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Simulation and Evaluation of Technical Schemes for Water-saving
Irrigation of Rice in Different Hydrological Years

CHEN Kaiwen YU Shuang’en LI Qianqian ZHANG Mengting WANG Yu LIU Zixin
(College of Agricultural Engineering, Hohai University, Nanjing 210098 , China)

Abstract; In order to explore the suitable water-saving irrigation mode of rice, the cultivation experiment
of rice under controlled irrigation and drainage conditions was conducted in the lysimeters from 2016 to
2017. The SWAP — WOFOST model was calibrated and validated against the data in observations of two-
year agricultural field experiment. And rainfall data of 60 years were grouped according to the type of
hydrological years. At the same time, the irrigation and drainage module of SWAP model was improved to
meet the local irrigation and drainage needs. The validated SWAP — WOFOST model was then used to
simulate soil moisture transportation and rice growth process. By comparing the difference in field water
management and rice yield under different hydrological year scenarios, the effects of four water-saving
irrigation modes on reducing irrigation drainage and improving yield were analyzed. The results showed
that water-saving irrigation technology could reduce the amount and frequencies of irrigation and
drainage , reduce the physiological water demand of rice and field leakage , maintain high yield of rice and
improve water use efficiency. During the 60-year simulation period, the irrigation water productivity of
controlled irrigation and drainage mode was 5. 52 kg/m’, 4. 65 kg/m’ and 3. 83 kg/m’, respectively for
the wet year, normal year and dry year, which was the highest of four modes. Crop water productivity of
controlled irrigation mode was 2. 45 kg/m’ | 2.31 kg/m’ and 2. 06 kg/m’ | respectively for the wet year,
normal year and dry year, which was the highest of four modes. Applying the entropy weighted TOPSIS
model to evaluate and optimize the four modes of water-saving irrigation of rice, the results showed that
controlled irrigation and drainage mode had a steady effect of water-saving and labor-saving on the

premise of guaranteeing yield. Water-saving irrigation technology had guiding significance for irrigation
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and drainage practices in rice-growing areas of Southern China.

Key words: rice; water-saving irrigation; hydrological year; drainage; SWAP — WOFOST model;

TOPSIS model
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B A5 A R 2 A B K RS EHE R B . K R A
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B AR 22 4F 1 | )R 36 5 R R O W o A
T R Z N T AR 38 A K o
TR DL [s) 45 2 % FH K 23 738 £ R 99 2k KR
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TEPRZE I PRIE) 72 & SR R WOoK & f2  JFG T1E
WAy R AT R A R A AT L PL
IR K 43765 Ak 3o 2 0 1 G K B, Oh o 4
K R 2 5 K D HE 4 ) R A T R B R
%
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BB, 3454 WOFOST( World food studies ) 15
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TLI3AE 1o R E DX A 1 ()R 0, A6 A% 1RO B i 52 O
HiE T SWAP K5I 75 75 H K 43 12 #% 8 8L 7 11 4%
o 2 /N2 3 3 A () 8 S8R o) B T 9 K OKCE L
HETK B B KR R A B TR, X SWAP 455 7 455 41
SR R ) B AR A K R T R BEAT T SR .
XUE %' 7 gt /N K 5 KA H 2% 3 Ff £ AR
Yy, %l SWAP — WOFOST #551 3E47 7 2 $UR E
WOAIE 3R T X 3 1 4 A B JRR I UK B A 5 %
XEHEE 2 R S0 . H AT, SWAP — WOFOST #5751
BHZWFAT T2 2T R, 5T 57 X
IKAE TR B A IS AN 2 L

R SCFI P R TR0 2 95 0 K R 42 o 8 1 0 1 B
BEL 45 T KRG HE X S b i i Bl i SWAP

il

T ) JHE TR HE KRR LI IO AS Ak ) E HE A 5K, e
SWAP — WOFOST 5 7 K5 46 A [ 4F BT 2 Fb 4 5t 19
A K I3 B A5 A AL UK RS A9 2R Ko A, 20 i 2 F
Fili 3 b A7 2 T A [a] 5 7K 9 AR A K e 7 7K B ™
ARAR VA 3 L B KR 1 K AR S, U O 4 R
7 T AR DX HlE 52 B 3 (L) 2 K A0

