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RZWQM2 FEHY (1) 55 5 REMI B S HOIAT 6 e R IE,
PRICIZMRAE o i R XSG F ks AR DR SEhE b, &
A 56 a i EE, AT X &
INELEANFIBEAKAE RSN e RUIR R B, A eIt
o JE DU 1 e 5 R S R 22

1 #MR57F%E

1.1 REXER SRR

TR0 Db A B 1 vy b VR LA, AT T,
PR 1220 m Ay . PSS 9.0°C, AFE H IOy
2230 ho ML SZUH A R R R s, 5
FWE, 29 FEIRFEK K 578 mm, Hirp 55%[1 KK
AR T AHZR 9 A, RN IRFERLX . IR
iy, Ees, TERE, IR LR 1.



112 ANl TR AR Chttp://www.tcsae.org) 2015 4F

F1 TEARREEREUSHEE
Table 1 Soil physical and chemical parameters at various depths for experimental site
kL KR

s A~k % Ml 7k 22 25 2% ) . o
L sand silt Fiki Clay RE - WAEAE EHRESKE AERM AR g o g
Soil depth/cm ~ (=0.05~ (=0.002~ (<0.002 mm) Bulk de“%?'ty’ Saturated F'e.ld 'P_erman§nt Organic Soil pH value
' . ’ (g:cm™) 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 27.91 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

KN FOKHARREE (2004—2011) 7Erf [EH Rl
Bt 4 1 B vy Rl AR S B i 2% A W W 3 23 AT
(107°40'E, 35°12'N; % 2) . MR THE%AE (N, JRZ)
bk, KNFEHEBEIE (P,0s) 90 kg/hm?; 2004 4F. 2007 4F
2010 EHTKEHIC (P,0s) 20514 39.3. 90.0 F
38.7 kgrhm?; A FRAERME R JEAE, FERIAT— Vi . iR
5630 P AE W T RE /K, HEHE1E A EH JR) 5 B 5 2 0 ) 5 o

FIFH Fh 7 4R3014% (Neutron probe, CN503B) ljlH 1 m
HZIIK B MR NEFNRE R AKREY)
I, FERRASH . SR BT R S A 3 S s v
AN AR (leaf area index, LA Fith bt
YE T R 0 AR LT, SRR, b B
WE FoKE LAL Fidh B e 1. AT I
1956 —2012 4 TE BRI 4w Jst A b A AR o vt

. INISEYRE SLE:

2 ZNEZF-BFBEKRAERE
Table 2  Field experiment of winter wheat-spring maize

. , N A T iz
RSN AS 5] 0 1
Fi {4 bl N application rate/ AR T Seeding density/ Woak 14
Years Crop Cultivars 2 Sowing date 2 Harvest time
(kg-hm™) (seeds-m™)
S A
2004 FEX sz 2001 138 2004-04-16 5 2004-09-06
Spring maize Jinsui 2001
B KN K 89134 09- -06-
2004—2005 Winter wheat Changwu 89134 138 2004-09-25 350 2005-06-20
_ KN KX 89134
2005—2006 Winter wheat Changwu 89134 138 2005-09-26 350 2006-06-22
2007 A VL 10 138 2007-04-22 5 2007-09-18
Spring maize Shendan 10
_ KNS KE 58 _00- -06-
2007 —2008 Winter wheat Changhan 58 138 2007-09-21 350 2008-06-20
2008—2009 A I 58 138 2008-09-17 350 2009-06-22
Winter wheat Changhan 58
2010 FEX SLE 335 138 2010-04-24 55 2010-09-11
Spring maize Xianyu 335
x P =
2010—2011 i K7 58 138 2010-09-25 350 2011-06-25

Winter wheat Changhan 58

2010—2012 WIAEA/NEEALRE: (R 3) A bifEss:
E I3 LA BANE K R E T K B A AT
(107°45'E, 35°12'N) , JEHUA ™ > 150t RE A AL S it HE 1
ANEER (R 3D, A IBUIE A TR S e, fE St
RIS UE . PRAEEEH, 205 T 2010 4F 9 H 23 H

