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H132%; Xiao ZEPIET M AR IGHE T 410~450 mm ¥
JKEAN 140~ 180 kg/hm? Jiti %08 AT AZE AR TR H oK AR
FEL GBI AL Yang SEOET AR E T
FIARHEKEN 274 mm. JEEEHN 180 kg/hm®, 5 Li
UV o] G 7 A 2T A A 45 AR Lo AR IK 4
R R SLRR T R KA B G E A B al, s
BARSAE S ISR RS, AELE DX R R R
JRRE (AR 6 5 AR AR 45 S mT DUAY X R B VR K R R AR
Bt 22, (HANMT % A . 338 (1025 8] AR S5 A0 A T £
X IR E ENASFEE A K U BRI, 3 75 g —
G20

Foft L 55 A 0 Ak S B X K ¥ 5 B R AR AL T
BIFERE, ST AR IR B, P g5 A S B X
D EEEE, @ A X AN RV A o R T A 45 2 1) 40 A
AR K. RIS TR E, B RE . BR
Bk 28 A B e kA . BEE B BE VAR R R, Fi
TEEE AT VR K By Mride . ARBLE V45 K 313k
FEEENO TR EEI A . Lin 2602454 SWAT (Soil
and Water Assessment Tool) FHYF1 TG B ShH T AL
T B ERHhX N Bk MAE. KE. WY
T R ZE R, SCBL TAEYIK 22 4277 J1 . GBrok 7
FIRZR Ay IR R 72 T B RIS T o Ak 5 A4 A0 A0 AT DA SE
BUKGEIR R 2 A EC B, T 5 R BE A AL AR 45 U
AT DAk — B3R T P B ARl B 5 A B 2 8, EH
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HIPE XIORUEE EAN TR K R B 6 FE AL 5 1 W bk
SRIAC I AT D

BRIk, ASHIEFE AT P A SRR A A oK K KA
NRTFER G, DR B MK AL T R R A H
R FESET A bR, & L5 & B MEDE T
WA, AR K U B P2 5 MR 45 0
FERFCRAE 177 52 1 [ I il AR K AN B, i i
BRI A S SO R IR R R R S RE S % .

1 MRERE

1.1 WHRXER
TP AL T H R A PEALES (37°17'~42°48" N,
92°12'~104°20" E) , THZ 27 75 km?, 47EUX R EE
TR K. &8 SRR 5 Mg ik 20
AR (XD (B D o WPEEEE R KRS,
¥R 7.6 °C, FEHEHECH 3000 h, FHFFEKER
130 mm, EXZEREN 2000 mm, HAEREFEEE, A
FITRIEMEKES: EBANRIEL, F77 B KM TN
S EKHEKERME 50%0 L, AR ZHH S R
T ORI M AN 22 SRR A e S

93°E 96°E 99°E 102°E 105°E
T T T T
N
42°N l
39°N | —I - g
Hermke
Digital elevation/m 7
5700 Y
- Q. 15,389, ., .9
T T S
36°N | Meteorological station

B 1 TEARGEAA TS E 5 E
Fig.1 Digital Elevation Model (DEM) and spatial distribution of
meteorological stations in Hexi Corridor

1.2 BUEXIE

A CAT PA GE S O L X 3, DA RR oK (B
335) « KRHEK (GREE S FI/NE GKRE 4) AWt
o PILAREARRA b E XS R R B
P54E 1979—2018 (China Meteorological Forcing Dataset,
CMFD) "M, 2] 335 0.1°; - HEFAGIE R A «
8B ¥E B (Harmonized World Soil Database ,
HWSD) 7 1 228 3 50 1 km; AR R TH AR
“YEMp=* 18] Bo A BY KPR £E  (Spatial Production Allocation
Model, SPAM-2010) ” U9, = [a] f3 iy 57, JEFin i
FERR S A G TR &8 FIE IR
giitaEss (1979—2018) F&E (X)) HlFEK. KH
FRFNE I ME AR AT IR S s BRI 3 M e
MR8 KR E. MEIAEERE CHRk
JEAE% (1979—2018) ) AW PEEE 5 MK TG
A (1979—2018) ¢ HIFPFOK, KH E KGNS
W= SR, Sk BT H R BRI RO = 2% 7K 5 B
ARG 7 R H A 48 AR B AR T K A e 3k