1 #REFE

L1 R XHEER
BG4 5 2016 451 2017 4% 5—10 J £ 1
R 2 B 5 M X e 2 5 A K PR B R R
g WK SR AT N T, AR X
(31.92°N,118. 79°KE) J& T . #fy 4 0 M , 4F 2
FNHE 1021 3 mm, Horpr 5—9 J B 4 ofy 4F 7 3 [ T
I 60% DAL 4F 4 2 A i 900 mm, 4F S 1 G 7 )
237 d, AR 15.7°C, H BT 82 212.8 h, iR
X AT 32 K 2.5 m 98 2.0 m (7B T, & ¥
AeT7 1 A L 36 2 HE, R AE 16 A, M 32 8% 3 SR
B, T O R IE M B A o M pH D 6. 82, 1L
B o 8 2. 19% , J5 R L 0. 98 g/kg, 4 it B
Fo 112 g/kg, Hoftl T ZW) BPET LK 1,
x1 T ENETEYWEER
Tab.1 Main physical properties of soil in experiment site

a3V V4 HE/ b SR AR B ) KL %

em (grem™) Bk Wk Kok
0~20 1.36 40. 12 38.21 21.67
20 ~40 1. 40 39.12 39.16 21.72
40 ~ 60 1.43 39.04 39.95 21.01
60 ~ 150 1.48 40. 25 38.12 21.63

1.2 KK ARIEIT

456 1 J7 XK R AR AR A B S AR, 2 IR
SCHRLO ], i AR A PR K 2 (R 2) . K4t
PR T AT 7K 2B 4R 4 2 mm/d 5 H ]38 O 6, )
KIZUEBEERE N BB T4 B HE = & W LR |
10 TG 7K 2 B, A5 0k b N HEAK . K A R R R R
9108,2016 4K/ 6 H 23 HE 4,10 A 20 H U #l;
2017 4E 6 H 29 HAAHK,10 H 25 HUkHl, 24 F
WAL AE 3 Y, B N AW 2 5 L (NP K BT &
Lol 15:15:15) i B & 900 kg/hm” ; 43 B A 15 f AT
YRR R (R 8h 46.4% ), it IE & 24
100 kg/hm’
1.3 WEHEREFRE

(1) G BHE  H 37 7K Bl XA 1 A4 3l WL <
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Tab.2 Water control program of each treatment
A H KA/ e
shm _ ‘ A KA/ em _

Iy EEH T 2 AL T AE 19 LI
Xt A (CK) 136 1.3.10 1.3.10 1.3.10
EHIEHE (B E) (T1) -20.3.6 -30.3.10 -20.3.10 -30.3.10
EHIEHE R E) (T2) -20.3.10 -30.3.15 -20.3.15 -30.3.15

TE A2 VB A 3K R R o (] B A HE K BB A B A 35 1 R A P KASE LA E A 07, TE IS e 78 HT kT 7K J2 8 L, 501 9 7 4 T 3

Tk, T,
RERE LG R K i e TR B SR AR B A R
JE KGR L H BB S5, 1956—2015 4R K ¥ 5114
Rk B rp AR R B 2L IR 55 W Chip: //
data. cma. cn/) 32t 19 B8 5 ( StationID ; 58238 ) K £

(2) AR B AT, 55 K R K HEK 5. 4 H
THT A 7K 2 ) 385 e RUAE [ 08 00 st 0 PR TG K )
TREE o TG 2 st U] phy T 7 A7 U030 HE L0 0 58 4%
A B M R KRR, ZR B BT rh B R OK 2 K R
W, R A BN R VLR FE, i TR E 0 ~
20 ¢cm 20 ~40 cm 40 ~ 60 cm - 2 4 1 38 i £ %k
R VEHEAK R Y4 R AT A, AR 09:00 X
AR K 43 AT AR

