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BRI BRI AR 2K 180 mm,, DRAL RS EE R FAK AR AR AR R K AR WUE 35 3 5 i L™ 23] o
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Abstract: Henan Province is the main summer maize production area in China; however, the yield of maize in this region
has been seriously threatened by water scarcity. It is important to improve maize yield and stability by appropriate irrigation
allied to high water-use efficiency ( WUE ). In this study, we applied the Decision Support System for Agrotechnology
Transfer ( DSSAT) to determine the optimal irrigation schedules for summer maize in different hydrological years in the

northern region of Henan Province. The GLUE procedure together with normalized root mean square errors (nRMSE) |, root

E£WH : ERESHA I E (2017YFD0301106) ; FEK A 2R3 435 H (31471452, 31601258)
W #5 HH#A:2018-08-10; [ 4& H ki B #5 :2019-00- 00
# WIRAER Corresponding author.E-mail ; wtewrn@ 126.com

http ://www.ecologica.cn



2 S % 39 &

mean square errors ( RMSE) , and index of agreement (d) showed that DSSAT—maize can be used to correctly predict
maize yield, phenology, aboveground biomass, and soil water content. A calibrated model was used to simulate the effects of
different irrigation treatments on the yield potential of summer maize in different hydrological years, and to evaluate the
water shortages during the summer maize growing season. The optimal irrigation period was determined by comparing yield
responses with different irrigation amounts and times, thereby enabling optimization of the irrigation schedule with yield and
WUE. The results showed that water shortage in the summer maize growing season has varied significantly for the period of
1988—2017, averaging 38.91 mm, with a variation of 0 to 193.03 mm. In wet years, irrigation was unnecessary. Irrigation
of 30 mm at the flowering stage should be applied in normal years and 50 mm at the flowering and grain—filling stages in dry
years. In extraordinary dry years, irrigation of at least 180 mm should be applied at the emergence, jointing, and flowering
stages of summer maize. Under the optimized irrigation schedule, when WUE reached the highest level in wet, normal, and
dry years, the yield obtained accounted for 100%, 99.72%, and 97.89% of the maximum yield, respectively. The

optimized irrigation schedule would produce a higher summer maize yield with the highest WUE.

Key Words: DSSAT model; summer maize; hydrological year; irrigation schedule

T e A8 TR B R R X, B KRR AR AR ™ 5 o 42 [ 1Y 10% 20 A7 5 [R] sf i g 7K 5 3 ™ o ke
HBIX, K A3 S R MR BT R OR P i T R B R ORI (6—9 ), BT R i R, #54F
R TR] i W e A AN ], B2 R R A A Y B e St B e B i A7 T 58, B S Sk A K R B A== A
SRR AN B 2 B F KA IEH K 735 3K, W PRI K i 77 Ra ™ b AU AT 4 SERE MR, SR, ¥ 1 45 R0l FH 7K
FEERMED SERKAFEHUK T 10x10°m’, h RAEFUK T 51x10° m™™  fFEYI42E 5 B BOI R K 43 1R
MERSAF B FEAF A BN ) o EA AR = A 7 T 2 ST i e I, K BEURIR SR PR, PR K
DEURAE T, B i WE R AR HT0%, DA B 7K B ARG B vy (0 22 5% 7 X6 92 Mgt Tl i 48 ARl /K SE LRI £
P E KA A HE R Y,

855 1 VIR T P 1 ) 2 e 2 Ko 14 PR TR0 3 6 R W /K 8 VR s [ RVEE W s 47 b i Oy =X
AR K, (R R FERRE T, LA AR A A+ BRI 1 28 S ek i ol =2 558 R B R B R
AP A R  VEIA RN G2 1A . DSSAT ( Decision Support System for Agrotechnology Transfer) J2& H fif v H
NI ZEYIR R G2 — 1 LR R RV BRIVE ) R RRE | PT UL 2 4R (VR A4 K& & R
e, SEICT RS A7 A i 2k . Horh DSSAT %] T K CERES -maize BURE V2 B H T &
KA AT PRI A AN B W32 G B0 T B FoR MU B B R RORIR K A =i e R
DK HEWE T /K PR B S TR RIS T) 2K 40 B X B oK = et R B il R e P K 6
FIE E KT K E R A B A5 T (R T8 B R K A B, R R TR R K AR R () 2
KHEWE )y G877 i — L ISR

