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ARTICLE INFO ABSTRACT
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DSSAT, So far, many researches have been conducted with the aim of reducing water consumption and
model, evapotranspiration and increasing water productivity in rice cultivation, which have led to the introduction
paddy field, of alternative irrigation methods such Alternating wetting and drying. Determining the best irrigation
ORYZA2000, method in each region and evaluating different scenarios of agricultural factors on water productivity in
remote sensing rice cultivation requires expensive and time-consuming field research in the same region. Researchers have

suggested the use of Crop Growth Models to solve this problem. The ORYZA2000 model has been
specially developed for use in rice research. The DSSAT model is also one of the most famous and widely
used crop growth models, which has a special program for simulating rice. The results of researches using
these models showed that the ORYZA2000 model has acceptable accuracy at the filed level, but its accuracy
decreases on a large scale. The proposed solution to solve this problem is to extract vegetation indices from
satellite images according to the region and land cover. Vegetation indices obtained from remote sensing
images can be used in leaf Area Index (LAI) estimation and crop yield modeling. Since most of the research
conducted in the field of paddy yield modeling has been done at the field level and in completely
homogeneous conditions, the generalization of these results to wider levels due to the loss of homogeneity
in the conditions of agricultural and irrigation management and soil type, requires the use of innovative
methods in determining paddy yield. Therefore, the aim of the current research is the feasibility of using
remote sensing and satellite images in order to improve the accuracy of paddy yield simulation by the
ORYZA2000 and DSSAT models on a large scale (paddy fields of Some-Sara city, Guilan province).

Q00

Ll OPEN
(s ) ACCESS


https://doi.org/%2010.22034/hws.2025.65774.1010
https://hws.tabrizu.ac.ir/article_19466.html
https://portal.issn.org/resource/ISSN/3092-6114
https://hws.tabrizu.ac.ir/?lang=en
mailto:mrezaeii@yahoo.com
file:///D:/دانش%20آب%20و%20هیدرولیک/ARSHIVE-Hydraulics%20and%20Water%20%20Science/1404/تابستان/1-1015/mrezaeii@yahoo.com
https://orcid.org/0000-0002-1219-1137

Application of Satellite Data in Simulating ... 2

Methodology
All the information needed for the calibration and validation of the ORYZA2000 and DSSAT models was

obtained from the previous research conducted in the lands of the Rice Research Institute of Iran (RRII)
during the years. In order to evaluate the performance of the model on a large scale, 44 farms were selected
from the farms of Some-Sara city of Gilan province. Agronomic management information was collected
by surveillance from farmers in the form of a questionnaire including: nursery day, No. of days in nursery,
No. of seedlings per hill, No. of hills per m?, transplanting day, flowering of 50%, maturity day, fertilizer
use and planting date. Finally, paddy yield was sampled and measured in these fields. Water use information
was obtained from the Regional Water Corporation of Guilan province and entered in the model. The model
was implemented in each of these fields and the performance value predicted by the model was compared
with its measured value. Remote sensing data were obtained through the images of LANDSAT 5 and
LANDSAT 7 satellites on the dates corresponding to the rice crop stages, including the flowering and
harvest stages, and the LAI index was extracted and provided to the model to increase its simulation
accuracy. After correcting the model using satellite images, the response of paddy yield and water
productivity in the region with the scenarios of changing the height of irrigation water (regardless of
puddling operation before hand-transplanting) including 250, 300, 400 and 500 mm were considered and
the irrigation program in all the selected farms of Some-Sara region was entered into the model based on
these scenarios. Finally, paddy yield and WP in these fields based on them was estimated.

Findings

The results of running the models in field scale showed that the NRMSE values for the ORYZA2000 and
DSSAT models were 11 and 9 percent, respectively, in calibration and 9 and 8 percent, respectively, in
validation. The results obtained from the estimation of paddy yield in 44 farms on a large scale by models
and comparing with the measured data showed that the maximum value of the yield compared to its
minimum is much lower than the actual value, but the average simulated yield by the model is very close
to the average yield observed in the region. Correcting model coefficients by combining Leaf Area Index
data obtained from satellite images with the models has significantly improved yield estimation (from 23.2
to 10.8 percent in the ORYZA2000 model and from 21 to 12.7 percent in the DSSAT model). Although the
average simulated yield after correcting the model is slightly more different than the condition of not using
satellite images, the use of satellite images has led to the minimum and maximum simulated yield when
using satellite images in the form significantly improved. The results of applying the irrigation scenarios
showed that the maximum water productivity is achieved in the amount of water consumed of 300 mm, but
this means about 17% reduction in yield. Also, water consumption equal to 350 mm results in a 10%
decrease in performance; But since the water consumption of 400 mm during the growing season did not
show any decrease in yield and more water consumption did not increase the yield, therefore the
recommendation of using 400 mm of water consumption during the growing season is more acceptable to
It seems.

Conclusion

The results of the present study showed that after recalibrating the Oryza2000 and DSSAT models at the
field level, theirs extension to a wider area using remote sensing data through LAI brings the simulation
results of the model closer to the real conditions and can be used to evaluate different scenarios of increasing
water productivity.




4y

S g imd g ol Jls
YAY-$1VF: Suig Il Lo

[ Sat
_«Jw};.ﬂbjn
- - -

!
4
(LLWS)

\rrs

hws.tabrizu.ac.ir :4 wid o5 yo }’/;3 KZ\TJ':J
¥
s.w.b"’ 9% Jlo

B2 &350 39 ST (5390 388 (S lwdamis 33 S0 19ako SIS 8 3,15
Ppade et (sage detwe IS o5 o T gyl el pl T SS1gs ol B G, oioms

Olnl ey (55,088 g 5 (Pisel e liniz Glajles 98 g Slipiod dvsge Lol

Olnl @S (65,0 sy g Ghygel wlinizs plojlu ol 5 S Oliniod dunsge Liils -

el ey o oMl o5T oSzl (oY il el (osikiges 05,5 coliash ¥

Ol oy (55,88 sy 9 Shigel «ligdzd lojles 908 g Slkiod Ao ¢ ulids 5 -F

Olrl @S v sskiS sy 5 hisel wlihod Glosls «giysliS swiige 5 (8 Slikod s ol -0
mrezaeii@yahoo.com : S xS Gy (L3 Jotuo *