(3) /KA A K 48 Ao T RS 2K ( Leafl area
index,LAL) : 4 5 d i F§ LAI — 2000 %I i i £ X
(LI—COR, 3% [ ) 22 i W0 7K A5 B 44 LAT, #ki5: K
Fei RS AR i 4 1 bk, A BEII T IR, IR 5 d E
SOOI 6 7k R, R RO A W T DL b A K
(LGRS ) L 7 A6 1T 0 AT 2 5 o AR A 80 B
Wb o i SR 0T s, SR a4
b FRFEHLEEI S 7, I A R RS AR K T
o R IR BRF E
1.4 KIgEE
1.4.1 +3EKsriE8)

SWAP 5 ALHG. + 3 K 43 i 1k Oy 2 ] — 252 5,

IR F1 4 41 Richards 77 F2 T AR IR o X F 30K
TR, B 3R K it R FNAR R AK ) A5 T 3 R AL,
% Al Mualem — van Genuchten 5 8 47115, T8 X
H

0=0 +i (1)
T (L + L)
K(h) =K.S'[1-(1-87)"1 (2)
0-6,
/\EP S":ﬁ (3)
m=1-1 (4)
n
Hh 0 — HIEMAEKE, em’/em®

0,—— HIFRAFKH  em’/em®
h—— "+ 3% J1 /K 3k ,em
f——FHEEHKFE  em’/em’
a— S AEBE, em ™
K,—— T 3B AIK 115 5% em/d
K(h)—— 3 Aok St F % em/d
m——% % 8
\— LR % R R
FLAR A R %L

S, —— A X 0 1

R 34 4, B RETC 4 A A8 80 i
ft) van Genuchten 57 [y A S %, 2 R E J5 B
A L2 3

n

®3 EERSWAPHEMNETEWASH
Tab.3 Calibrated values of primary input parameters for SWAP model

TR/ BRAR K E/ MK 2/ BRI B LR #i K Iy e T2/ FLA% % E
cm (em®+em ™) (em®-em™?) em ! EX (em-d™") EXe
0~20 0.0659 0.4175 0.009 5 1.5255 15.19 0.5
20 ~40 0. 0653 0.408 2 0.009 5 1.5211 12. 48 0.5
40 ~ 60 0.063 4 0.399 7 0. 009 6 1.5127 11.27 0.5
60 ~ 150 0.062 7 0.390 6 0.0108 1.4838 9.08 0.5

1.4.2 Rk

LA S ] FAO #fE ¥ 9 Penman — Monteith 2%
KIS A S R R ET, . e T I A A
AT OLT AR R o AR S BOR 1 3 BT 5 R

VEMIBAE IS X oy o LR e R k8 B, KAEY)
AEZ B T, TENRY LHER M, SLPR2g ki %
RS R T HIE e R AR E,. H+E
AR, e I AT AL R ) e KR ki E,, il i



#12 WREILSC 45 ANl K SCAR BT KR 75 7K o BE 4 AR 7 S48 5 94 271
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MEVER SEBR ) R ZE K& E, o TAEY) S5 bR 25 15
T, DA T AR R WK A3 A ek BN K R AR DX R AT AR
51 o
1.4.3 fEWEK

WOFOST L RIBLAL AR ) A K Je 7™ 1, i 1% 15 41
TR VEY G A IR T A R A, LR A AR

B0, 5% Oryza2000 F52 B vb 4 [6] 2 K000 BRI 2
S SR A B0 5 8 S AR TR g K R A B 2
SRV R K R A TR] A 0 A B e A
AR B R A T 2B Wy ls W . MR 45 2016
AR 2017 A ik g B X VR W) 32 A K S HOHEAT
HIE BRI 4 PR .

F4 EFERK WOFOST #EEIEYERKSH
Tab.4 Calibrated values of primary crop biological parameters for WOFOST model

EX HE S8 HE
A i 2 T A B i R/ C 1 450 WA IE/ cm 5
AT A8 38 B 24 i 5 B/ °C 850 VEW Fie KA/ om 80
TEE AT A A/ d 30 AR WK + 5K E R/ em -10
[F o5 % 2= o I RCR/ (kg-kg ") 0.754 AR R MOK ST B2 K E FBR/em -20
ALY B AR AR R/ (kg kg ™") 0. 688 WECEAR R WK &AM N2 R 5OKE B/ em =20
[ Ak 4 5% B EAR 930 R/ (kg-kg ™) 0.754 R VRTE S & A AR R K 6K FE R BR/em -300
AL B 225038/ (kg kg ™) 0.754 ARV 12 1 e S AR R K 3K E T R/ em - 600

