H31E H23 M
2015 4 12 H

VG| D s i

Transactions of the Chinese Society of Agricultural Engineering

Vol.31 No.23

(1. VGIERMEBIH K2 KRS @R TRE2A B, M 7121005

REXKFRBRAEEELSREEXENERREEFRIERED T

o 123%
M=

AR 24, frasg 2, g
2. PHALRMEHE A B R X T KRR B, #¥E 712100;
4, PUALRMPBHE K2 B EE 24BE, M 712100)

TELY R O¥E

3. PR BRI K LRSI, #2 712100;

B OE: R EY R S ) R A B IR A BRIt ZF SR B R R X AR AN R R AER
55 (2004 —2011) FIPHAE A/ N TR IR (2010 —2012) XX 7K AR Y (root zone water quality model-version 2, RZWQM2)
BEAT R E IR, IUF R S G I R4 24 56 a P G 80, RV BTIIFGT R IX &N AEANR [
RAER N ERRA R, 45 R E W RZWQM2 ZEAN [l B K A 8 R 34 AT LA A MBI X VR AE R R A L 7=
EARAR A HOK D I Eh &AM, IF FLRERS B b MBS [ B A 7 o8 & /N2 P AR E e br: i B R R X 120~
150 kg/hm® (BA N $1) (R AEIEATT AT LA ] p MY R 20 &/ N2 R = I T s A/ N2 A B Ny dse S B S A
R, 7F 90 kg/hm? JEEHEAUIL LAY b, FEKAE 54~72 kg/hm? IBE T, F/KAE 36~54 kg/hm? B AR, +
FLAE 18~36 kg/hm® [FIB SR, AMHAT AR LN R ER, IF 4R R RBOR e B KT

EEEE: AL 4 R RZWQM; FR; BREE, Lk sler X

doi: 10.11975/j.issn.1002-6819.2015.23.015

RESES: S143.1;S146; S161.6 XHERFRRRRD: A

TEx, 8 3}’ AARE, MEE 5 5 REKRBRAGEEISREEXLSNEZRAREEGMERMESM]. RIT
FBER, 2015, 31(23): 111—121. doi: 10.11975/1.issn.1002-6819.2015.23.015  http://www.tcsae.org

Ding Dianyuan, Zhao Ying, Sun Benhua, He Jiangiang, Feng Hao. Suitability analysis of nitrogen fertilizer management on dryland of Loess
Plateau based on root zone water quality model[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),
2015, 31(23): 111—121. (in Chinese with English abstract) ~ doi: 10.11975/j.issn.1002-6819.2015.23.015  http://www.tcsae.org

XEHRS: 1002-6819(2015)-23-0111-11

Dec. 2015 111

0 3l

B B U AT DA i DN R, G N A
R, A G P AN A bt A 2 i e U A 2R
By P AN RUF RPN, e PR b R X,
NZE AR R AR — . AR, M RR
BIR, BRI, AR, H5%/0
KA A RIEAY) &, BRI 5N & B
FH BRI R A 23 DX AR A ™ o (R E o) f . i AR
X &N HL W OB B A e 2 ), (R 2 4
HAERIIN, AL B R, R /D7E FE R K B AERR AL
5t 07 X R R ) HAE G R WFFUN R 2 R 7
M CEZEARD R, SRR A NS H I S5 IR A4
) FARZAT T ISR AFAEZE 5 IF HA/ N AL R A
TB U ) FIE S B K IR R & D0 R AT 40 .

A P A5 RS HUL <3-  FH TA) RUBE B 3 ) U0 A
R — AN AT T RRIX KA AY (root zone
water quality model-version 2, RZWQM?2) &3 Fit

i3

Wk HIW: 2015-08-31  EITHIW: 2015-10-30

FATH: EK 863 THEIIHH (2013AA102904); 3 4 i i 139842 1 55 5
i b [ 5 R S ARG (K318009902-1427); “1117 Wi H (B12007)
fEF MR T30, B, RN, Wk, FZEET oK - %05
BRI PEACARMRABH K 5K R 5 @S0 TR0, Mk 712100

Email: ding@nwsuaf.edu.cn

MOBEER: 1 ¥, B, WPCR,  FEN K R R SOR 77 R
o ERR2 B KRR L OREE ST, B 712100,

Email: nercwsi@vip.sina.com

FRIVEDRERL, 0] DAXS I8 - KSR R G AT B
FFUOY, et AR B Y, R A
Hh A R ARG S0 AE AN ), 32 A R AR A AR
FEU REME A K U B s K Ras Rl
FH - St ot 2 5 i K R R TR A 4 7 e Fr A
LEUS HET A 1, RZWQM2 3B R AR S b T 5L X 4
AN LA BRI b, LA P G v i R X 3 H
PERA it — DT .

BT UL ERFRER, S R B e R R X A
ZAPA /NG AR K RS EE X RZWQM2 24
HEAT 26 FERAIE s 76 200 2 5 FH G (1) 7K 20 B 2 4 1)
Foat b, R ) b I 252 AR A /DN 3 i IR AR 56 X
RZWQM?2 #5155 5 FUE DR S HO3A T 2 58 T IE
WRICZARI AT I R X R A ROk IRt b, 45
44 56 a PG e, R HNZE U T R X &
INFEAEATRI B KA AL T AR IR A, b vdbiE 1
e SR X IR = R S e R 2 5 2%

1 #MR57F%E

1.1 iR XEUR 5iR %t

TR DX b A B 1 vy st P e VR L R, MR T,
R 1220 m idq e ARSI 9.1°C, AEH BN Oy
2230 ho ZHLX ST T R MR R s, 5
ZWZE, ZHETHMK N 578 mm, b 55%IBF KK
AE 7T AZR 9 A, SR IRFAERLIX . IR
JURY L, RS, LERE, IEEELPERLE 1.



112 Ak TREZAR Chttp://www.tcsae.org) 2015 4¢

®1 TEFRREERELSEEE

Table 1  Soil physical and chemical parameters at various depths for experimental site
W Bk N , \ R,
v . o 7 R 2r 7K % A& W 22 R ‘ e e
HWE Sand silt SR Clay O TRAVEACR IR ACK  EARR R g g
. Bulk density/ Saturated Field Permanent Organic .
Soil depth/em ~ (=0.05~ (=0.002~ (<0.002 mm) 3 o o i S o Soil pH value
(grem™) water content/%  capacity/%  wilting point/% carbon/%
2 mm) 0.05 mm)
0~10 10.03 75.03 14.94 1.27 50.57 28.18 11.24 0.85 8.40
>10~20 10.15 74.69 15.16 1.27 51.69 27.71 9.87 0.73 8.40
>20~30 7.87 73.61 18.52 1.35 47.17 2791 6.58 0.63 8.50
>30~40 7.87 73.61 18.52 1.35 49.43 28.66 12.34 0.63 8.50
>40~50 7.75 80.16 12.09 1.30 47.55 28.94 10.98 0.55 8.50
>50~60 7.75 80.16 12.09 1.30 47.55 28.94 10.98 0.55 8.50
>60~80 8.90 77.31 13.79 1.25 46.79 29.12 10.91 0.58 8.50
>80~100 8.90 77.31 13.79 1.25 53.58 27.15 8.77 0.58 8.50