TR Z EARKEA IR SR . ST 5, =%,
VEV 3 AR B 22 (M R 5 70 B AN— B, ] AreGIS
10.6 CESRI, USA) i 7 7 iR [X 42k i 250 45 4 [X 372 B
BEARE, FHAEEIE LR CDO (Climate Data
Operators: https://code.mpimet.mpg.de/projects/cdo) H f]
— B R LU T S RO AR R S A ] )
1.3 APSIM RENSHERFE 51
1.3.1 APSIM-Maize #= APSIM-Wheat AZ3k B 3 A % %

APSIM (Agricultural Production Systems sIMulator)
RS FBR ORI ANV AR 7= R GeRE i 20 (APSRUD JFK
AT AR R ML 3R G 2R Wy 3R AE 2 i FE ML A X S
AR A SRR AR KA A . b, B3R RS
PR e MR T A K 73 AR g, BETT S AR
M ARG F IR & &, B, APSIM
RUR] DRSS RN R K U B S5 T IPE ™ & ATl
F APSIM version7.10 #EAT 4L, #id R EF T W
CroptimizR &5 E17E APSIM Ay i) b K b e
IEXREESHL, RN IE R H FRANER S . s
PUX IR IR, ] Python 15 & gt E I H]
APSIM 58, S X ISAE M AL AN . B, Fav
1.3.2 AR IFNIEAT

KA 7 iR 22 (nRMSE) R 52 1 R 5 (R
AT APSIM AR AL ZE ] 78 7 IR ) il A oK . K oK A
F I IE A

n

(S,—M,) /n
nRMSE = 1= — x100 (D
n —\2
S -8
R? :;‘Zl(—) (2)
(v, -1

S n NEEARANEL, SR M, 53 iR R AU R S
B, S R M 4 7= 5 (L IOUE AN SR 418 s
REEARFFH] (=1, 2, =+, n) . nRMSE {&#k/]N i3 B AL
1B 5 SIE 2 TR 25, ARG R s R (e 1
Wi AR B S5 A e MR .
1.3.3 KEE A FEMACT B

T G 7 R AR M A= 77 o A AR ™ B A K U N
WM, % X OAE A, R KT K R Rk
TET B KFEYE B I BEK, MTRETRFEX
H 18 i SR 3 06 A . VATV R R R KRR
SPHMEZ) 117 m, #0HX R /KRR T 20 mP0, [A]
tb, ARFFRIETAGE HIEFR S BIERACX IR 3 Fh
PEVII K BN, AR 2208 Hh S KA 3h A& AR AL

1) ANRED) X IR HE K

VEW A B 1P HE /K AR 9 1 1 #E 7K 52 P K i
E. b, TEYREKE B R R R e,

ET =K, -ET, (3)

At ET, AZHAES: AEPHE) T REFKE,
mm; K, NVEVIREL, TR IR 22 B0 I ) A 23 a) )R
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FE ERAR AR R R g, R AE X R A 4 — )
K.: KHERF/NEZRIH. 1. ER K £ H FAO-56
A SHERY, SRR, P, JE K 5%
Jiang 2P EE R BTy NS HAEWZE R 75 & (mm) ,
T APSIM #i# i ] Priestley-Taylor %2415 ET,,
AR TR AR B Z v, BT AR R AT AR
] [X Jaf i [T <R L R IR BN B 4R 1979—2018 (CMFD) 7
BRI ES R, HREARXA