AWFFEIET 1988—2017 4F 30 4F By T RA FHIN IR B , B /S H 2016—2017 4FR ] b 13
Ay R A S K R AR T SEET DSSAT-maize A8 AT A% 1EANIGUE | SR Ji5 38 12 35 37 AS ) JE TR A
30 AE KOG IANE ML ZH & FNE I i B B2 RSN R R /K AR B R 1 B R AE KRZEBUK SO0, 20 i oK B
T VR R S SO R I | A T4l X T 2 V) R A R K ) T R o A R SR S

1 RS

1.1 R A

AHIFFE Y H AR 0 76 T R 48 V2 E R 2RI A PR R R EE A T (35°28'N, 114°23'N) , 4K 63 m, IR
250 mx250 m, B EAL TR A, A HHE 7.2 7/hm® | B E KRR 597 AT E7 49 7l 2
TR0 A LAY (14 B K7 X 9 X U T R IR A 2 TR PR ZR S e, AR AR 13.7 °C L AR K i 647.8 mm 7
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S5 LT DSSAT AR RN 1 Ml X B T KA Bk o B2 F DL A A 411 3

8 H MR S 4EROK BN 51% 4514 H AL 2331.8 b,

1.2 FORE R T
121 S2HHE

BRI R S ECEAE 2 B K 48 5 (M) (m?.
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d)), e E R (°C) , Je AR (°C) FRE R
(mm) . #RHE 1988—2017 4F: 30 N E F AR K MG A @ ARl P AU 2k 43 B 4k
PRI A AN IR R AR A2 L B B K AR 28 (P ) K T45 T 25% (AR5 143y 327K 4F (wet year) ,25%—T75% 22 ] (i 4F:
153 33 F-7KAF: ( normal year) , /N F 55T 75% W44 A T R A4F (dry year) , 238 100% 19 4540 8 55 1] - 5 4F
(extraordinary year) 170 1988—2017 4E K A= T 4 I TR 43 A5 dn (& 1) Fizs . P =25% %t [ 7 &N 467.32
mm , P = 50% %} [0 [ T 4 344.67 mm, P =75%%F 0 I &R 262.54 mm, 1997 4EFENT 2 111.10 mm B PR IEZR
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Fig.1 Precipitation distribution during maize growth period from1988 to 2017 ( A ) , Monthly average rainfall distribution from1988 to 2017

(B)

122 THEHURE

PR I 14 - SRR A 4% b ) T ) B AL~ P ROR 30 0 25 PF . 2017 45 K F KAl i e 16 T B AL
RIS ANWURE L R 42 (B2 20 em) BURRIEINZE 0—100 em +3EHIIHT, 45 )2 1 38T HE (KL AL DR R
FIorHe) (A HEREE JHZE R MAE K | T R AL R pH | SR SR SR R 1
JIF7R AR E 22 ( LR AR ST i)