KINF AR TR W RS (2004—2011) 7EH EFRE
Bt K 3 o SRR b A A R R Sl 2 A W 3 AT
(107°40'E, 35°12'N; £ 2) . BT &L (N, JRE)
bh, KONEREFEIE (P,0s) 90 kg/hm?; 2004 £, 2007 4E
2010 FFHFFKIEHAE (P,0s) 2514 39.3. 90.0 Fl
38.7 kg/hm?s A FBAERLE S AR, &P AT — Vit . it
53 A VEW) JCRE K SERTAE RN (R0 45 2 5 2 b > 15807 5Q
_ﬁo

FIFH s A4 (Neutron probe, CN503B) il 1 m
HJZIIK B, MELSR A NEFNR T AKREY)
3, FEBAH. RIS IR AR 43 50 W v
B NFM AR S (leaf area index, LAI) Alhh [ 4
Yt e o AIAE A SR I el SR R
WE FKE LAL Fith EEAY) & T s . ST
1956 —2012 " {Z BRI B 4w Jg A b A= A5 1k g i
(ISP STIEN:I

x2 ZPNE-FBEARHERLE

Table 2 Field experiment of winter wheat-spring maize

= K 1
oy {4 i N Ehp R 1 JheR ek A
Years Crop Cultivars app ‘Ca“"il rate Sowing date Seeding enzs 1ty Harvest time
(kg'hm™) (seeds'm™)
N T
2004 §¥7K #6%.2001 138 2004-04-16 5 2004-09-06
Spring maize Jinsui 2001
_ KNG K 89134
2004—2005 Winter wheat Changwu 89134 138 2004-09-25 350 2005-06-20
_ KN Kt 89134
2005—2006 Winter wheat Changwu 89134 138 2005-09-26 350 2006-06-22
2007 FEK VL 10 138 2007-04-22 5 2007-09-18
Spring maize Shendan 10
_ KN KH 58
2007—2008 Winter wheat Changhan 58 138 2007-09-21 350 2008-06-20
_ KANK K 58
2008 —2009 Winter wheat Changhan 58 138 2008-09-17 350 2009-06-22
2010 §¥7K 5'(;4: 333 138 2010-04-24 5.5 2010-09-11
Spring maize Xianyu 335
B LN kit ss
2010—2011 Winter wheat Changhan 58 138 2010-09-25 350 2011-06-25

2010—2012 WAEA/ NS (R 3) AT RAELE
EW I3 LA BANE KRB T K B A AT
(107°45'E, 35°12'N) , JEEUAR 7 3T A% 42 it AE
ANEER (R 3D, A IBUIE A TR S e, fR gt
RS UE . PRAEEEH, 205 T 2010 4F 9 H 23 H

HI2011 4F 9 F 27 HEEF, 73001 2011 4 6 ] 27 F12012
6 H 30 HMLBRIGR . &/ N BGRIFSFF A # . W
a1 AR, BHE N 40 cm, S E N, F—ZF/h
FERETT 2 ST R — I, BRAK 15 emo Z/NIZ L FE
K 521, HARECREANI 2 10 H 25 3 2 g 2090,

Fz3 20102012 FRHEZ/PERBREERER

Table 3 Basic information about two-year fertilizer experiment of winter wheat in Changwu (2010—2012)

N B =

A B R 2 N application rate/(kg-hm™) EE%E %ﬁ Ny AT 98
P = Teprsw P,Os application rate/  Seeding density/ . .
Treatment Model adjusting bS] RTH R (kg-hm™) (seeds'm?) Line width/cm
Before sowing Before turning green
AR SR IE HIE
Current farmer’s habitual fertilization Calibration 162 0 105 150 20
o e
(L AL Sk 112 50 105 150 20

Conventional fertilization Validation

TE: RITFRBMEEALIN R RRAE 2 20 H, Bl T A,

Note: The topdressing N fertilizer was applied on February 20 before turning green, Data cited by Li Qiang et al''”).
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RZWQM2 58 2 5[5 4R MV 8 T St 5 et 5 e it
K, WIEH 6 N TR WIS, 1h2 AR
FROPPEIAE YR L o R S B R L AR AR KB B AN A B
BB, RZWQM2 H ik & T &b 5 FF R &
(decision support system for agrotechnology transfer-version
4.0, DASST4.0) FifY, AERBHUMED AR B AR
Kpedg, ALl DSSAT 4.0 () CERES-WHEAT Al
CERES-MAIZE BHR I IR A /N ZE R TOK AR K
JUN

RZWQM2 Yy AWIaGEE T2 8 8 (ReH
S AL RS . PR S . X FREKR
AR o R R I R I 3R T
b | AT VA KA K R AE th R S5
TR AT (CHIEMASR S R ARG E. BB
BURTAE) BB Ia6 8ol (R mpk e &
R PR K RN D RS HH R PR O (R
FHIFIA], FEFh . WORIA]. EBEALBE L it I Ak BEFN T
VERLBRAE) o BRSO LUK AP R 40 BN/
WIRHUK DGEACHEAT, AW ZHCR B AL A8 18 .
1.3 RERFSWEIE

AWFFE E ML SRR RZWQM2 1 A ik 1
PEST #AFPORRRH M 45 4 100 07 30 o e R 3 L
JRX 8a A/ AR OK AR S Hcdf,  LL 2008—2011
AF (AR H R AT R S HR T, BL 2004—2007 4 [H
AR50 B AT B S0 E . Lk, R AR A N2
it ARG E s, 0% 8 NG UE S5 (7K 3 B S 40 (1 Sy
b X RZWQM2 155 73 BRI E B 2 K r Rk AT
FEMEGAE GREE) , DA 2EH 1 b R R IX &
ANERTANEAE 5 20 R ) RZWQM2 FY, ok DLUE S 4E
R LR AT R, LLES AL G AL AL 2]
HHEAATIUE (R 3) .

{EA /N2 TR HIAASE (2004 —2011 A7) F ]
PEST Z1d i, &/NA2fFE £ RPN E A iiS
4 PEST WS4l )n, I FRENZRHE AN ] b 244
BEATRO s S SRR AL R 2 g AR uEad FE v, A/ N A i
PG 89134 A 58 A R FE VMt hr v 2 KL
3 AT KR 3 AT AN R A E D A R PR 2 5. A A
AN RAERE T (2010—2012 4F) , FETXNE-FH
FOK RS (2004 —2011 A7) H il i) 13K it
ZH, W NERFIKR 521 38 R TR ey
PSHHATIHR, 7F RZWQM2 58| & Kk 521 (1)
AR SR, TR ERAL S HIA T RBEIIHITT

FIFH 7% 2% (root mean square error, RMSE)
—SMESRIE dy AT R ZE (mean relative error, MRE)
FIAEXR2ZE (relative error, RE) PEASFAERI R, +F
SR r

2 (E-0)

RMSE =4 &4, D
n

2(B=0)
d:10_ n =l 5 ’ (2)
— (|P[_Oavg +|Oi_0avg)
n P_O
MRE:lZ( =9 s 100% , (3)
noig i
P -0
RE = ’OO’XIOO%O 4