H12011 4F 9 ) 27 H¥EF, 7301 2011 4 6 J] 27 12012
TE 6 H 30 HAU k. &/ NGRS FF i, i
a1 AR, BHE N 40 em, S EIN, F—ZF/h
FERETT 2 TR HEMF R — IR, BRACK 15 cmo &Nz b
KR 521, FARHURERIIN & 15 H 2 i 2 i 2400

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

N JEH &=

AbER (LR B N application rate/(kg-hm™) PO aggﬁ’iﬁm rate/  See dﬁ;ﬂisi ty 175
Treatment Model adjusting R SRR =5 (kghm?) (seedsm?) Line width/cm
Before sowing Before turning green
AR SR IE HIE
Current farmer’s habitual fertilization Calibration 162 0 105 150 20
Jra pir
{LA AL Sk 112 50 105 150 20

Conventional fertilization Validation

FE: R ATIEMEEUER A A REE 2 1 20 H, bk 2t

Note: The topdressing N fertilizer was applied on February 20 before turning green, Data cited by Li Qiang et al™®.
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1.2 #EEIENY

RZWQM?2 57 1 S5 [ A b5 KT Ji & et 5 i it
K, WIEH 6 AR WIS, fh2 VA
FEOPPEIAEE Y L o R S N e L AR AR K ASE B AN A B
BAERL . RZWQM2 ik 48 T R ik 5K S R &
(decision support system for agrotechnology transfer-version
4.0, DASST4.0) i/, HIREGUAEY AR & R i
&7 &, ALl DSSAT 4.0 1) CERES-WHEAT Al
CERES-MAIZE #EHR 3 RLAL, 2 /N2 FA oK g AR

RZWQM2 FA 4 NIa6 8 T A 5 8 (RiH
ol A BRI AR R RN
WA WG ) I R T (g )
HEchh . 2 TR VA KRN K A RRE th R S 05 |
T (PRI AR S . SRS R, LA
BUBEE) AR 4G T s (I o
R PR K AN D ARG HH R PR O (R
OISR FEAh L. ORI [A) . FEMEALBE L it L Ak B R A
VERLBRAE) o BRSO LUK A R 40 BRI/
WP IOEAREAT, AU S HER IR B {E
1.3 BERFSIGI

AT G A E MR UE L R ] RZWQM2 1 ik 1)
PEST #AFPORIRAS iRk 45 A 7 5 o Je R 3 4
JRURIX 8a A/ -4 oK RS H 4, B 2008—2011
AF H A Hls 2T B 2805 g, DA 2004 —2007 4F H
()50 B AT B S0 E . Lk, R AR A N
it ARG E s, 0% 8 NI UE J5 (R 7K 3 B S 40 (1 Sl
I, X RZWQM2 (R FR 0 BEHRNI EDRE R Z H i kAT 2
EREAE GRESZD . DUHIRENEH T &R R X4
AINEERTANEAE 7 28 F ) RZWQM2 B, b DUE S 4E
AR 2 B AR RAE BT A g, DLESE PIAEAL Gt T AL 2]
HHEATIAUE (K 3) .

TE4 /N -2 FOK RS (2004—2011 45D FI A
PEST HZ il fe, &/NEMFFAHEE A mfhZ
% PEST WS4l )E, I HRENZRH AN ] R 244
BEATAO s S SRR AL R 30 g AR E R v, /N A il
K 89134 FIHC 5 58 i H [RIFE 1E M s AL Kr P24k
3 AT KA 3 AL AN R A E W g A R 1 2 5. AE N AE
(AN EEREIRE H (2010—2012 4F) , JEF&/NE-KH
T K FHIARRES (2004—2011 45 HRET ) 138K A B
ZH, AN R 521 8 FRAE I TR s ALy
PESEHATIHR, 7E RZWQM2 H 58 &d 1 Kk 521 (1)
BARRESHL, T IR BB S HOA T AT .