F1 HEHEELEK

Table 1 Profile soil physical and chemical properties

s FHEZ K Soil layer/cm

Item 0—20 20—40 40—60 60—80 80—100
fHE Sand/ % 40 37 35 29 30
ki Silt/ % 36 38 35 38 36
Hikr Clay/ % 24 25 30 33 34
Z5# Bulk density/ (g/cm?) 1.33 1.43 1.37 1.38 1.47
P25 45 Lower limit/ (em®/cm?®) 0.18 0.17 0.19 0.21 0.21
M 18145 7K Drained upper limit/ (em®/cm®) 0.33 0.32 0.36 0.36 0.32
TR 7K & Saturated water content/ (em?®/cm?) 0.48 0.46 0.47 0.47 0.44
A LK Organic carbon/% 1.21 0.82 0.62 0.61 0.50
2% Total nitrogen/% 0.14 0.09 0.07 0.08 0.07
pH 8.1 8.2 8.2 8.1 8.1
+ 35K B Volumetric water/ (em?/cm®) 0.26 0.27 0.26 0.27 0.27
#7252, Ammonium/ (mg/g) 2.0 1.5 1.5 1.6 1.7
A Nitrate/ ( mg/g) 21.6 16.1 7.7 10.7 11.0
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1.2.3  HIEE

R i 1 FE () BRI 4 b B P A A, B K R R O B2 AR 66, b 2016 4F E K
W6 A 14 H  FE 2 60600 #5/hm’ , #E% 3 em 171 60 cm, [AlATitE FH & 4 L (N-P,04-K,0 =28-12-10)
750 kg/hm® , IFAE7 H 16 HIBMIIRE (N=46% ) 187.5 kg/hm® , HH TCHEME . 2017 4E E KRS 6 H 19 H Fh
FE%JE 61100 #FE/hm? , $EIR 3 em, 171 60 cm , [A]H}it &2 A AL (N-P,0,-K,0=28-12-10) 750 kg/hm?, 3-7£ 7 H
23 HiBjifi iR Z (N=46%)330 kg/hm* , HJE]7E 8 A 19 H AT R WEHE, M 60 mm, g8 M 5 K M4
FRAAI
1.2.4 1EYFI S5

DSSAT-maize FHIIEAL S 6 AN AN SEL, 4052 P A 24047 By B4 i 75 A AR (°C/d) , P22 OB
WIHURSE PS5 . At 22 28 1 BUSBUIT T3 ORI (°C/d) |, G2 BARKIBFE RIS, G3 A E kPR AR KR (mg/d) |
PHINT ; ] Bt 28 (°C/d) . R DSSAT-GLUE # I S8 fhi i+ T 2 Ak 2 4> 6000 iz fT, AW
A /NSHAEE RS G R AR B FoR M S G (£ 3) .
1.3 DSSAT BERIRE 1 FIEGUE

RRETR A LE R0 F 2 3 R AR T A SR AU A S E B AW A ARl R =
M R A W RN S K R VA VE AR R A Y S M FOR A T L A F RDUER RS
SRR AE FOKAE BT, BEHLEERE 5 ANFE L B RESOBUA TIE SR 20 A ORIHL T 225 WK o3 D
UGPSR =9 S < R /A /1 = O B 11373 A EC 7 B0 0 1| o o 7 D A 2 I R a2 S
17, BEHLIE SRR 5 ANFE S B e B 2 R FH ) 3 45 1) 2 3 B bk, B LA 105 CRH G 75 CHtZ R,
SRS BITERE R BT AR FLAITRN B A T AL R 5 MR AT, B S FE 0—20 em 20—
40 cm ,40—60 cm ,60—80 cm F1 80—100 cm #1770 JZHUFE SR ML TVAIE HIEEKE, 8 T RIbBRA
PR, HIH— b 3 7 iR 22 (nRMSE ) |, 2 5 iR 22 (RMSE ) Fl— BR800 () fir SRR 25 1 F &
mr .