K PO i MHUE, O NER i ANSEIIME, O 3
SEIME, n RO B SR )N 40
1.4 KRB

ZAR L B AR T R 484 (drought index, DI #
1956—2012 F4/NEAEFHHEK (9 HRIRE 6 )
%53 FEIKE (DI=0.35) o T/KEE (—0.35<DI<0.35)
M54 (DI<—0.35) , Hitsroa i Ry

DI=(P-M)/c . (5)

X P AKNEZETHNEKE, mm; M A 1956—2012
FELNZEF YN TR, mm; o4 1956—2012 4
NG A R K S AR 22

£ RZWQM2 H, JLRE T 0. 30, 60, 90 120,
150, 180 F1 210 kg/hm® 8 MEALHER (JRFD AR5,
TH AR B LA AN [F] B K L (R &N 22 7= fEHIK
SRIHRCE (water use efficiency, WUE) « & /NAEFFRIIL
REMARBCRIE, @ oA [ BRI R AR R
JIES it e 0T /N 2 A K I

ELIE LR Al . OREE R R A
IRIAENZEIRERT CAE 3 5 HD  SROTRET (B
4 75 H) FMAFERTIH (44 A 25 HD 3 MEFER
MW EEBLy 501, 5:2. 5.3, 5:4/5:5M5
MEAEE RF) KPR, Wit g4/ N 75, WUE
MIA/NAFPRL RS = S e B A F W

TS LA I B AR B R A /N P2 i, WUEL 44/
FAF R A B R Z BT, AN [RE 44/
FAERKFIENEF A . AR B =R A
FIFE B R R WUEB=FFRL = /28 R 280 5. e >R
Fi Excel2010. SPSS15.0 A1 SigmaPlot 10.0 43 Jil X} £ 45 i3t
ATAEEL AT RER .

2 FER5HMh

2.1 RZwaM2 £E 5 REXER TN
2.1.1 YN E L H10E

YEY) = S RUE A SIME 3 AR TE 1 0 1 2R,
BARU M —30E, 36 RE 8218 80/ T S0 E AR 22
(K 1a) - BT 2005—2006 4/t i A= 2 A,
HARE T RZWQM2 ¥ RER U B E Y b b3 A=)
= (H 1b) . 2005—2006 EA /N F A A A
ZE [P JEURI AT B A /N A TN BTt e B Rl A e L
ZAPE (1956—2012 4F) 38D 13.3%, BRI TR
AN R DG EER, SRR B T M B
AR
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B 1 AR " hed L3R A SARME L KAMEZ 0] 6 X &

Fig.1 Correlation analysis between observed and simulated values of grain yield and aboveground biomass

2.1.2 XAy EFRENERDSHERHEE oy BBl K BN ASAR .

TEA /N T KRE T, 0~100 ecm 3 /K E ) KNFERIFE FOK I LAT BEUE S U000 B I () S A
R L5 S ARk a3 B B0 R e 1) — 5ok (18] 2a) BIshA&L (E2b) , Feil S RMSE. MRE il d
R % sE i FE () RMSE. MRE Fil d 43 %)% 45.3 mm. SR 120 7.4%F1 0.77, BAEEFEF Y RMSE. MRE

9.5%F1 0.80, I UFitFEH ) RMSE. MRE 1 d 435K Fd 4550k 1.9, 10.8%F0 0.71, FERVSH-HIEL T LAI
46.7 mm. 6.2%F1 0.79, X3RRI A Hh fe e T 3K BEI A IS4 . (HIE /N LAT Bl &l B oK T

WL LEDYEE R r
© Obseerved Simulated = Precipitation
500 = i 400
£ RMSE=46.7 mm Kiif Validation | % Calibration RMSE=45.3 mm &
E L0l MRE=62% i £
lll\hl;ﬂ g;n §
= 35 s
L3 =
® s 5
HE f‘é
3 &
2004 2005 2006 2007 2008 2009 2010 2011
FA Year
a. LI KT
a. Soil water storage
10 . : . ) )
4G 1F Validation | Z5€ Calibration
< 8 RMSE=1.9 i RMSE=1.2
5 . i MRE=7.4%
= 6 MRE=10.8% H 4=0.77
il d=0.71 % .
= 4
=
= T QJ%W j,vﬁ
O
0 m . . .
2004 2005 2006 2007 2008 2009 2010 2011
4 Year
b. M ERR L
— b. Leaf area index (LAI)
£ 25000 .
oy RMSE=2 845 kg-hm? 444F Validation ~ § Z3E Calibration RMSE=1 259 kg-hm*
=< 20000 MRE=6.8% MRE=2.6%
By d=0.93 i =098
S £ 15000
48 ° [
B3 10000
e
= Z 5000
5 .
3 0 y :
;f):b 2004 2005 2006 2007 2008 2009 2010 2011

A Year
c. b b A
¢. Aboveground biomass

7E: RMSE. MRE Ml d 23 5 7R 2 . PR Z A — kbR, BL 2008-2011 4F H RIS E R TS HOR &, LL 2004-2007 4F FH )50 Kot
ATRET S H0AIE

Note: RMSE, MRE and d were the root mean square error, index of agreement and mean relative error, respectively. Data from 2008-2011 were used for model
calibration, and data from 2004-2007 were used for model validation.

B2 3EEKE (0~100cm). Yt &AR48 8o L2304 4 FALDIME 5 52 ME 69 4T bb

Fig.2 Comparisons between observed and simulated soil water storage (0-100 cm), leaf area index (LAI), and aboveground biomass
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DX 2% /N A2 A B e (R P P 4 B 115

ARz, RN R AN TN R, A L
FRTFRRG T AN ALK, FEANE LA BN, Bk
R IR H A/ N2 S 7 DR FR i 3, 5 0 — U e P,
PR F8 3 AU T ARt b3 A= s B AR AR K 1K 8))
A (20 , gt ) RMSE. MRE 1 d 43
1259 kg/hm?®. 2.6%A1 0.98, WiiFid () RMSE.
MRE 1 d 73514 2 845 kg/hm®. 6.8%#1 0.93,
2.1.3 A EREEIET X T 69 RZWQM2 64 & 2 FalbdE
PRAE AN LR T, AN 2 I R AL A Bk
PR, b BERAEEL FRE . HE R S AURRI A
HESCIMMEMBHMEY IR RIL (R 4) o fesFed

TR A2, BRT 2010—2011 4F (3 b & B A
MR R 2 4h, HALS U RE ¥/ T 12.6%, XKW
RZWQM2 1] DA iy AR A0 3 - v J5 7 X A /N2 AN [ it
BT 2T 7= S e An AV E P 22 TR AL

BL E 4y #7120 RZWQM2 1] DL 75 AS [7] B 7K 4F 714
(2004—2005. 2008—2009 A1 2010—2011 44 T 74,
2002—2003 F1 2005—2006 44 V- /K4, 2007—2008
FEONFEKE) FHREE UMM RIED LK K F W
BRI R, BAF B K o) (1 3 A AR
1, Bk RZWQM2 i& T b3 4 R X AE Y 1)
FERUHT 5T

