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3. PR EAR R0 ol | 2 2234005 4. TEIRE R KRR & oL, B At 210029)

TEE : IHT DSSAT AR R FE AN [ 4R A /IN 22 FE 0 ) 82 A v 9 T 474, ) e /K LK R ) 22 B 9 3 1985—2015
FRAL /NG B IR KO AT S e, 15 31 T FROK B L9853 43 BN 25% \50% H1175% X i BB THIE, SR 5 BB %
¥ 2001—2016 AFEHA] 5 3 Fofr 2 56 0 5 XoF o A 7K et 22 30T 1) 4 3 VR R AR 3R 4F——2007—2008 41 (7K 4F ) ,2006—
2007 4 (F7KAF) 2011—2012 48 (HiKAR) , 2l 24 7 B B AR R B AR [ 4L A, 83T 1 15 R e il B ( T1 ~
T15) , fEBITH S5 1 DSSAT FLAIX 3 FaE BIAC /N2 HE IR 5 AT T AL, &5 R0 2 )0ial)5 DSSAT & Fi 246
R R HE R BRI 0 T BRI AL R AR, AEGE 255 SR i VI K B 0K 43 R AR B AR 1B R, 2007 —
2008 4 (FIKAE) 20062007 4 (*F/KAE) (2011—2012 48 (RliK AR ) B R G & T3, 7E BCC — CSM1. 1 < fi%
KT, %% RCP4. 5 RCPS. 5 A& 5 B0l T 2030—2095 4EA/INAZ AK A3 P2 30U, 30 24 900 0 - 438 5 7K 26 g
(B FF /K 2 H) 60% 80% B, T3\ T6 A% F M &1 B — & Mt
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Optimal Irrigation Schedule Based on DSSAT Model for Winter Wheat

SHAO Guangcheng' WANG Zhiyu' WANG Xiaojun® TANG Shuhai’ YAO Huaizhu®
(1. College of Agricultural Engineering, Hohai University, Nanjing 210098 , China
2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,
Nanjing Hydraulic Research Institute, Nanjing 210029, China
3. Lianshui Water Conservancy Research Institute, Huaian 223400, China
4. Jiangsu Province Rural Water Conservancy Science and Technology Development Center, Nanjing 210029, China)

Abstract ; In order to discuss the feasibility of DSSAT model in the optimization of irrigation schedule for
winter wheat in different hydrological years, the corresponding design values of precipitation experience
frequency of 25% , 50% and 75% were obtained by using the precipitation data of the growth period of
winter wheat from 1985 to 2015 in Lianshui Water Conservancy Research Institute. After that the years
from 2001 to 2016 in Huaian Station with close corresponding precipitation of three kinds of empirical
frequencies were taken as the representative years, and that was 2007—2008 ( wet year) , 2006—2007
(normal year) and 2011—2012 (dry year). Fifteen irrigation schedules (Tl ~ T15) were drawn up
through different combinations of growth stages and irrigation times, and the irrigation schedules were
simulated in three hydrological years by using the DSSAT model after the parameter estimation and
verification. The results showed that after calibrated, the genetic coefficients of winter wheat could
accurately reflect the main genetic characteristics. Considering the yield, irrigation water capacity and the
water use efficiency of winter wheat as a whole, it was advisable to select the irrigation schedule T3 from
2007 to 2008 (wet year) , from 2006 to 2007 (normal year) , and from 2011 to 2012 (dry year). The
schedule T3 was irrigated with 50 mm in the regreening period. The irrigation time of wintering,
regreening and jointing periods were on December 25, February 20 and March 30, respectively. Under
BCC —CSM1. 1 climate model, RCP4.5 and RCPS.5 were considered to simulate the water and yield
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effect of winter wheat in 2030—2095 years, and then it was found that when the initial soil moisture
content was 60% and 80% of the field capacity, T3 and T6 both had certain feasibility compared with the

rainfed conditions.