1.4.4  BEAIEM bR

K FHIAHRT % 22 (Relative error, RE) (44 fF 2% &
%4 ( Nash — Sutcliffe efficiency coefficient, NSE) |3 J5
R 1% 22 (Root mean square error, RMSE ) Fll gt & & %X
R X BERL SR A7 5 REVEAR ™ oo, RO 1
RMSE BT 0, 158 B 450 A0 B2 4008500 B 4, 1 NSE
AIBETE Y — o ~ 1, B (BB 1 IASEHDAS L

1.4.5 BT REE

ity B VLT3 48 7K R E E 7 1h0 22 4 B B 1 S B 4
5, CYL IR 48 7K A8 1 7K HE I 42 R B3 ) (DB32/T
2950—2016 ) Xof 7K Fef 19 7K E W H AR A FARZE g Ml
S SR AR R AL I A 1 A
HEATHE) o ARIE TG S S BOSCHk [15 - 16 ], # e 4
Tk A o K A, an e 5 i .

K5 AEAEEHHKBEHKEREBEKSEIZER
Tab.5 Water control thresholds of water-saving irrigation of rice at different growth stages

A5 7K AR =X i 6 b FES R 43 BEL) AT R iR ¥ AE 1 FLE
K ERR/mm 30 30 30 30 30
WK BE (S1) WE K F B/ mm 10 10 10 10 10
W F/mm 80 120 200 200 100
WK bR /mm 30 10 30 30 10

T HE W (S2) KT R 20 mm 70% 6, 80% 0, 90% 6, 80% 0,
R R /mm 80 120 200 200 100

Wk F R 30 mm 100% 6, 100% 6, 100% 6, 100% 6,

PRI VEWE (S3) HEK TR 10 mm 60% 6, 70% 6, 80% 6, 70% 6,
2 _FRE/mm 70 80 150 150 80
HEK B/ mm 30 30 30 30 30

PR (S4) HEK T B/ mm 10 -200 -300 -200 -300
Z M _EFE/mm 100 100 150 150 150

K Fortran90 i 5 HEAT 4 A2 , X SWAP 27 f1Y
TR TR HE /K ASE B R AT AR 3 A WP - A Ml R A R T S
B R A A i B T S O [l 3 R B, R AR
MR R SR A0 7 A ) A 7 300 ) e R BROK IR JEE (TR
FIR ) 5 ARLHIE i AL B0 I L, 1 BT e 8 55 K SRR 2
A HRAL B AR B, DL AR 7E [F] — JE R B2 R A 28 P4
Tl 15 b 1) D0 45 TSR 384 n K 45 R O K B R TRy
BEIIR (VK B RERE S UR ) 02 BV A B B K O

K %5 BRI 0 e, J3il BEAUUHE K 9 FEL AT FH v v
o R BECE A E WK A9 24 h [T R B (E Y
0.5 em/d, i S TR AE B FT R EAT AN b 22 HE R, D
DL B S 0T 114 A T 4

ERESH

2.1 EEWIFRIEAEITEN
Wit 2016 4F 1 2017 4F 2 456 W, A
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2019 4

2016 AR [ 3 Ffr i 56 Ak FH A 00 0 5% ek o A 7R 2 Btk
T35, B 2007 A5 14 38 56 £l His 56 3F AL IE S5 1 45
R, BEAUY bl Bk BOR M R BUK R A,
KT A AE 150 em &b, Rl B 2500 R B K 520 75
BT LR HEAK o BT b B 2 A 3 K
J2, MRS RY 4] 46 2% 1 Sy 4% 28 15 0 Bt v S 1 K 2
TREE . 2R M50 Y JH ¥ o A K 7