(S -M)/n
nRMSE=MXIOO=M L x 100 (1)
M M
27:, (Sl_Mi)z
RMSE = - (2)
zj:l(si_Mi)z
d=1- (3)

GRIEILAL

FEATHT n ARFREAS B, S AT M 43 SR FEBME R SZ I, MRS S P18

4 nRMSE < 10% , #5481 4% B AEH 47 5 24 10% < nRMSE <20% , #5481 45 F BT 5 24 20% < nRMSE <30% , 15540
ZEHL Y4 30% <nRMSE , BIZ5 Ha s |

2 RMSE <O.1, BB 45 AR 45 24 0.1 <RMSE < 0.2, 45 S K 1 ; 24 0.2 <RMSE <0.3, #4045 5 —
;4 0.3 <RMSE , BBl 45 A 511

M =0, BPME A S IE Z A 302 d= 1, BUE A SSME Z AR —8, — Bk k.Y d<0.6,—
BB ,0.6<d<0.8, —FhE—fi; 24 0.8 <d, — B AR ™,
1.4 &0
1.4.1 H EKHIK R

FEAMEIE A5 R H PR) 2 5 AN A5 UF T HH () 8 0 A 25 (R A Bk 8 2 FEVE Y A8 BB 1% 4 Tk
FK S48 B TR 43 5135 B ) Sl R ORISR =X, A sh o WA =l e by Y 385 T 0—60 em (1) +- 458
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Tk E/NT A ROK S B 50% 0 B S SRl 2 A RBOK & 71 90%
1.4.2  JEWAT I
BT 4 A CHARNEI(EIIE) 3 RS (F) FREREN(G) ) LR E T 6 i A=, A
WE —VRVEE WO U E TG | = R DO R R B S, K E BN 60 mm, 2R AMUCFEAF  0x22015 +
PRRTCFAF :0x2201, + PRI FAT :0x22015 + FRRICFAT :0x22015 + FMUTCFAT:0x22015 + 1 = 17 A
G (3R 2), SEBHIELT IO E IR Bk W = B
F2 EREEARARRT

Table 2 Irrigation scheme of simulation experiment

e ks it e

Irrigation frequency Trrigation amount/mm Total amount/mm Irrigation at phonological phase
0 0 0 None'

1 60 60 E* P8 G

2 60 120 EJ®,EF7 ,EG?, JF®,JG'° ,FG!!
3 60 180 EJF? EJG", EFG" ,JFG"

4 60 240 EJFG'S

Automatic irrigation When required When required When required!”

Efﬁ]‘liﬁ represents emergence stage, Jf?}i 4147‘ ﬁﬁ represents jointing stage, Ffﬂ: ﬂi ﬂ;ﬁ represents ﬂowering stage, G—{E éﬂ Eﬁ represents Grain

filling stage
1.4.3 FEB S

HHVEEL P =25% K FIKAE ;P =50% A0 F N AKAE ;P =T5% A0 F M KA, 1998 4EFEFT & 516.1 mm Ay i
TR AR ;2017 AERERT R 329.0 mm S HLBEISP KA 1991 4EFEFTf 240.1 mm S HLBIAKAE . S T 1538 [F) i
RUAE (1) B AR VE K G A0, 56 TR s SO0 OB 4D 45 2R | 78 e A0 R i D) 4 A 79 0..5,10,20,30 .40 .50 ,60,70 .80 ,
90,100,120 ,140 160 F1 180 mm , 331 16 ASAS[] HE B H AU 5

2 HREHS

2.1 AR AR I A IE
PEFE 2016 45 T KSR BE R EA R 2017 4 ARG IR . 2803 GLUE K&, 3% 3 Ik
RUBLAE 5 SEEE ARV A1 6 D> EKBESEL

®3 EEREMRMEESH

Table 3 Genetic parameters of summer maize

ZH) Parameter P1 P2 P5 G2 G3 PHINT
HUHE L Range 100—400 0—4 600—900 500—1000 5—12 40—55
% ALE Optimal value 219.4 0.506 814.5 704.1 8.787 51.29