PRV Goals wlols

(N[ ac 30 o 40 BLS 0, Gla ol soliiul b gop S 10 O (5,90 0 syl (o) 38 3 Ll

Ll b oKew poe @ 4298 b mws zokaw jo o cpl (6,5 ,54 Ll aiis o5 oYL Cés ) 3alls
9 6‘°)‘9‘°l‘° ﬁ}LaS )| oolaw! Lols d&bb}- u.v.mLf \) Lg)l.wd.....m 8 olS Ay p e SRRV ‘5'4-'-’“’ Jae
L Giegh ool el 0uls ke awg zobaw ;0 b Jow (pl sl palS gl ol) Gleie 4 590 51 Giowiw DSSAT

& lodnds sl ORYZA2000 5 DSSAT (sla Jow <ds (ial38l 10 (slojlgale (slaosls ids (cw)p oo ORYZA2000

e )liel g (mily sl b planl S Ll gl pwanegs ailaie )5 (L1 s Sl o Slas
oolaiul oS 7 Dlddod dwwhe H0 ool plxil Glidod 4 by e sleosls 3l ac, e mhaw (o ba Jow oy
S50 Uen cdls g0 0 by Jow g bl | pwarego liw jod mdaw jo )50l FF slowd s 0l
Foo o¥ee YO Jolds (g)lol glis )| g5l jlez iy L Coled o o annlie g 12 (slolsale (slaosls
sl mls 0d cdly aibis cnl 1o o 5y 0e 02Vl b (o (Je o F Jlosl g ek 800
o 5 Ay miwly byl 5 ;o DSSAT g ORYZA2000 sls Jow 5!, NRMSE j0lie as ols )lis o Jowe
shassie v 5o Jae 90 o alpls sl woys A g 8 s 5 @ (i liel Lalpd 50 5 00j0 8 5 1)
sJae slp NRMSE olie crws w0 Ll aiis o550 o2 4 Soop 5 Jod B cdo
slbs o asg LB lisl sacmsylis a5 aw, duo 0 VY 5 YYIY 4 5,0 DSSAT 3 ORYZA2000
Jae ;5 9 V+/A 4 ORYZA2000 Jae ;o Iy, NRMSE i slojlsale slaools (5,5 I el o Jow
J5dls FF 5 T G glags i ooy 2 gl 092 a2 g5 b5 a5 sl LialS ao o VYIY & DSSAT
Yoo ool glis,l L aibie o o 000 o2Vl 45 ol ylis ORYZA2000 oo 5l eslial b s
ol PBlas Ll wyls o 50 56 0,8kee 2alS ao,0 VWV aS wlo caws s el); Juad Jsb 5o e Lo

el 2lyy Jad Jsbo 50 padee ¥oo ogu 0 Shee 28I (g g 0B Sl 5k50)0e

Y ojlous YO sl /35,5 olKutily Syt g oo 315 585 @ £330 0 ST (659 0x00 (S5l s )3 (gl 0)lgmlo (sl 03l 318 pe Syt (sdge o (IS S e ymal .y ,Slgn.p ol il
V¥ o Y B glhasin

@ ® @ This is an open-access article under the CC BY NC license PN
(https://creativecommons.org/licenses/by-nc/2.0/) (o REEss


https://portal.issn.org/resource/ISSN/3092-6114
https://hws.tabrizu.ac.ir/?lang=en
file:///D:/دانش%20آب%20و%20هیدرولیک/ARSHIVE-Hydraulics%20and%20Water%20%20Science/1404/تابستان/1-1015/mrezaeii@yahoo.com
https://orcid.org/0000-0002-1219-1137

s slane 51 (hal Gz sln Ygane 255 5 O aingy
Slallas b5, gl s |y B ol 99 ce ooliiasl 0
5 o) 0 ) & s Sy e )3 S e 9 (2
b jiulesl 5l oael caws @y Gledbl 5 Wools (Yo VY )] ) Kon
b Joo (zmims Lol g o il cdangs 1 Glos o0 3 ], slas 5
(VN Slopl g sa0sw) 28,5 15«

SRl Olge 4V (alS al; GlaJae e slaans o
390 (Slod S JSB & (65,9LaS pole dngi )0 ppe Sl
Joeo (TYF (o 5en 5 slsp) wilas,S 5 oolizal
rngs g0 lidss o eslitul (sl Lolais| ORYZA2000
ok il e bl jo gloo s JSG 4 g ol oold
Ll5en 5 sy VoV igms 5 51 V- TY (] Sa 5 LLSTolS)
s 5 LS5 D) ol 5 (Vo)) e Kom g oY+ VY
5,8as 50, (6 jlwdand gl (VTR (1K 5 g pmel 121
3 38 DSSAT Jow .ol a8 5 )18 oolaiul oy90 iy
Ve il G sln &5 el oo o osliituly g 0 589 yxe
Wy o o by sloasky oljen 4 Gl () oS
5 @UlF (Ve eV pgSon 5 Slhle) wlowd aox (s,l38l0 5
Ay slwand jidy a5 CERES-Rice l38ls 5 g Jow (pl <d
Gl ooy L3 ol 0,80ee 0,915 (slp Col @ip olS
(YA oS 5 4o ¥ VY Ko 5 (e

2LS ol e Jaw a5 sl ools lid Slidass gl
S 13,935 (S8 BB 85l las e 5 slala mhaw o
ok Jy (T Sl 5 o lalylelSey)
Sande g e llyh (SSes pae Jo 4 gy zob
S olsss ISie cnl do sl (VTAR SS150) il oo 208
celie Vool sla i gl il 5 590 5l Gromiw slaosls
VP (fSa 5 ) €85 S (yun) iy 5 4ikte
hedn] Caws 4y alS laasls (VWAF ), Sen 5 Luols
VS s (a3ld (uedd )3 Olgiee 1) 590 5l omins niglad
¥V GBgl g o) 0,5 eolainl Jgame o, Sloe 3,5 Joo g
(TN (5 g 55 o7V F oy e 5 Sl

Goldas ae jo ol ploul Wladss iy oS (ES{ I
Ll 5 Sos8 oelide )0 5 Glahall & g0 4 Sgils o Shoe
& gy gob & @l ol pansd i3 F O g0 Kos SalS
(sl 5 300 Capae Ll o (SRew (28 G 5l S
g sby, ol eolitul wiejls ke Jalge plo 5 SL- g5

3 Leaf Area Index

doddo
Jootie SV guamme S Sl IS (6 Lol slapin 5l solaul
ol b ablie ol laly (655laS” glooseds gzl g (oS
Oles 5 ) oyl oS i el e g la il
S3o9kaS i 3 lacedlad G Seta 51 (S0 ip ulS (V- TY
ay b o Cames o ST Lol gliag a5 sl Gl mlaw o
2y (VA Ghlea 5 sbregil ) a8 (oo adsi 1) Glox
Jo b 5 a5 fsee @i llallime e 5850 i 55
LYoo A o ass o mlidl as o YF JSlas ool Y- Y0
oz e o @r Gl Gl ol Gae,n 0 Gras d azy
S 5o Ol s 50 Gl sleel, 28l (ol slo i e85 5
5 ooz VO Gler 5 o) Sl (55950 Jpare
ORI P LUV