F4 MELPEEERIEH FHEYE. FE. W EERFASFAFFRR RS AT NEFRER b
Table 4 Comparisons between observed and simulated aboveground biomass, yield, N uptake of shoot and N uptake of grain in two-year
fertilizer experiment of winter wheat

FElfE Calibration

IAFERIFE Validation

ZH A — — = — e Ty
Parameter Vear S {fséawﬁ HXHR S {fséawﬁ AR 2
Observed Simulated RE/% Observed Simulated RE/%
H b A 2010—2011 9 469a 9281 2.0 10 693b 9347 12.6
Aboveground biomass/(kg-hm?) 2011—2012 13 191a 14 189 7.6 13971a 14 965 7.1
e 5 2010—2011 4 149a 4620 11.3 4791a 4676 2.4
771 Yield/(kg'hm™)
2011—2012 6 478a 5902 8.9 6 816a 6206 8.9
M b 2010—2011 116a 115 1.0 143b 115 19.8
N uptake of shoot/(kg-hm™) 2011—2012 152a 148 2.8 154a 159 3.1
KPR 2010—2011 90a 95 6.1 114b 96 16.0
N uptake of grain/(kg-hm™®) 2011—2012 122a 123 0.9 123a 130 5.5

e A ATIME R A NG T REROR AN A B LSD KL AE P<0.05 K B2t 4
Note: Different small letters following observed values in the same row show significant difference between the two treatments at P<0.05 level.

2.2 ZNFEEKAERIEHE R E RN

THER ] 1956 —2012 FE K pGHLIX & /N2 AR B I T
BIFEIK R 363.9 mm, Z/NEAEH N BE/KE KT 398 mm
AR R R K AR, BRI /N T 329 mm ARG R4k
FHAE, £ 1956—2012 4Ef1) S6 a ', F/KFAH 18a, F
KA 162, T54FA 22 a0

AR KA N & /N2 =i . WUE RFPRI S bl
5 e S B IS AN BT i (P 3a, 3b AT 3¢) o MitE%L
H/NT 60 kg/hm? I, &/ 2= R WUE 78/ [ P N 4
BUR 2R SR E N 60~120 kg/hm® i, “F/KLE
4 /NZ P2 A WUE LEEEIKAERR, KRS 24
WA KT 120 kg/hm? I, FEIKAE AN F2 P A
WUE &K, “PAKFIRZ, MiKERN (B 3a 1 3b)
AR B KA N A& /N2 [ = fE AT WUE 1T LA DLt 20 3
90 kg/hm’® by FL %11 4) A B, 24t =/ T 90 kg/hm?
I}, A /NFE A WUE 28 H B 38 b (g a3, 24
R 90 kg/hm?® B, & /N [ M WUE [
T T 2248, X PR ALE T AR R4 0 ] . (]
3a fl1 3b) .

it /N T 90 kg/hm? I, AN [R] K AE TS R FFRE
W R ZE AR R it 90~150 kg/hm? i, P /K 4E
(1) KF R R 0 K T E KM E, YA E KT
150 kg/hm? i, = KA (RPRPRER SR K TP KA M ¢
3¢) o AR AR RSN 90~150 kg/hm?® i, T
IR IR 7K REAS A 25 A B8 G M AR 3E T 46 /N 22 506 U2 IR R A
FEAL,  TIHEE R TR R B . PRI AU AR KA

ISP 7K A B A G T it 6 (R B IS 38 s Mt 0 K
T 120 kg/hm?® i, T RAEFPRIR R E A (] 30) .

2N G2 R WO R H b A T M it 2R 1) 38 I A [+
B KAE Y SO AN R R AR a3 (] 3d) o 7EFKAE,
it T 30 kg/hm?® B, G502 F B b 5 L it 4
BT I, HEERE N 180 kg/hm® UG T
B o PIKFERRWOGRIEEB A A S Ol &0
KT 30 kg/hm®) B A3 I s s/ (A, FAR A i
FEh 90~180 kg/hm® I AbF-ftiK P Miti%m KT
30 kg/hm® I, FAAE U F RS Kb it e (384 4
UL SIS RN RS, AR 60~150 kg/hm?
REWVGRIREAE T m 5K B R 1 R R X K
AT B AR AR U A R, B 120~150
kg/hm? (14 J6 It 530 e o A ) DAl K AR [i) B R AR L &/
F AP I
2.3 ZNEHEACTHEREHAFNE R E RN R

N BFIMA, R RERIEMF AR, R
AL GEREAE, ARG B T UGB UL 1
LU % 90 kg/hm? JEAE N FEhl, W5t 4/ N tEiB Inm
WA R IB R . FEIRTT BRI AR N 3 4 S 3 it 2
I, A/NZEr=it. WUE VPRI B 35 B A 18 0 R 1
Ifisgn (B 4) o PR AR R HIEAER, &N
. WUE FUFPRIC R SR BOR . PRl A /N 22 B B IR )
S fEIE N I S A 3 T S R 4 I . AR R RBESE Y, DUt
FE 90 keg/hm® JEEHE N FEml, 7EIR H B ZUE, Wt
N ERAEIB R
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Fig.3 Response of winter wheat yield, WUE, N uptake of grain and N harvest index in different rainfall years to base fertilizer N
application rate (mean value of 56 years from 1956 to 2012)

B
Turning green

o il
Jointing

Heading

o = c
g W £ £ %
< E 2 BE T
=] = & X3
2 RS =g
>~ 3 1=
i3 3500 *a % 60
R = = <

3000 - . . ‘ . 10 - ‘ ‘ - £ 45

20 40 60 80 100 0 20 60 80 100 Z 0 20 40 60 80 100

B I
Topdressing N rate/(kg-hm?)
a i
a. Yield

B e R
Topdressing N rate/(kg-hm?)
b. K5 FI IR
b. Water use efficiency (WUE)

B
Topdressing N rate/(kg-hm)
. FFRLIR R B
c. N uptake of grain

B4 ZDERFE. Ky AR RKEFARR RS RE AT HERZTomE (1956 - 2012 F69-F3444)
Fig.4 Response of wheat yield, WUE and N uptake of grain to topdressing N rate in different growing stages
(mean value of 56 years from 1956 to 2012)

b AN 2R B R E RN, A KRR
(114 /NZZ IR 5 - WUE FIOFFRLI UL AN n (& Sa.
5b Al 5¢) 5 MIBEE/NT 27 kg/hm® i, SFKERIZ N
F =i M WUE e K, FEARE IR, MiKAE A )
MHEEERT 27 kg/hm?® B, FEREERE N K= R
WUE # K, HUOE KRS, MK ESRDN (K 5a f
Sb) o KU/NFERFEEA WUE B3 Inn] BLLUE i % &
36 kg/hm® g %1150 AP B, MBS/ T 36 kg/hm?
INf, & /NFE ()7 A WUE S50 s 8 i g, 21568
B KT 36 kg/hm’ i, /N2~ A1 WUE [F355d42
1, (P KERTRAEJC AW (& Sa fil5b) .

YA A KT 18 kg/hm? I, SF/KAE 2N KPR
R RO, HOERKAE, FARERER D MIER
N 18~54 kg/hm?® I, SP /KA (4 NP R R BOR,
FARFERMERZ, FARKFERERD; YEREXNT

54 kg/hm® B, FEAKRERLNEFFRIR ARSI, FKE
W, WK R (B 5c) .