Key words: winter wheat; Huaibei Plain; irrigation schedule; DSSAT model; hydrological years;

applicability

0 5§

INAE SRR T B AR 2 — gl A= A
[ R A mE AL B LS A R
R, 3B b T AN Wk b, HEAEF AR
BRI R FEAE AL A /NS A M T B v B g
B R e R, R R R IX AN AR
PR IR AR 2 A I S R B
Y B SR R — B A /N R R
il BEEHEATPRAC b AN AT D A L SRR i R
R X AR AR A B8 R A I
FP= S I AR T RS2, AL | BIFSE U2 A x
HREAEY) AR AR BAF U N

e 25 T 11356 77 125 T Ji 2% /N A Tk il B2 A5 5
BRES KRN A Y ), BT R — /R
MEBR P VR B KBRS RS AT LUAR g 55 A v ik
B PR SEAR AR A8 Bt R AT 7 B U, PRt
LRSS AL N T W B 9 F5E . Horh DSSAT
( Decision support system for agrotechnology transfer )
BRI )2 AN 0 A 7= W (LA 5 A
Py FH T 48 B SRE AMe Z2 A X A 0 1) 52 Tl DA 45
1], A2 B IR T

FURI, & T4 /N2 77 48 R 8 R il J3€ %) 4 ¢ F
FE PR A P P E G X X R b XY
WP BT A DT TR D i, A SCHE T DSSAT
VEPIRERY W HEIE - IS ] 45 B A /N2 1 3 T8 i 2
PEAT LA, IF AR 3 B 1) A B A L 1T & B 2
( Intergovernmental Panel on Climate Change , IPCC) %
LAY H 25 (Fifth assessment report, AR5 ) £ H
BCC — CSM 1. 1(Beijing climate center climate system
model version 1. 1) M5 R G ) B 5 O 7 R
BETEAS TR 5 T B e, Sy oR ok A A2 AR T T
JEF I XA /IN A ARG Jo e 25 A 7 S e 4 AR B R
A
1 #MRl57E=%
L1 KBS IAHE R

5T 2001—2013 4FEE4F 10 A 2IKAFE 6 A 1Y

AN e K K B K R RRSE G T 2k
B EAT, 10 57 T VLA 4 T 2 1 K B

(119°16'E, 33°47'N) 5N, WKl 1 FroR, 5K
PR 7.5 m, J& TR 2 KU > 180 S f , Z24F
PR 14. 8°C AE AR 5°C LA i [R] 289 d, H
HEE 45 2 280 h, [ W ot B 1] 43 A7 AN 347 4F 9 A2 £k AN
SEPRAEER , 224 P S TR 4 979. 6 mm , Z4EF-
7€ Kk 1 056.8 mm, sE ¥ TC R M 213 d, R H
104 d AEXAHXHRE 77% , (R X HEZ 45 b
+,0~30 cm FIEAEFE N 1.4 g/em’, A FRK R A
28.7% (& /K Z) , pH {H N 6. 8, AL Fi it 4>
B 2.19% AT HE LN 0. 98 g/kg,

z
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Fig.1 Location of Lianshui Water Conservancy

Research Institute

L2 HEkiR

ARICHE ] DSSAT LY LK 0y 20 KA A/ &
MIERDEDRR A AR B AR, Tz
K 2% H G TR, e IO R AR i A i 7K
Ui 1985—2015 4F&/NAZ A B B K BERHIRRUE 28,
o B K B 2R3 500h 25% 50% F1 75 % X L
ABETTHEL, SR LARE BB A 9E 22 36 2001—2016 4F
W5 3 Fh 2 g4 3060 N B /K B I AR A R R R
A, WEZIERR R YN 2001—2016 & H T H
B P GBS RS2 3¢ T 2001 4F 1 A —2017 4F
3 HiYZ H AR 58,

R i i S SR VR A BRI SOk A K
BoRFIBLEM gl WL v % H @80 R U5 T rh
FE B85 M (http : / data. ema. en) , ARG S
fif BCC — CSM 1. 1 TR R G IR AR IR T b
KR 40 M 4% BK B (The earth system grid federation,
ESGF) Mk ( https ; // esgf-node. llnl. gov/search/
cmip5) .
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1.3 HRFAZE