).:5.4 Co pde OMOUL“.) aS ol sa}L.u uT 590 54
Sl (VA Led) cl jlal (65,0las 4 olaws o ol
ool Lyl 15 (03 g9 ale souxie Julse b cou asls
i sledled 5 T cupae )lnl lealls 5 L,
1) g 00gs (Voo ¥V 26,55, 9 sl Vo V) ((p0gime 5 Sz g0)
0 Mt S e e g (S ok AliSe slagy )l (25
)‘ u.».o.c.?m 5L-J‘) Q.:‘ B el O\)):;.mf u_:Lc...o:u f:l?u‘ 'aJL».....c
odd ol Julge alizes slags e SUj )l sl (stliee slo g,
‘|)5)—\ 5 slecd) Wilos S sole! Ty S ol $190 52
s‘)j)T Yoo A ‘C)‘)M 9 5) YNV so‘)m 9 9‘..\.’ YA
aS ool @3‘& ub)c Ty w)é Lg)LJT P g y0 ‘_}}39) NARRIN
slge Brae leasly fawl b (slalds slajl5 Lacsl «
‘)JJL“’ 9 )'Q)l?f-.’.)) Sg g0 UT u*-’L’ 9% 9 Lgm
R AR5 5 (o 2090 @ Goll 50 Sy lamo L IS5l
(VoY o en g 3aisl) 0,5

Sl 6% b gloylal; lasjie ol
Ly cou olS o Slese 9 )3 Sunde GbanS o)
-S> —g..)—| c\.]a.“) )‘ LS'P J)J &)olé g 009 LS'T Codgase
o LSLQU""'SB )JL..J 9 aslo b)s.l.o.c » UL“”‘)"‘ 9 )M‘ —ol.:f
raipe a4 azg b Llawes Sl olS (So5ele b 5 (S5l
ke Cpeni 5l 50 )l50 0 Latalejl (al g ke 5 092

! Crop Growth Models
2 Vegetation indices



o

@l el s 5 o)

49y 5 b 3 g olS 5 lse S ol 4 bgyye Sl
g xly slr Jsl Jlo ¥ slaosls 5l as sy ol Olides
el )l oolaiwl by Juw (i Ll sl 21 Lo 50 slaosls
54,0 YV (oye 109 e VF Lo mhaws 5l (5,00 paiged Joeo
Syle 8 B, 54880 FF g4 0 F Job g Jlei 4z B Y-
oBtalojl 4 a5 sl o3gn ! Ume SB g o aigas
aiaie Bye gl elyy Sldos plad (Y o) Jsloz) wis Jlo)|
el elyy slaolutinl b 58 b, lo podslosl o 1,2l
1o g Plas ailys, slaosls Jolis cwliilgn slaosls.cs,5
o] ) s Casb, g BT Sleles (Sl e des

PP Sldliz Job latie b cud) (65,5088 owlidlya

eyl g (Jlod az 0 YVNY oLl e 5 (300 a0
s 35 e YR

9 yprudzs go Uy ygu (IS lieul CoanS go—) S

EY

Ol

hays gyl
o Jow ;o ouls Jlesl sl 2l il
Joe sl ;0 ORYZA2000 Joo sl oles
ol 5 Se e e dlgice ) gy crl 5lels ey eudall))
3as,e Ve sgas Jeeplb auS obul (g eadlie
lp yell plog cul ohag b 2 sln (BLS sloally
Wyl il sli s Sle sl )b ol ailine g a8, oles
Sy 1SS 03le @il pe (S oy el wlo)le
by Sepw WSy Spe Cepe Sy ophe (s 3
s 3 oy (ol 3l ool il o5 5 5 Sl
ol o0 4| ¥
5 55 DSSAT Jow ;o eos soliiwl S5y ol
VW Y PR O T PR C ) DY T-S oY S PRI PR WL ) gR PR
Sl g Cudgazme ga llpd 5o (Shiw) azaiss slass G
Lyl o ails S5 59 G2 dags Lo g ST 84 g (gdieslge

5 bl 09 5 dieslse 5 Ol G5 Cudgame (y3a ad,

S8y il sl regh Buas cwwl o Slae sl o
5Skee (jlutnnts ,o DSSAT 5 ORYZA2000 (slo o
loosls jloslinul b gy gl 55 OF (55000 5 S5l
2 kel ol Gras jlaie (npaige Gt 5 590 5 Gl

ol asllls 3,50 dilaie

L W9y g dlge
axlao S50 aslaioe

v ;o Coine acie T ls dasdlas 8,90 adlais
FACYY' 5 FA%ND" o wdly (S il gl pusdrago ol s
Bogr Jlei YVO YO LYV ND Lldlas oy g Byb
Glrdls Lol LS e Y7 sgas v e ol jo () JSCS)
cS byl 53 oetls (e 08, gy Loses a5 o)l 392
Al bl Obicaadae oo b as ie o Olaitue 09 oo
ac 30 ;0 3l S dgad Clilop bae e o cwlias s Sledlb
dalllas 850 4ol el oo @ o] (plard 5 (So3d 5
35 8ly 1525 iy i e Jone alin sarlil 15
wobidlge Dledbl 5l b o gl Gl W ocwl e,
$5pglaS (elidlsn olSinl) (culidlsn olSCiul (n 5 Suo3
59y els =l Cupae oldbl ol eslasl (cul,
50 A4S slaw @S o sliad olasws &l (o 5g, olaws (g WS Al
5 B s 00 syl il gl e e
elidin g (Gl 035l o)k 595 B pae liee 5 ( S,
Sl o Slos Coled jo .0l 4 YWAS Jl (b ol5,5las s
ol G pae Sledbl o g uSejlail 5 510 paiges &5l50 (ol 5
50 yelb Glere 4 g A3 LS liwl gladlaie O] oS 5 )
g didon iweS Gl (DMl pl G al 5ly by o
Jolo i i &y ouds (51 paigad £)l50 po (Bpae T (:Sile
5o o 0g £lyy Jad Job jo edeo F7O 5 VFY YT
Sfbkee Ol Joli Joo (295 5 12l £)l5e cnl 51 G pe
20,5 duslie oyl oo (5 S oslail Jlade L Sl
loJoe (i liel 5 (insly

sladas (riwliel g (rily 61y 5l53,90 Sl
2yl 5o oas alosil L cliiss 5 DSSAT 5 ORYZA2000
BAYAY ol b o, o adly ol pl g Clidss aube
S Sl 15T o Bl ol plasl Sl 05 3511 FAR
5 2lo, AYAY (olo)) Cwl sais 00,5] (—ipgh slag,b
(SiyoiS laoolys le Jolis eosls cnl ((VWAY (5,4