ET, =a—2 (R -G) @
A+y

K H a 9 Priestley-Taylor &%, HUEA 1.26; y ATIRE
THEE kPa/'Cs ANMIRKIR 58 58 R4k Bt
%, kPa/C; R, NWIEB KRR R, Wm's G N1IE
Pl R, W/m’,
TR PG SRR MR A EE K B R
Irr; = (ETcif -5 )/’7 (5)
A hTij\ ETC,‘jﬂ] Pg,-ﬁj‘%']?ﬂ'éﬁ l/l\*ﬂﬂjtg'lj‘]%] <j:1’ 2,3)
FAEYIRE K B FOKEAEYAE EWIN AR R, mm;
n AR E KR 250, A SCHL 0,531,
2) ANEEY) DX I0R BE Tt 6 =
VRV A B 11 oA T 0 AR VR W U D 3 3 U
M. H, 1EYREEHIEDRREMAY E R
HHE -
NU =Bio- N, 6
AP NU NEVIW % &, kg/hm®; Bio NIEWIAYE,
kg/hm?; N, NVEVIRIK L, A8 Liang 22RO RHE 70 45 51,
iff 52 il 2K K B ORI ZINZE A N, 43 N 1.4%
1L.1%A 1.6%. TEMAEYE Rk tiZ5 T Logistic #iZk
e,
. Bio,,,
10_[1+exp(a—b-GDD)} P
X GDD AHE MU, C; Biop NEWRKAEYE,
kg/hm?, HRAFE FH DS A S il oK . DK KA
43 BIHUE A 29 800 kg/hm?P), 44 532 kg/hm?*841 26 379
kg/hm® . [RI, VAT 6 R A AN A PR it A
Nfer, =(NU, ~NS, ) /u (8)

P Nfer;. NU; FI NS, 73 5ATESS @ AMkg NS 7 A
VI . AR A IS AR, AN kg/hm?s p
RNEIEFFHRCE, AE 0752, RS R ERTE kKA
5t 3 588 E (Harmonized World Soil Database,
HWSD) #i#ik.
1.4 FEEWRIREIESKR
141 APHLMRACAER M

1 Hirek#

O s i K H bRk ECh

m_ n

maxPsum:ZZ(Yij-Aﬁ) D)

i=l j=1

Ko j=1,2,3 2B R oK . KHERRUNE; Y8
TESE § S 2R j A ERIR B TR P B, kg/hm®s 4,

B

RTESE @ MM SR FEIARITAY, hm® Pun A
WX 3 FEYE &, keo
QUEBKAEF T+ IR IR K H AR R A

max WP, =P ii(lrry-Aij»lO) (10)

Taver
i=1 j=1

max NUE,_ =P, Zm:Zn:(NferIj-Aij) (1

K WPryer F1 NUE,er 73 90 AW 58 X 3800 R 7K A2 7= 7
(kg/m®) FIREFAME (kgke) KITEIME.

2) ZH A

OFEYFPE AR 20 R

334, <CA,, (12)

i=1 j=I

A CAum A 3 MEMIFEL B A IR, bm’. 2%

Lalehzari %R ACR, B EALIL S REASHE A 3 Fib
TV R AR A A2 A0 B 28 /N 30%,  BY

0.7CA, < 4, <13CA, ifCA,#0  (I3)

B CAFO IS, ERAHRATIA, NILBEE DL 203K

i+2

Z CAi/

0S Ay SI3xE—, iy, 2SI, 2

e,

0S4, S13x—,

ifi>i -2 (14)

i+4

Sea,

0< 4, <13x- ,
4

b CA, FESS i MRS PO 2R j RV R R T AR B
hn®s i P e 53590 90T 08 2 JER A 2 5 01 B /ML ¢
PNIER

@A B ELIHR

m_ n

2.2 (1, - 4, 10) < I,

s (15
D (Nferl.j -4 ) < Nfer,

i=1 j=1

T Ity 1 Nfergy 73 A ABIEFE DI 3 PR P 5 REE
S K m LR U kg LACH TR R A 4£(1979 —2018))
3MEMBKEMHER KBENAKR LR, ®E
[T, =1.49x10° m*, Nfery,;=9.7x10" kg.