R  (root mean square error, RMSE)
— R d. SFEAIRHREZ (mean relative error, MRE)
FAHXTRZ Crelative error, RE) PEAGBIAIBIIACE, i
Ak

Z(PI _Oi)z

RMSE =4 24—, DO
n

> (R-0)’
d=10-—1= - (2)
= (|P| _Oavg +|Oi_oavg )
MRE:%iMxloo%, 3
i=1 i
RE =——1x100% . @))

A PO | AMEHUE, O AR | ANSEIIME, Oag M3
SEMMEL, AUl B S AR )N 4
1.4 KRB

PZAR G B SR T R 45 %0 (drought index, DI ¥
1956 —2012 F4/NEAEF WK (9 HRKRT 6 HD
%4> FEIKE (DI=0.35) . T/K4E (—0.35<DI<0.35)
HT54E (DI<-0.35) , Hilg Az ReY

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

X P AKNEZEF N FEKE, mm; Mk 1956—2012
ELNZEF WINPT KE, mm; o 04 1956—2012 4
AN A K SR AR 22

£ RZWQM2 , ¥ % T 0. 30. 60. 90. 120.
150. 180 1 210 kg/hm? 8 MEALMIE (JRFE) KT,
T AR TR AR AU LA [R) P K AR R IR 4N 22 =i PEIK
S RITR% (water use efficiency, WUE) & /NEEFFRIL
REMARBCRIE, A [ BKAER R AR R
I it e H ) /N A K I

16 A3 PR At Rl | ORI R REAAL)
S AR IR R (B4 3 5 HD « #CTRrE (5
4 A5 H) FMAFERTIH (44 A 25 H) 3 MEFER
M EEBLLy 5:1. 5:2.5:3.5:4f5:5[5
MBEE JRF) AT 5, Wt g4/ M= & WUE
MIA/NAFPRL RS = S e B A F W

T LU I B K AR TN A/ Nz e . WUEL &/)
PRI R R A R E, 2 HT AN B A A/
FARKFIENA AW AR B R =R R A
FRE B R R WUE=FFRL R /28 R 728 5. e >R
JH Excel2010. SPSS15.0 A1 SigmaPlot 10.0 43 7 %) K 3k
ATHEEL, AT RER .

2 FER5HMh

2.1 RZwaM2 £E 5 REXER TN
2.1.1 M= =Are 2 51

YEY) = S RSB A S ME 3 AR 7E 10 1 2R,
BARU 80, 36 RE 8218 80N T S0 E AR v 22
(K 1a) - BT 2005—2006 44/t i A= 2 A,
HAREM T RZWQM2 ¥ RER U B E Y b b3 A4
= ( 1b) . 2005—2006 “EA4/NEEH F A M A0 A
ZE [0 JEURI AT B A /N A TN BTt e G Rl A L
ZFIE (1956—2012 4F) #/b 13.3%, PR TR
AN R DG EE, SRR B T M E
AR



114

ek TREZ44R Chttp://www.tcsae.org)

2015 4F

o FJE Calibration

12000

_ 1145
E 10000 1 1:1 line
20
vy
=< 8000 -
= E 6000
=
£ 4000 +
w2
2000 1 1 1 1 1
4000 6000 8000 10000 12000
S R
Observed yield /(kg-hm?)
a. J\‘/:%
a. Yield

B 1 Y4 >hi L hSHEIMEL %

Fig.1 Correlation analysis between observed and

2.1.2 EBEApFHEFRENERDSHEZHEE
FEANFE-FF LR, 0~100 cm LHE /K &L
R 5 S AR i 3 5 0 At i —3ekE (1) 2a)
R g i FE () RMSE. MRE Fid 43 %)% 45.3 mm.
9.5%F1 0.80, YiFitFE ) RMSE. MRE 1 d 43514
46.7 mm. 6.2%F/1 0.79, IXZR WIRIRI A fe e T 3K

o Uil Validation
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simulated values of grain yield and aboveground biomass

oy BBl K BN ASAR .