FE KA 1 5 22 IR AR H bt o 8 S 1R B n if 16
B F R N E] 72 kg/hm? 5, R EWGRIEEOR B T
FEACE (B 5d) o “PARERT RAEM R F Bk
I8 5 0 O e S T, 2 L A 1 i o TR AR A
P SRR R Z R IB R RN 36 kg/hm? B ik
Bl gl B E R/ T 18 kg/hm? i, T REME
FIRSR B e R 0.71 BHE, 2B % KT 18 kg/hm®
i, EEWERIEEORE RN (B sd) o Kk, A
MR B R B 90 kg/hm® (LR B, FIK4E 54~
72 kg/hm? (B R E, “F/KE 36~54 kg/hm® [FiB & &,
THAE 18~36 kg/hm? (IE &, AN ] DL A 2 &
INFEAEA TR B KA B R AR 77 e I T B, IR R A RR A
REWORIEEL



523 1

T BT ARDOK TR AR S i JsU R

DX 2% /N A2 A B e (R P P 4 B 117

—&—F: /K Wet year —O0—F-/K#:Medium year —¥— TS 4:Dry year

6000

5000

4000

77 Yield/(kg-hm)

18 36 54 72 90
B I
Topdressing N rate/(kg-hm)
a. U
a. Yield

[5%3
f=1

f=3
=4

[N
=3

. | . . .
0 18 36 54 72 90
B it FUE
Topdressing N rate/(kg-hm)
o KRR Ui
c¢. N uptake of grain

&
(=}

FPRLTR R
N uptake of grain/(kg-hm?)
o«
S

~ 20
@ E18
=
EE L 16
=S< 14
[
K22 12
® L:lJJ 10
z 8 . i . . .
0 18 36 54 72 90
B
Topdressing N rate/(kg-hm2)
b. K5 FI
b. Water use efficiency (WUE)
0.78 ;

BB
N harvest index

0 18 36 54 72 90
B E A
Topdressing N rate/(kg-hm)
d. WRUGER IR
d. N harvest index

Bs5 ARBKFEFTLNETE. KyARRE, FEARER AT MRIEHTAFERE ML (1956 -2012 F49-F418)
Fig.5 Response of winter wheat yield, WUE, N uptake of grain and N harvest index t in different rainfall years to topdressing N rates in
turning green (mean value of 56 years from 1956 to 2012)

3 it it

3.1 RZWOM2 EE LT SEAER

AHFFN ] RZWQM2 %if 1 -+ iy Jil P XL 2 A< &
INFZ AR K AR IR G0 AN U il AR A T T AU T
KINFFFRAKIAERK (2004—2011 4F) Fh & /NSl
SER PR 5925 (2004—2005 4E) . 5260 (2005
—2006 4£) . 5100 (2007—2008 4F) . 5281 (2008—
2009 4E) A1 3325 kg/hm® (2010—2011 4E) , BLEMRL
INEFIEIREE (2010—2012 ) H, & /NAESEL 77
ol 4470 (2010—2011 4F) Fl 6 647 kg/hm* (2011—2012
) o B AEE, MR 120 kg/hm? AR R
(1956—2012 4F) /34t 940~7 165 kg/hm*, PR
=B e N, Rk, EHE N
RZWQM2 [ EAME AT G L bR . 200 258 FIG
UE, AR AN [ B R A2 SR L T VR DI =
i AR A KIS LB RK S S I HAEA
AR 7 R, RZWQM2 & /N ()P~ B R & fabrtl
T TR . Rk, RZWQM2 RJ AUt 1
T3 b s A IX & /N2 -2 KB AE R G AU
W5
3.2 ENEZFEEMREAAN

A B it 7 2R it SR AN O VE ) s e B AT
YER, i Hoo] DA IR D S = R S s, 7R o A
FEN B, AT BN, X NERER R AT
255 K BB 15%~30%, 8 WILE T AN R Rk A
WA ER R R, WIEN] T &/ N2 it A Je I ) b
R E R R UR AR, 21k 84%~86.5% AL
RYPAECR R, DU R JEfl, 78 ek & 11

AL, IXFEA AT LA A N e, T HLRE R
PR R R = AR AR R R UL, e AT I,
ANFIBEKAERLR 90 kg/hm? [RJEAE+18 kg/hm® (KB AE (3
PAN P13t R i 5 #ujite 120 kg/hm? JEE AR
FEEFRE AR 90 kg/hm*HEAE 54 kg/hm? Jiti% 7 X F 1)
P, AER R B K AE TS 1) 25 KT B AR 150 kg/hm?
AP o, X R R IEHR B 2R Ay X
U IEAR LG, T LARR Ak, AN PR R, A
0 =) R PR SN a9 R

USRI, A&/ N 22 10 it 2 % i 0 O e 4 A AN 4R
TS, AR NEE AR AR TR AR I A
TS 7 R AR /N0 KT SR )R R W R IR -
X BB U e eI L i S0 A e I 8 R R
Uf o JRITHEN IR G A&/NEIAE K, KERIE %,
TEIR T -VE X — i B (00 A1 A8 it U A ) T3 A2 /S 22
R A, /DR IA KT IR, SEABT
KNEFERR . CDAMRENENERE RS
FEEPERTEEEXN B, AdmKEREM
50%~60%">, AL ARIEIX — P Be &/ N ZE I R AR T
FI,
3.3 ZNEFEEHHRAE

Jit FIEL ot et AR A 2 4R ) e i [T,
3 b R R X, KA DOR AN RS S B, &
FAAR 7 AERLR 2R 28, A RMEAR 5 SR, B T IR
T ok 2 A, R A T A B KRR . Rk, B
B R PR Hh PR () s P e, X R s e k)
IR, WO R, G A 28 RS I R R %
b, 2 H TR F I 2 H bR

FbE RIS, fEFEAKAE . PR A 43 it n



118 RNy TFEZ (http://www.tcsae.org)

2015 4F

150~180. 120~150 F1 60~90 kg/hm* &L, X5 Guo
SRR SRR FEAR — 3 IX Pt UK T AN AT LARE AR it
JEA N P, IR R R RO TR A R R
Ko Bk E, 120~150 kg/hm? ) e it 0N 3 A< 7] LA
JEAN [ B R AR B AN R e T, X B TE T Fan
LGRS R . HERRSIBUEENL 162 kg/hm™ ]
EE, kb 12~40 kg/hm? [t 50 T LABE s ORI F R

£ 90 kg/hm® it ZIEMFERE F, 7EFKE 54~
72 kg/hm’® (B R, 16T /K4E 36~54 kg/hm® (I8 &=,
FET-4E 18~36 kg/hm® (R E R, o] LA AL &/ 22
e T P AR ORI P BB R o ARHIF S PR i A
B A B KA B P K R RT3 9%, 1X 55 Guo Z5PUAN
Rasmussen Fll RohdeP" W57 45 FAIMLL; HAE G MEAE et
112 kg/hm® FIENE+HR B 50 kg/hm® (ZEUE) 1240
bt it g ] LAE SR KR 0~ 18 kg/hm?, 78 P /KR4
/> 18~36 kg/hm?, 75T R4ERK > 36~54 kg/hm®, XX}
Hiu A AR S B A b 2B 7= b A BRI AT — 2 1 4R 3
3.4 ZNFEEBHAMK-TIRBEXRR