OEM B LR

n

Z(Yzl ! Ail) Z Plsum

i=1

ifi<i, +2

Zn:(i’fz “A,) =P, (16)
i=1

n

Z(Yﬁ ' Ai3 ) 2 Esum

i=1

J—:EEP Plsum‘ PZsuijl] P3sumﬁ%”%6ﬁﬁgiﬁv\]%”$¢£*\ j(
B FRANZ A= R IR, kgo ZT CHINREFELS)
PR E T BEIE S (R E R £ KK H HFh i
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ST ) BRI KPR A2 TSR, W Prsums Pasums
Psgum 775124 0.61x10%, 0.81x10°, 0.82x10° kg.
1.4.2 BA KRBT *

MERURI P AR SRk g, JBId A Python 3.9 H
scikit-opt FEFALIEE FIEMI SR B SMHH. T
CLA B 705 P 45 M DA AR S 5 1 B, AR 7T
BRI EESHOEE N BN N N 500,
KARECH T 1000, &£ ANGIERE, X TN
BN, TXMER PN 075, ZRME P, N 0.01,

2 RS9

2.1 APSIM #=2EAEE M IFN

e #3590 G A AR DX 88 o) B ORI G &
K 5283334050 /N F2L03430) i ) R 06 K 3R 10 2 R 8 SO
(X D, B80T 3VENRIEL 551IESE, X APSIM
PR R (R E S BOATIRIE, S5O IESE B SR 56 E
g 2 MK 2 fos. WCEEREdE R B T U
TRAB S TR T & () HE (A0S, 43 ) A7 T o] 78 JAg

REB. HPHEAITEE, BA—E R, EMrEEn
T A S R* 4 0.80~0.85. nRMSE A 11.0%~
15.6%, Ui IER] APSIM 3@ TR HULVAT 1 i JoR [X 45 AN [
IKEBN TR EK, K EKRFNE ) &

T 1 APSIM #EESHIXIE i A #IERIR

Table 1 Data source for parameter calibration in APSIM
{EAIFE Crop type Experiitlzgzi% lication BARRIR Data source
B Tk SCHR(3]
[ IES S B SCHR[4]
Seed maize R YHR[31]
KA SCHR[32]
B SCHR[S]
UNEES'S B SCHR[28]
Field maize el YCHR[33]
ERNEIVL HR[34]
B SCHR[6]
INE EI7. M SCHR[34]
Wheat M4 SCHR[35)
£ YHR[36]

F2 FIMER. KEERFNEHXBSHRIE

Table 2 Calibration of key parameters of seed maize, field maize and wheat

N .. ! oK oK " NN ..
240 Parameters 7 X Definition %J%“PI{K j( EHE/.K Z ¥ Parameters 7E X Definition /N Wheat
Seed maize Field maize
tt_emerg_to_endjuv H -3k AR/ (C - d) 60 87 tt_emergence i HAARIR/(CC -d) 48
tt_flag to_flower JfE - AEFUR/(C - d) 40 50 tt_end of juvenile H P - 3R T ARIR/(C -d) 300
tt_flower to start grain FF{E-FFIRERAE/(C-d) 252 361 tt_floral_initiation VIFEHAARREE/(C -d) 520
tt flower to maturity FEAE-BAFAIR/(C -d) 860 983 tt_flowering T AR EL/(C -d) 100
grain_gth_rate 1 WE S % /(g kernel ) 9.8 10.5 grains_per_gram_stem V3 B ZEFT ELFPRE B (kernels g ) 23
head_grain_no_max R R R4 (kernel) 263 498 vern_sens e 3.9
RUE SRR (g MT 1.92 2.20 RUE SRR /(g M) 1.56
210000 25000 10000
= = =
o0 — =) =]
y=0.76x+1 646 s =0.68x+3 713 —
< 8000 Yy <20000| ¥ g3 et < 8000 1=0.84x+893 .
© ° ° 'y 05 o © © o ©
> 6000 8 o° 4 > 15000 ” ° > 6000
k=) o k=] &, 0o 0 k=1 ®
5_; 8o ) o 9_; @ g_{; %o % o
= 2 = 10000 K = °
E 4000 ) * R=080 £ o Mo o83 £ 4000 o’ %P R-085
e} nRMSE=13.5% e RMSE=15.6% A - nRMSE=11.0%
N . 5000 ) n
ﬂﬂiﬂ 2000 — L1 line _ ﬂ“i“ — L1IZ11 line ﬂ“ﬂ 2000 — L1211 line
= - - - {5 FiFitting equation = - - - WA J7fEFitting equation =% - - - {4 J7 FiFitting equation
= 0 2000 4000 6000 8000 10000 it 0 5000 10000 15000 20000 25000 it 0 2000 4000 6000 8000 10000

