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1.1 RIEHER

RS AN/ XA 7377 T 2020 4 A 2022 - 7E
TR AT K X ) (31°54'57"N, 118°46/'37"E) JF
J&, 12 XA TL 954 e VL T2 X, Hi AT,
R AHZERAEX, WERT, HARLE, 8t
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LAY IA Z5 RN o /)N DB R FH A K B 10 75 2O T Je

R WI. rBEH. SR, R, LA H R K
ERIR EFRATE KB KRS IR G, 4
%> 10-30-80 mm. 10-30-100 mm. 10-30-150 mm.
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K FBREIZEE (mm),

VEWL A B RAE LR 1. #5k, BEMLAE BT aE
VEMERIRE, AL R e 550E 51 AquaCrop #7LfE
P P= BN AR, A Iga R, B T8
AR, A EI BT (Pareto) JEHRME, RS
FI MR B Pareto JES AREENT N (17K R AE B 1T E


http://www.ggpsxb.com/

%14

il 5F: BT AquaCrop B HI/KAE 2 H AR HEME i B AR AL BT 5T

BRE A, WK E T E R AN (PR S HEKEL
H KD 1) Pareto N M HTILAL B AR T 1) B AT Ik il
fE o ARSAEEETHERER S, RA 50 MM
TR 200 G EIRALEE A
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Fig.1 Irrigation scheduling optimization flowchart
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Tab.1 Measured data of various rice indicators in 2020 and 2022
- 2 LGNk
7AN 1= A
AR s 2% e 47 80 125
it J2 7 75 T 1% 26.8042.86 57.2142.74 72534231 86.60+43.77 77.642.78
2020 4 o ZEMIEI(E hm?) 1.2640.45 1.5940.34 2.6740.54 11.0441.32 16.9440.88
P8R/t hm?) / / / / 7.9940.31
et 5 78 5 S 1% 48.5243.26 86.2742.11 89.3444.32 83.6144.60 76.9043.29
2022 4 o E A ERI(E hm2) 1.5940.54 7.1740.82 9.8041.61 14.62+1.02 16.1940.63
o8/t hm?) / / / / 7.1020.17
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BAR AL, 1S 2R SLERE S B, R S E
B LA B K IR A Ak H bR T 0 S R e 1) 2
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TNP EEEHGN, BPFE/KFEAE BN 7 28 2 17K AE.
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M AT SR R (LR, R 75 B 750 43 7 ok 5 L
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Tab.2 Model parameter calibration
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EizLaN S8 B REGEGME o
. FARAKIEE Toase C 8 10
R B KR Top C 30 40
HEEK R CGC / 0.006~0.008  0.089
FEEAK AR 5 R A d 60 65
EizLaN i JEZE ) Z % CDC / 0.005 0.070
N R B 2 (T ] d 110 125
#1e PN 25 &kt d 65 72
ZH YA SRR SR (8] d 10 8
RAEK TN IR RIESE Z, m 0.30 0.20
4 KA IR RIS 2, m 0.60 0.50
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Fig.3 Comparison between simulated and measured values of canopy coverage and biomass
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Tab.3 Comparison of rice irrigation schedule under conventional irrigation and various optimization goals
g I CK Y-TNP-N Y-TNP Y-N
WK FBR/mMm  #EKE/mm HKFRR/mm K E/mm HKFRR/mm K E/mm BEKRIR/mm BEKE/mm

R 10 20 12 13 10 11 6 12
5 BEH 20 30 25 12 25 16 25 22
AT 20 40 27 23 29 12 26 23
i A 20 30 19 11 22 14 20 14
FLE 20 30 26 19 25 11 23 22
TP HARVET

REE XOKFEE 4 PhEBERI R T B F AW
VK& MR MAS R K E LSS AR B
LK 6. FHIE 6 W1, HHT AquaCrop A&7 ) /K Fg
BUAS BEASEALL K A v D HE 7K e B, BB EI G621
B PE L IRAL THADIRES, R % HE ) FE AR IR
BB IR R BB K . CK 4 BEHE /K 2 5 KN 190
mm, R BN 80 mm. FLE 60 mm. il
FEIH 30 mm. S5 G FRKIENL, REM. EEH. PR
B HhAER . IR R B 32,7, 4.7,
2.5, 0. 1.8mm, Zisdikisr70y 292.5. 97, 45,
28.6. 43.3 mm. BRiRTAZWILA KA M4, HER
R EMBIRIA EE P IE S BRI . Y-TNP
FEBELRIFE T, &4 7 KR EE D, BER. 75
BEH. PRTHA L AR FLEHREK &2 53008 11, 80,