/N AR ORI LA AU L5 W0 000 7 I 7] 2 AH
PIEIEA (B 2b) , FeidfEd ) RMSE. MRE #ld
SR 120 7.4%F1 0.77, BAELFEF Y RMSE. MRE
Fd 250100 1.9, 10.8%A1 0.71, AV HIASL T LAI
BE I AP ZN SR AHZ /N LAL B, S FOK =

lll\hl;ﬂ g;n §
= 35 s
42 g
®5 2
HE fé
3 &
2004 2005 2006 2007 2008 2009 2010 2011
FA Year
a. LRI K
a. Soil water storage
IO e . . i > . N
4G 1F Validation | Z5€ Calibration
< 8 o RMSE=19 RMSE=1.2
5 . MRE=7 4%
= 6 MRE=10.8% 4=0.77
il d=0.71 % .
E 4
=
= T QJ%W j,vﬁ
O
0 ,0_\ R h
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4 Year
b. M ERR L
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£ 25000 . ]
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By d=0.93 =098
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¥ s ° 3
B3 10000
e
2 Z 5000
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3 0 y : y .
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< A7 Year
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¥: RMSE. MRE Fll d 73 k305 R ZE . SERIARR R 22 R — B fbs o
ITHA T A0 E

Note: RMSE, MRE and d were the root mean square error, index of agreemel
calibration, and data from 2004-2007 were used for model validation.

B2 HEEHKE (0~100cm). 4t &

L 2008-2011 4 H NS EAE AT B S 2R 8, LA 2004-2007 4 FH )0 i 1k

nt and mean relative error, respectively. Data from 2008-2011 were used for model

RIG A A L3R A A SAIME L S 92T pe

Fig.2 Comparisons between observed and simulated soil water storage (0-100 cm), leaf area index (LAI), and aboveground biomass
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(X 48 /N 2GRN 20 (3 P 20 115

WA R 7, JRN AT RSN TN 52, RO LT
BTG T &N ALK, FEANE LA BN, Hik
PRI e 2 /N 2T 5 DR AR v o o B A,
PR F8 3 AU T ARt b3 A= s B AR AR K 1K 8))
A (20 , e RMSE. MRE 1 d 43
1 259 kg/hm?. 2.6%A1 0.98, HiFid (¥ RMSE.
MRE 1 d 4354 2 845 kg/hm?®. 6.8%#/1 0.93.
2.1.3 A ERRE#IEH X T 69 RIVQM2 69 R & A=IaiE
PRAE AN IR T, AN 2 I R AL A Bk
SRR, M EESAEE. R, Hb bR SR AR R R A
HSCMEFAMES AR E R4 .« T

FEAIIEIE AR, T 2010—2011 4F [y b Bk U A0
MR R E 2 4h, HALS U RE ¥)/hT 12.6%, XKW
RZWQM2 1] LLA 4 ML 3 1 iy U X A /N AN [+ it
BT 2T 1= i As A E P %) 22 TR AL

DL b2y B R W RZWQM2 AJ LLAE A [A] B& /K 4F 74
(2004—2005. 2008—2009 A1 2010—2011 4 K T FR4E,
2002—2003 F1 2005—2006 44 - 7K 4, 2007 —2008
FEONFEKE) FHREE UMM RIED LK K F W
BRI R, RAF B K 4 (1 3 A AR
b, Bk RZWQM2 3 I T P b 3 1 &y Jil 2 X AE P 1Y)
FERUHT 5T

F4 MELPEEERIEH FHEYE. 2. W EERFSFAFFRR RS AT NMEFRER 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

HKigidfE Calibration

IAERIFE Validation

ZH A — o — — e T
Parameter Year S e X5 S e X7
Observed Simulated RE/% Observed Simulated RE/%
Hb b A 2010—2011 9 469 9281 2.0 10 693b 9347 12.6
Aboveground biomass/(kg-hm?) 2011—2012 13191a 14 189 76 13971a 14 965 7.1
e ” 2010—2011 4 149a 4620 11.3 4791a 4676 2.4
77 Yield/(kg-hm™)
2011—2012 6 478a 5902 8.9 6 816a 6 206 8.9
b - G 2010—2011 116a 115 1.0 143b 115 19.8
N uptake of shoot/(kg-hm?) 2011—2012 152a 148 2.8 154a 159 31
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 55

e A ATIME R A NG P REROR AN A B LSD KreAE P<0.05 /K1 F 25t 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 ZNFEEKWAE KL R E /IR