%4 42016 F1 2017 4T KYMEHE  H_E 5504 1 ™ B B ADUE S5 S A 9 25 57 bu A . 2016 ARRCIE
GEIRRI], FORFEFR BUE 5 SCEAR I, FFAE 0] BN | b b - 358 A= Wy i A B2 1Y nRMSE 43901
1.89%,0.98% ,2.91% 1 5.43% , #1/NF 10% , B IE S5 R E 5 4f T AL b 1353 A= M) 1 1) nRMSE AT 10% il
20% 2 [8) ,FEIELE R KA, 2017 AFIRUEZSE T I, T OKRFE bR AL RE 5 S IE AR T , FFAE 0] L sdt] - AE
Hi A A i R A MR RN P R B nRMSE 43318 1.92%,0.98% ,5.50% ,6.34% 11 6.79% , ¥/N T 10%,
IO UFZE SRR H 4T

K12 24 2016—2017 4Fi% M3 0—100cm 43)2 + 58 F /K A UE 5 S0ME Y 22 5 Lhdsk . 2016 F12017 4F53
JZ 3 S KR RMSE 853514 0.016 ,0.009 ,0.023 .0.015,0.023 F10.01.,0.022,0.013,0.01.,0.07,¥/NF 0.1,
BOMSE RAEI . H d (E5914 0.977.0.992 .0.953 ,0.968 .0.902 F1 0.966 .0.826.0.975 .0.984 .0.976, ) K T
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R4 2016—2017 FE K EEREME , W IR HAFN = EARBUE 0 STRIERI X
Table 4 Comparison of the simulated and measured above-ground biomass, phonology and yield in 2016—2017
2016 2017

B B S RE B S e
T H Ttem AU fFL SEAE IES SEDRIER S 2

Simulated Measured nRMSE/% Error Simulated Measured nRMSE/% Error
FFAERH Flowering /DAP 54 53 1.89 1 53 52 1.92 1
I Maturity /DAP 101 102 0.98 -1 103 102 0.98 1
TFIEW A=Yy it
Biomass at Flowering/ 6993 6078 15.05 915 6457 6833 5.50 376
(kg/hm?)
A )
Biomass at Maturity/ 15208 14777 291 431 16946 18020 6.34 -1074
(kg/hm?)
7B Yield/ (kg/hm?) 6826 7218 5.43 -392 8594 8001 6.79 543

25 L ATIR , DSSAT-maize B RIRZ XA 0 M b 3870 A= W ™ R 39 5 K BB TG 18 S ] L
I SR I I _ 359 S A AL R A K AR A AU SRR B, 1] DA AR M X T R K A BRI i BF 5
7P T B N S

2.2 HEABOKREBI T

1988—2017 4F- 30 4FH F KA K Z= A Bk &3 AR N2 5 Bz . 7 F7K4F, 1998 ,2000,2003 , 2005 #i1 2010
AR BRAK AT 0—6.88 mm Z ] SEYIE R 2.69 mm , HEMETT K A/, T 1994 4F (1K ik F 66.45 mm,
HIF A 1994 AE4E RS 22 KN BiFFEFR A 418 mm HFEAP G 21 KFEEM &L 239.10 mm, B8 FKAE,
R FTHARE I AR, S5 AR KD, SRR A B JE IAoK AR, R, 8 1994 75 R /K AR B 72 77K AF
BOK AT 3.15—66.45 mm Z[0], 3 {H K 25.30 mm , K &% 858K 7E#K4E, 1990 19912001 ,2002 .
2013 F1 2015 4F A EIK AT 57.25—122.27 mm Z [a], FIME N 84.26 mm , J#EETR /K 240K 7ERRA T 54F
1997 4EMYER/K & 193.03 mm, HAARKMHEEMT K, E ERAERKFEZEMHFOKENT 0 mm 1 193.03 mm Z
6], 346 R 38.91 mm , AS[F]REZK AR RUAY B FORBOK 25 57 o 2

F5 1988—2017 F£ 30 FEEREYEBEMLERLENEMNER

Table 5 Crop transpiration and soil evaporation of summer maize in 30 years from 1988 to 2017

