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FURT, 25T O AN A R 1) A B2 S A
BRI, Hodr AquaCrop #5784 BT B85 v s A UL AR
KT AR, B2 A T KX LR E &
gisgm R s S HABEYIRBERUAR L, AquaCrop 5%
MEAMNSHD . WS8R, R SR 2K H A
WA KBRS B R . Sl B S Hdk Ay R e, AR
BB 5 o e UL AN [ K AR R VR e e 2 5 I Y
IKEARIL, T T EBE ] B2 AL « Geerts %644 AquaCrop
AR R FH AN R AR 420 1 K R AR PO Ak e8],
R EARTZM%AE; Mainuddin 255 AquaCrop £
BRI FEAS R SA% AN A KR 4% 44 71 7K R (R A 4k 4 2 11
P00 B E AR R AE KRG P S P, EE P
AquaCrop 5 5 7F 7K F A A RS0 B2 E /K AR A Hh i) 12
Fto KFEEREHIFE A Z W 7o, K2 DIEKE. 7=
UK AR B AR R, i Rg F KR
NEFRICERMA T TR, M RE e H 2
PR, B EH K HOK. PRI H bR
MALHIRF 7D o

AR S LA AL AT E X KRS L DX (4 BLRE 9t 9%
B, FF 2015 4 HIRHRL 7 G HURB AR A RE AR et
MR 2016 4F 5 FHE K AL TE HIIE AquaCrop FLAL,
FHAEEZ HistRAb g, DK, HoK. PoEN HERSE
BV A RIERENS 5, #e S B RS, N a LR
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AR E%E: £TF AquaCrop B A HLAS HEWE H1 FE A1k 115

TRKHEWL . AR R RS R T
1 MR5ERE

1.1 R XHEEAR

RET 2015—2016 4F 5—10 F 770 HE X 18 5 7R 70
X BEAT, B0 X AL 0 b 4 0 1] T B ) X X i
(30.9IN. 112.16B), AbAKERFEX ST, ARABREK
i, BEEEAKIE 13.6 km, #EMEKIEAE; BHIHX 8.4
km, AT HE AX R AT T A2 KSR
R, SEEM. BREMK. WERm. BOMEE. &
X N ZAEFHSE 15.8 °C, e HEWAIR 277 C,
ZAETCREHI N 267 d, Z4FE-FHIBEN & 903.3 mm, Z4F
WZE R 1413.9 mm, 4 HBESEL 1300~1600h,
BAEFUNT 1. R XL 2RE, $HEEEGER, Fi
FHEE, BOKMERZE, K. RIE. PR IEE. TR
AR 45 R AS, 25 5 R A Z45%, IBKWBR TR S, B
Bm, ST RME AR W56 X IR R AR 5 KR 0~35
cm N 50%, 35~100 cm N 54%; HEIEFKE 0~35 cm
N 39%, 35~100 cm N 50%; &2 RE0~35 cm N 23%,
35~100 cm N 32%.
1.2 R

IR 2 MokFERESE R,  HARE PR T
2 a W&, WA AT 1ail30; 2T 2015 505

it AR — 3 RS AT N BRSO BT AT d
i, AR F AR R G R B LR A = brifE (GB/T
19630.1-2011) 31, WA Fp ik B “Sh 57,
A RE AR 24 it FE 00 42 1) 5 24 b 2 e v e R — B, e
3 RIRE (BR 46.4%), RAIREN 145 kg/hm® (%
JIE 50%, 3 BEAL 30%, 158 20%), fd A& 2455 R &,

FEKEEHIRT, 2015 A HURE AN 8 AE 32 R IR IR
W, FEH S EE)S HINAH, A AAE TR EE, EH
RAE WL K ZE AR N K P w Fe bR, 76 H T 4 RF
20~50 mm /K=, PENAE I K)Z BRI THEK; 2016
EENRENBEE S MEBRED, AFEEFHBIEKE
WER 1, FEKETERE RN 6 H 1 H. 28N 6 H 15
HFfe H23 H, ZfA 7 H 31 H. A 8 H 20
H. A2y 8 A 8 HA9 A 5 H. RL&WIA] 2 FkFg
[ R A1 H AR o se bR 2E P i e, A BB
[ ) L% 2.

