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A RIS R UERERE b, B A WinEPIC BERVEIRR Y T 8 18 A R FEK 8 U X 1960 ~2000 48 84 6] A [/ AE J1 7K T %
VEF TR = R AN 3K SR . BEIEEIRRE : (1) )1 B 5 1 M MOEE R Tk = 2 X (8] 22 57 B 2%, AP
{65351% 4.40.3.75, 2.50,, 1.75 v/hm® , Jfa HEHE P= 32 RK 3 AR X 6 22 335 B3, BRI > L% > F/H > #ik;
[F) — 3t X 7K ] R 2803 Pt S 2 ) 18 P 42 155 , A R 3 DX i FE 4 7= R KB IR . (2)0 ~7m 12 ZH LA EKE
X (A 22 57 B3 181 > SEZ > FFFH > Mk [ — 3 X P AE J1 7K PR, B B KA K BRI 08 K &P EBRAR,
HEEEKREFTHN O ~Tm +BFEE HIEAROKHERE X E 25 BF %) <% < 7 < Hidk; A FAE 7 A2 8 ) 2 5
RN B AEDEIAREE ., (3) AKX KEFREEERR O ~Tn 2 HERERHE S M6, ELN T HIEE
FEZEER LRETEZFENEN TRASER HEATREN LETR, TETRAFEEHXEIZRBE K <EZ <
F7PH < AUbK s AN [RIIE g Ak 22 6] B o e A K7 9 32 8 TR BE IR . (4) 38 )11 IE % 55 P T MRGEAE R B K BO3E B Bk
F43RIH 5.25 ~5.54.4.26 ~4.58.2.34 ~2.74.1.37 ~1.62 t/hm’® , A58 B AR 7K 435024 N, (N 240 kg/hm?® P 120 kg/hm®)
~ Nago (N 300 kg/hm® ,P 150kg/hm” ) Ny (N 180 kg/hm®,P 90kg/hm’) ~ N,,, (N 240 kg/hm’,P 120 kg/hm’) \N,, (N 120 kg/
hm’ ,P 60kg/hm*) ~ N, (N 180 kg/hm’® ,P 90kg/hm’) N, (N 60 kg/hm® ,P 30kg/hm’) ~ N,,, (N 120 kg/hm* ,P 60kg/hm’) ,
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Abstract; Based on model validation, the Win EPIC model was used to simulate yield and soil desiccation effects of
continuous spring maize under different fertilization treatments on different precipitation areas of the Loess Plateau during
1960 —2000. The simulated results showed as following: (1) The difference of spring maize yield in Luochuan, Yan’an,
Shouyang, and Yulin was significant, and its average was 4. 40 t/hm’, 3.75 t/hm’, 2. 50 t/hm’ and 1.75 t/hm’,
respectively. The difference of water used efficiency ( WUE) and increased rate of yield by fertilizer (RYF) in Luochuan,
Yan'an, Shouyang and Yulin were both notable and reduced by the order. The WUE enhanced with the increase of
fertilizer, and the maximum value of RYF was in different fertilizer range in difference areas. (2) Monthly available soil

water in 0 — 7m soil profile was significantly different and the value of Luochuan, Yan’'an, Shouyang, and Yulin was
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reduced in sequence. In the same area, the higher fertilizer applied, the more water consumption, the less monthly
available soil water remained. The difference of annual reduced soil water among different areas was significant, and
increased with sequences of Luochuan, Yan’an, Shouyang and Yulin. Difference of annual reduced available soil water in 0
— 7m soil profile among different fertilizer treatments was notable at the earlier simulation stage, but was not significant at
the later stage. (3) A relative stable desiccated soil layers shaped in 0 — 7m soil profile after soil water depleted and
desiccated soil layers thickened period. Soil desiccated rate in Luochuan, Yan’an, Shouyang, and Yulin increased in the
sequence. The higher fertilizer applied, the faster soil desiccate rate reached. (4) The suitable yield of continuous spring
maize in Luochuan, Yan’an, Shouyang, and Yulin was 5.25 —5.54 t/hm® 4.26 —4.58 t/hm* .2.34 —2.74 t/hm* 1. 37
—1.62 t/hm’, respectively, and reasonable fertilizer amount in corresponding area was N,,, (N 240 kg/hm’, P 120 kg/
hm® ) — N, (N 300 kg/hm’®,P 150kg/hm”) \N,,, (N 180 kg/hm’,P 90kg/hm’) — N,,, (N 240 kg/hm®,P 120 kg/hm*) |
N (N 120 kg/hm® P 60kg/hm®) — N,,, (N 180 kg/hm’, P 90kg/hm*) N, (N 60 kg/hm’, P 30kg/hm’)— N,,, (N 120
kg/hm’ ,P 60kg/hm’) , separately.