VEF Lo /Y 0,les YO 0,90 [Sdg oun g ol Liils a5 o g olo, 7

€95 3l 59y —ay0 Ps o ciag, 0l 0y90 bl U Blas PaR des caglin oo Ga  Sjamn oo G3 ol

S G iy sb P20 5 (Suislsnied (Fary b als oy sbo Gial3él el o (sljl & adgs JoSa5 50 o5l a0

B e 7y ol ol il gl 5l Al wb, 6,90 ,0 39,4, P1 P20l iy g,

(58155 Gas B (Sladal as ) 50 S @il mulis - Jgua

o BBty 3
o j 3 pSGhe) i LB Has _ o
Sk esb pSSLS s o SLe) . K OSss sans ol Sl EC@dSm?)  pladl s ys
. (S Ssls
(Sl
il oy YA- \V/A </\AA \73 VY Yo

(SlEat ds 50 53 ol O el @il =Y Jgua

pode padde S ‘ BIS . RS
T L) SAR meq.l) meql) meql) 2lilse meq) ShSe meq.') o TDS EC
o * * ! (meq.I") ) (meq.1") N P (ppm)  (dS.m™)
(1 (1 (1 ('1_1 (1
381 ¥/ o/t \/A §/Y N §/s £/ VY VY 0aA \

ORYZA2000 Juo jo S g3 S o &8 g § 053 9 pedaes 0liS (aadl (il b @ ALS aledbl -Y J gaa
03 S 8305 o S Jole S Jole SEE Jole

sS_).aCa.c_).n.u smi)d;_).a

Gy eosdsh o glsaall 4 glsaalal o ol sl (DRLVT) < (DVS) oL
gy <

(SLATB) (FSOTB) aliu  (FSTTB) 8L (FLVTB) &
At o/ <AYY ARA /- ofe
3 \Af offos -/AYY ARA /- -[eY
/RN 2 /e N LY ./-Yo /o
AR A J- - -/oAY S[ENY -/ A
NS 4 . /¥o <o /e RV Y
o[ NY N o] o] ALY \/o

(s alld a8y 7 g3 yo oud oualdie (Sain ) (il b Y Jgua
PI P5 PzR on G] Gz G3 G4
(GDD) (GDD) (GDD) (h) (2)

Yo. Yo \g \Y/o o¢ «/+Yeo \ \




AR FUVEIN i WES U

3 09 kel O gl i lag i g; cnl 51
YO+ Jolds (o (s3lwonlel (sl 5li 0)50 T (235 s
6)L4]besww)f)b))¢)wa" af" Yoo
u.uL..u‘ » ‘1....44“3..0 ul-*-“’)-ér“ W) ul::u‘ &)‘fo GALM )
g Seuld 0, 8les e U ol b Jow o)l gy )lew oyl

w9 0350 gl el 2 5150 cnl 5o ©f (5550 02

‘S)LnT sk esls

o,fles gilwars jo b Jowe olly 25,0 sl p

oz Slesyo ggorme ydor g bl glogaslis g Silis

oads Jby las Sluw ggeme 0> 9 (RMSE)

2ol R?) (b3 Gy, curs 55 5 NRMSE)

A oolaztil oo (g jlwacd polie ply 10 0ol (6,505l
1igd oo dlone ) Lalg) sl eolitul b laasls (ol

n 0.5
P — 0;)?
RMSE = Z (%) )
i=1
NRMSE
n 0.5
P, — 0,)* _ 0
:100(z<(1n1)> Y )
i=1
RZ—1_ i=1(0; = P)? *)
?:1(0i - 0_)2

Jlade O ¢ Jow eas (gjlwdcds Jlode Pi tdaly, (ol jo a5
0 .« adly o,Sosll olaws N o aily oads (g uSojuil

Ll 00l (6 S0 3ll polie (WKl
Solgde oo U a0 RMSE ;| Jol> polie aals
st b Sy Sojlal axly (izmen g ol it
s ,Lis RMSE Jlaie 040 (b 20,ls Baa b atlg
o S g 00l (o3l esls 5 He5ay Jow aS coul oy
a5l Ve 5l 25 NRMSE asliz ol ¥4 2ds ¢l
Gl VooV s leand Jle cdl samsnlis
Giand b Yo YU 5 bgte <l Yoo o amss
Sl VB 50 R? Gl o3l ol (g5l

399 31 i soold
@ bgrye polad Gayb 5l 90 5l i slaesls
odiziw 9 LANDSAT 5 o lsale 51 TM oo
Gebte slag,b ;0 LANDSAT 7 o,lsels 5l ETM+
s (S 9 2 Jolie ot wn 2lyy Jo e b
C‘,.?b...u il ¥ 9 Y .laalj) )| oolaiul laLAI QGDLA 9 ;.\J\bjf
lo] (g3luands 2o b 28,5 )13 o oo Lozl y0 g0 8
s e JS Eolie &5 4 LA (a5l iy i3
Slp gier Byt ee) gl a2ly 3 olS S S5k
5 ) dgb o oolatul 3 oy, I LA asls s
Z(Y’ 34 so‘)ls.o.ﬁ
Pnir ~ Pred
Pnir t Pred

NDVI =

Pnir — Pred
L + pnir + Pred

SAVI = (1 + L) x

C1 - SAVI 1
LAl = —Ln (—) —
Ca C3

2 88l oS5 4 Prir s Pred ly, ol jo 4

4 C3.C2.ClL L culpo 5508 (ygole 5 50,8 wily
e ls LAT aies /31 5 /08 /Y o/ ol o
Uiy Sglas oo Joy asls NDVI WSy zhw
7R ogole g a8 Wb s bl Ced Sl g LS
JedoylS Qi i op s &5 ol g ol Soo3
LS 0, b agles oyl bl ezl o sl b g0 oyl 4o
Oezen Sl a2y BB edgitan; 5 LS Abg
oS ol S Sal L olS iis sasls SAVI
2 2l Gbg Gk p S ABSL ST a0 36
Bi> Sl Dyg0 0 b g esls jrals [y NDVI aulze.

