46.3%). G M IAFKE,
133 LEAFMZ T &

T A U R AR A e B R, s
BB SRFH Be fPA

2 1REE S5E

2.1 RBINLE
HYDRUS-1D #5732 —Fift F SR AR - 37K 4312
RIS A TR TR A ORI A R R o 5 vp
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3) HAtih % AF
AR A S B E Oy 0 I 52 A, BIK
gy HSEMESRIEREL )y 0. 1HEAN:

D@%%
o (6)

oA AR (d)s K OAFEMAI S KE (em/d);
D A7KEN JIVREL R (em?d); 0 R AR Ak %
(em¥cm®); ¢, AL RAKH1LEE (mglem®); cn L
B AR ESEWARERE (mglem®); ¢ N7
BUR R (emid); ¢ IR SRS R ER
FE (mg/cm®).
2.3 IRBSHRIIE
231 S Ex

SEA RIS X S I EE 54, 12 A Rosetta 5%
Pl AT AR ) 3K FT RN I R S EUR 2 . 1EYIIR
R KR Feddes $2 H () SURR BRI B AL 4120,
BAAZH LK 3. £ 4 A% S,
232 BAIE

308 I R0 S E A S A AL A Rt (B 2
AL, IS KR AR R LA SR A
5 SEE BA B i — 8, & LESKE AR
AN A B DB 5 SR (0 vk E R 80 R® 223N
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SHAE R IEH S HEAA R SRS,

3 THRAKHESLH

Table 3 Parameters of soil water transport

EizLin +EEElem R EIKE 0J(cm® em?) RIS K Z 0d(cm® em™®) TBRES N BRI a/m™ HIRISK R Kd(cm® d™h)

0~20 0.37 0.0238 1.4856 7.90

20~40 0.38 0.022 9 14474 19.30

Eop LR 40~60 0.0324 0.39 0.0213 1.466 2 17.50
60~80 0.37 0.0159 1.554 3 14.20

80~100 0.38 0.018 7 1.6345 8.50

0~20 0.037 0.32 0.0253 14793 8.95

20~40 0.038 0.34 0.024 6 1.4376 15.03

REME 40~60 0.041 0.34 0.0231 1.456 3 16.23
60~80 0.043 0.37 0.0158 15239 13.34

80~100 0.042 0.37 0.0193 1.6271 7.45
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Table 4 Solute transport parameters
. | . R E . E . - -1 -1 B B
0 ERREm Mu/d Kdlem® mg?) s 0T a0 a0 T Ty (g e d)T) /(Mg fom?® )

0~20 0.56 0.0035 0.024 0.52 0.52 0.04 0.04 0.000 7 0.000 7
20~40 0.55 0.0035 0.005 0.38 0.38 0.03 0.03 0.000 5 0.000 5
WG 1E 40~60 0.54 0.0035 0.003 0.22 0.22 0.02 0.02 0.000 4 0.000 4
60~80 0.58 0.0035 0.002 8 0.17 0.17 0.02 0.02 0.000 2 0.000 2
80~100 0.57 0.0035 0.0037 0.16 0.16 0.03 0.03 0.000 1 0.000 1
0~20 0.52 0.0032 0.020 0.54 0.54 0.03 0.03 0.000 8 0.000 8
20~40 0.51 0.0035 0.008 0.35 0.35 0.02 0.02 0.000 7 0.000 7
el 40~60 0.50 0.0035 0.004 0.18 0.18 0.0105 0.0105 0.000 4 0.000 4
60~80 0.48 0.003 2 0.003 0.15 0.15 0.01 0.01 0.000 1 0.000 1

80~100 0.527 0.0037 0.002 0.14 0.14 0.01 0.01 0 0

£ 5 MRS R
Table 5 Parameters of crop root coefficient
Po/cm Popt/cm P,H/cm P,L/cm Pa/cm r2H/(cm d) r2L/(cm d%)
0 -1 500 -900 -16 000 05 0.1
E e REREHANIFRE: Kae BESERIREG 1 SRR BB REG ﬂlv.NHX N y;_NHf HEASE AR E R S S R RS R —

LN FH Fonoy

s,NO-3

. MOHRIEHRACR REG vy Youg: BEHUBEEERE FGRVEDE: Po HHIKE /% Pt 1

TR OHAOK E 33k s PoH: BRBRIE J35ks Pol: ZEMBIEY r2L WK TI3ks Po: AHEESRIE 1Sk r2H: /NOVETEAMGEA, roL. WETEAMsmE.

REDHEN (K 6), HIERES/KEERIE 5L
TMEIRZERVN, HpiRiEZz (RMSE) 4 0.807, 1
WeanhiRzZE (MAE) 5 0.695, FHEEP 07727, fi

SER AR ZE (MAE) A 0.042 7, F ¥:56 P 24 0.561 1.
% 6 ARINLE R 5 ENEIR £ SAT

Table 6 Error analysis of simulation results and measured values

A E T B B AUAE 5 S ME X b i 35 07 AR R 22 I RMSE MAE P R’
(RMSE) j'y 0.387 1, EF‘i’)]é@Xﬂ’l%Z% (MAE) ?'\j 0.2753, EIKF 0.807 0.695 0.7727 0.915 4
F Tﬁgﬁ P ?'3 0.281 9. EB?%T(?‘S’)EL%?E%‘TE, %’:’ZE%% AR 0.387 1 0.275 3 0.2819 0.887 9
NN N N EAA . . . .
AR 5 S B e 0~0.5 mgfem®, i PAR 0194 00T o S
THRERUN, KA iRz (RMSE) 24 0.143 4,
036 8 35
T 033 °.o — .. 30 o -
2 030 | § 6 . t ié o
£ o)) = o> 2 [ ] e
g oz 3 % 4 oty £ 15 -
ENCI =2 £ 10 >
bl S -~ & 05 Lol
8 b 0 — 0.0 e
0.18 0.21 0.24 0.27 0.30 0.33 0.36 0 1 2 3 4 5 6 7 8 0.0 05 1.0 15 20 25 30 35
FAUE/ (cm?3 em™) FAUE/(mg €m-3) FAUE/(mg €m-3)
() &KFE (OREEES (0) &R