K H] DSSAT #8982 596U | HE Wk ) 2 A AL A
oAt VE R R BE E MR R M A4S A o ik, 7E
DSSAT FRE e 57 B8l SO, 2R AU X1 40
ST IR, R R OE 5 S A 1R 22 36
FEOR . BALME 5 SN 1 AR 22 S R R I H —
359 7 i 2 Ny, ( Normalized root mean square
error, NRMSE ) ffif & . 1245 #s & 43 By 5L 480 7™ 1 1 52
PRy iE 22 S IR AR A8 AR, —FROIA R, Npyse <
10% JHtf510% < Nyyyep < 20% HHF320% < Ny <
30% FHVEE N e =30% J 251250

FSC RS BT DSSAT AR AR 4% 5 &k PE
L /INAZ RS TR] A 3 B 75 BT S RO 7 i R
ZEF R NN ™ I KON 7 B TR e/
A VKA R WIREOK Y SE RIS B, it
— U ARHE IR T, AR AU 7K 30 1 S5 4 40 Ay
BRI A, AR VL TR A K AT (UL TR 48 8 K
SER) (J5 KA [2015]6 5 3CHF) AR R g K B
AERE K B 28 B A2y 80%% it /IN 22 1) W B B A FH K
FERR 1184 m’/hm® , R ORFEA/NE P ik, A SCBEE
B RHEE %R 150 mm , 7K E B R 50 mm, $F4&
INAZHE KIS SR K BGHAT 25, 1503 15 Fhi i
HIEE, WA 1, NS5 I DSSAT BEALBHIA W)
AERY N [RIREME ] BE T 248/ 7 i A ) K 34RO
FR 5 A7 1 AR 7 & HE I K & ( Drigation water
capacity, IWC ) Fl 7K 43 F| F % % ( Water use
efficiency , WUE) 3 /™ #5 Fx 1t % #E % i B . WUE 11

&1 EBRSERT

Tab.1 Design of irrigation schedules mm

WEMEHIEE BAOKEE REKEE RTKE KA SR
T1 0 0 0 0 0
T2 50 0 0 0 50
T3 0 50 0 0 50
T4 0 0 50 0 50
T5 0 0 0 50 50
T6 50 50 0 0 100
T7 50 0 50 0 100
T8 50 0 0 50 100
T9 0 50 50 0 100
T10 0 50 0 50 100
T11 0 0 50 50 100
T12 50 50 50 0 150
T13 50 50 0 50 150
T14 50 0 50 50 150
T15 0 50 50 50 150

WL T1 NFSE, T2 ~ TS5 HHE—K,T6 ~ T11 R#EWI K, T12 ~ T15
R =K G K Sl R S R 5 T K s ) 43 A A 12 A
25 H &REM2 H20 B &9HI3 A30 H #EWs A10H,

BN
Y
10ET
A Y—7=& kg/hm’ ET— & &, mm
WUE——K 53 R FHRCR  kg/m’
Horp = 5 f1 % & & ( Evapotranspiration, ET) (¥ 1]
H1 DSSAT BARLEATIR5],

A RS AR R 5 1 A PR 3
[Rl2H 21 5t 1 [ B Al A 455 =X B 38831 1l ( Coupled
model intercomparison project, CMIP) , CMIP5 ( The
fifth phase of the coupled model intercomparison
project) J& 2008 4F J7 3l (1926 T Hy Be b4, & H Hirdx
MA A A ER T CMIPS PRAR AR ORI T &
SARTRE 5 5 , FAEIAT 4 R S5m0 4 BT Y 1 vk
Ji 4 & 7% RCP2. 6 \RCP4.5 | RCP6.0 1 RCPS. 5,
155 24 FX RCP ( Representative concentration pathway )
Je W B AR FILE S AE 2100 4535 B A FE 5530 |, 4
2 8.5.6.0.4.5.2.6 W/m?™' | #FsEEM,
T RCP4.5 # {56 1K F RCP6. 0™, JF H
RCP2. 6 i 5 BRAR TR I 56N RS 7 2 A2
B AR, AR SC% & RCP4. 5 RCPS. 5 P fif
&5, #E—F 4, FH CMIPS 1y BCC — CSMI. 1
AR, A RO A (B VA K S R 38 H R4
i e RO B K o i, SR R A 2 A R 0 A
DSSAT FEHY AP 15 5 156 A2 7K o BR i, oAb A
PR 2 AR ) | LA SR RN oA Ok 2% A0 E T8 ol 2
AR 3 A o