SE B Measured yield/(kg-hm?)
a. AR

a. Seed maize

SE EMeasured yield/(kg-hm?)
b. KHEK

b. Field maize

SEi;™ EMeasured yield/(kg-hm?)

c. /NFE
c. Wheat

B2 RE/GH) APSIM AR ®IAF 2K KH KA 275 A RMACR
Fig.2 Evaluation of simulated yield of seed maize, field maize and wheat by the calibrated APSIM

2.2 EKERERUERITN

KR REIVR GG R WL 3 From. XFEHIUIR
L, AT E SR B oK. R H R AN (AR A 3 7K
A HTE 22.1%~22.3% 9.1%~17.0%F1 22.9%~
27.3%, HEZE T 5 31T 32.2%~50.0%- 37.5%~44.0%
1 26.6%~33.6%. LiEHREYIME TIEFR AL F BN
Y B A0 ) /K U B A P AT DA B s K BN, T
TE LSRR b b AT 2 (B RO FAR R S A, 1R
AR BRI A5 0 ) 75 ZlE— P2
2.3 TMESHECEEDMHETSE S HIE

fi F APSIM H Y RE4DLA% 0 A 3 55 /K AL A 24 2
ESC e . BEBKA P JIFERERI R, 1EN

F3 AAEERBMER. KEERMNZRAEFKREEAN
EMULSIR
Table 3 Optimized and present water and nitrogen input per unit
area of seed maize, field maize and wheat in Hexi Corridor

WE/K & Trrigation water Ji%Ui Nitrogen fertilization

1E9 input/(m’-hm™) input/(kg-hm™)
Crops AR etk AR e
Present Optimization Present Optimization
] >
%Jﬁ]?* 3760~5240  2930~4074 214~386 145~193
Seed maize
KHEXK
Field 4750~6450  4320~5352 275~445 154~278
maize
N
2960~4240 2 153~3267 188~292 138~194
Wheat
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P AR P N, RS E S A 5 %
X FAE AR Ge v 25 S ol ] 3 FIER 4 o PRALRTIS 3
FEDI 2 R e B 2R (B3 « L), #lFE
KA H T KAE PU R A R TR ARkl 78 s R AR S F B
MHAG I, FFEP TR SRRREREHX ;N2
PES X IR B, 7 RS AR R A ARG n, JF
LTI K EMBRESIX . XFHRESHICETE 3
FREDIRMRETIAN (R 4) ATLURBL, RALE SRR KA NS
FORETEA > 1095.1 hm? (-1.26%) Fl 4472.1 hm?
(-3.07%) ,» T H T KRS N 692.4 hm? (+0.96%)
FheL i TR IRV 4 874.8 hm'

2.4 RUBEEYEE5KEF ABMEREF

Rl M P AR K. KT KFNER &,
WK 7. BIERI R AR B B R R g 5
No AHECBUIR, AUMEAT O Ak K U B ) B AT A 7 R
0.29x10°~0.45x10° kg (3.6%~6.7%)  WEW/KA = J$Tt
0.44~0.59 kg/m’ (22.6%~37.9%) . BHCHFHRCERIRT
11.6~23.2 kg/kg(50.2%~89.0% ), #EBE /K g/ 0.55%10%~
1.30x10°m® (13.6%~24.8%) . Mi% =KD 1.00x10"~
1.13x10" kg (31.1%~43.5%) ; TMi&EA/KEE H S Mibss
R AL T = R T 0.50%10%~0.55%10% kg(6.7%~8.1%)
BE KA 1RTF 0.49~0.71 kg/m® (25.1%~46.4%) /K
BHEFFHRRIETE 13.7~24.3 ke/kg (59.6%~93.6%) , WE
BKEIRD 0.59x108~1.42x10° m® (14.6%~27.0%) . i

KEEHA. KEEH SRR 3 FEED 1.06x10~1.16x10" kg (33.1%~44.2%)
N

.