ST A
Automatic when required Not irrigated Bk
[ K AR AL Ay S Sy S S Water
Rainfall year Year Tra:fjfjﬁon/ Eviﬁin/ s Traifijﬁnn/ Evjozriin/ AR shortage/
mm mm ET/mm m m ET/mm mm
FKAE 1998 262.94 69.78 332.72 262.70 63.14 325.84 6.88
Wet year 2000 260.99 93.68 354.67 260.87 91.41 352.28 2.39
2003 263.21 88.14 351.35 263.21 88.14 351.35 0.00
2005 275.78 91.73 367.51 275.67 88.61 364.28 3.23
2010 257.50 58.55 316.05 257.47 57.64 315.11 0.94
AR 1988 260.77 68.97 329.74 251.46 62.98 314.44 15.3
Normal year 1989 267.85 76.83 344.68 240.04 65.41 305.45 39.23
1992 301.47 70.54 372.01 301.29 66.91 368.20 3.81
1993 269.79 97.34 367.13 241.92 88.93 330.85 36.28
1994 286.78 89.52 376.30 230.29 79.56 309.85 66.45
1995 266.04 68.79 334.83 265.79 63.16 328.95 5.88
1996 246.23 7755 323.78 245.35 70.51 315.86 7.92
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T A B
P - i Automatic when required - Noijrn'gated ﬁxj
Rainfall year Year ’l‘rafjﬁfon/ Eviiyiin/ s Traf]fffon/ Evi:iin/ R shortage/
ET/mm ET/mm mm
mm mm mm mm
1999 286.80 68.79 355.59 245.33 59.54 304.87 50.72
2004 263.95 99.7 363.65 263.71 93.86 357.57 6.08
2006 249.13 77.86 326.99 248.95 74.89 323.84 3.15
2007 287.97 77.04 365.01 283.66 69.61 353.27 11.74
2008 262.48 92.43 354.91 253.75 85.76 339.51 15.40
2009 289.17 55.26 344.43 273.17 50.55 323.72 20.71
2011 296.18 68.02 364.20 287.26 62.71 349.97 14.23
2012 307.61 66.86 374.47 305.73 61.79 367.52 6.95
2014 276.18 58.82 335.00 222.10 56.6 278.7 56.30
2016 284.97 70.98 355.95 227.57 62.75 290.32 65.63
2017 269.31 81.96 351.27 247.16 74.55 321.71 29.56
ik 4 1990 288.47 60.81 349.28 238.24 53.79 292.03 57.25
Dry year 1991 297.45 58.01 355.46 238.23 48.79 287.02 68.44
2001 285.64 72.61 358.25 201.54 61.88 263.42 94.83
2002 304.75 62.85 367.60 215.57 53.32 268.89 98.71
2013 311.66 69.94 381.60 199.63 59.7 259.33 122.27
2015 280.41 58.24 338.65 224.28 50.34 274.62 64.03
AR 1997 320.65 41.58 362.23 135.77 33.43 169.20 193.03

Extraordinary dry year

2.3 JEBAT AL AT

FEAS R P K AR R | R TRV SRAR O RN [R] A 7 Aot 30 0 St B oK = g i 22 5 . DAL 3 AT 7
FIKAE B R AR 3477 d i 2 VTR BRI W o A B I 0 A 3 U By, DR AN TR A S I AE K
A SR AR AN I 4 Kb e e B0k I S HE R L AR T AR I B R U SO TR 1 e e B
FHXTAE /N | PRSP K AR AR AR AT — R I A e D v AR 5 AR K AR S 38 7 i fE b B 11 b i S 3 ik e
T A TR ZE A T AR A SR 0] , b 2 T VR R S0 R T i %) B, 7= 8 R X A /D PR A K A AR
AESUTRNE SR BT T I U T A B D VE WSS =X 5 A6 A ) 1 54 77 kI 2 VR TR OO BRI IR S () B4 I i 34 n , ~F- 3
PRI 12 A e ik B SR, HERR L GO I R IR AR M B TR T USORT I R B R
S A XA /N AFRR O T 1 SV i B R A, PR R o T AR T AR B T AR AR AR T 3 TR
L, TR) B S8V K 2
2.4 BRI