72, 14. 44 mm; SrEEHA. FLBGHAII R R
CK J#/> T 70.21%7F1 50%, {H T4 BEHAE K 29w D
T ERT IE KB, A PR K S AR IR A K &
2.5 mm ¥ n#| 3.5 mm. BIRHUAEESLEFTHNE
BMIEG, S AEBFHBRIAER CK 27, T
3.04%. 61.13%. 100%. 20.63%. 61.20%. Y-N ¥k
IR A B K EY ST Y-TNP EEHIE,
B CK AT kb o Y-N HEE 1 (R AR i 2 B fE
SPBEW. FLAGHE CK Jb T 72.34%. 72.22%, &
TRIVRBRAE BRI PO AR, LB A3 R
/7 61.03%. 94.66%. 4.89%. 60.50%. Y-TNP-N
VTR FE T %A B S HE A e S D AT, AR R
BB EYN T Y-TNP FERRIE S Y-N B
W E], # CK BEFK.
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Fig.6

Irrigation water volume, runoff and drainage loss of rice at different growth stages under different irrigation schedule
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B 7 S 4 FREE P R KAG AR B W R AR
MRE. WRKKBSEREH. Hdp, CKKRE™ &
B, WLLIAE] 7.99 thm?, HFRHEHT 13 KK IELE
bt 37.5 kg/hm? (EBEM B Y-TNP BEBEHIE Tk
FER IR 2 B 5/ A 28.85 kg/hm?, % CK 3 A%
23.09%; Y-TNP LI T /KRG 8N 7.78 thm?,
B CK P4k 2.14%, JERKUKERFEAAS; Y-N Bk
TR OKFEREBL R Bt /b, Hpe iR 7.81 thm?, AR

15 ¢ 7 500
i m L E A

12 1 400
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Fig.7 Rice yield, nitrogen and phosphorus loss, irrigation frequency, and irrigation quota under different irrigation schedule

2.3 MBS L EGERHIEMRLER

7857 F /K FEAE B B A R AR B K n] DU 3T &)
HE/KE . X 1981—2020 4R pt HLIX /K FE2E & W 11
B K EEATHEN, 192 T BEK AR 25% (FF7KA).

GBS e B R B 31.49 kg/hm?; Y-TNP-N V8 1] f
KR R 7K R BSORT U O S DR 1 B T R A AR
b, EEIMXFEREK 11 R G CK b 2 0,
Wi BN 28.94 kg/hm® (8 CK Jdi/b 22.83%), R4
FEEN 4 FhEELSI T B/ 1 7.74 thm?, (B34 CK
PEEPIR 3%LLN . S LRTAL, 3 AL E H R
A G5 VW 1) R ] AR R P R4 O 7 T LA 523
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& 40 | { 16
£ <
K
2 30t 1123
* 90 L - %
e X ® 2
B
R 10 | 14
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TEWE I

(b) EBER SR KB
EARKR G R

50% CF/KAE). 75% (F7KAE) 5 90% CRpAG4E) [1)
AR 5 2014, 1999, 1997, 2019 4E., A ik
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HEHE, %o MR AE /K FERE R FEEAT RAG SRR (R 4D

k4 BARZFRT KA S BAREACHE B R
Tab.4 Multi-objective optimization of irrigation schedule for rice in typical meteorological years

FIKE (25%) SEAKEE (50%)

HiK4E (75%) FERAE (90%)

"
BRI FEKTIR/mm  EAGESImm  BEKTR/mm  EARESImm K TR/mm  EARESImm K TR/mm  EAKESmm
JREFHA 8 12 8 13 10 15 13 15

I BRI 26 1 29 15 20 16 25 22
WA 20 12 24 22 21 22 29 17
EilipEs:] 27 19 29 11 29 15 25 20
B8] 23 24 29 13 28 20 26 21
B HARET

M5 FTLVEH, FKE FKE RS
R BEAFAE 22 5, BRI AN, F2/KAE
A H W HE/K 139 mm, K E Ry 5 I, HH
TRKEBOR, E R EBER R ERER. K
L RZKAE SRR AE B IHE B E 473 )y 252, 308,
392 mm, KA NI, HEBHR KRR TFK
AR 28 BT, ARSCESIKTEZ H AR
W OB AT DAFE RS e /KA~ B AT IR T, JRA]
BE A PR AR T e PR - e A Ll P 4 4

k5 BAARFET RBA ZAMLE R

Tab.5 Optimization results of irrigation schedule under

typical meteorological years

sk FEKAE KA K4 LR IECR
(25%) (50%) (75%) (90%)
HEWE E A /mm 139 252 308 392
PR/t hm2) 7.81 7.78 7.77 7.74
FEK B 5 10 16 17
R B/ (kg hm™®) 24.77 18.37 12.71 14.81
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FEEEAZ AR X, DIV IR efg A, 7K
FEAE BRI 2, Horp KRR 6 B A ) B
WSWWERRES, 56 8FHBEKOEET, KiE™
B H5FEKENIEAMCREEHK, H AR L EREEK
B ), I e R R, K
far= s 5 K ERFETUERRRN, BRI KE
IRALEIT 5T Pareto AE S MEAHXT AL, ALCRAEEAR.
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I B AT B2 % 2 AT T R e 0 AR e e T
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il 5F: BT AquaCrop B HI/KAE 2 H AR HEME i BE AR AL BT 5T