FH [R5 35 70 B AR 34T, A ATLRE A0S 388 A 1) 9 FH e
Wi BT . BRI AR AR — B, RN X T AR
BITE 30~35 m’ Z 1], FHALFIHWE 3 KES.

&1 2016 FHNFEAEILKEKE
Table 1 Description of water irrigation
treatments for organic rice in 2016

BN e gy VRN AN e

Fra B AR SRR I FK ZE R, HET 2016 b A T%ﬂ REUMINE 1oy Booing D708 Mk Yellow- oo
PURHERSE . G HURRIIE D S FE R pemm 2T sagomm o SR
B “S8hT5”, FERMANBHER, BIEA YRGS T1 30 120 50 50 80 0 330
R AR 2, DIEIRH AR O B CRRh v 30 80 30 30 60 0 230
SR E N 22.5 kg/ hm?), 43 BE RT3 1 ARt FH 980 16 24 A< BB 3 0 60 20 15 25 0 120
BRI DU, CEHLIR =45%, B0 Jons & 3 F T4 0 0 10 10 10 0 50
AW, MR 4 500 ke/hm?, 543 HUAR 9 257 s 0 0o 0o o o 0o o
Fz2 KEEEH
Table 2 Growth stage of rice

N e Fhr B SYBEN 2Ty R FLEY BRI EHH

Type of rice Year Returning green stage Tillering stage  Booting stage Earing stage Milk stage Yellow-ripe stage Whole growth period/d
RS 2016 05-21—06-02 06-03—07-13  07-14—08-08  08-09—08-24  08-25—9-10  09-11—10-04 137
Organic rice 2015 06-04—06-16 06-17—07-23  07-24—08-13  08-14—08-25  08-26—9-11  09-12—10-07 127
L@ FF Traditional rice 2015 05-25—06-03 06-04—07-11  07-12—07-31  08-01—08-15  08-16—08-31  09.01—09-12 111

1.3 MZEmMBSNERE

ARGIRE: R VBRI K, At S R
B P v ye] TR A S S AP R TR AR ity B ) 8 AR o

8K Gy B K M. A5 1H 08:00 1 18:00 FH R
B F2E Spectrum A #] ] TDR300 5 H ] /K JZ 51 FE 5
10 om 2R FEAL LI A KA, BEWE/K & B4 e TEHE
BEE FR7KRELH .

TEMTRKE (GERZEMEE: N H ) K & 5 3
THEZE H KRR K

ET, +W,, =W +R + M, - D, -DP, (D

T W Wiy 73 IR 7R SR | R FIEE i+ 1 K FH JR) mT ) FH 1
K, mm; M RREBKE, mm; PRRE | RIGEKE

Wi, mm; ET,RRH | REMEWTFH/KE, mm; D FRR
%0 RIHPKE, mm; DPRARE | RNBER, SR
Li 24251 52 754, mm.
FH ) HEZK B R HE KK B R i 1 145 il HE ok, SR
7 AT WIS PR E 47 1) HE K G E HEAT HEAK BUREAL 36, R
4 H BESR AL 2 BT (SEAL AA3 Y, 78 [ £ B f5
b AT MEihis BE . RS E, H/KER TNHALR
T
D, =1000v, AAt/ A (2)
v FORE T I AT R, H S A 4 AT R
A FP101 WI5E, m/s; ARSI et 7K W i i
I, m?; At FoRIE SR, 55 A R iRIG R, ms
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PRm 2 BEE: & 15 d FTREEER 0.01 m & )OI &=k
s T BERL, FEAS/NXBENLEL 10 73R, g5 R AE .

e K BHGRIS AR 15 d IR 3 SRERE
PEMER, MZEFEFBTT, HRAFEEEREHEE, BNMFEN,
7£ 105 CRAH, FEIR (85 C) MtEMHEFREJEHFR &,
IKRBCH G , FEAE N RIG H A R EL 3 MR 1 m?
FEJT, BRI E HARRT G CEEIEKEL N 8.0%) FR
P, HTEREAW T E, FRTKRESET IS0
o BEANFETTBENLIEEL 10 ARAFE S RN pk e Rl
1.4 BIRSH

KH SPSS HHE St Mk F 5 Excel #H4: &, X4
gt b, 1ER%.