W1 FFR, RS K )2 5 AR 5 S5
R S X PEAE 1 TR, i3 6 T %, H ()
KIZE R BB (H 5 S {5 B9 RMSE 7 0.54 ~

141

12+

BEU(H/cm
HEUAH/em

0.98 cm ,NSE ¥ A~ /NF 0. 935, Yo 2 ZH R® ¥ A1
T 0. 880 ; 7 H 1 JC 7K J2 K W H L % T 55 B 1 I+
FE R TR I b g K 2, R S D Y
RMSE 7E 0.007 ~ 0.010 c¢m’/cm’, NSE ¥ & /N F
0. 813, Yo RELR® HIR/INTF 0.831, Wk 7 s, %
T8 B P i A0 A AR S i 6. 1% 1R 2= LAPY , T 35 4iF
1K R S AT T S, (EURE X 1R 22 9 7E 5% LA o
HH TR, %8 J5 1 SWAP — WOFOST #5174 45 41 #h 38
N7 R 5 b XK R AR A R, RE B g M AR AL AR T
SR O 1Y 3K I8l AR A K e

B/ em

0 2 4 6 8 10 12 14 0 2 4 6 § 10 12 14 0z 4 6 8 10 12
S iifem Se e S /e
(a) CK (b) T1 (&) T2
LR K 2 R L 5 50 A e

Fig. 1

Comparison of simulated and observed values of ponded water depth

®6 BHASEBHEUERSFITSH

Tab. 6 Statistic indices for soil water movement simulation accuracy of SWAP model in paddy fields

. S FH T K22 R T HEE KR
RMSE/cm NSE R? RMSE/ (em® -em ™) NSE R?
CK 0. 66 0. 943 0. 906 0. 007 0. 870 0. 873
2016 T1 0. 63 0.958 0.922 0.008 0.858 0.904
T2 0.98 0.935 0. 880 0. 009 0.813 0.884
CK 0. 66 0.950 0. 889 0. 007 0. 869 0.871
2017 T1 0.56 0.957 0.918 0.010 0.823 0. 831
T2 0. 54 0. 964 0. 941 0. 009 0.854 0.911

®7 KBrEElESIUNELS
Tab.7 Comparison of simulated and observed

values for rice yield

A S, BB, AR/
4y A7
(kg-hm ™) (kg-hm ) %
CK 8 236 8742 6.1
2016 T1 8 559 8 845 3.3
T 7 946 7621 -4.1
CK 8567 8 241 -3.8
2017 Tl 8 883 8 506 -4.2
T2 8 354 8021 -4.0

2.2 EHRKIE BB ST

X2 A 1 D 470 HE R 6 B O 2, 2R B
P, B P R (R E) R HE (R ) R
WE 5 %5 4y 347. 8 .322.7.299. 0 mm , Hh & HE 7K & 43 5]

A1 216.7.201.3.185. 1 mm, R 5 CK ALk, T1 Fi1 T2
Ab B VR A A s T 7. 2% i 14.0% L, T1 Al
T2 Ab 3 M HE K 250 BN T 7. 1% #1014, 6%
BRAE T RARBER . &7 7T, 5 CKAHLL, T
PR T 3.8% T2 PR /N T 3. 0% , KA
7 A AR (IR F ) e K O BRI 45 T A
(&) /o CKUT1 F T2 Kb B 3 BE /K 43 A 7=
R 2.42.2.70 2. 73 kg/m’  1E 2 AR I N 45
TV HE (PR ) Ak P JE R K Ao A 7 R 3 Ok e ey, 9
o E K TEREFFSE B ik B T K T HE
1 o
2.3 AEFEREHTREUSN
2.3.1 JKICAERIR 4y

HHE 1956—2015 4F 60 4F [T 55 8}, 43 il 48 1
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BAEM KRG EEATY 6—10 A Z 8] 1Y FE R & 2
A I AT HEGT IR, Hy B2 OR b — T B 5 £k 2k mT LA A
FIAS [m] 4 B 09 AR 0T R T AL, O X TR p <
37.5% 37.5% <p<62.5% Fl p >62.5% 43 5| %l 4%

B FE KL SE KRG MK, Hod = K AR A

RKAFH YA 22 4 SFKAFEA A 16 4, 5 4R 4
UL ILE 8o VAL T 4 Bl 1y K ML J5 58, 43 B 1K
T J7 AU 60 4T, RIA

TUSLAEY 240 K.