Key Words: the Loess Plateau; continuous spring maize; Win EPIC model; grain yield; soil water; fertilization
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St ok ot B IR R SR AR TR A B B S R BRI . R B R HX, oRREK
BAFKRER-EAGIERRE TSN, BT BER ™ ERBRE TSRS/ LT RIS X
e, 2m DATRGZE HHOK K BT B, TR N MK A Rk, P B AR R sh v 2, 2R
SR I IS L IR ERGEME ST Mk R 7= AR 2 £k sh 1 o AR S5 A K 30
FEACRIGHF ST T MEAEXT R F K= R A3 P ROR , (B R/ X% VA 8] 38K 4 R A 8 TRk e AR 0
WS AR EEEME S RF R L, BO TR R KR K MR 17K T B4R E KB
SHPER LB T IR RR I E B ST, AR IR H X FE 777K T 38 FoRIEE T = B AR 3R H IR T b
TR LR ACIRBUREIE ML A R T 380K 43 AT R SR A & B AE K A R 33K 0 R B, R B s
JE R A P B AT 8 R SR SRR AR o
1 HREH=E
1.1 WinEPIC BRI

2 [ 8 S7 IME BUR 26 S fE#E RS EPIC ( environmental policy integrated climate ) , JF.44 21 A1 4= 7= 171 520
TH33 452 ((erosion-productivity impact calculator) , G K R VEFRIEI RZGRE fEWAK L
SR BE RN A S E SR B, BB LA R B [R5, 8 30U F K - R IR AR A= 7= 0 K R A sh 22 1k
W, R— R E BN UR-TIB-EY-E 3 S8 RGBT DRI A AR A P B R
W AR - PRURIRBERON 7 o ABFST R REAS1E Windows 33 T 3547 ) WinEPIC 3060 it , ] LA Hi% H 402
TR RIULE R B TAEW A7 R G G U AT RN PSR R B5E & T 53 3 133K 7 AR 3R
S FRE IR AT ) o 7 159 BBl P9 EPIC MERY B )32 B2 F Tk F VR 4 A0 72 ) I E I 9 1~ | 2 22 45 i )
EPIC X # 475 J5 K H AE 4 FUbR B2 8tb 1) 7K 4326 7 7 AR U BF 2 3R W] EPIC B8 3 + & JRL A B AF &
FRpE1e ]
1.2 Win EPIC #EBIEE

1547 Win EPIC AR 723 SIS SR BRI LIRS AR FE R S B8R PSS 8RR . #i8)1
(1955 ~2001 4) \FEZZ (1955 ~2000 4F) (KJF (1955 ~2000 4F) Mibk(1954 ~2001 4E) & H KFAFE S & =
SR AR K B ARG R 25 SR IR R A R ESR RAS R BRI
FEZE FFPH AR E B SRR BEE B, b R PSS SR B0 AR RE SRR, et X R HHR ¥ Y
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IR G AU SR BRI Hb LI A2 B A S YRS T 2 Bl E T EPIC AR %I I
FH AR R R AR 3 ——RE B+ B+ m L B L R m ARS8 AR A Hh
XIS T 10 M2, LR SEER 7. 0m KK AZZ T EBAMRSE, 85 HIESHEERE; 8@
2 AR O 308 Y ST IER , 2 BINHR X B E R KB 7E fE R LR AR KB IR A KRB BRI .
BKM EAR R 39 MAEBHASSHHITBITESAEY S BEIEE.
1.3 HUBRGE

R B = SRR K bR 4 TR AR B VR A 7= A SRR, e BV DX P 3 )1 2 X e 2 X PR S 22
P RX 77 TR0 R X A HARE R E S, BRI E 6 FAE S KNy (N 0 kg/hm’, P
0 kg/hm*) N, (N 60 kg/hm’, P 30 kg/hm®) \N,,, (N 120 kg/hm’, P 60kg/hm’®) \ Ny, (N 180 kg/hm’, P 90
kg/hm’) \N,,, (N 240 kg/hm* P 120 kg/hm*) N,y (N 300 kg/hm’ ,P 150kg/hm’) , &> b [X. F K Fb A 55 35 241K
50000 #k/hm? , KB FHE MR R H o 7E 1960 ~2000 4F 1 8] , 2 BASIUR 4T b A ) L IX AR 7 7K -5
BEKEEFE T2 EIETRASN ., EaEFEEKRHZEA DIBEAERSKEZMHEE, LEA
15 H HIEAMEKERFIZA TEEEKE 7200 FoK H 55008 B 5 18 4317 22 AL RRIE B, SR FIAR AL
HAE 8 H 15 H 4800 B B o0 A FHEAERIZ A T30 B B T 0 AR FFAE . i T 8T 4017, 72 647 ot X [) %
LB, VEY =R A (B]32 H TR RS K EY R AT A A AL 3 B P EVE AR . ST AE AL 2R [A] %) L
B, AH B [ 48 FR X5 SR FF e IX [ B S S8 AR
2 WinEPIC #Z R E S EIIE