&kl g L

slo,lgnle yglai jloolaiwl b b Jow prseas 5
g oolaiwl 1 ddlate (g ,lol Co pae o lagT el 3

2ol Gosose 5 Seiks o Slee 23Sy jslate en 4

ey s oolainl b ol e s | b aalais

M

M

D)



\f’f JLA/Y o)Lm:‘:,\"() D)SO/g_ng)Af.ﬁbjg] O“JL) AJ].M.)

OHSer 5 olo, A

cild p jatls lae 4 el polie 3l ORYZA2000
J«SLSA oslazul c:).)
30 Sl o Shae 05905 5l ool Cans a =L
Sadse by lrwarego (Ll as)i FF zla
sleosls b o] awlie ¢ DSSAT 3 ORYZA2000
U"‘ U"’L""‘ » el 00 o0ls ul.......‘ 4 Jsx? O ol ssalice
Elre nl 5o oad samlive Seuli o Sloe (ks Jgoo
5,Shos ariiny 5 diaS ol5ee 2ol YYVA kg ha! Joles
el 0Y0d kgha! s vV0- kgha! 5 dihie Sels
SrSali> oo ol dilaie Lol g5 50 05 by a5
(9 (§979 0985 e (S Fu )b o909 (pl o i g
o5 Jles! Gloj s kel T jlade las Lo g BT L o5l
ol 22505 Jos! pae b Jlasl o> 5 o coins o
5 ks 50 3 ,Shee Jlade s lpdls Lol Lad
b Jos lawgi ool (gilward o, Slos W)l i 8
5 b d3 o0 LA lojlsale pslad (6510 g
kg.ha Jolee s 0 oas 0915 Sgilis o Shae aieaS
s ORYZA2000 I, f-34 kg.ha' 5 vA-v !
o5 DSSAT I, 10+ kg.ha! 5 Y¥AY kg.ha'!
98 50 50 ol A W Cos o Shee aiin Hlade o]
OeSlee el 00l 09l (Bly a5l a8l (e
ORYZA2000 (slo Jos lawgs oo (gjlwancds o Sloe
kg.hal 5 ¥vo) kgha! L, 55 4 55 DSSAT
adlaio )0 oad caslice o Slae Sl 4y a5 ol YYAY
Sk 5l e olpe memal 7 Jgu ol
L lo,lgale polad 5l sanl cuvs 4 LAT slacols oS 5
o Shee 0,90 p Sgups el (glabamdo LB g6 4y o o
6 lwdnds diciog g dieS ST A (go5u .ol 00l
50+ kgha L cus s aeas ,uSojll ke b oas
v kg.ha! y ORYZA2000 Joo ,o 50F kg.ha'!
Jlade wioen o DSSAT Joo ,o YVA kg.ha‘l
5l iy 4 NRMSE § RMSE Ll slaasls
sy VoA g YEs kg hal & as o YYIY s VAY kg ha'l
s, YY) 5 YF- kgha'! 5| s ORYZA2000 Jus ,
b s, DSSAT Jow jo 00,0 \YIV 5 ¥0) kg.ha! o

il wss 1y bosls Jae sl oo o 4 R? jluda
(oo 2 52359 ol Smrat 5145 Jlr 3 ol 03,5
el oslad aljl osls 51 oe5 (3l Jaw il
cldse @ by @bl clboasls mbs
5 sl kuln ;o DSSAT 3 ORYZA2000
(9 8y Dlindiznd i) 4 )50 mhaw (o (i) Liel
polde 09l oo cdwlin a5 jsblen el O oo b
,3 DSSAT 4 ORYZA2000 Jos !, NRMSE
Lyls 05 don 19 V) oy 4 suly Lll
ol aS del cews do A g Ci a4 o Ll
Sl o Sloe gjlwacss ;0 DSSAT Jow cds vas o
5o ddxe Slldlas .cwsl YL Sl glas 5o Loyl po
3 YL el DSSAT Jos ols ;jlas Sog8 ol
g WS oo ay ol ;0 olS &5 aime Ll (g5leards
il )5 9 0l 92 5 paiS aiile SlalS (o0 Shee by
5 Sl @ (Vo) olBes 5 o) )8 5 (Ve
(Jo g JIg,B1 VY ) Kan g el VY () Ko
SFp el 13,95 (Voo ) (o) en g wiidSosr - - ¥
Gkl ol calizee polia ;o Jae opl (slodnds cdo (oo
5 ol Liegsn ;0 ORYZA2000 Joo b awslie ,o
Al sy oo LB a0l sdslie 15 (Y0VF) o, Kea
055 S5 e rd e oes & DSSAT Juo (s
380ee 5530 05505 ol Js el (Sas aalllas 3,50
(Voo ? Gayhasn g Lwed) all (hagh ool jo 4l
Gl sloailse 5l oolinal L 1, ails o,Slee DSSAT
Gl ails ST 59 5 09ally azeloiws slass g b aiile o ,Slee
ORYZA2000 Joo Lol .S o (55lwdnnds g5 o8, 1
ool 5B sl 56 Jols (So3eleid alo o iy bl
ol (6,15 aly (headss 58 g Al ged 518 k5550 0590 @
(Ve o2 dyo,1) 09 o oolicisl 58 o (gl coli 03y 255515
olyo g o) ey glacoll 5l S asle Jow (] o
3O Ay Gy b alisr o) 5B Ce s aile (GO
E37 333 oy (s 12 eiamms (3283 SalS” oy 56
Joe Geizmes el leds Sl Al 2 0LL



AR FUVEIN i WES U

5l o ORYZA2000 Joo sYL cds a4y azg5 L

Slp Jow ol 5l canwy v o slojlsale saosls Jlos!
s ooliiul adlate ;o (5 kol ol o pae slag s (o) 2
Erae ol Olyis blie jo O (590 40 9 0 Shoe ¥ IS5
Ol ol (gl paiged g)l50 sl ) ad, Juad (b yo
Sade j0 Ol (gy50 0 STas Jloged el ulal paes o
e dnl Jslos S @ o e Ve (B rae O
Ol Bras yuioed ol 8 Shae 2olS oo 0 VY ogu
@ o b oSlee Giall wo ) Ve e e YO e 4
Jsb o acdhes e
Sras g ol plas 1) o, Sles alS ASme s,
Oed 4 Sewl ouds o Shee Rl Sl 58 O i
b sk yo ol Bran yades Fro 0,5 aogi Jolo
Silwoslel sl 5l 3590 Ol 38,5 L 3 (yg) w,
DL 55 oty Slollae s gn 5 4 5558 B (e
(O g SLS5L el) 039, O (5,Lal sla g aS sl
Ll b arg LOVA Len 5 5D 039, A 5 (VYA
595 Olme 9 <B E)b b o)) Copae Al
Yo ,Slee il e w0l oo colaiwl e i