2 ET AquaCrop S5IFEZLIBERIBERSI EMHL
7t

FEIFHRE LS EAILNN R RIRAZ R, H
FEWE 7K B R v = e BROCEE T KR, A I A AE
B S AKHE T JE . Ak, AR SCE T2 R FE
BRI, RHZ Bis 2 507 kAT B VL RE
BRI AL, BRI B EE AquaCrop 1EY)
AR, SRS T 70 Bl HRIEBETS 5, SRR
55 TR AR DL R HK AT AT, 15 24 [F) 1 5
NI EUSGEHEC R BJEUOKTET 2. #EKE.
HEKE A B AR, BT 2 B bn ik 3L,
ZRA VR 2 A A URE IR S5 D E R 1S 5% o
2.1 AquaCrop iREI R EHES#

AquaCrop ZBA ERA AL (FAO) T 2009 FEHEH
() — AT KRN I H REEVEMRERL, &—AT 1z H
THEAREY, QRGN R, mEL KR, . R
B 0@ AR AL . AquaCrop HET R BRI 7EAERGPE, i
SitE. R YA G VE 2 (s BT AT, 3 B s b A =
PR, QoK B YRE R HEMR RN A ANBUR & A8
FH B A S AT RIS S b IR, 2R O
V2 N T HUBEAUAS [F) S S A . ARIFE L K i Al
BEMRM KM TRIKFE. DR REREIEDHAEK
KRB R AR 3K P20,

AquaCrop HR = Sl i AE MR H AR, HEA
X N:

Y =B-HI (3

B=WP->'T, (4)
Kb B M EEAME, kg/m’; WP AKSAEFEEK,
kg/(m*mm); T, ALPRZEME &, mm; Y NIED - &, kg/m’;
HI AEVIBGRTEEL, %, Hoh WP @A ks H 2
Sy, HAEBEAET38 CO, W FE SAEY) it AN [R] T R A2
Ak, HAEH RN WP, E3UE | WP B4k v
YRS “T/ET,” WIWAE, 7ERESEZE X
Fe R EAE SR E H O S, s S R L S
HR[26]-

AquaCrop fAR BRI FRAEY K. HIANEEL, Ko
PR . AR T DL R K 40 P AE Y 1R 22 AN B

i, BAGSATITRMASIEARE 4 2K, EYSEL R
RS, TESHEAHAEHES K. S HaEME
R OHEMKAERAN. AEMAE. dEEEE
%, SAESHAFEHER . KR HEKE. P
BIKGE. EToH%; TIESHERE LR, L3m.
RN KA. HRE K, W B AR #E 7
. K E. EBH
2.2 EHUERERRIT

REAKBERME =B EEEE 2 MRER, BN
S KR AFEK E B, G HBETHI T3 A K F R T AR
iz XK FE A B HA P AT RE 4R 0 I B AR AT B i 7K 43 i
FEPE, WE/KE AU S BL T LI F5 FH (8] AT S8 ) dpe /)N R
JE AN e K HERE E A . A A N ) LIS KRR R
7NN RAW (readily available soil water) FJ 143, RAW
PR/ ERK R SHER B Z—F. HIEER
BIKEEI AN RAW 1] 80%- 120%- 140%- 160%- 170%-
180%- 190%-. 200%- 210%. 220%, /K EHEHE 30.
40. 50, 60, 70. 80 100 mm, & X J53t 70 Fikfol e ik
5. BRI 1]y 1981 —2016 4F, i 2 i Bz /K 3
I IR AR P'=25% N FIKAE . P'=50% 1+ /K4
P'=75%NH/KSE, 76 3 PR KER &k $E 2 MR
1y BB ES R B AT AT MURRRE RS =8 Sy et Hep ok
FEIEFE 1997 4F (832.8 mm) A1 1987 4E (688.8 mm) .
SFIKAEEFE 2006 4F (445.8 mm) Al 2007 4E (606.3 mm) -
KK AE ¢ 1981 4F (301.5 mm) A1 1985 4F (359.4 mm) .
2.3 ETHEZENZ B