TEEES T RABIR RIS , 45 SCHE R BH b X AR SO B ARG BE AT 30 E . 7EXT B ER= B AFE
IKBIGE R AL B SR IATE F BT T 208 B A R K R IR I RAE . AR ST A BR A 51K «
(1) TCREALFE , A HEARATAEARE (NP, ) 5 (2) BB 1, i 4 & 60kg/hm’ 4ii 37. Skg/hm’ (NP, ) ; (3) F Bk AbHE
2, il 120kg/hm’® 4lif 75kg/hm* (NP,) ; (4) FBEALHE 3, ME4E A 150kg/hm” £ 95kg/hm? (NP, ) AEK} it
IR 18] 45 224 3t A PR BEAR ] o 1 No WNgo Ny BIURIIE ) Mot A U AL ) 25 5 R 7K 201 AR R (1hm” £ 346 |
THFE Tmm 7K 50T BBLE F= I E K= (kg/ (mm - hm?) ), BIZK MR FIREE = Th® B ER =R/ AT #EEK
FEK ) FEATIGAE , 1 FH NP, A 398350 T 7K 20 R 2 S ABS TR AL g - 498 350 T4 B P AT U604 o

HF R RAFE KR IR IESE R 20, B AT LSO RSB ISR IR AL BE T 1R R R
LR 50K 20 h A . ¥ NP, NP, NP, 3 A3 )7 K 7K 43 ) P AR 3 () A5 4000 0 08 I 1 326 4T L 8 A
PR AL 7K 73R FRBCR MBS v (3R 38 1), Hor SRIME D 7 PTG 3 1992 ~ 2001 4R 3 5 i 30
FiE EARK D FIFMERS . % 1 BR, 78 1992 ~2001 4R IHF5E 18] , NP, NP, NP, % T KK 40 Fil Ak %
R ULE IR 9 AH ¢ R 50437y 0. 837 .,0. 747 1 0. 761, 3K B4k . K, B 7 AR iR 2 RMSE 43514
1.15.1.97.2.31 kg/(mm°hm2) o

¥ NP, b K H O ~ Sm - 35851 T BE A HUL(E FIOUR B 17 B ATEA A5 R0 XoF 338 35 T g B e
PR EE (R 2. & 2) , H A WIIME 7 FHIRT 3h 1992 ~ 2003 4K A% H1 2003 4EF FOKH 0 ~5m 3]
R o NP, F R O ~Sm 39831 T3 B AR SO0 A UL 1 A7 247 £E.43- 51 4 0. 135m/m il 0. 160m/m , 4
REHCH 0.728 i85 T BEKF, FEIAHIIRZEN 0. 92% L IR 1% 2% RMSE 25 0. 03m/m,

&l 1. 2 4350k NP, NP, NP, 35 KK 43 FIAZ AT NP, ~ Sm - 398 7] 17 3 B Py A5 400155 R0 {58 4
B 2L £ 1 o3, —F G B A 28 fh ka3, 3R B EPIC A A A] DU ks i P B 4DUAS (R AE 7 7K F
THEAER E R MK FRCREM LR R E A . & Bk, &3 BiTH EPIC BRI HTE LR
JEFENER TR M= RN A 3K 43 38R 5T
3 BHUERESH
3.1 A X FAE S K FEEREERT B

TE 1960 ~ 2000 AFELAUMFFT B ], - 1808 X% )1 i e R X T % TR X HFH 2 T 20 R XAk 6
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Table 1 Comparison of simulated and observed water used efficiency of continuous spring maize under different fertilization treatments

at Shouyang
NP, JGHEALPE NP, treatment NP, 4b¥f NP, treatment NP, #b¥f NP, treatment
i B wwte M g mw T ww
tterm [kg/ (b )] Chg/ b)) T/ (b)) (kg (o) ] 55 T/ Gmeh)] [/ ()]0
Simulated Observed Simulated Observed Simulated Observed
Error Error Error
P 7.52 7.24 3.91 12.37 11.78 5.01 12.09 12.57 3.86
Average
RMSE 1.15 1.97 2.31
EVE
Regression y=2.877 +0. 580x y=2.388 +0. 759« y=5.266 +0. 608x
equation
AHRREL
Correlation 0.837** 0.747 ** 0.761**
index