e il 1S 1y O (5590 0

Ol Gpae a5 bl 5l Ll o)l

ooliwl ;g0 DSSAT Jow o Slae iz 10 bl @ az g5
oo 4 S g gl jo Slojlsale pglai
Jow bz gals Ll we e ORYZA2000
BB slo,lgals pglas 51 eslaul 51 o ORYZA2000
zeal 6l 590 5l Gioiaw gosls leslaiul .l saxgs
o Lwgs ool (gilwans sbaosls oo ilidl g
Ll 4285 118 dzgF 0550 Saaile 0l I o &LS W)
e Joe welre iloange 5 oS5 5l eslanal a3l
5 batyy sbml cel bjus giluand <85 il
ST e el s diwey cpl jo Al la Jesdl g
Sy G 5 clio Hl caiSaSl s Sldlas oyl
O gz VoV LK 5 L) sl eools
ahas asls jlslinal b (VYY) o Kon 5 55 (V- YY
Jae 0 MODIS Lolas 51 oo glseal Sy
@ |y gy w50 paiS o Shee o yis WOFOST
OF ) o)en 5 (gaue iols dops o2 s8 JB 5o
jed g Sy e aslls ool oS 5 L asles
5 Slos silwancds j3 1, Jao 8o SWAP Jao b 5,559

Ao il 38l ails

DSSAT § ORYZA2000 (sLaJus oo jliic) § caiulg yu s lel slagadldi -0 Jgaa

NRMSE (%) RMSE (kg.ha') R2 G gad alaas Jus
A3 ] Na\% ORYZA2000 |
AN sl
q Yay «/Vo DSSAT
4 £-9 <V ORYZA2000 -
\e s>uold
A Yo < /AY DSSAT

A8lais ja (kgha') S gl o Slac oudd (g jlewdandd g Slaaldie jsalie —F Jgaa

R? NRMSE (%) RMSE (kgha')  ,Slaa  S8Le  JSlas

oyod Yyva Yyo- laaline yulis
/Yy YY/Y VAY §£-49 YYod YAV ORYZA2000 5 saliiel o g
-/o1 A3 \22 §Vo- YYAV YEAY DSSAT sloysale 53 slas
< IAY ARION ™\ g0 YYSV AARE ORYZA2000




VEF JLo Y 0,les YO 0,90 [ Sdg 0w g ol Lils 4y 5

Oen 5 olo

JﬂJLa.AS _)‘ bdu:u.u‘ L.‘
- IVY % £0) EAA- YoA- YAV DSSAT
o) sale
o5k Yield = -0.0587x + 51.172x - 7398.9
R*=0.9
A oot
Wp = -2E-05x + 0.0128x - 1.4368
R2=07
4000 12
a\ 3500 A R ® 1 %
a & A i
3 .z
2 3000 . 0.8 g{
3 2500 A S 06 %
B ;
A, 2000 04 v%
ﬁ,\ 1500 ® 02 2
= X
1000 0
200 300 400 500 600
(Forkee) ol B yae

by Juad b )3 By DT Ol i Jilio 50 ST (559050 9 055 bes - S0

solaiwl 090 2abo

Aalaee Bazkiaee, P., Kamkar, B., Amiri, E.,
Kazemi, H. & Rezaei, M. (2021). Effect of
irrigation management and planting date on yield
and productivity of rice (Oryza sativa L.). Journal
of Crop Production, 12(4), 157-170. [In Persian].
doi:10.22069/ejcp.2020.16513.2231

Aalaece Bazkiaei, P., Kamkar, B., Amiri, E.,
Kazemi, H., & Rezaei, M. (2020). Evaluation of
ORYZA2000 model in yield simulation and
production productivity - of rice under crop
managements. Journal of Water and Soil
Conservation, 27(1), 49-69. [In Persian]. doi:
10.22069/jwsc.2020.16036.3126

Abdi, A., Asadi Kapourchal, S., Vazifedoust, M.,
Rezaei, M. and Egdernezhad, A. (2021).
Investigation capability of updated SWAP model
with satellite images and AquaCrop model in
simulating the Hashemi rice yield in Guilan
province. Water Management in Agriculture,
8(1), 89-102. [In Persian]. DOR:
20.1001.1.24764531.2021.8.1.8.6

Aggarwal, P.K., and Mall, R.K. (2002). Climate
change and rice yields in diverse agro-
environments of India. II. Effect of uncertainties
in scenarios and crop models on impact
assessment. Climatic Change, 52(3), 331-343.
doi: 10.1023/A:1013714506779

Gobwn U oo o 2LS 0l sl Juw 3l ool
Ol 4 lae 30 slagialosl 1o 29250 lacysgams
ARy g SBs 50 K e g b el ol
2 i g Sl maw lBl L Ll oo S (g92ad 0
e 285 ey Copin 5 S Lnlyd b
o &5 ols plas ol aalllas bl wboo a5 5
5 ORYZA2000 slojos  omiwjloel g ol
L Sgms w4 ol presd e )0 mlaw ;0 DSSAT
rhw asls Gyb 5l a0 5l s gleosls 51 eolaiul
S0y Ay Lyt 4]y badus ileased mls oS5 p
5o Slojlsals molai YL oblg saumslis a5 s5le
or @l Grimred el ba o (giludnnd C85 s
|pusdnogeo b 4 e &)l50 50 Ol Brae slagy L
Sygo ,0 ol las ORYZA2000 Jow 5l esliul b
i sy Jab Jsb s ol jadkes Fro 5l eslicud
PO Ol (pl &5 amo oo &) 60 Shes halS 4igSn
ol 0 @ oS 5 Ol Bpas (:Sile 5l S e e
el ddlaio



AR FUVEIN i WES U

Badsar, M., Kamkar, B., Soltani, A. & Abdi, O.
(2017). Yield gap estimation in wheat-grown
fields using GIS and RS approach and SSM
model (A case study: Qaresso basin, Gorgan,
Iran). Cereal Research, 7(2), 195-215. [In
Persian]. doi: 10.22124/¢.2017.2547

Bai, L., Long, D., & Yan, L. (2019). Estimation
of surface soil moisture with downscaled land
surface temperatures using a data fusion approach
for heterogeneous agricultural land. Water
Resources Research, 55(2), 1105-1128. doi:
10.1029/2018WR024162

Bouman, B.A., Humphreys, E., Tuong, T.P., &
Barker, R. (2007). Rice and water. Advances in
agronomy, 92, 187-237. doi: 10.1016/S0065-
2113(04)92004-4

Cai, X. & Rosegrant, M.W. (2003). World water
productivity: Current situation and future options.
In Water Productivity in Agriculture:Limits and
Opportunities for Improvement; Kijne, J.W.,
Barker, R., Molden, D., Eds.; CABI:
Wallingford, UK; International
WaterManagement Institute (IWMI): Colombo,
Sri Lanka, pp. 163—178.