8 1956—2015 £k EEHA
Tab.8 Hydrological year groups from 1956 to 2015

s A 5y Bt
2015 .1991 ,2003 . 1975 ,1962 1956 ,2011 ,1999 ,2009 , 1969 , 1983 1996 , 1974 2007 . 1987 ,2010, 1972 ,1989 , 1980 ,

FHRAE 1982 1970 ,1998

oK AR 1981 ,1971 2000 ,1958 ,1961 ,2014 2005 1965 1985 1963 1984 2013 ,2008 ,2006 1957 . 1993 16
1979 1976 ,1988 . 1973 ,2002 , 1992 ,2012 ,2004 , 1977 , 1968 . 1986 , 1990 , 1964 [ 1997 . 1995 1960 , 1967 ,2001 , 1959 |

KA e

1978 1994 (1966

2.3.2  PKIRAFROR 5t

AN TR 5 7K AR 2T K RS T HE K B 5 00 IR 2 4R
SRS R R 9, Horh ¥ 24 h BT
KF 50.0 mm [FFEFE A 2T, 24 h BIF W &
KT 25.0 mm BFERTIC R ET , XF 1956—2016 4F7K
s 4 A F J00 A AR TR o L R T O BRORI R R IR BSGHE AT B
it

i 2% O W, 6 TR et 0T e P O HE EL AT B S5
[ — 5 /K HE WA =X, K R A A Ay I R A, D)
JUT 5 TR R AN HE K RO o DA TV I Sy 9]
2K A KA 11 7K R E K AR KA 43 ) s/
29.6% F1 16.7% , # 7K WK L Ak K 4F 53 51 98 2D
16. 9% F1 11. 7% 1t 45 1l E Wk 76 A 7K 4% F0SF- 7K 4F 11
He 7K 5 B 32 7K 4R 23 B8/ 89. 4% F1 60. 4% |, HE K Ik
B = KA 4 Bk 78. 4% F1 51.2% o 1 T/
T HEAK S FNHE AR UREL, 78 43 R R SR BE RN, A (] 4
K RS S HAU/IN T K R T TR S R T B, LA
SR RE DR R N TR .

IEA
o

[] — AE R, AN ] 15 7 AR =X 10 0 K & el R
BN g K B A TR R L R A T
W Bl T R T RN TR K )E L AL
PRAFAE L R B AT, 4 bR = K IR B
25 1 W /0N, R K B RE B R T eE A % 4 K
S FIHE AR OB, VK S E AR S R K, AL 3 b1 K
WA 40 o DL K AR 2 Ry ], %k e K St
AT R A R B N A R HE 3 R T K R
R 34.4% 47.6% Fl 32. 6% , HE /K &4 5 2>
9.8% . 12.2% FN 13.8% , #E /K & % 20 W s >
25.7% . 36.6% F1 33.7% , HE K W % 43 5 W b
11.4% 10. 7% F1 10. 7% , 4 F] T FE AR A B 40k
ISR . SRR AR L, 3 Ak 3 BT oK R
BECAEAG 7K 48 1 HE K B /T 3 ), B/ TR
P RE, 7 7K A 1Y HE K WECS R T B T 7
UK, BT K R A A R R TR Y A
P B0 % A A AN FR K R B
sy

2 LB

“ e

R TRAFHETAKBEARTKEREXHEERAHR

Tab.9 Effect of reducing irrigation and drainage under different irrigation and drainage patterns

in different hydrological years

AR AUKBEBA  FEEE/mm M€ NTR/S K &/ mm KB HEsK it/ mm HEAK W EL
K 273.0 +67. 4 10.1£2.6  376.7 +108. 1 14.0 4.1
I HE 178.9 £47.0 7.5+1.2 340.5 +107.2 12.4 +4.4
FAKAE 699.7 £119.5 3.6+1.4 8.5+1.6
2 1) HE R 143.3 £26. 4 6.4+0.9 330.8 +113.6 12.5+£4.8
e o) HE HE 184.0 £64.3 6.7+1.9 325.2 +£120.5 12.5+3.9
K 317.1+90.3 11.4 £3.2 185.8 +52.5 9.6+2.9
0 R 214.5 +66.5 7.9+1.6 141.2 £56. 4 6.8+2.4
K AR ] 502.6 £85.6 2.3+1.0 6.1+1.4
2 o R 168.5 +45.0 6.8+1.5 131.1 +58.6 6.0+2.3
32 1l v HE 234.9 £89.6 7.8£2.6 140.3 +61.9 6.1+2.4
WK By 402.1£92.5 13.9 £3.5 76.2 +£54.0 5.0+2.4
TR VE R 269.5 +65. 1 8.9+1.5 38.6 +47.3 2.6+2.7
i K AR . 339.3 £88.8 1.1+0.9 3.7+1.5
7 1) HE R 202.5 £54.8 7.7+1.9 35.8 £42.6 2.6+3.2
3 il v HE 320.5 +93.3 10.0 £2.8 39.7 £32.2 2.7+2.5
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Tab.10 Field water consumption and yield of rice under different water-saving irrigation modes in different