—o— WMIE Observed —— #fl{H Simulated
[ JEABALEE NP, treatment

L ! L ! ! L L ! J
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

B NP, 4 ¥ NP, treatment

5 L ! L ! ! L L ! J
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

FE AR AR
WUE for spring corn (kg/(mm-hm?))
T

NP, 4t 3 NP, treatment

4 L ! L ! ! L ! J
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Ay Year

B B R FIAE 37K F AR TR K 2 PSR AR 5 LTI ) e
Fig.1 Comparison between simulated and observed water used efficiency of continuous spring maize under different fertilizer treatments
FIE S b3 E ERF BT IEER BE /3510 4.40.3.75,2.50, 1.75 v/hm* (£ 3) . BKBEMEEK&E
FRIAE SR B B 513X 2 0. 81.,0.87.,0. 56 0. 85, KR B E AR KK ,4 DX F F K B KZ AL mpE
KB BAERAC AR —B (& 3) , Bk B A X (A 22 5 e i O X F) B EK B 2 R i R R R 4 X
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TR EFEIME Ny Neo Niso Nigo \Nowo Nago 23114 1.87.2.39.2.80.3. 16 3. 46 3. 64 t/hm” , FEAE /1 /K F12 5

A EZEHEN

®2 FHRK NP EEEEXETHEHNEEEEMES WNELE

Table 2 Comparison of simulated and observed soil moisture for different sections of continuous spring maize under NP; treatment at Shouyang

i H Item i Simulated(m/m) VL& Observed( m/m) FXFiRZE Error( % )
0.135* 0.160 * 0.92*
RMSE 0.03
[8] )5 75 72 Regression equation y=0.009 +0. 758%
% & %k Correlation index 0.728

SEHE Average

%3 TEMKEREKE(mm) MRFEAKETEEEER"RFHE(VIm?)
Table 3 Annual precipitation and average spring maize yield under different fertilization treatments in different areas

Kb P Treatments % J1] Luochuan 4% Yan'an 7##BH Shouyang Ak Yulin 44 average
No 3.09 2.45 1.48 0.99 1.87

Nego 3.57 2.91 2.03 1.37 2.39
Nigo 4.13 3.58 2.34 1.62 2.80
Nisgo 4.83 4.26 2.74 1.73 3.16
Noso 5.25 4.58 3.14 1.83 3.46
Nago 5.54 4.75 3.29 1.87 3.64
F-14 Average 4.40 3.75 2.50 1.57 2.89

[#% 7K & Precipitation ( mm) 605.7 534.2 445.5 387.8

AR S b PR AR R K= BRI % 5 FH
MRS X ) 2P S T RS (B 3.5 4) K
ST JE 1 (1990 ~ 2000 47 ) HAEZ LI 7T AT (1960 ~
1969 4F) & KB B HIFEAR 35% 59% 65% .
70% ,F= BRI < % < FFH <Hitk, 7E 41a
BB AR R D , FEE B ERE RIS
BT RE K B 2 A0y AR ) BLAEAL I 5T
SRR K B FDY . N RE , fERE
ﬂﬂgﬂg(ﬁﬂlﬁ'ﬂzﬁi*%iﬁﬁﬁﬁﬂﬂﬂ(qzﬂg Nigy ~ Nago o
TEVR I i 5 XA REZE N Nigy ~ Ny , 7R T R X K 7
Fﬁjﬂ N1zo ~ N240 vﬁ*?%ﬁ%&%@%ﬂ? N60 ~ leo ’
AHRL B F= B K43 3K 4. 83 ~5.54 t/hm® 3. 58 ~4.58
t/hm® 2.34 ~3.14 t/hm® .1.37 ~1.73 t/hm’,

3.2 R[EHXCRIE S7KF T B ERIERHE =S K 2
FIFEz %

FEAERE = 2R (#€ 1hm® + 3t b AF3E A0 1kg AEAL T 3%
IEIFE FE K=& (vhm®) ) b X (8] 25 5 .3, 98 1] %
% 7 A AR 24 4E 437 2 0. 0081.,0. 0077 .,0. 0060,
0.0029 v/hm® & JI| > FEZ > FFH > Hidko AR HLX i
e = B KETEE AR, B 4 BR7E 81 X H
Y R0 1 i 52 XA 2 %2 3 B K HE 3 7= 38 E N

+3938 ) Soil moisture (m/m)

00 005 0.10 0.15 020 025 0.30

| —o— WMH
Observed

20 b —— fif

Simulated
25+

30

T3 Soil depth (m)

35+

NP; 4b 3

NP5 treatment

40

45

504%

B2 FHHIX NPy KT HEARR oK H 30 e AU E S
SRIUEL PR ELE

Fig.2 Comparison between simulated and observed soil moisture for

different sections of continuous spring maize under NP; treatment

at shouyang

~ NIBO?EEI Wﬁ?“%kﬁ%ﬁ%?l‘%ﬁ%o E*?Eﬂﬂ&ﬂ’ﬂﬁﬁﬁfh No ~ Nm?@ﬁll’\]ﬁiﬂ%jﬁ{ﬁ,l\lm ~ N120 IETJ
H B MEA  7E Nygy ~ Ny [B] B —A/NRIEAE, SR 5 B W T R . 722K T 50 F X ARTE N, ~ N Y EIA
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AR HPRPRL P
Average grain yield (t/hm?)