IKNEAEAE R A RN, WA EEE I 5K S
TN EAE A BRI = =P FEAR, MR
NPT 90 kg/hm® I, &/NEE (177 50 WUE #E 4R
I o T 78S o e S 8 D R s it 2 e R
i 90 kg/hm? i, A& /NP~ Al WUE 76 7K SEFR 38 i,
AT AR P /KA A S ) b 2202 o 5 )i
JEELR I, & /N2 iR WUE Bifi 538 0 8 nth 3
BLHRUAR L fEIB R RN T 36 kg/hm? I, AN[A]B&FT
SERR AN 7= B WUE B 18 S48 s 3 i s
R E B 36 kg/hm® J&, VKR RAE I /N P
1 WUE ¥ 34 Iniz & T- 2142

e R R RN, R A KRR
BEAKAEAE, DLAETEZK, 352K 43 FN5% 5 i e Rom 2
DL SR T R4 T, Bl U0 U A B 3 =
BN AW IR T O = N b N A
TP K R i /N 3 IR s B RUIE,
WA 5 2 AHIE NI 7K o S A ReAR IE TR 20 IS . 1T
BRI ISGS T, 7o RIERZE IR P,

BRI R KAT A AR HE RV, /K IR 388 vy LA 3
Ik RE (o RS, 3 S P 8 o 2500 T LA n B4 7K R FH 2
FB BB A A, AR I8 I A e
S s AN EE PR RGN, AT AT AT BRI R H R R
OB, HEESGRFR B FE, XRPAE T
F GRS A ] i ST VAT | 2 <
TEATE M PR 4T, Bl O 38 7= 1E A e
SR T

A /INFE (1 it SR AR B A A2 T P R KR TR G i 4
T, BUAR AT DASE N i, (R BN T R E IR IR X
BT i B A DX K R A A K 3 PR AR A
T —o mEMENEH R E I, R n T i
IR RER . AR PP, ATHICHUAERH i nT LA

ot IR OK R IE PRI SEAMAE SRS, 1
PIEEAEIRE S R4, W MR R AR O R
A BEA AR UEA X ARV IR 5 SR JiE o AT TE T 4T
T AR AR AR AR N 22 AR AR R IE M 5 L 2B I T A
IBEEIWIN, X T RAC S AT HUILERCHE, LA
BHERAR STt T XN AR Rl — 2B

4 % #

AW IR F 8 22 47 4 /N A KB AR U0 Ay 4
KN ARG IR UE T RZWQM2 7 35 - i S A X 13
M JERI AR X K B (root zone water quality
model-version 2, RZWQM2 ) B 57 T A [ Jee N it S 4«
AR E SBR[ FUAS A B R AT AN = K A IR
% (water use efficiency, WUE) FIREZEFIHRCR A0,
(S ELIIET o

1) RZWQM2 7 Ll XN F R T, 1)
AU B E ) () 7 R bR . R AED A K
ANAARA,  FF T DUBSHUAS [A) i JE 75 X R A /N2 1) 7 i
FEPRAED T A = . Rk, RZWQM2 1] A i
T3 b s R AR IX A/ - T OKEAE R B
5.

2) “IRNEHREE R EAL” 1 0 2 L T
(A 2 B A 3 R R R X AN AR RS . 7 90 kg/hm?
JEHE AR LR, FUKAE 54~72 kg/hm? (FIE SRR, F
KA 36~54 kg/hm® (B & &, T 74 18~36 kg/hm’ [f)
BAEE, AU LALLM LA R KE R
FEE I A, AT R RO R B R R K, 2
e /N2 e dE A AR S 2 e R AL PR
AHEFEI 2510 5 TR 45 5L, 3 TR A H 1) gk
ITHE— BRI .

(& £ x #

(1] 4%HE, ASHIEE. 2t m SR S /N 2K L o 1 BT 57
SRR [T]. AR, 2013, 27(9): 1378—1384.
Cai Yan, Hao Mingde. Effect of long-term fertilization on the
nutritional quality of wheat protein in dryland of Loess
Plateau[J]. Journal of Nuclear Agricultural Sciences, 2013,
27(9): 1378 —1384. (in Chinese with English abstract)

2] Ak, TIRL, Ear, % EE SNG4

AR LAURF R L 1 R ], AR RS, 2007,
40(1): 54—e62.
Shi Yu, Yu Zhenwen, Li Yanqi, et al. Effects of nitrogen
fertilizer rate and ratio of base and topdressing on winter
wheat yield and fate of fertilizer nitrogen[J]. Scientia
Agricultura Sinica, 2007, 40(1): 54—62. (in Chinese with
English abstract)

B3] &, MY, B5dE, & DEAKAER R DA i
NET5 2T 3R 70 W HEV S R BT[] AL R 27 o
i, 2015, 34(4): 738—744.

Yuan Jing, Li Guoxue, Li Ronghua, et al. Calculating
discharge coefficients for soil nutrients in wheat-maize
rotation system under different fertilization practices[J].



%

23 1

T

AR A R AL A5 B ey it 2 XA/ OB B 1 3 P A 20

119

[10]

(1]

[12]

Journal of Agro-Environment Science, 2015, 34(4): 738—
744. (in Chinese with English abstract)

Mg, ARWIAE, 2ot 2 e T I AT 0 13
AEMR I W] K EARREIFT, 2014, 21(2): 43—46.
Chen Lei, Hao Mingde, Li Zhanbin. Effect of long-term
application of fertilizers on nitrate accumulation in the Loess
Plateau dryland[J]. Research of Soil and Water Conservation,
2014, 21(2): 43—46. (in Chinese with English abstract)
HREE, P, AR, % R NEZBROKERG R R
T 7 B R FLAE O 5 3K 4y A WS [T]. AR
#, 1997, 23(3): 263—270.

Miao Guoyuan, Yin Jun, Gao Zhiqgiang, et al. Study on the
combined effects of simulated rainfalls and nitrogen
treatments on the yield and soil moisture dynamic change of
rain-fed winter wheat[J]. Acta Agronomica Sinica, 1997,
23(3): 263 —270. (in Chinese with English abstract)

G, AR, FEALME, & KARREARNIEST 1 AN
FUAERIGT Ny Py ZKECE 20N s e T]. RS 77 S IRk
2R, 1999, 5(1): 1—7.

Jin Ke, Wang Deshui, Cai Dianxiong, et al. Response and
interaction for water and fertilizer I . Interaction of N, P and
water in the year of different precipitations[J]. Plant Nutrition
and Fertilizer Science, 1999, 5(1): 1—7. (in Chinese with
English abstract)

S, VEAEOK, S, AE KIERR S RBONAT ST ITANE N
P OKHC A FHHBA N ZE P RS [T]. FE IR S IRk
224R, 1999, 5(1): 8—13.