.i
?ﬂ'ﬁ i P 3
it fi #{Planting area/hm w£5

o i T #Planting area/hm 11 17 # Planting area/hm
mm 1670.1 %,‘g wm 13918 mm 23079
o ¥ o4 o,

a. D TORAE 5 BUR

a. Present planting structure of seed maize

b. K H F KA PR

b. Present planting structure of field maize

c. /NEFPHEEE TR

c. Present planting structure of wheat

FhAE I B Planting area/hm™
m 1709.7

FhAE I B Planting area/hm™
w4176

FhAE I B Planting area/hm
mm 2466.0

i B =2 =12
d. HFh KR S R e. KHF KL AL f. /NEFE AR
d. Optimal planting structure of seed maize e. Optimal planting structure of field maize f. Optimal planting structure of wheat
B3 AT G BREFT 2K, K8 2R L TR S
Fig.3 Spatial distribution of seed maize, field maize and wheat before and after optimization of planting structure
R4 MESHREATETEERSETHMER KEEKRMNEZHFMEETR
Table 4 Optimized and present planting area of seed maize, field maize and wheat in cities across Hexi Corridor
%) Crops 155 Scenarios  FEUA Jiayuguan  4x 8 Jinchang  FUE Wuwei  3K#% Zhangye IR Jiuquan LRI Total planting area/hm’
K LR 180 50162 30726 38 696.2 12138 86 756.4
Seed maize LTl 105 3065 34827.1 40 644 7020.2 85661.3
KK TR 164 46418 24 450 31818 11 240 72313.8
Field maize Tk S5/ AL 118 3627 328362 21180 15245 73 006.2
INEE HLAR 420 22 600.5 53100 46 450 232354 145 805.9
Wheat e ol 765.7 19 853.3 59 690.9 41 555.7 19 468.2 141 333.8

x5 TEBSEBETAEEBSMER. KEEXRMNE=E., ERKES~N ERABYEFKERE
Table 5 Production, irrigation water productivity, nitrogen use efficiency, and water and nitrogen application of seed maize, field maize,
and wheat, in Hexi Corridor under different management scenarios

Crops Management s/c::narios roduc tib Wk Irrigation water Nitrogen use efficiency/ Total irrigation water Total nitrogen
P g P & productivity/(kg-m™) (kg-kg™) input/m’ fertilization input/kg
- AR 6.16x10° 1.57 23.66 3.90x10" 2.60x107
Seed m‘aize INO 6.57x10° 2.16 44.72 3.04x10° 1.47x10"
INO+ PSO 6.66x10° 222 45.81 3.00x10° 1.45%10”
- AR 7.91x10° 1.95 30.39 4.05x10° 2.60x107
Field m‘aize INO 8.36x10° 239 53.62 3.50x10® 1.60x10’
INO+ PSO 8.44x10® 2.44 54.65 3.46x10° 1.54x10’
g IR 8.05x10* 1.53 23.01 5.25%10° 3.50x107
JIN

Wheat INO 8.34x10® 2.11 34.56 3.95x10° 2.41x10’
INO+ PSO 8.60x10° 224 36.72 3.83x10° 2.34x10’

E: INO, KAEEHMA; PSO, FELsHMiIL.

Note: INO, Optimized irrigation and nitrogen fertilization management; PSO, Optimized planting structure.
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T PEAE R R oK. KRR E SRR KA
SN BT X3P 2 /K BRI R A SR 6 s .
AHECA P2 A BER ,  SEAT O A R /K U B ) B2 W] DAAE
PERTREIEUN (77 0.12x10° kg, £ 5.4%) KIS
VEWLK AP SR T 0.54 kg/m® (32.1%)  RUIEF R
Tt 17.35 kg/kg (68.3%) , FEB/KRWAD 0.27x10° m’
(20.5%) . i ERD 3.26x10" kg (37.5%) ; KEEH
SR A i e =R T 0.16x10° kg (7.2%) i
WKA P F73R T 0.62 kg/m® (36.9%) + FUIEF] R
Tt 18.97 kg/kg(74.7%), HEK &P 0.29%10° m*(22.0%)+
it IR D 3.36x107 kg (38.6%) o

*o AEERBERTAREREND~E. BHRKE~S.
REFAMEMZKEARE
Table 6 Total crop production, irrigation water productivity,
nitrogen use efficiency, and total water and nitrogen application in
Hexi Corridor under different management scenarios