hydrological years

A 7K T WA 2 J#s % 4t/ mm Bl &/ mm Feit/ (kgohm %)
KB 354.4 £64.5 280.3 £10.5 7940.3 £844. 4
0 T R 336.4 £67.9 242.8 £19. 1 8163.2 £809.9
A 32 1 7 R 335.2 £65. 8 219.6 £35.7 7917.4 £817.8
P2 1 0 HE 331.7 +53. 4 268.6 +10.0 8129.2 £756.9
K B 388.7 +£59.7 282.8 +7.8 8310.6 £527.4
R T R 372.9 £59.7 241.6 £21.4 8596.9 £468.0
A J i VTR 369.3 +63. 1 211.6 £36.5 7843.0 £524.0
32 1 o A 363.7 £61. 1 271.7 8.5 8372.1 £565.5
TRk B 422.5 +61.7 282.9+7.3 7915.5 £776. 4
A 395.1 £65.4 221.7 £30.8 8142.5 £637.7
A 325 1V TR 390.2 £60.7 171.9 £37.9 7764.7 £627.6
32 1 o HE 395.1+57.9 269.1+9.5 8 109. 6 +622. 6
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Fig.2 Rainfall utilization efficiency and water productivity of rice under different water-saving irrigation modes

in different hydrological years



#12

WREILSC 45 ANl K SCAR BT KR 75 7K o BE 4 AR 7 S48 5 94 275

Tl HE R B VE R K o3 A2 72 AR P A 3 AR RLE 43
WK 2.45.2.31.2.06 kg/m’, & 4E R $ 0 B
f TR 5 b KR AR B, R OK R R AR
T 7 M DX T A A XA v 2 TR AR b e A
7K, — 7 A ) T 020 A Rl I R O T Y
e RS 55— T i 5 A R & TR R K, A A

F IR B HEHEEE I " 1R IN BEAE K RS S ™
PR WER 11 FR £ FAERLE 4 Fhes K A XY
VR 7= e A 25 AN K, VN VB R ™ ok A e, 95 o TBE
AR, R R G, 45 I T kG 3 B
AR TR 98 7 AR K 3. 0% (8. 8% Fil 4. 6% , {H E Bk
IR HE PER A B T 21, 1% (16, 1% F126.9%

Fz11 FNEREREERBE
Tab.11 Evaluation index layer and indices assignment
A AT &
ok . K S ) i1k
AR - HE Kt /mm YK FI /% THEWE R HEK Ik $L P4t/ (kgohm ~%)
B 3 1 T W 1] i fi
K B 273.0 46.2 10. 1 14.0 7940.3
. TR 178.9 51.3 7.5 12. 4 8163.2
A 7 1 O TR 143.3 52.7 6.4 12.5 7917. 4
i IV HE 184.0 53.5 6.7 12.5 8129.2
ek B 317.1 63.0 11.4 9.6 8310.6
VI R 214.5 71.9 7.9 6.8 8596.9
A i i VEE TR 168.5 73.9 6.8 6.0 7843.0
s 1 i HE 234.9 72.1 7.8 6.1 8372. 1
K B 402. 1 77.5 13.9 5.0 7915.5
5V TR 269. 5 88.6 8.9 2.6 8142.5
ik 2 1 VEE TR 202.5 89. 4 7.7 2.6 7764.7
P 1 T HE 320.5 88.3 10.0 2.7 8109.6
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Fig.3 Relative adjacency of entropy weighted TOPSIS

model under different water-saving irrigation modes

in different hydrological years
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