S = N W kB L NN O

SO = N W P O OO

N W R K NN

N N O

—&—N0 —&— N60 —&— NI120
—>¢— N180 —¥— N240 —— N300 —+— [4&Fi#t Precipitation
#%)I| Luochuan

1 1 1 1 1 1 1 1

1960~1964 1965~1969 1970~1974 1975~1979 1980~1984 1985~1989 1990~1994 1995~1999

#E% Yan'an

1960~1964 1965~1969 1970~1974 1975~1979 1980~1984 1985~1989 1990~1994 1995~1999

r #FH Shouyang

1 1 1 1 1 1 1 1

1960~1964 1965~1969 1970~1974 1975~1979 1980~1984 1985~1989 1990~1994 1995~1999
KAk Yulin

Ay Year

B3 ORI X AR 2 K B AR [ AR RIS T3 K- T AR R B R 3
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700
650
600
550
500
450
400
350

- 700
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350
300
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200

-1 500
- 480
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440
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400
380
360
340
320

0 300
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AR SRR T
Average precipitation (mm/a)

Fig.3  Average precipitation and average spring maize yield under different fertilization treatments in different areas

®4 TEMEAEEHREEEKRTE(/hm)
Table 4 Spring maize yield in different areas and period

i} Bt Period

% 1| Luochuan FE4Z Yan'an 7FH Shouyang

Ak Yulin

1960 ~ 1969
1970 ~1979
1980 ~ 1989
1990 ~2000

5.74 6.04 4.05
3.82 2.92 2.54
4.38 3.71 2.07
3.74 2.47 1.41

2.8
1.24
1.49
0.83
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—o— %Il Luo Chuan —aA—3%J1] Yan An —¥— Hii#k Yu Lin —8— #[H Shou Yang
014 —

JERLEE 3 (kg/(kg-hm?))

Increased yields/increased fertilizer

0 ! L !
60 120 180 240 300

JHEEE: Amount of fertilization (kg/hm?)

B4 RIF e P A 4 7

Fig.4 Increased rate of yield by fertilizer under different fertilizer range

FEESE F=Fe e K, AR5 BEE T AR B i3S T PR AR . BB AR = 8URE , 18 )1 FIE AL B 7E Nopy ~ Nygo 31 FH]
WIRAT , 5 FHFRARTE Ny ~ Noo YO B NIRSF o 3EAER F KK 43I IR X [R] 22 5 .38, ¥ )1 I %2 2 FH LA
ARAAE 7 b B 3 K FE 7K A3 FRCR S #4948 40 3 8 12,17 .11.95.9. 01 .,6. 21 kg/ (mm-hm®) , 3%)1] > FE%Z > % [H
> MG ARFRAE S A B 2 R B3, 4 DNHUX Ny Ng Ny Nigo Nogo  Nago 25 6 4B 7 40 3 ) X8 43 51k
6.86.8.33.9.59.10.84.11.53 11.86 kg/(mm-hm®) , AR /K 35 F KK SR EH A (FS5). R
[ b DX AR S 7K T AR R F R B7K 431 FEACR e (18] 5) R BA PU A 3ib X K 19 7K 23 ) PR 3R B B e 7K
MBS AR AT AE AL , ¥ )1 B Noo 7K 53R RSN Nogy 22 5 AN B ., OB A0 3L ] 25 53 B 3 5 SE 22 1) Ny 1 Ny
[E] 25 AN, Nogo 1 N,y Bl 22 R EER AT B3, B RUE BV A B HE B EER B E; FHY
Nigo Nauo Nag [H] 25 T AN .2, LT A0 31 ] 2 53 32 5 MATAR FE) N g\ Noug \Nagg [BI ZE AN B3, Ny I Nog, [BI 9 22
SEGEYRTEY BEER ERDENERARE HELEREEZR BE .. LMK FRABERE £ R
X 3% )1 AR A B OKIE B AR B0 Ny ~ Nagy , 7B IB W R 5 X I ZEZE N Nygy ~ Ny, FEE TR XK FH N
Niz ~Nigo 9&3'_/“‘:':5%;[2:%*@%% Ngo ~Niypo

®5 TEMEMBAKFTFEEEERKSDFAREFEHME(kg/(mm-hm®) )

Table 5 Average of water use efficiency on continuous spring maize fields under different fertilization treatments in different areas