TR ] 1956 —2012 4F K pGHb X A /N2 AR B I T
BBk A 363.9 mm, A/ AR H AN K KT 398 mm
AR I Ry 2K AR, BE/KER /N T 329 mm ARG Rl 20k
FHAE, £F 1956—2012 4 56 a ', F/KHAH 18a, F
KHEH 168, THFEH 22a.

AR ARAE TSN & /N2 et . WUE RIFPRIL 2 bl
H RGN i (Kl 3a, 3b A13c) o %
/T 60 kglhm? B, & /N2 R WUE 78 [l [ Y 46
RN ZERIAR N, %Rl 60~120 kg/hm? I, ~F/K4E
(R4 /N2 P2 AT WUE LEEEIKAERR, RKAERI SN 24
AR KT 120 kg/hm? I5F,  J2KAE [ & /N 22 7 A
WUE &k, “PAKRFEIRZ, MiKERN (B 3a 1 3b)
AR B AR AE RN & /N2 IR P2 e F1 WUE AT LA DLt U5
90 kg/hm? g S %1153 A PANB B, 24t/ T 90 kg/hm?
), A /NGB WUE S8 HE B e 186 (g i 38, 24
MR B R 90 kg/hm? I, 4 /NF2 (7% BRI WUE )38
I T 2248, X PR ALE T KR R4 ] (]
3a f13h) .

it /N T 90 kg/hm? I, AN [R] B K AR 7Y R HF R
R B ZERAR R it A 90~150 kg/hm? i, ~F-/K4E
IFFRI A2 KT HEKERNE, YERERNT
150 kg/hm? i, 2K AR IRFFRIE &R K TP K AR e (-
3¢) o MR RSN 90~150 kg/hm? i, F
TR R 7K TR A 45 2 B8 G MR 330 T 47N 22 56 30 2% R WAL
REAL,  T$EE R TR R R . PRI AU AR K AR

V7K AF Bt A i I it St A B AN B 38 s > il S K
T 120 kg/hm? i, T RAEFPRIR A R HE AR ZE (] 30 .

A /N W FR T BB A TR e SR () 38 I e A [
R /K AE R A SO0 A R AR e (1 3d) o #EFE/KAE,
i KT 30 kg/hm? I, B IACHR H 50t 25 T it
BRI N, BN 180 kg/hm? LR T
FRE o VKR FEWOGR IR B A il 3 n Ot 0=
KT 30 kg/hm?) LB Je30 I Jg s/ e, SR A
F N 90~180 kg/hm?® Ak Tt KT it & KT
30 kgrhm? I, A4S 2B R b 45 it S 484
LS IS RN RS, AR 60~150 kg/hm?
REWVGRIREAE T m 5K B R 1 R R X K
IAE B AR LA EE B AT ROF T, 2845 IAh 120~150
kg/hm? 1) I il 580 F i AR T LA A2 S [ B R AR R 46N
R e .
2.3 ZpNELEAKIEARREAFE RS /IR

HBI A, o REFREKA AR, R
YA IER R, AR B T BRI 1 S
LUt 90 kg/hm? JEEAE A LR, WIF5T 4N S R IR
WA R R R . FEIRTT « TR AN R 303 43 )3 it 2
JIE, A/NFZ i WUE FIUFF R 0 3 Bt A 8 A 1 4
s (B 4> o LEIRT R I WIIEARRS, A N
. WUE FFFRIR U IEOR . R A/ N 2 S UGB IR Y
e FEIE AR I A IR AR R . AR LU RS, Uit
AR 90 kg/hm? BB K 3mt, eI 5 WHEHEEIE, Wik
N R IB R R
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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,
RZWQM2) 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 RZWQM?2: 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
RZWQMZ2: 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 RZWQM2 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.
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