A 2 — PR S FR A B 515 B A8 e R ok 1 o
B —Fh 7%, RS B0 IR A A A2 10 () A X
R, REGHEEET 1, FEEARERIE REGEEEET 0,
PR H bRt B @R RS RN kMG
5, AAEBE R N7 R, #EKE. HKERRNE K
MEFEE | BiabR, BRI, BKEMHDKER
/N, PR R AR

n

=1

lm
1+—Zp,q-/npIq

M 6)
)

I+— ) pg /NP
=1 mk:llq g

A RS K ML SR & PR E, UKL o)
FOREE | DHEAR IR ;s py RO K MG SR | DR bR
FRAEAL G IOAE, AniEAL L FE L SCHR[28]; n RonTetn i H
n=3, mEREFEH m=70.

3 HRE57HR

3.1 AHFEFKEMERIFE S

2015 FiRAE R RI, AVFBREEAATKE
525.96 mm, AFENH 460.17 mm, 2 FsE a1 55 7K
BEREHIEREZEKT (P>0.05, BHENBEEE M
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HFHE127d, BFERTHER (111 d (P<0.05). WFFIA
N LR [ A A A B 2 S 1 i R 2 it FH B
BHESR, AVIEEHFEE AR RMSFFES, B
K, WOAEYIEER AR RAPUESRS & 21K, It
SENS, e DLSE AT AR AE K HE R X 22 40 (0 7R R
RELR T OKFEMAKERE, MM nKRELEE K, &
HH AR AR B R A28 A . THE AT RS K &P AT 25 B R
RIL, APREERMEEKE. HKE., BIREHEEX
TEmEAEEA (P<0.05), HAHHREEKE 420 mm,
B AN 78.7%, BIREIEMN 37.6%. AHREFIHIK
N 99.61 mm, BAFEFERN 3 A WE M 2 A
HEHEAK BRI (R 3), BHREIAEE. SBHREY
H558 0.91. 0.05 mg/L, e S 0R B 5 3 30 FE PR
0.35 mg/L, MBI EE K 0.05 mg/L. 45 R R UG PR
3 )i FE A U KRG AR B G B . e F K R 1 46
FHHBAAEERNZE s AYFEREENK. HK, BRE
BIROR, MAFTEAR AR 22 ]

KRG SE R EoR (R 4), AR ERE -
PENAEREER (P<0.05), HibHHBkEEN

106.58 cm, 7= HHMEEFE 7.6%; 250K T ERE 10.5%,

FRFESSERLEEZS, AYRBETE 7 903.50
kg/hm?, A @R (9410.10 kg/hm?) 1) 84%, [H]
Way 2230y aE 7o 48 B —F . A AR T 3 4 7.20 Ji/kg,
FAEIE 5.69 Jiot/hm®, 2 IEFG (2.48 J376/hm) 1] 2.29
&, BJTREK B 13.54 J0/m® GHE/REK R, Bl
AN 28.5%. A HUREAS A i g A 2O HH FE /K BLA 3
I, ARERTFIK PR B, WOA HURRAR 2O 5 T M U
PER AN 205 3 A BURAE

®3 FEEFKERERHKKER

Table 3 Process of water use in rice field and drainage water quality

FHKE

HEK & B

Vel b3 6 y S
POSE] Water Iﬁi?tin Water Leal;age BETN LB TP
Treatment requireme g discharge g /(mg-L™") /(mg-L™")
/mm /mm
nt/mm /mm
fr)g}jl?c rice 525.96a 420.00a 99.6la 19548a 0.91b 0.05b
R

460.17a  235.00b 23.75b  138.34b  1.26a 0.10a

Traditional rice

T AT R TR, RRSLERAESEEER (P>0.05), T,
Note: Numbers in the same column followed by the same letter are not
significantly different (P>0.05), the same below.