X Area No Neo Nz Niso Ny Nigo -1 Average
#J1] Luochuan 8.92 10. 14 11.51 13.26 14.37 14.79 12.17
&4 Yan'an 9.32 9.56 11.44 13.09 13.85 14.43 11.95
%[ Shouyang 5.44 7.93 8.94 10.1 10.69 10.97 9.01
Ak Yulin 3.74 5.69 6.47 6.91 7.2 7.26 6.21
14 Average 6.86 8.33 9.59 10. 84 11.53 11.86 9.84

3.3 A[EHXFAE S A T EERERHZEA LIEAMEKEDL

TE 1960 ~2000 4 41 4ERIBF ST HA] , 18 )] EZE (75 FH Ak 6 FRAE J14b3E 0 ~Tm )2 F A HIEA R
B 7K BAE RIS Y9{E 43 B 7E 480 ~ 1099mm 459 ~ 1051 mm 371 ~ 868mm 357 ~805mm & [l N % 31,492 /4~ A F
KBS K 576,546 428 . 392mm, K fE 2= 43 Bk 117 112,67, 58mm , 25 5 R 5040 51 4 20.2% . 20. 4% .
14.7% \15.7% ,AFHX[EZEF BE . &) EZ FH Mk LA RS K& EHERIRFER, 2 5 REUK
WAR/IN, UL A AT PR K R X 3 S A K B EH AR KRR X £, BHBE RGN FRKRRX £,
4 MHIX Y 0 ~7Tm +EZFH HIEAREKEBHETREMEF RS KRS 2 EH i (& 6),m
TEZKEH L NIRRT R 5, B LEFES5 ~8 AN ERAERS H S KERME, Mo A ~
BAEA Ay HEEKER S

Bt AR K B3R, No N \Nigg Nigo Noso  Naog A HEZR H 4 3845 3055 7K B 7E - X 35 2 B Sh PR AR
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—— NO —®—N60 —&—NI120 —>—NI80 —%— N240 —=— N300 # )1l Luochuan

20
18 B
16
14
12
10

SN B

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
L% Yan'an

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

20 = F#FH Shouyang

HEAEBTRIKSFFRER (kg/(mm-hm?))

Water used efficiency of continuous spring maize

18 — Ak Yulin

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
Ay Year

BS AR XAINE J1 KT B K KK 3 IR0 e

Fig.5 Comparison for water use efficiency of continuous spring maize under different fertilization treatments in different areas

Ha%o NoNgo\Nizo \Nigo Noso Nag 0 FE 0 ~Tm /22 A +3A S 7K R 4 430 X B 2 E 55104 731,579
456459 347 340mm, 5 No#f Ht , Ngy \Nog N0 Nyso 23 B2 152,275 272 384 39 1mm, JE 1 7K 8 725 467K B
B, HIRA RS KRR
3.4 EFEFEIARHO ~Tm 12 LA MUK F BN R

FRIHLX FIHEAE AL T Ve B R EAEFT N 0 ~Tm 2 HH0A BOK/H4E BB (4R 549 0 ~
Tm +JZ B HFRCEKEZE, SUE B, IEE 3 ) B9 ER (B 7) 3R - 18 1960 ~ 2000 4RI 5T ] ,

http ; //www. ecologica. cn



43 E¥EF L. BIRFEARBKEE X RIEEKE BT RMARN S H3K R B ETFF 2061

—o— % JI| Luochuan —aA— #E% Yan'an —— 5[ Shouyang —=— Hfikk Yulin

| 1 |
o~ o~ o~
< < <
o — [3a)
© O el
X [ [
650 —
_
£ 600
£
mlm‘\./
—
25 550 4
S
&« = S
— 2
Kz 500 F8R
€2
2
_H§450
s
>
<400 b
VNN
350 1 = 1 | o | == 1 | — 1
- ©o© o ¥ = o©o© o ¥ = © o ¥ = °©o© ©~ ¥ = © © T = o
S T2 9 2 72 92 3 7T 2 92 2 72T e T
S O — O 0 o T »v O v S~ ¥ & & O — o 4O ¢ T ©n
SN NN NN NN NN X N N ®
Q& & & & & & & & & &6 & & & & T xS DD

! o
350 1 | ] ] | | | | 1 ] | ]
S 2 2 T 2 Vv =T 2 Vv =T Q@ Vv - Q@ Vv - Q@ v = Q@ v =
2 233 33 3338333333333 <2%83g¢9g¢%85¢
Y O X X O O = O o ¢ T T W OV VW > XV X O O D
R K % X X P X F & & S D X X & X X xS D
Q&3 & & &3 & &8 &5 & & & & & & & O & & S & & g g

H #} Date (year-month)