1 VK AAERA BRI A
s 25 2 =g =3 =
wEfR apem 0P RE M "
Management  Total ITrrigation  Nitrogen Total Total
B otal crop water use irrigation  nitrogen
scenarios production .. . 2 g
K productivity efficiency water input fertilization
& /(kgm®)  /(kg'kg") /m® input’kg
BUIR Present  2.21x10° 1.68 25.41 1.32x10°  8.70x10’
5 A g A
7J<£\E\II§/MC 233x10° 2.2 4276 105x10°  5.44x107
KR B
AL 2.37x10° 2.30 44.38 1.03x10°  5.34x10’
INO + PSO
3 W it

RAEY - EmSKEFHBERRERERES
Ny AT RS R R B Bk, UG K IR Rk
THRA ARG HJR OR 7 SR A AT (9] P
JERHBIX o A X6HRT UG AE JEG S B VR HIR EoR. K
H TR ANZE, CAT Y20 705 T T R R a6 20 0
BB TG 3 R R & 5 K R SR U R T
(R BRI o AR SCE AL 1 (] 4R 36 25000 AR A 2R A 40 1)
i b, I VA X ORBEAS [ E R K &= IAE,
2 18 % TR - U PR B S AR SRR, D] G R JEG
B K K R KA/NEZTE X3 AR AL T 7K U 2
B, ARAEEY T RIG UK ERNE, R
B IRTPKEFR SRR CHE, BRK B S E Rk
& A o

TE DX 33l RUBE A A ol 5 4 AT DA ke DX 3k b 18 e )
B, SR A BRI R BT SRR AR )
#0Y, Tan SPIET L2 H bR B b 1200 76 7E
JRIX IR R BT E N . oK. BRAE. R HZE. ISR
BRSEHAT MR SR, SEIL T R BR RS A AR 2R R
BERT . SRR KN X 2 R AT i
BEH AL SR S Mtk TEA RSB K &1 H1E
IR A AR TR R B 41%~61%, FHffE T804
M5 it A 1 A B R BRIE . AR SORE K B B Fivd
SRS &, MLLA = SEEIUK, P04k )5 1 f
Tk R E KRN R AR, A AR

VIMHEBHTAESBEE, e LT KA 7
0.62 kg/m’ FAEFIFH AR 18.97 kg/kg, IR/ HEB/KE
0.29x10° m*. M E 3.36x107 kg, [FREY7= &1 0
0.16x10” kg Ffv i 45 #4145 8 53 e A 470 () P A DX Sk 5 T
Bl ¥ REEANEE R X, 45 R X 4, AT LA
SEPLKEE B AT R I 2 5 K &R R ik —
AT, ML HRTAR S 5 AR B R BR DU SR
B B, AT K o AR B RS R
PR o 2 ) DR M) R TR B AR A i ek K AN
FORBE, M SEILRR 1~ AR B 7R RO K ZOR 2%
B EI ST

4 £ i

1) FEGERFR P & B XIS E R BRI L R, 27
e RS B EAVEY) A E TN P I K U B )
HEATACAL, MK EEHEBUR, AR R K. KHEE
K AN/INZZ (1) A T AR EE /K & 43l ek 2D 22.1%~22.3%
9.1%~17.0%A11 22.9%~27.3%, FA7 [ A it 50 & 20 )k
/1> 32.2%~50.0%+ 37.5%~44.0%F1 26.6%~33.6%-

2) i 45 K AL Ak B3 T AR P 23 18] 4 A 5 Rl T
B DAk Tl 7 G 1) P KR /0N 22 (1 P A TR A i 9k
/> 1095.1 hm? F1 4 472.1 hm?, K H KRR w88 0
692.4 hm?, SRR RR/D 4 874.8 hm?.