Jin Ke, Wang Deshui, Cai Dianxiong, et al. Response and
interaction for water and fertilizer II.The effect of different
compositions of N, P and water on the yield of winter
wheat[J]. Plant Nutrition and Fertilizer Science, 1999, 5(1):
8 —13. (in Chinese with English abstract)

WRz, TASR, MRS, % PR 5I5RHX AN K IER
NS ABAUBETT]. PHALRMEAER, 1995, 4(2): 69—72.
Wu Tianyun, Wang Shenglu, Deng Juanzhen, et al.
Simulation of effects of nitrogen applying on different
rainfall on dryland winter wheat in Longdong[J]. Acta
Agriculturae Boreali-Occidentalis Sinica, 1995, 4(2): 69—72.
(in Chinese with English abstract)

R, WIS, Bbede. JKIERG X &N i, i
FIEEF AR mIEFE[T]. FEMHK 4R, 2008, 27(6):
31—33.

Wang Yulei, Yang Jinsong, Yang Xiaoying. Effects of the
coupling of water-fertilizer on winter wheat grain yield and
its quality and apparent N uses[J]. Journal of Irrigation and
Drainage, 2008, 27(6): 31—33. (in Chinese with English
abstract)

Ahuja L R, Rojas K W, Hanson J D, et al. Root Zone Water
Quality Model[M]. Highlands Ranch, Colorado: Water
Resources Publications, LLC, 2000.

Fang Q, Ma L, Flerchinger G, et al. Modeling
evapotranspiration and energy balance in a wheat-maize
cropping system using the revised RZ-SHAW model[J].
Agricultural and Forest Meteorology, 2014, 194: 218 —229.
Howden S M, Soussana J F, Tubiello F N, et al. Adapting

[13]

[14]

[15]

[17]

[18]

[19]

[20]

agriculture to climate change [J]. Proceedings of the National
Academy of Sciences, 2007, 104: 19691 —19696.

Ma L, Trout T J, Ahuja L R, et al. Calibrating RZWQM2
model for responses to deficit irrigation[J].
Agricultural Water Management, 2012, 103: 140—149.
Pidede, B, THEE. RIbP /N - TORPIT ST K
TN SR SR [T]. R TAESAAR, 2011, 27(7): 37—44.

Fang Quanxiao, Wang Jianlin, Yu Shunzhang. Water-saving

maize

potential and irrigation strategies for wheat-maize double
cropping system in the North China Plain [J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2011, 27(7): 37—44. (in Chinese with English
abstract)

e, XA, . T RZWQM R AN E
BRAKREE I [I]. RAAAUEAR, 2015, 46(6): 111—
120.

Li Yan, Liu Haijun, Huang Guanhua. Evaluation of nitrogen
and water management in winter wheat-summer maize
cropping system in North China Plain using RZWQM[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2015, 46(6): 111 —120. (in Chinese with English
abstract)

BT, sRodaR, SRIFED, 45 N RZWQM BLALEL 4K
JB T K B K SOT A BOMVERFAE[T]. AR IR R
4, 2014, 33(11): 2179—2186.

Xue Changliang, Zhang Keqiang, Zhang Guoyin, et al.
Simulating migration and leaching of water and nitrogen in
maize soil profile in North China Plain with RZWQM
model[J]. Journal of Agro-Environment Science, 2014,
33(11): 2179—2186. (in Chinese with English abstract)
X, AR, BORIE, S5 R AR T2 e xt
A H 7K GO RE AR ) 7 A 2w 0], o B A B 2
2015, 48(7): 1348—1360.

Liu Haitao, Hu Kelin, Li Baoguo, et al. Effects of soil profile
basic properties on water and nitrogen movement and crop
yield[J]. Scientia Agricultura Sinica, 2015, 48(7): 1348 —
1360. (in Chinese with English abstract)

NGE, SRR, BAIL, . AT PEST #ffh RZWQM2
BRSHARAGRUED]. RAHIBEH, 2014, 45(11):
146—153.

Sun Mei, Zhang Xiaolin, Feng Shaoyuan, et al. Parameter
optimization and validation for RZWQM2 model using PEST
method[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2014, 45(11): 146—153. (in Chinese
with English abstract)

ZEom, WM, ZEEAR, . GUILE RIS H A o5 n) S
ZNZ PR MR E M IBCR R, fEe AR, 2014,
40(1): 93—100.

Li Qiang, Wang Zhaohui, Li Fucui, et al. Effects of nitrogen
fertilizer management on yield and nitrogen use efficiency in
winter wheat growing on dryland with plastic film
mulching[J]. Acta Agronomica Sinica, 2014, 40(1): 93—100.
(in Chinese with English abstract)

Doherty J. PEST: Model Independent Parameter Estimation[M].
Brisbane, Australia: Watermark Numerical Computing, 2010.



120

BNV TREZAR Chttp://www.tcsae.org)

2015 4F

(21]

(23]

[24]

[25]

[26]

(27]

(28]

(30]

Guo S, Zhu H, Dang T, et al. Winter wheat grain yield associated
with precipitation distribution under long-term nitrogen
fertilization in the semiarid Loess Plateau in China[J].
Geoderma, 2012(189/190): 442—450.

ke, BT, KA S, S RFK I E ST
DSSAT-CERES-Wheat B2 5IGIE[T]. AL TR
., 2015, 31(12): 138—150.

Yao Ning, Zhou Yuangang, Song Libing, et al. Parameter
estimation and verification of DSSAT-CERES-Wheat model
for simulation of growth and development of winter wheat
under water stresses at different growth stages[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2015, 31(12): 138—150. (in
Chinese with English abstract)

BRAE, [FIREe, JUMUE, % ZURERBA/NEE. A
HEF P 2 e S8R WL K S A (D). AR08 R 5 AR 22 4
2008, 14(3): 450—45s5.

Chen Xiang, Tong Yanan, Kang Huanhu, et al. Effect of
postponing N application on the recovery and N absorption of
winter wheat[J]. Plant Nutrition and Fertilizer Science, 2008,
14(3): 450—455. (in Chinese with English abstract)

MR, GBRERIE, BN, A SEEIER AN
FHERH Z K ECFRT I, A2, 2002, 22(7):
1122—1128.

Liu Xuejun, Zhao Zijuan, Ju Xiaotang, et al. Effect of N
application as basal fertilizer on grain yield of winter wheat,
fertilizer N recovery and N balance[J]. Acta Ecologica Sinca,
2002, 22(7): 1122—1128. (in Chinese with English abstract)
BNAE, BT LNE BRKEREGERA]. hE T
FERIE, 2002, 4(9): 69—74.

Zhai Bingnian, Li Shengxiu. The model of water and nitrogen
coupling in winter wheat yield[J]. Engineering Science, 2002,
4(9): 69—74. (in Chinese with English abstract)

Strong W M. Effect of late application of nitrogen on the
yield and protein content of wheat[J]. Animal Production
Science, 1982, 22(115): 54—61.

SRAREE, EWOE, sk g, A& o E S EOR R IR
RYUR S ARI]. LB, 2008, 45(5): 915—924.
Zhang Fusuo, Wang Jiping, Zhang Weifeng, et al. Nutrient
use efficiencies of major cereal crops in China and measured
for improvement[J]. Acta Pedologica Sinica, 2008, 45(5):
915—924. (in Chinese with English abstract)

B, TN, R, & HICRSRREE S B AR
TR &N FE PR T B K o R e 0], R E A
AR, 2011, 44(21): 4395—4405.