K6 HEfEHREKREARRMBX O ~Tm +)/2% A LA A K RBEBIEELHZ

Fig. 6 Changes of Simulated monthly available soil water amount for continuous spring maize in 0 —7m soil layers in different areas
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Fig. 7 Comparison for annual changes of available soil water in 0 —7m soil profile for continuous spring maize under different fertilization treatments
in different areas
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Fig.8 Comparison of soil moisture distribution in 0 —7m soil profile during initial, metaphase and end phase simulation

and desiccated soil layers thickened) ; 1 38V5 & #1627 15 Bl fa B IR S B Ay SSMD Year (year for steady soil
moisture distribution in soil profile) ; 13T )2 K4 IR Max DSL ( maximum depth of desiccated soil layers) ;
3R B S A AR AR R JE 3BT B A X R E B 1 27 Bl SSL Range (stable soil layer range after steady soil
moisture distribution) ; TR F R BB ERSE LIEEE L - ERZTIH L JZ7E FE SMC Range (soil layer
range for soil moisture changes) ; & K XF 37K 7 1 B K F| FH IR SWU Depth ( maximum depth for soil water
use) ; 13T 243470 B DSLD Range ( desiccated soil layers distribution range) ; £ 3% 4§43 & SD Speed ( soil
desiccating speed) , Z4t11 (3K 6) R, 7EE L= R HLIX BEE IE S 7K FFAPEY ™= 2K e, BT R
FEME], HET 2EEMR, 1IETRERBWBEER) > % > > bk, HilLaes B &EYxRE
Bk A RGeS E TR TR R 2IE UG , 13T 010 Y 7E 3 X 18] 22 5 AN B ., (A [t A Ak 262 ) ) 22
ST ESKFREm ETERA S AREN EERER,

3.6 A[EjHL X oK H K B3R RE )

£ 1960 ~2000 AERAUBFFTHAM] , ¥ )1 HEZE  F5 BH MR- 244 7K & 4379 2 605. 7 .534. 2,445, 5 mm Fl
387. 8 mm, ¥ )13 T K NoNgo Nz Nigo Nouo Ny A FRAE FEFE /K B 4351 24 595.6.599. 4.603. 3 ,603. 0.,605. 1
mm F1 607. 1 mm, ZEZ435I K 454.6.529.2.533.1.534.0.537.6 mm F1537.9 mm, F A5 5] -~ 440.3 .442.9
445.4 446.4 .449.5 mm F1449.5 mm, #iAk5 5 F 385. 8.386.3.388.6.388.7.391.7 mm F1391.7 mm, {KAE
SEFEERAEIFK BTN THERK R, RIEL IR & THEREKE,

KSR T RS MK TR IR R 4 8 A 4 B S B K B BT BRSO B DR AR ke K B
AR THEHREKERIIRAE, RATIA R ER ) HEZ 55 B AR oK H ok 38K 73 AR #R T LA 5. 25 ~ 5. 54
4.26 ~4.58.2.34 ~2.74.1.37 ~ 1. 62 v/hm” g5, #H RL A IE F3 7K P2 Nayg ~ Nago Nigo ~ NaggNiag ~ Nigg Neg

~Nipo

S8 U EXEMERE R R JK R IR TR =3 OK KB S TR 2R ERTEA R
XAFSE s b RE BEIEE (R 7) 728 JEZ 77 FH AR S ELHEAE & 7350 Naw ~ Nago \Nigo ~ Nogg
Niso ~ Nigo Neo ~ Nygo , FHRE = BEZK 4 5.25 ~5.54 4.26 ~4.58 .2.34 ~2.74 1.37 ~1.62t/hm’®
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F6 AREMXMEAKFETEMEEEXREO~Tm LEEENES HEHLGIT
Table 6 Statistics of soil moisture distribution changes in 0 —7m soil profile in different area under different fertilization

TEE TREAA HHRE RELE RETHR DEEE BRka TR
HX 4k B B RARWE e WENEE L BE et FIRTREE SHAEE

Area Treatment SMDDT Max DSL FEy SSL Range  SD Speed SMC SWU Depth DSLD
Period (m) SSMD Year (m) (m/a) Range(m) (m) Range(m)

I Ny 1960 ~1982 2 1996 1~2 0. 056 0~1 2~3 1~2
Luochuan N60 1960 ~ 1967 3 1971 2~3 0.273 0~2 >4 1~3
Niso 1960 ~ 1967 4 1971 2~4 0.364 0~2 >4 1~4

Nigo 1960 ~ 1967 4 1971 2~4 0.364 0~2 >4 1~4

Nago 1960 ~ 1967 5 1972 2~5 0.385 0~2 >5 1~5

Nigo 1960 ~ 1967 5 1973 2~5 0.417 0~2 >5 1~5

T No 1960 ~ 1981 2 1981 1~2 0.095 0~1 2~3 1~2
Yanan Neo 1960 ~ 1966 3 1971 2~3 0.273 0~2 >3 1~3
Nis 1960 ~ 1966 4 1971 2~4 0.364 0~2 >4 1~4