30 AXSATACA R K U B 1) B T A VR K A 7
$ETF 0.54 kg/m’ . FUIERIFARCRIET 17.35 ke/kg, 2@
T+ 0.12x10° kg, MK ED 0.27x10° m®, it Z kD
3.26x107 kg; /K BUE B Rk 45 M A0 Ak i R VE F AR EE A2 7=
SEHBUR, AT LU R K A J1$E T 0.62 kg/m® . AR
FIF R $ETE 18.97 kg/kg. FAEARTF 0.16x10° kg, #EK
I 0.29x10° m’ MR D 3.36x107 kg, KEEH
TR 25 R AR A R TR FH BT AP [) % e o 178 JEG )k
Ky KRHEFKFNER AT, R FEEAES
1EE R AT R 216

(& £ x #
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2016, 32(21): 166-173.
Zhou Qi, Wang Fengxin, Zhao Yan, et al. Influence of water
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Achieving high-yield and high-efficient management strategy based on
optimized irrigation and nitrogen fertilization management and planting
structure

Chen Shichao, Liu Wenfeng, Du Taisheng™

(1. Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China; 2. National Field Scientific
Observation and Research Station on Efficient Water Use of Oasis Agriculture in Wuwei of Gansu Province, Wuwei 733000, China)

Abstract: The Hexi Corridor is an important production base of maize seed and commodity grain in China. The ample
sunshine and temperature greatly contribute to crop production in sustainable agriculture. However, the shortage of water
resources has posed a serious threat to the efficiency of resource utilization. An adaption strategy can be expected to promote
crop yield and resource use efficiency in changing environments, including the optimization of management measures and the
adjustment of planting structure. Taking the seed maize, field maize, and wheat as the research objects, this study aimed to
optimize the irrigation and nitrogen fertilization in the crop planting structure, in order to comprehensively improve the crop
yield, irrigation Water Productivity (WP)), and Nitrogen Use Efficiency (NUE). An Agricultural Production Systems sIMulator
(APSIM) model was also calibrated to evaluate the optimization using the simulations. The field experimental data was
collected from the different stations over several years. The profile of seed maize was established for the crop type. The key
parameters of field maize and wheat were calibrated in the APSIM. There was the high accuracy of calibrated APSIM model
(0.80 < R* < 0.85, 11.0% < normalized Root Mean Square Error (nRMSE) < 15.6%), indicating the better applicability of
APSIM simulation for the seed maize, field maize, and wheat. The optimization module of irrigation was taken the single crop
coefficient as the key component, considering the precipitation during the crop growth period. The optimization module of
nitrogen fertilization selected the crop nitrogen concentration and biomass accumulation curve as the important components, in
order to jointly constitute the irrigation nitrogen application for the optimization framework. The optimal inputs of irrigation
water and nitrogen fertilization were reduced evidently. The irrigation water amount of seed maize, field maize, and wheat was
saved by 22.1%-22.3%, 9.1%-17.0%, and 22.9%-27.3%, respectively, and the nitrogen application amount was saved by
32.2%-50.0%, 37.5%-44.0%, and 26.6%-33.6%, respectively, compared with the present. The objective functions included the
maximum crop yield, WP}, and NUE in the optimization of crop planting structure. The boundary constraints included the total
crop planting area, crop yield demand, as well as irrigation water and nitrogen fertilization input. The planting areas of seed
maize and wheat after optimization were reduced by 1 095.1 and 4 472.1 hm? respectively. By contrast, the planting area of
field maize increased by 692.4 hm”. The total planting area was reduced by 4 874.8 hm’. There was a significant difference in
the spatial distribution of crop planting after optimization. The total crop production, WP, and NUE increased by 0.12x10° kg,
0.54 kg/m®, and 17.35 kg/kg, respectively, whereas, the irrigation water and nitrogen fertilization inputs decreased by
0.27x10° m® and 3.26x10" kg, respectively, under the optimization of the irrigation and nitrogen fertilization. After the
optimization of irrigation, nitrogen fertilization, and the crop planting structure, the total crop production, WP;, and NUE
increased by 0.16x10° kg, 0.62 kg/m’, and 18.97 kg/kg, respectively, whereas, the irrigation water and nitrogen fertilization
inputs decreased by 0.29x10° m® and 3.36x10” kg, respectively. The finding can provide scientific guidance and reference for
the high-efficient and high-yield crop production in sustainable agriculture in areas with the major grain-producing and water
shortages.

Keywords: crop; irrigation; optimization; planting structure; irrigation and nitrogen fertilization management; irrigation water
productivity; nitrogen use efficiency
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