Cheyglinted, S., Ranamukhaarachchi, S. L., &
Singh, G. (2001). Assessment of the CERES-
Rice model for rice production in the Central
Plain of Thailand. The Journal of Agricultural
Science, 137(3), 289-298. doi:
10.1017/S0021859601001319

Cui, Z., Zhang, H., Chen, X., Zhang, C., Ma, W.,
Huang, C., & Dou, Z. (2018). Pursuing
sustainable productivity with millions of
smallholder farmers. Nature, 555(7696), 363-
366. doi: 10.1038/nature25785

Davatgar, N. (2010). Predicting rice plant
performance under water limitation conditions
using plant growth and development simulation
models at a regional scale. PhD thesis in soil
science, Faculty of Agriculture, University of
Tabriz. 250 pages. [In Persian].

Dente, L., Satalino, G., Mattia, F., & Rinaldi, M.
(2008). Assimilation of leaf area index derived
from ASAR and MERIS data into CERES-Wheat
model to map wheat yield. Remote sensing of
Environment, 112(4), 1395-1407.
10.1016/j.rse.2007.05.023

Ahmad, S., Ahmad, A., Soler, CM.T., Ali, H.,
Zia-Ul-Haq, M., Anothai, J., .. and
Hasanuzzaman, M. (2012). Application of the
CSM-CERES-Rice model for evaluation of plant
density and nitrogen management of fine
transplanted rice for an irrigated semiarid
environment. Precision Agriculture, 13, 200-218.
doi: 10.1007/s11119-011-9238-1

Ali, A. M. & Aboelghar, M. (2019).
Comparative analysis of different methods of leaf
area index estimation of Strawberry under
Egyptian condition. International Journal of
Advanced Remote Sensing and GIS, 8(1), 2963-
2970. doi:
https://doi.org/10.23953/cloud.ijarsg.405

Amiri, E. & Rezaei, M. (2013). Evaluation of
Water Balance Components and Water
Productivity of Rice under Interval Irrigation and
Nitrogen Fertilizer Conditions. Iranian Journal of
Irrigation and Drainage. 4 (6): 306-315. [In
Persian].

Amiri, E., Rezaei, M. & Bannayan Awal, M.
(2011). Evaluation of the Rice Growth Model
ORYZA2000 under Nitrogen and Water Limited
Conditions (Calibration and Validation). Water
and Soil, 25(4), 757-769. [In Persian]. doi:
10.22067/jsw.v0i0.10206

Amiri, E., Rezaei, M., Bannayan, M. &
Soufizadeh, S.(2013). Calibration and Evaluation
of CERES Rice Model under Different Nitrogen
and Water Management Options in Semi-
Mediterranean Climate Condition.
Communications in Soil Science and Plant
Analysis, 44:1814-1830 .

Amiri, E., Rezaei, M., Rezaei, E. E., & Bannayan,
M. (2014). Evaluation of Ceres-Rice, Aquacrop
and Oryza2000 models in simulation of rice yield
response to different irrigation and nitrogen
management strategies. Journal of Plant
Nutrition, 37(11), 1749-1769. doi:
10.1080/01904167.2014.888750

Arora, V.K. (2006). Application of a rice growth
and water balance model in an irrigated semi-arid
subtropical environment. Agricultural Water
Management, 83: 51-57. doi:
10.1016/j.agwat.2005.09.004.



VEF JLo Y 0,les YO 0,90 [ Sdg 0w g ol Lils 4y 5

Oen 5 olo VY

production. Nutrient cycling in agroecosystems,
89, 313-328. doi: 10.1007/s10705-010-9396-y

Mojid, M. A., & Mainuddin, M. (2021). Water-
saving agricultural technologies: Regional
hydrology outcomes and knowledge gaps in the
eastern Gangetic Plains-A review. Water, 13(5),
636. doi: 10.3390/w13050636

Nain, A. S., & Kersebaum, K. C. (2007).
Calibration and validation of CERES model for
simulating water and nutrients in Germany Ajeet
Singh Nain' and Kurt Christian Kersebaum. In
Modelling water and nutrient dynamics in soil-
crop systems: Applications of different models to
common data sets-Proceedings of a workshop
held 2004 in Miincheberg, Germany (p. 161).
Springer Science & Business Media.

Nisar, S., & Arora, V. K. (2018). Analysing dry-
seeded rice responses to planting time and
irrigation regimes in a subtropical environment
using ORYZA2000 model. Agricultural
Research, 7, 424-431. doi: 10.1007/s40003-018-
0331-9

Peng, J., Liu, T., Chen, J., Li, Z., Ling, Y., De
Wulf, A., & De Maeyer, P. (2023). The conflicts
of agricultural water supply and demand under
climate change in a typical arid land watershed of
Central Asia. Journal of Hydrology: Regional
Studies, 47, 101384. doi:
10.1016/j.ejrh.2023.101384

Piao, C., Peng, L., Zhou, L. Ma, D.,
Friedlingstein, L., Tan, Y., & Zhang, F. (2010).

Theimpactsofclimate
changeonwaterresourcesandagricultureinChina.
Nature, 467(7311), 43-51.

doi:10.1038/nature09364

Prathumchai, K., Nagai, M., Tripathi, N. K., &
Sasaki, N. (2018). Forecasting transplanted rice
yield at the farm scale using moderate-resolution
satellite imagery and the AquaCrop model: a case
study of a rice seed production community in
Thailand. ISPRS International. Journal of Geo-
Information, 7(2), 73. doi: 10.3390/ijg17020073

Rao, N.R., Garg, P.K., & Ghosh, S.K. (2006).
Estimation and comparison of leaf area index of
agricultural crops using IRS LISS-III and EO-1
Hyperion images. Journal of the Indian Society of
Remote Sensing, 34(1): 69-78.

Fatimah, K. (2018). Evaluation of Agricultural
Subsidies and the Welfare of Farmers; Malaysia
Agricultural Subsidies Report 2018; IDEAS
Policy Research Berhad: Kuala Lumpur,
Malaysia: pp. 1-64.