* 4 EBFEAMANREKEMEREE

Table 4 Characteristics of traditional and organic rice

Fhx MKk TR R Sy BEAL THIFE % price P 7 WK
A3 Treatment Empty-  Spike Yield Plant Tiller number Thousand ke Total output/  Irrigation output per
percent length/cm /(kghm™?)  height/cm JAS-m) kerner weight/g Otke) (Jijt-hm™)  square meter/(JG-m )
A LS Organic rice 0.063a 21.66a 7 903.50a 106.58a 26.80a 7.20a 5.69a 13.54a
I EFE Traditional rice  0.057b  20.41a 9 410.10b 99.10b 27.32a 2.64b 2.48b 10.55b

3.2 BHFEERHEMIL
3.2.1 MAEZ HENE

A WABA A AL T KRG I A KRR S RE KRR, %T
Xof 3 368 7K R A T R A A VR R o B M DS T A WL AR AR
3o PR A A WA AR X P R ) B2 %o S B A 15 7K
WA ABEENEM . ChiEdE 2016 A UG H ELR
AEEE 1 HEHERT AquaCrop LAY IEAT 2 5E , K BLAAS 21
TS KE AR R (EYH EARY R R SEE L,
AE IV U A AR AR o e 2 B A ek R B TEK S5 A
NRE TEVIOGRTE S AR EM 22, M w3
Ak, BERRESSHENEK 5. RIFREFREAS
BAAE, H4 2016 FHAPFEIRE AL 2~ 4B 5 BEEH
AR AT IR, BULLh RS SC AR S T X L, 58
WERE ARG T . AU 5 SR B W & R BE R FH AR G 35 77
Ri%Z (relative root mean squared error, RRMSE) . 7
3% (Nash-Sutcliffe efficiency, EF) Fl#t g %L (coefficient
of determination, R®) X HERLE AT HURBEATIPANT 2, H
WA AR W 1, WRoKREm &, TIRSKE,
A ) B S RO ROAE, R IS ) B A 3V AE
BEMEL T, thE REONEAY R IILE 0.7 Lk, FHXT
WA 0.15~0.28, PR R, EF. RRMSE 43l
4°0.98. 0.95, 0.15, HLAME 5 S ME 2 7] A B — Stk
DA AL SRR B, %58 5 AquaCrop #5528 B 6% B 4 A AL
AHFERED A KRR SIK PR R R

*x5 EFERFH AquaCrop IREUGANSHE

Table 5 Input values used in AquaCrop model after calibration

2% Model parameters & X Definition A Value
Kerr st JZ R LRI TEM R 5 1.10
WP FRUEAL K 24 P 2% (g -m %) 18.0
I HI K e vr i K 2/% 15
Pexp. upper K43 e 2 AR K s b PR 0.60
Pexp. lower IR ek 2 A KR R R 0.10
Psto. upper K G X SALTF R R 0.50
Psen. upper TG % st R EE A e H R 0.60
Toin & A A C 10.0
CC, KT R % 95
CGC A K R % 7.7
CDC & 2 7 5 IR % 7.1
HI, ZHWGRIEHU % 47