1 R2AE 41 0.15 F1 0.98, AHFFLHI NRMSE 1H¥)
<10%, R® {H341>0.9. ZKFEIRE/K BRI 72 25 R0t 2 Ax
L H AR A . Zhai M%) R AL HLIX K G
HIRE R B, ASE] R K S8R & 100 mm #h 78 T =
(I3 7= £ F 1 440~2 032 kg/hm?; B %% E 20854 1L
AL, £ 100 mm b 78 W&l 8= &
950~3 000 kg/hm?,  FLASZKAE IR 7238 Fi e ke AN
FERFFEAE (90%). Hi/KEE (75%) B4R ik
WEFCAHIR], 3828 80K HRFE KA (25%) FI-F-7K
S (50%) T, BEBRMIE =N FHARE, HERE
WA T DA E B A B s e, ghaRi ik =
K= N . X 22 S R B RS A 25, Zhai
2020 g 6 FRAGHEAT, EAK B Rt 20K R B 1
K125, P DAE/K BOME = 2087 5 %, R, AR [ A
MW Fite , AYURE R /K ETE T HERE, X
E 7RI = 3 S P P RE R A

ELMEBE T, M RE R S RIESE &
AT KRG REBE ) FE AL ORI T D, KR T T
I Ik E R R0 1) O ks 2 T A A R AR Al 2 AT AL
e, BRI, TeiESCI 2 ANl B bR RIS SR AR,
DLSF-3R B A AR B o A T SR gm R S AR
T REBE AR LT AR LI A [ L, 0 N ) PN 75 128 H
WAL B PR HEMEHI . AL PL AquaCrop A7 5
NSAG- Il BEMLE A, G Sk FE RN b B AP At
I sy

4 25 i

1) AquaCrop f5 7 GEME 5T (¥ s B 72 X K B AE
KRB, FHATCAS T8 7T X KR A B A AR
FEWE 26 T KRR AE KR DU

2) 2020 FAEMAGHEREHIFE T, A F WML FRHEK
11 %, FBER &)y 28.94 kg/hm?, [FIIF, 58 H0RE
WEAHLL, PR HE 3% AN .

3) ARSCHITAL R B TRY BE A S A T R T R [
K SRR KRG HE BRI FE LA F rp, FERR = B AT E2
N, RATRETTLRE K, WA R TS YA, IF
WAL
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Optimization of multi-objective irrigation schedule for

rice based on AquaCrop model
MA Chao®, WU Tian’ao*?3, ZHANG Weizhong®, LI Jiang*, JIAO Xiyun*?*"
(1. College of Agricultural Science and Engineering, Hohai University, Nanjing 211100, China;
2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
3. Cooperative Innovation Center for Water Safety & Hydro Science, Nanjing 210098, China;
4. Changshu Water Conservancy Project Quality Supervision Station, Suzhou 215500, China)

Abstract: [ Objective ] In order to optimize the irrigation schedule for rice, conserve irrigation water, reduce nitrogen
and phosphorus loss in paddy fields, and minimize the risk of non-point source pollution. [Method] A simulation
and optimization model for rice irrigation system based on AquaCrop model and NSGA-II algorithm was developed.
Field experimental data of rice were used to compare and study the optimization of irrigation systems with three
objective combinations: maximizing yield, minimizing nitrogen and phosphorus loss, and minimizing irrigation
frequency (Yield-Total Nitrogen and Phosphorus loss (Y-TNP), Yield-Irrigation frequency (Y-N), and Yield-Total
Nitrogen and Phosphorus loss-Irrigation frequency (Y-TNP-N)). Yield stable-pollution reducing-efficiency
improving irrigation systems that adapt to different precipitation patterns during different growth stages of rice were
proposed. [Result]The results showed that: (DCompared with conventional irrigation, Y-TNP optimization resulted
in a 2.14% decrease in yield and a 23.09% reduction in nitrogen and phosphorus loss; Y-N optimization could
achieve a 1.76% decrease in yield and an approximately 53% decrease in irrigation frequency; Y-TNP-N
optimization performed a 2.64% decrease in yield, a 22.83% reduction in nitrogen and phosphorus loss and a
decrease of 2 in irrigation frequency. @The yield stable-pollution reducing-efficiency improving irrigation system
optimized with the Y-TNP-N objective achieved a stable yield of 7.74-7.78 thm® under different typical years,
significantly reducing irrigation amount and nitrogen and phosphorus loss. [ Conclusion] The AquaCrop model can be
applied to simulate the growth and development process of rice in the experimental area. The simulation-optimization
coupled model proposed in this study can be used to optimize irrigation systems with the goal of stable yield-reducing
pollution-improving efficiency under different precipitation patterns during different growth periods.
Key words: rice; irrigation schedule; AquaCrop model; NSGA-I11 optimization algorithm; non-point source pollution
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