FEAN ] B AU K AR A [V I8 122 %k B 60K 77 £ K 43 I 803 (0 5% ) 25 7 Wl 2 0 7K 43 R 803 ( Watter
use efficiency, WUE)%ﬁ%ﬁfﬁ7ﬁﬁ/ﬁﬁi?ﬁ@%%?i,?&%% WUE &4 BRAK IR AT B B KRR E =
G AR5 R P K™ 1 5 728 Wi 1 LU R BB K 43 R AR, SR 6 AT 7 327K 4F 1998
AR 7 AN S A B NG, HAE O mm HEWE R 7K 43R HRLE R 26.25 ke/ (hm®. mm) 35 8] &, A A
P 8554 kg/hm? A IR KA, PR B =E /K AR () e AEE R R O mm , BN TR ZEEIE ; 76 7 /K 4R 2017 48 7 il
246t T 2 4 HS AT RS A0, ZERETE 30 mm 7 8799 kg/hm? ik Bk, I HLN FRREIE & (0 15 & A AR Ak, K
A3 R AR S HAG F R ZEHEIE 30 mm Iy 25.43 kg/(hm?.  mm) 35 25 55, PRI LR SF- K 4R Y g 4
TR 30 mm s FERGZKAR 1991 4F 7 dg g 41 Fifi 7 R £ X 388 I 385 0, 76 HEE 70 mm S50 T B9 77 i 9653 kg/
b 35 38 55 R LN P T R e ) 390 & A AR A RR K 2 R RCRAEHE I SO mm By 28.44 kg/ (hm®.
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Depth 0—20 cm Depth 20—40 cm
RMSE=0.016 d =0.977 RMSE =0.009 d=0.992
20164% o045
5
- 040
I8 5
= 035
%2
<8030
2SO
(5
Hy 025
£ 020
2ol T
180 200 220 240 260 180 200 220 240 260
Depth 40—60 cm Depth 80—100 cm Depth 80—100 cm
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Fig.2 Comparisons between the simulated and measured soil content at different depths in 2016 and 2017
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Fig.3 Simulated summer maize average yield at different irrigation treatments under different hydrological years from 1988 to 2017

x6 FEEREKFTARAREKETERTEMHEFENEUY

Table 6 Simulated summer maize yield and evapotranspiration for different typical hydrological years under different irrigation conditions

e FKAE FKAF FRAE
rition PR NGE KSPRURECE R RN RSPRUBCE R G KM RTECE
level/mm Yield/ ET/ WUE/ Yield/ ET/ WUE/ Yield/ ET/ WUE/
(ke/hm?)  mm (kghm?mm™) (kg/hm®)  mm (kghm?mm™) (kg/hm’)  mm (kg hm™ mm™")

0 8554 325.84 26.25 7678 321.71 23.87 6986 287.02 24.34

5 8554 326.07 26.23 7976 326.00 24.47 7249 291.83 24.84

10 8554 326.28 26.22 8190 330.09 24.81 7532 296.66 25.39
20 8554 326.39 26.21 8536 338.14 25.24 8160 305.76 26.69
30 8554 326.56 26.19 8775 345.04 25.43 8588 314.59 27.30
40 8554 326.4 26.21 8799 346.38 25.40 9194 323.57 28.41
50 8554 326.4 26.21 8799 346.85 25.37 9454 332.38 28.44
60 8554 326.57 26.19 8799 347.05 25.35 9629 340.54 28.28
70 8554 326.57 26.19 8799 347.12 25.35 9658 347.73 27.77

80 8554 326.57 26.19 8799 347.12 25.35 9658 351.95 27.44

90 8554 326.57 26.19 8799 347.12 25.35 9658 352.75 27.38
100 8554 326.57 26.19 8799 347.12 25.35 9658 353.28 27.34
120 8554 326.57 26.19 8799 347.12 25.35 9658 354.03 27.28
140 8554 326.57 26.19 8799 347.12 25.35 9658 354.6 27.24
160 8554 326.57 26.19 8799 347.12 25.35 9658 354.63 27.23
180 8554 326.57 26.19 8799 347.12 25.35 9658 354.63 27.23