Huai, H., Zhang, Q., Li, Z., Liang, L., & Tang,
X., (2024). Analysis of Crop Irrigation Water
Requirements and Water Scarcity Footprint in the
Beijing-Tianjin—Hebei Region Based on the
GeoSim—AquaCrop Model. Agronomy, 14 (192):
1-12. doi: 10.3390/agronomy14010192

IRRI. (2008). Background Paper: The Rice
Crisis: What Needs to Be Done? IRRI, Los
Baios, Philippines, www.irri.org/12pp

Ishfaq, M., Farooq, M., Zulfiqar, U., Hussain, S.,
Akbar, N., Nawaz, A., & Anjum, S. A. (2020).
Alternate wetting and drying: A water-saving and
ecofriendly rice production system. Agricultural
Water Management, 241, 106363. doi:
org/10.1016/j.agwat.2020.106363

Jin, N., Tao, B., Ren, W., He, L., Zhang, D.,
Wang, D., & Yu, Q. (2022). Assimilating remote
sensing data into a crop model improves winter
wheat yield estimation based on regional
irrigation data. Agricultural water management,
266, 107583.

Kawakita, S., Yamasaki, M., Teratani, R., Yabe,
S., Kajiya-Kanegae, H., Yoshida, H., Fushimi, E.
& Nakagawa, H. (2023). Dual ensemble
approach to predict rice heading date by
integrating multiple rice phenology models and
machine learning-based genetic parameter
regression models. Agricultural and Forest
Meteorology. 334, 109821. doi:
10.1016/j.agrformet.2023.109821

Li, T., Humphreys, E., Gill, G., & Kukal, S. S.
(2011).  Evaluation and application of
ORYZA2000 for irrigation scheduling of
puddled transplanted rice in north west India.
Field Crops Research, 122(2), 104-117.
https://doi.org/10.1016/j.fcr.2011.03.004

Liu, H. L., Yang, J. Y., Drury, C. A., Reynolds,
W.D.,, Tan, C. S.,Bai, Y. L., & Hoogenboom, G.
(2011). Using the DSSAT-CERES-Maize model
to simulate crop yield and nitrogen cycling in
fields under long-term continuous maize


http://www.irri.org/12pp

AR FUVEIN i WES U

Grow model based on particle swarm
optimization algorithm for rice grain yield
assessment. Journal of Applied Remote Sensing,
8(1), 083674-083674. doi:
10.1117/1.JRS.8.083674

Wikarmpapraharn, C. & Kositsakulchai E.
(2010). Evaluation of ORYZA2000 and CERES-
Rice Models under Potential Growth Condition in
the Central Plain of Thailand. Thai Journal of
Agricultural Science. 43: 17-29

Xue, C., Yang, X., Bouman, B.A.M., Deng, W.,
Zhang, Q., Yan, W., Zhang, T., Rouzi, A. &
Wang, H. (2008). Optimizing yield, water
requirements, and water productivity of aerobic
rice for the North China Plain. Irrigation Science,
26, 459-474. doi: 10.1007/s00271-008-0107-2

Yadav, S., Li, T., Humphreys, E., Li, T., Gill, G.
and Kukal S.S. (2012). Evaluation of tradeoffs in
land and water productivity of dry seeded rice as
affected by irrigation schedule. Field Crops
Research. 128. 180-190. doi:
10.1016/j.fcr.2012.01.005

Yu, Q., & Cui, Y. (2022). Improvement and
testing of ORYZA model water balance modules
for alternate wetting and drying irrigation.
Agricultural Water Management, 271, 107802.
doi: 10.1016/j.agwat.2022.107802

Yuan, S., Peng, S., & Li, T. (2017). Evaluation
and application of the ORYZA rice model under
different crop managements with high-yielding
rice cultivars in central China. Field Crops
Research, 212, 115-125. doi:
10.1016/j.fcr.2017.07.010

Zhao, Y., Chen, S. & Shen, S. (2013).
Assimilating remote sensing information with
crop model using Ensemble Kalman Filter for
improving LAI monitoring and yield estimation.
Ecological modelling. 270, 30-42.

Zhuo, W., Fang, S., Gao, X., Wang, L., Wu, D.,
Fu, S., ... & Huang, J. (2022). Crop yield
prediction using MODIS LAI, TIGGE weather
forecasts and WOFOST model: A case study for
winter wheat in Hebei, China during 2009-2013.
International  Journal of Applied Earth
Observation and Geoinformation, 106, 102668.

Rezaei, M. (2008). The final report of the
research project on the effect of intermittent
irrigation and different amounts of nitrogen
fertilizer on the yield of Hashemi local variety
rice. Publications of Rice Research Institute of
Iran. [In Persian].

Rezaei, M. & Noori, M. (2002). Effect of
irrigation interval on water use and rice yield in
Guilan. 11th Seminar of Iranian National
Committee on Irrigation and Drainage. Iran,
Tehran. [In Persian].

Rezaei, M., Shahnazari, A., Raeini Sarjaz, M., &
Vazifedoust, M. (2016). Improving agricultural
management in a large-scale paddy field by using
remotely sensing data in the CERES-Rice model.
Irrigation and drainage, 65(2): 224-228. doi:
10.1002/ird.1961

Richards, M. & Sander, B. (2014). Alternate
wetting and drying in irrigated rice. IRRI
CCAFS and Info Notes.
http://www.agritech.tnau.ac.in/agriculture/pdf/cs
a_pdf/Alternate wetting_and drying in_irrigate
d rice_InfoNote.pdf

Saadati, Z., Pirmoradian, N. & Rezaei, M. (2011).
Calibration and validation of AquaCrop model in
rice growth simulation under different irrigation
managements. ICID 21st International Congress
on Irrigation and Drainage, Tehran, Iran.

Sandhu, R., & Irmak, S. (2019). Performance of
AquaCrop model in simulating maize growth,
yield, and evapotranspiration under rainfed,
limited and full irrigation. Agricultural Water
Management. 97 (11), 1838-1846. doi:
10.1016/j.agwat.2019.105687

Soltani, A., & Hoogenboom, G. (2007).
Assessing crop management options with crop
simulation models based on generated weather
data. Field Crops Research, 103(3), 198-207. doi:
10.1016/j.fcr.2007.06.003

Timsina, J.,, & Humphreys. E. (2006).
Performance of CERES-Rice and CERES-Wheat
models in rice-wheat systems: A review.
Agricultural ~ Systems, 90: 5-31. doi:
10.1016/j.agsy.2005.11.007

Wang, H., Zhu, Y., Li, W., Cao, W., & Tian, Y.
(2014). Integrating remotely sensed leaf area
index and leaf nitrogen accumulation with Rice