2 HER5HMH

2.1 HRERE
L/NFE i B 2 BOREIE th R A A Y GLUE
( Generalized likelihood uncertainty estimation ) {2

FPiE AT AE SRR 2 PR,
K2 BNEEESH

Tab.2 Genetic coefficients of winter wheat

WUE =

FILHUR RS PIV/d 35.57
S U R %L PID 94. 81
MR AR PS/(C-d) 707.2
R Gl /g 28. 86
FRUEFFRLE 22X G2/mg 23.52
FCADIBR I TC M0 25 T i G3/g 1.228
HH ] B 4 S8 PHINT/ (°C - d) 60. 00

2 /NFE 2001—2013 477 i | 3 KR 54
{H-5 SE A e a3l an sl 2 3 s, Hedr = &
Nysp N 10. 2% , 3B KR Np,ye B 2003 55570



PO A1 R S S ¢

20109 4F

292
_ 8000r iy =102% y=
& 7000} 2003200448 7 &, "
o (5778,7308)  *
& 6000 * 70 200420055
] L (6887,6901)
hy 5000
% 4000
3000 4000 5000 6000 7000 8000
R &/ (kg - hm?)
B2 A/NER g 550 2 0 6 &R

Fig.2 Relationship of simulated yield and actual yield

of winter wheat
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Fig.3 Relationship of simulated and actual soil moisture contents of winter wheat
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Fig.4 Curve of meteorological factors during growth periods of
winter wheat from 2004 to 2005 and from 2003 to 2004
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Fig.5 Frequency-aligned map of precipitation discharge

2.3 AEFEBETRAERSE

I FH DSSAT BERUAR AL, 3 Folr 2 760 4 4 vl I i i
T A/ NER AR, e 575 1 1 K 2 AN
WUE 3 AR 2 AT HE MR B2 ik . AR 4 A [] 98 8K
A AN T A K o R KR R U 4
(#3),2007—2008 4 ( FAKA ) HEBESIE T3.T6 T
RN 7R WUE 55, 43 3R 6 731 kg/hm”
1.551 kg/m’ LA & 6 780 kg/hm*. 1.541 kg/m’,
2006—2007 4 (“F /K 4F) #E MW T1 R & /N #E
WUE 5, 4 1. 631 kg/m’ | EBE I B T3 & /NE P~
T WUE 85,4390 5 732 kg/hm* (1. 545 kg/m”
A HEMEH LT P R 22 R A K, 2011—2012 4 (AhiK
AR ) HEWE I BE T1 &/ N2 WUE fei, o8 2. 039 kg/m’
VR RE T3 & /N2 7= M WUE 3%, 43 5k
7188 kg/hm* 1. 882 kg/m’ , 2 HEWE il BF T =it 22 5%
AR,

RS R WEE K A WUE 3 AR R,
2007—2008 4F( F/K4E) [ 2006—2007 4 (KA |
20112012 4 (7K AR ) BB R IO W 2 13,

2.4 T3.T6 HIERM

r5% 3 AT BEIE R T3 . T6 454 F 3 Fh4F Al
(2 /NZE P i WUE 1% . 4565 SEPRTg il % &,
HAR T6 T i K 8 3K (B AEA K AR To A —
SES R T T3 AT G UEIL T X SE PR
P WA SO BB R BE T3 T6 5 W 3 A 1 R AT L
BT AR ARG 5T 0y Pk