3.2.2 A AAGHE A EARAL

P 2 BN 3 Rl KR 70 FhEME AL & HLFS
) 7= 2 o EE R 0 P AR 4 06 3R DA UL S (R O BRI B
BB TR D, A LRGP SR R A A o 2 A
Brie. — g b By, FEIX — i BBl A E I E A
WA VLR RS, R ERE B, YEm
SERUR BN R —FERE DUJG , Ak L3080k s A0 A it
ANHE, PEREEREKFEEEMIE K. BT
DL KiKSEDL 1981 81 1985 SEA01, BHREAES
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WINBEKAD, Koy TiieE, WHRPERK, s
250 mm 57 B AIEF] 7 300 kg/hm? PLE,  FEBEIE A 4
IRK, FEANFEHERE 100 mm, FEEHI0 3 000 kg/hm® /2 44 ;
SEAKEEHY L 2006 £EFT 2007 SE R, FAHIREWNFRELE T
HIF= 80004 5 607 5 841 kg/hm?, b 78 HEWE 3 fe e B

K B 7R ZEHE K 150 mm A2 A7, RN FE HERE 100 mm 7]
DA EF7E 1 800 kg/hm® i 47; F/KEGLL 1987 4FA!
1997 401, AHFERN IR KA F=25 5N 6 767,

4 481 kg/hm®, FPFRVEME B 55 e 7 BV L 75 B AN S0 mm
fidi, AEANFEUETE SO mm, AHRES S 950 ke/hm Zi A .

60 v 0
g ' T || | RRMSE=0.17
or 5 | mum =034, P<0.01 |
~ | RrMsE-01s E @2 Simulator EF-075 440 & | RRMSE=028 TaRIE x X
E R*=0.98, P<0.01 = ’ T, | B=079,P<001 14 gimylator
E8F " EF-095 & 20l g g'o[ EF0® B
4 XX = E g T2EHE O
- %( 2 80 = g A
26l é E 2 0
E % E S F T3 AHIE o
2 i) 120 LB go T3 Simulator
84l X v ool B o 8| TSHUME '1;1 °
S %20 » ¥ 3 ; FEFTE Rainfall
i % \ o 2 T5 Simulator — R aimtal
g 40 " $ T3 ; 160 < x T2 SZil{E T2 measured
22t = Ts *ﬁﬂﬁ T3 Simulator| g 4+ a T3 SEPUME T3 measured
= g‘ T5 Simulator T4 Simulator H o T4 SEPI{E T4 measured
H | o T5 SL{E T5 measured
0 1 1 1 1 J 0 L 1 1 1 1 1 200 § 0 1 1 1 1 1
2 4 6 8 10 0521 06-10 06-30 07-20 08-09 08-29 09-18 05-21 06-10 06-30 07-20 08-09 08-29 09-18
& Simulated yeild/(t-hm™) H 3 Date H 3 Date
a. BRI =t 5 S P R L b. BEREIRTIEH 10 om &b 385 /K R L PHE SEEIMERT H c. EIKIE it b A= Yy ik ST S AU E RS
a. Comparison between simulated and b. Comparison of measured and simulated soil c. Comparison of measured and
measured yield water content in 10 cm depth simulated above ground biomass
Bl ARAEEE
Fig.1 Model verification
10
10 10
£° o X IR X E°f XK XK X XX 2. xx§x§$x**x
& & ) XXKKKK
=6 2 6F by
= S <
2 2 | =F
24t 3 4} 3
.9 2 =6
= | > B feeeeeeeeeseeseenennneiiiiaiann
T 2 X ﬁ“i 2 X ) X BEPEE Simulated yield
S e FiFF it Rainfed yield
0 e 4 < - J 0 1 1 L J 4 1 L 1 1 J
200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
T & #fiTrrigation amount/mm WEWEEH Irigation amount/mm W5 4 Irrigation amount/mm
0 a. 1981 (Hi7K4E Dry year) b. 1985 (#i7K4E Dry year) o ¢. 2006 (7K 4E Normal year)
- 10r
P XX XX X T g
£ .| X g 25l g KK X XX
Ev) &0 -~
5 g = 2
< = 8r HXEK F XX X =1
3 3 2
51 6 Feevesccsscccassescascescanes S 56T
I T | X i
RN ] {ececccccccscssssccsccccccss i
O Y T e cssssesscsssscss
4 1 1 1 1 J 6 N N " N 4 1 1 1 J
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
B2 % Irrigation amount/mm FEWESE A Irrigation amount/mm WEW %€ # Irrigation amount/mm

d. 2007 (F-7K 4 Normal year)