Nisgo 1960 ~ 1966 4 1971 2~4 0.364 0~2 >4 1~4

Nago 1960 ~ 1966 5 1973 2~5 0.385 0~2 >5 1~5

Nago 1960 ~ 1966 5 1973 2~5 0.385 0~2 >5 1~5

#H No 1960 ~ 1965 2 1973 1~2 0.154 0~1 2~3 1~2
Shouyang Neo 1960 ~ 1965 3 1969 2~3 0.333 0~2 >3 1~3
Nis 1960 ~ 1965 4 1970 2~4 0. 400 0~2 >4 1~4

Nisgo 1960 ~ 1965 4 1970 2~4 0. 400 0~2 >4 1~4

Nago 1960 ~ 1965 5 1972 2~5 0.417 0~2 >5 1~5

Nago 1960 ~ 1965 5 1970 2~5 0. 500 0~2 >5 1~5

K No 1960 ~ 1965 2 1969 1~2 0.222 0~1 2~3 1~2
Yulin Neo 1960 ~ 1965 3 1968 2~3 0.375 0~2 >3 1~3
Nis 1960 ~ 1965 4 1969 2~4 0. 444 0~2 >4 1~4

Nigo 1960 ~ 1965 4 1968 2~4 0.444 0~2 >4 1~4

Njgo 1960 ~ 1965 5 1969 2~5 0.556 0~2 >5 1~5

Nigo 1960 ~ 1965 5 1968 2~5 0.625 0~2 >5 1~5

®7 TRAMRFRZEIHEFRTEEEERNER~EKF

Table 7 Proper yield of continuous spring maize under different statistical indictors in different area

X e e K AYFI PR Ko FRITT
Locations Yield(t/hm?) Increased yield/increased fertilizer WUE Water carrying capacity
#:J1] Luochuan 4.83 ~5.54 4.13 ~4.83 5.25~5.54 5.25~5.54
#E% Yanan 3.58 ~4.58 3.58 ~4.26 4.26 ~4.58 4.26 ~4.58
7 FH Shouyang 2.34~3.14 2.74 ~3.14 2.23~2.74 2.34~2.74
HIAK Yulin 1.37~1.73 0.99 ~1.37 1.37 ~1.62 1.37 ~1.62

4 Wit5HR

B R SR AR H R KRR, — BN B S 5 UK G, R I AR H Ak 2 IR SE PR b
RAERKMLIORPIER o RMA A TR B BEE iR R KA 5 , HEALSE ™SR Ak 7 A R
PILAP R BT o BRI AR 780 A 7 5 2 SRR KR TR IR K A B AR TR 52
B o ASCHFFAERFI,AE 1960 ~2000 FAIUBFIT Y 41a B, ¥ )11 L2 5 BH AR A0 AE R K=
B RAFEREK B RR YOS TR MRS ™ 5P A IX (6] 22 57 B, 31| > % > 75 [ > Hibk, 7248 7]
XA A [ B IR 397 5 % LB A B R AEL A3 BLAE 17K o 7K 20 1 PR AR 31 S {3t I i) 22 5 B . 9% )1 >
JEZ: > FF PR > Ak, [Fl— 3t X P9 BERAE /K B3R R K R FECR I R 0 ~Tm HJRZ A BHEA RS KR
[BIZ25 B3 )1 > 3% > F7FH > Midk. BEEIEAL KV , 2 A LA 205 7K &P 22 BB 3h MRk
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B TIET IR Ny Neo Niog Nigo «Nogo « Nagg BRI K, W HEZ 55 FH AR IS Ko B 17K F- =2
TIETEEA S REEN EEEHER.

LA A HL XA FAE S 7K T EMER TR =& K4 R FHRCR R R 7= 2R K43 7K 8770 ~Tm 13§
0 BE R 3 A 1B 000 ~Tm HIEFROK 3G R, WHE 7= F 3K o " R S A R G 555 18, 7E 10 X )
WEVEREE RN EKFLL 5. 25 ~5.54 v/hm® Jg B AR I MEAE 7K - A Ny (N 240 kg/hm? P 120 kg/hm®)
~ N (N 300 kg/hm*, P 150kg/hm® ) BT, 7 - 5018 s 5 [X. 14 328 A B A 3& ELAEL 43 31 4. 26 ~ 4. 58 t/hm”,
Ny (N 180 kg/hm’ ,P 90kg/hm”) ~ N,,, (N 240 kg/hm* P 120 kg/hm’) , 75k T2 X KA K 2.34 ~2.74 v/

hm® | N,,, (N 120 kg/hm* ,P 60kg/hm” ~ N,o (N 180 kg/hm*, P 90kg/hm*) , 7E ¢ T B B X ik h 1. 37 ~
1. 62 t/hm’® ,Ng (N 90 kg/hm’ ,P 45kg/hm’) ~ N, (N 120 kg/hm* ,P 60kg/hm’) ,
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