A K TR T ) S R A 5 1 R IR S /K 0 R R8RS i T e e 5 K i S A AR O T
HAPA R AR 0 T R 44 8T & M X TR AR BRI I3 T 8.1—381.8 mm , ARHIF 5T 1 2 4F- ik
AT 0—193.03 mm Z[A] X 5 H VKIS VIAOC, 1988—2017 4F 6 H H HFEHI i 63.69 mm,2016 Fl
2017 “FE EARE N 6 H i A FEETRILA ) 43 )2 S K B4 IR 0.27—0.30 Fi10.26—0.32 em®/em’, 1+
SR AL T KO IR K T8 K SR AR 0D A [R] BEE ACARE RYTS 1 5E K S A B S AR T e 2
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BINTE 1997 409 7—8 I rg 44 a8 P iy T 538 2B R A AR DL R E Y 32 5 K b T/ B0k
AF R,
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Hir, BF5ERUI™ &M WUE 5K & SRR R, YKL S — @B E R, - g g 5L 2 1
IR ARSI WUE 0L Pt AW o ) 189 o St B ST 488 I IR A0 R i 2R R 4, 24380 32 /K 43 kit B, WUR
Bifi 5 VR K R B I HE 0, HERE B — % FE BT ET AN FARE , 2R MK P i R AR SR E B e, 2,
AN[RIREZKAR BT () 7= S AU S48 I 21 e RABLIS AN PR AR A, R S0 2 =R AR ATE A 7 e A 4D (L i 7 7 i P 348 o
A 58U Bl Fe I AR A o S W SR R O B A U MR 2 . PR WUE I R SR E A,
WUE J&F =ik 8 KA ™ AR5 SRS K AR R AT (B0 45 S [T REAS SR AL 25 6 , {EL 3 70 =2 7K 47 15
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PYARTE TN - 33K 531 10 S5 i DXL -3 A B 25 8 S, DRI, 1] DSSAT Ay A FH 4 8 A 3 S B 8 e 36 S 4%
IF WA 58 53 A AR AT DAASEAY 4 35 A8 ) - RSS2 A py L3 b B K SE i it =5 sh A8 1, |t T
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4 ZHie

AHFFEHEET DSSAT-maize FAIPA T A0 X B T KA K Z RSOGO, 5 E T AN TR B 7K A7 Y fe 4
FEWEHIEE . A 2016 F12017 WE4AE H R0 B0E 5T DSSAT #ERY JE 4745 IF I UER | ¥ 75 M1 2% (RMSE) 1
— AR ZE (nRMSE) | — B8 5L (d) YR BIRRCR AR 5 4r , SR BE S ME A A LR Ll X B FORE K
RE JERIE A EHOK RO, @538 30 ARG EAE AU [RIE RIS STl a AT ) B FORAR B i) Ay ikt
K ZE SR FKAE SPAKAR TR R T R4 Y B R OR BUK 53 & 0—6.88 mm,3.15—66.45 mm,
57.25—122.27 mm F1 193.03 mm , B IZARHEAS [F] B K AE e P8 il 5 POVE IR W B2 . 76 T2 /KAR | Bk AT LA 2
FORIK PTG R, ANTGZEEWE 5 VKA, T B AT — U, R i 30 mm; A 7K AR | 75 BT 76 300 R 5 40
HEAT PRI E  VE R R 50 mm ; 5900 TS24 76 B0 SO BRI AL HEA T 3 U E i %20k 180 mm,
e AR BV TR 1) 22 7 DR e s 17K 01 FH A0 (] s R AR 050 v 1 B2 K, Sl 1 B K s 7 FK 3 R 1
e
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