B 2 XISk L R 5 AR A L
Fig.2 Comparison between measured results and simulated values

3 RENH

FIFHIAET ) HYDRUS-1D #5782 H06 i 5 [X
BEEVEE 4 /N F2 IR T A B A 0~100 em 2 P& KR
A B A B0 A I DU AT AR
3.1 KT IEFEIEHL

K INZEIRTE R R EIY 0~100 cm 2 &K F
AR 3 . B 3 A, ANEKIEAEEFA
[ )2 A S K R DL R A BAE K B 2 e

MIFEREAT R, BE K N RAR S, &
INFEAEE W EE AR IR ESIEN, 5 Wy bR AN
MR T HA B I 4 KA EL, Won Wa AbHE T

IKUEST IBEINT 2 5 IR, Wy Wa [FHEZK 2 Bt
W; (1) 180 mm 43513 i % 270 mm A1 405 mm. As[F
KAEALHE R 0~60 cm )25 KL s AR Al FE iz
XF 60~100 cm.

FHEIK G IR T, ASFE%E 0~100 cm +
BEKFEME REARMA, HbE N, BT
0~100 cm 2K KA, Ny N3 4bF T 0~40 cm +
2B IKERIEAE 43 BB T 8.49%F1 13.81%, 40~100 cm
+ 25K HIEAK 2.038%F1 1.71%, H ik ] %0 e
BEN 0~40 cm 12 45 K R R H R,
40~100 cm + 2 T IE S K FEABW AR .
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Fig.3 Soil moisture content from green to mature stage of winter wheat under border irrigation
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Bl 4 A FIZK AR AL LR 2 /N2 1R T HH 21 A2
0~100 cm 3B A A EEAA AR A . I 4 AT %0,
IBAEE 10 d 72 A AN E KBRS A T IS H =3k 2
B ONAE, Bl B[R] RS L BT AR, HLRRRIEK
WHJEH 4S8 0~20 om AR KIREE,
40~100 cm A A E R InE .

AN TR) KO Ak 3 2% 2F T 39 A U U P AR AL
TE LA F] o AR K 7428 240, Tl o it 2 ) B4
0~100 cm AL ZHEEREWAAFRFEESE M, 5t

BAEE AR RS, Niv Nav Ny AREES5H10N
1.299~1.881. 2.45~3.696. 3.93~4.46 mg/lcm®, 5 N;
AEFE R AHEE, Npv Na ACHERE 5 &S R R I T 18
Ay HI3EhN 88.6%~96.5%. 137.1%~205.5%. HH [t &
/AN, BEEKSESR T RESER, 0~100 cm +
EHARE R FEES, 3t 2 GeiEE 0~20 cm )2
MARERMETS, Wi. Woo Wi 235 5 Ky
1.598~5.94, 1.456~4.751. 1.299~2.015 mg/lcm®, 5
W AbEE AR B, W\ W ZbHEIE AE 5 i 75 A R Vg
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Fig.4 Variation soil nitrate nitrogen content in winter wheat from green to mature stage under border irrigation
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Fig.5 Variation soil ammonium nitrogen content in winter wheat from green to mature stage under border irrigation
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Effect of Irrigation and Fertilization on Water and Nitrogen Dynamics in
Soil of Wheat Field under Border Irrigation

WANG Shunsheng™?, WU Chuang®, LIU Tengfei', ZHANG Hao"", LI Zhili®
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. Provincial and Ministry Co-construction Collaborative Innovation Center for the Efficient Utilization of Water Resources,
Zhengzhou 450046, China; 3. Rural Energy and Environment Agency of Shandong, Ji’nan 250023, China)

Abstract: [ Objective IBioavailable water and nutrients to crops depend not only on root architecture but also on how
water and nitrogen fertilizer are applied. In this paper, we investigated the effects of irrigation and fertilization on
water and nitrogen dynamics in soil of a winter wheat field under border irrigation. [ Method] The experiment was
conducted in a wheat field in Henan province, where changes in water and nitrogen in soil under border irrigation
were measured. These data were used to validate the HYDRUS-1D model, and the validated model was then used to
elucidate how a change in irrigation and fertilization modulates water and nitrogen dynamics in the root zone of
wheat under border irrigation. [Result] The HYDRUS-1D model simulated water and nitrogen dynamics in the
root zone well. The coefficient of determination (R®) between the simulated and measured data was greater than 0.84,
with its associated RMSE and MAE less than 0.807 and 0.695, respectively. Increasing the low critical soil water
content for resuming irrigation moved nitrate in the top 0~20 c¢cm soil layer to 20~100 cm soil layer 1~2 days after
the irrigation, but it did not show significant effects on ammonium dynamics in the soil. Increasing nitrogen
fertilization increased nitrate and ammonium nitrogen in the 0~60 cm soil layer significantly, especially in the 0~40
cm soil, but reduced water content in the 0~40 cm soil layer. [Conclusion] The HYDRUS-1D model is able to
simulate water and nitrogen movement in soil under border irrigation, and the simulated results can help to improve
irrigation and fertilization management for wheat production in the studied and similar areas.

Key words: nitrogen distribution; distribution of soil water content; border irrigation; winter wheat; HYDRUS
simulation
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