Xue Cheng, Wang Zhaohui, Li Fucui, et al. Effects of
different fertilization and mulching cultivation methods on
yield and soil water use of winter wheat on Weibei dryland[J].
Scientia Agricultura Sinica, 2011, 44(21): 4395—4405. (in
Chinese with English abstract)

Fan T, Stewart B A, Yong W, et al. Long-term fertilization
effects on grain yield, water-use efficiency and soil fertility in
the dryland of Loess Plateau in China[J]. Agriculture,
ecosystems & environment, 2005, 106(4): 313—329.
Rasmussen P E, Rohde C R. Tillage, soil depth, and precipitation

[33]

[34]

[35]

[36]

[37]

effects on wheat response to nitrogen[J]. Soil Science
Society of America Journal, 1991, 55(1): 121 —124.

SRR, AW, IR, A5 KRR G R A N AR KA
SIFEMI]. KRS AR TR AR, 2005, 3(2): 22—24.
Zhang Fengxiang, Zhou Mingyao, Xu Huaping, et al. Effects
of water and fertilizer coupling on growing and yield of
winter wheat[J]. Journal of Water Resources and Architectural
Engineering, 2005, 3(2): 22—24. (in Chinese with English
abstract)

Huang M, Dang T, Gallichand J, et al. Effect of increased
fertilizer applications to wheat crop on soil-water depletion in
the Loess Plateau, China[J]. Agricultural Water Management,
2003, 58(3): 267—278.

MM, 2%, EEB, % WAL REEANE FREBAEXA
R A 7 SO L 37K 2 ANPE R 7 S K e (7). b B AR b
R, 2014, 47(5): 880—894.

Bai Weixia, Li Jun, Wang Yuling, et al. Effects of different
tillage methods on soil water and crop yield of winter
wheat-spring maize rotation region in Weibei highland[J].
Scientia Agricultura Sinica, 2014, 47(5): 880 — 894. (in
Chinese with English abstract)

PO, P, AR ST DA wont SR SR oy
IR, Aol TR, 2015, 31(20): 115—123.
Li Rong, Hou Xianging. Effects of different ground surface
mulch under subsoiling on potato yield and water use
efficiency[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2015,
31(20): 115—123. (in Chinese with English abstract)

NG, A%, ERH, E PSR R X -
A RAE LK RS BUNT]. AR TR, 2009,
25(6): 33—39.

Sun Jian, Li Jun, Wang Meiyan, et al. Effects of alfalfa-grain
rotation on soil moisture restoration in semi-arid and
drought-inclined areas of the Loess Plateau[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2009, 25(6): 33 —39. (in
Chinese with English abstract)

KA =, Lars L, [RE%, 4. JEALFIEAN R A B
Tt 2N F i KoK xR R 0], ARk TR 2 A
2005, 21(4): 20—24.

Zhang Shulan, Lars L, Tong Yanan, et al. Effects of different
field management practices on winter wheat yield and water
utilization efficiency in Weibei Loess Plateau[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2005, 21(4): 20—24. (in Chinese with English
abstract)

AR, Y, B, SE EAREATIE IR AT 2 A
K NFE R AR 9y R D] A0 TR 24, 2015,
31(19): 103—111.

Yu Kun, Feng Hao, Zhao Ying, et al. Ammoniated straw
incorporation promoting straw decomposition and improving
winter wheat yield and water use efficiency[J]. Transactions
of the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2015, 31(19): 103—111. (in Chinese with
English abstract)



523 4 TBOITAE: MR TR A R i Ja R DA/ 22 IR B v i IR 2 A 121

Suitability analysis of nitrogen fertilizer management on dryland of Loess

Plateau based on root zone water quality model
Ding Dianyuan'?, Zhao Ying**, Sun Benhua**, He Jiangiang’?, Feng Hao'***
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2. Institute of Water Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China;
3. Institute of Water and Soil Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;
4. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: Luxurious and improper application of nitrogen (N) is an obvious problem on the Loess Plateau. Employing a crop
model to explore an optimal N fertilizer management for local farmers is an effective research method. In the present study, we
firstly selected a continuous eight-year winter wheat-spring maize experiment (from 2004 to 2011) and a two-year winter
wheat N fertilizer experiment (from 2010 to 2012) to calibrate and validate root zone water quality model (version 2,
RZWQM?2) aiming to assess the adaptability of this model on the Loess Plateau. We set up the following 8 scenarios of N
application rate of base fertilizer for winter wheat in the RZWQM2: 0, 30, 60, 90, 120, 150, 180 and 210 kg/hm® aiming to
search for proper N application rate of the base fertilizer. Based on the proper N application rate (90 kg/hm? in this study) of
base fertilizer, we also set up the following 5 scenarios of N application rate with the ratio of base to topdressing in the
RZWQM2: 5:1, 5:2, 5:3, 5:4 and 5:5 in wheat turning green, jointing and heading stages, respectively. In this way, we aimed to
search for the best N topdressing stage and the proper N topdressing rate for winter wheat. The calibrated and validated
RZWQM2 was used to characterize the respond of winter wheat yield, water use efficiency (WUE), N uptake of grain and N
harvest index to the different N application rates and timings based on the long historical meteorological data (from 1956 to
2012). The results demonstrated the capability of the RZWQM2 to efficiently simulate crop growth, water movement (100 cm
depth), and final crop yield in the different rainfall year on the Loess Plateau; meanwhile, RZWQM2 effectively simulated the
yield and N uptake of winter wheat under different N application method. Both of the results provided a solid basis for the
application of RZWQM?2 to study the N fertilizer management on the Loess Plateau. In the simulations, the wheat yield, WUE
and N uptake of grain increased fast before the base N fertilizer of 90 kg/hm? and slowly afterwards. The N harvest index in
the wet year increased with the N application rate of base fertilizer and was stable after the N application rate of 180 kg/hm?; it
maintained a high level when the N application rate of base fertilizer was between 90 and 180 kg/hm’ in the medium year, as
well as between 60 and 150 kg/hm® in the dry year. Thus, the single base N fertilizer of 120-150 kg/hm® could adequately
satisfy the need of wheat growth in the dryland of the Loess Plateau in different rainfall years. The optimal topdressing stage of
N fertilizer was between turning green and jointing stage because of the high wheat yield. On the basis of base N fertilizer of
90 kg/hm?, the wheat yield, WUE and N uptake of grain increased with the topdressing amount in the turning green stage; the
N harvest index in the wet year always increased with the N topdressing rate; the N harvest index peaked in the medium year
on the topdressing N rate of 36 kg/hm” and in the dry year on the topdressing N rate of 18 kg/hm”. We found topdressing N rate
of 54-72, 36-54, and 18-36 kg/hm” respectively in the wet, medium and dry year could satisfy the need of high wheat yield and
maintain high level of N harvest index. These findings provide some useful guidance for local farmers to optimize their N
fertilizer management. More field experiments need to be conducted to verify the conclusions of this study in the future.
Keywords: models; crops; nitrogen; RZWQM; dryland; rainfall year; winter wheat; fertilizer application method
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