BT i 8 5 AR I BE DA SR R R
L[ g KRB0, B A ST jg 4 Nz 7K 4y

K3 TRERFGHETENEFTEMKSFIRBERELER

Tab.3 Simulation results of yield and water use efficiency of winter wheat under different irrigation conditions

2007—2008 4F( FAKAF)

2006—2007 4 (FAKAE)

2011—2012 4E (#i/k4E)

T WL
Y/ (kg-hm~2) WUE/ (kg-m %) Y/(kg-hm~2) WUE/ (kg-m ) Y/(kg-hm~?) WUE/ (kg-m~3)
Tl 4376 1.128 5691 1. 631 7 094 2.039
2 5921 1.437 5614 1.534 7072 1.938
T3 6731 1.551 5732 1.545 7188 1. 882
T4 5390 1.242 5691 1.448 7 094 1.787
T5 4376 1. 094 5691 1.581 7 094 1.801
T6 6780 1. 541 5608 1. 508 7085 1.855
T7 6477 1.433 5614 1.411 7072 1. 746
TS 5921 1.390 5614 1.493 7072 1.725
9 6731 1. 483 5732 1. 440 7188 1.779
T10 6731 1. 506 5732 1. 501 7188 1. 687
Ti1 5390 1.231 5691 1. 426 7 094 1.612
TI12 6780 1.493 5608 1. 409 7085 1.749
Ti3 6780 1. 497 5608 1. 468 7085 1. 663
T4 6477 1.427 5614 1. 407 7072 1.582
T15 6731 1.483 5732 1.437 7188 1.612
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Fig.6  Yield of different irrigation schedules when initial soil moisture content was 80% of field capacity
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Fig.7 Yield of different irrigation schedules when initial soil moisture content was 60% of field capacity

WK 6 s, RZEE ORI N T3 ' T6 FITHH
FAF R A&/ R, 5 T6 SR IR, FBAIE O
41 RCP4. 5 55t F 2065 ,2085 2095 4=, RCPS. 5 I#§
£ 2055 2060 2085 4F, T3 &Y T6 Xt T 5 414
HA—2 i, F3H, RCP4. 5 165 T 2060 4F
FMIFERAF L T3 T6 45 F 7=, AT e TR %
BT EHEET R A ) 8, 5 S5O R A ) N B, X
SN AR T IE L TR % 1) B3k B 1)
IK A3 IE P eSS WA /NE AR R — e R R

WK 7 Bios ,RCP4. 5 15 T 2050 ,2060 ,2065
2075.2085.,2095 4F, LA K&z RCPS8.5 f# 5t & 2055,
2060 ,2065 2085 2090 2095 4F, T3 =% T6 AHXtF [
TR — B, HRERRIA T3, T6
FR R 55 N A/ N = iz, 5 T6 77 F WS AIG

T6 HEMEE A 100 mm , T3 HEEEH 50 mm , # Fb
TSR S RE K B, A ER 43155 O 9 o 8 o
(P AR B N, T6 A5 T SLLe 4R fy j= i &
SRR ELS , MRAEXScan Y s A g, ok
FeTE T S HECRS B (RCP4. 5 \RCPS. 5) T KT
R X AR BRSO S I p e,
LIRIE AT RER T AR SR FELLAR 4y R BF SR X B
Rk & G HEAT] DL JE & /N HE KGR 3 R oK

TR THE K 23 B K o 0, 51 R E  /NEEAR
R T WEFF SR RAR DT 1 B

H1E 6.7 MBLHLEE Rt AR B RIS R T 4
INER AR (R 4) AT LUR L, A S R A+
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Tab.4 Comparison results of winter wheat yield
under different conditions
FEE XTI
i 5% PR A KR MR CFE, PR
(kg-hm=2) 7§/ %

B 7 665
[H ] 357K 2 A9 60% T3 7927 3.42
T6 7851 2.42
RCP4. 5
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W7 7283
FH B R K 1 60% T3 7 484 2.77
T6 7566 3.88
RCPS. 5
[EL 7 690
FH [E] 457K F 1 80% T3 7724 0. 44
T6 7651 -0.51
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