A 2

e. 1987 (F£/K4E Wet year)

RV B L 0 R BUAS E

f. 1997 (FE/K4F: Wet year)

Fig.2 Yield of organic rice in different irrigation schedules

% 6 4 2016 LA HLAG H [H) L E s, & 7 Miitb)E
(ER ) o Gl I AL R 2 AR A SR O SR T
70 FhEEBLE SO A TEME Fy 53] 1981—2016 SFEAF4F
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Table 6 Experimental results of organic rice in 2016

FOREE SRR RKAE RS BEBRRIRE, WK 7. 20 dr WEHPKR Water 7 Yield Poff Total
ﬁfﬂm IE]QE?IE—F B‘J‘E 7J( ?7\%[?35”5?%@; j‘ﬂ{%?ﬁi# EP i Treatment discharge/mm / (kg-hm™) output/(Jst-hm™)
BRERME, FE AR RN 3~4 R, KR 67 1K, M 5480 800400 70
HKAE 8~ V. B4 BIE B 7 WX HLAH (i A " oo T 2
WL N: KR 108%00EHER KA (UL RAW i, T - o0 o0 v
FD P R 30 mm FEACGERL. WK 8~9 K, Tk o 2190 220260 7
5 113.85% 1 -3 & /K 3P R IR 32.31 mm [RIEZK 2 A 15 50.00 4302.90 3.10
#=7 FRFEETHMRERSIE
Table 7 Optimized irrigation schedules in different rainfall years
R Ehy PEANME FIEEHIKFR TR Lowest 7K 240 Irrigating AR FEWE 2 %0 Trrigation  HE/K & Water e
Year type Year Assessment value F soil moisture/% quota/mm Irrigating times/ ) amount/mm discharge/mm Yield/(kg-hm 2)
2016 0.107 120 40 5 200 71.90 8 815.00
2008 0.097 120 30 5 150 20.00 8371.00
2007 0.108 120 40 3 120 20.00 8 437.00
1982 0.107 120 30 1 30 20.00 7364.00
1983 0.103 120 30 4 120 20.00 7 582.00
1986 0.098 140 40 4 160 20.00 7514.00
EAKLE 1987 0.094 120 30 3 90 20.00 7732.00
Wetyear 1989 0.106 120 30 2 60 20.00 7925.00
1996 0.105 80 30 3 90 44.44 8 164.00
1997 0.106 120 30 6 180 33.33 8116.00
1998 0.102 80 30 5 150 20.00 8 144.00
2000 0.099 120 30 8 240 20.00 8314.00
2004 0.100 140 30 1 30 20.00 8302.00
14 Average value 116.92 3231 3.85 124.62 26.90 8 060.00
2015 0.108 120 40 5 200 20.00 8 811.00
2013 0.126 120 30 7 210 20.00 8 592.00
2009 0.122 120 30 7 210 20.00 8 481.00
2006 0.124 120 30 5 150 20.00 8 198.00
1984 0.118 120 30 7 210 20.00 7 628.00
= 1988 0.125 120 40 6 240 20.00 7776.00
PRE o1 0.118 120 30 5 150 20.00 7959.00
Normal =59, 0.123 120 30 5 150 20.00 7917.00
year 1993 0.121 120 40 4 160 20.00 7 963.00
1994 0.120 120 30 6 180 20.00 7859.00
1995 0.118 80 30 8 240 20.00 8 130.00
1999 0.120 80 30 10 300 20.00 8216.00
2003 0.119 120 30 6 180 20.00 8232.00
1 Average value 113.85 3231 6.23 198.46 20.00 8 135.54
2014 0.118 30 30 7 210 15.11 8 820.00
2012 0.117 80 30 11 330 15.11 8 742.00
2011 0.116 120 30 9 270 15.11 8 534.00
2010 0.114 120 30 6 180 15.11 8 320.00
1981 0.114 120 30 7 210 15.11 7350.00
7K 4E
1985 0.112 120 30 7 210 15.11 7 698.00
Dryyear 199 0.116 120 30 13 390 15.11 7710.00
2001 0.113 80 30 12 360 15.11 8307.00
2002 0.112 120 30 7 210 15.11 8 194.00
2005 0.111 120 30 4 120 15.11 8218.00
1 Average value 108.00 30.00 830 249.00 15.11 8 189.30

i BHESKE DL RAW 1. Note: Soil moisture is based on by RAW.
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Optimization of irrigation scheduling for organic
rice based on AquaCrop

Shao Dongguo, Le Zhihua, Xu Baoli, Hu Nengjie, Tian Yini
(Sate Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Along with the continuous exploration in enhancing agricultural productivity, the traditional agriculture which needs
high input of chemical fertilizer and pesticide is gradually turned into an ecologically and environmentally friendly organic
agriculture. However, there are few studies on water consumption characteristics and irrigation schedule of organic rice. To
reveal the pattern of water consumption and the relationship between irrigation and yield under different precipitation types,
field experiments were carried out during the rice growth period in 2015-2016 in Zhanghe Irrigation District, Hubei Province.
In 2015, the same rice variety was cultivated in different modes:1) in traditional mode, the chemical fertilizer was used; 2) in
organic mode, the manure was used. The irrigation schedule was similar for the both modes: to keep water depth to 20-50 mm.
If the rainfall was over the 50 mm, drainage was conducted. Based on the experimental results, we analyzed the difference of
water consumption between organic rice and traditional rice, and obtained information on water consumption and yield
characteristics of the organic rice. Based on the results of 2015, an optimization experiment of organic rice cultivation was set
up: the irrigation amount was 0, 50, 120, 230 and 330 mm, respectively. Then we proposed a multi-objective and
multi-scenario optimization method of irrigation scheduling by using AquaCrop model and entropy method. One of the
treatments was used for model calibration and the others were for validation. The results showed: 1) the evapotranspiration of
traditional rice and organic rice from the period of steeping field and reviving to milk ripening were 420 mm and 235 mm,
respectively. The drainage of organic rice and traditional rice were 99.61 and 23.75 mm, respectively. The mean TN
concentration of water discharge in organic rice were lower than that in traditional rice, and the TP concentration of water
discharge in organic rice were also lower than that in traditional rice. 2) The yield of organic rice accounted for 84% of the
traditional rice yield, plant height were 7.6% higher than that of traditional rice, the empty shell rate were 10.5% higher than of
the traditional rice. 3) the model measurement and simulation matched well with Nash-Sutcliffe efficiency above 0.7, relative
root mean square of error 0.15-0.28, and coefficient of determination higher than 0.7, indicating that the model could simulate
the yield well under different conditions. 4) After optimization, the irrigation schedule of organic rice in southern China were:
in dry year, the lowest limit of soil volume water content were 108%RAW (readily available soil water), irrigation quota were
30 mm, frequency of irrigation were 8 to 9 times; in normal year, the lowest limit of soil volume water content were
113.85 %RAW, irrigation quota were 32.31mm, frequency of irrigation were 6 to 7 times and in wet year, the lowest limit of
soil volume water content were 116.92%RAW, irrigation quota were 32.31 mm, frequency of irrigation were 3 to 4 times. The
study validated the applicability of AquaCrop model in rice growth simulation and irrigation schedule optimization in China
and established a method of optimizing irrigation schedule by coupling AquaCrop model and entropy method, providing
technical guidance to organic rice production.

Keywords: irrigation; evapotranspiration; models; entropy method; organic rice; AquaCrop; multi-objective optimization



