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ABSTRACT

Introduction

The ever-expanding management needs have led to computer models play important role in modern agricultural management. The Aqua Crop model is
one of these models, which is designed to simulate crop performance by the Food and Agriculture Organization (FAO), taken from the review articles of
the Journal of Irrigation and Drainage No. 33, prepared by Dornbas and Kasam (1979). Was, expanded, and developed. Among the specifications of the
Aqua Crop model in comparison with similar models, we can mention its simplicity, high capability, and good accuracy.

Methodology

This research was conducted in Bilal village of Shush city of Khuzestan Province in 2014. The climate of the region is hot and dry and the annual
rainfall is about 250 mm. The main cultivation of this city is Corn. Regarding the importance of this product in the city of Shush, we can be content with
the fact that in 1394, it has been the first place in Corn production in the province. This research is in the form of split plots with the main treatment of
Urea fertilizer (including 100, 80, and 50% of the fertilizer required for Corn (NO, N1, and N2)) and sub-treatment of irrigation water (including
irrigation of 100, 80 and 50% of water requirement) with four replications. According to the results, the model had the highest sensitivity to the two
parameters of flowering and seed pod filling periods. Also, in model calibration to simulate Corn yield, normalized water productivity (WP) and canopy
growth coefficient (CGC) values of 31 (g / m2) and 24.2% were obtained, respectively.

Results and discussion

Flowering time and pod filling time were the most sensitive parameters of the model (with moderate-high sensitivity). Therefore, more care should be
taken in measuring these parameters, because otherwise, the model simulation error may increase sharply. Also, the model had no sensitivity to the time
of germination of seeds. The statistical results show that the best simulation occurred in the NOEI treatment with the least stress. As the stress increased,
the simulation and observation values became more different. In treatments where 50% fertilizer stress was applied, the simulation values are very
different from the observed values. Simulation is not appropriate in these treatments and the Aqua Crop model has not been able to predict product
performance under these stresses.

Conclusions

According to the results of this study, the best and weakest Corn yield simulations were related to NOE1 and N2EO treatments, respectively. The results
also showed the accuracy of performance simulation in NOE1 treatment, based on CE, RMSE, d, ME, and CRM statistical indices which are -0.2, 0.32,
0.73, 3.37, and 0.01 respectively, was higher than in other treatments. Therefore, the Aqua Crop model has a more suitable simulation when water and
fertilizer stresses are low. In general, according to the results of this study, the efficiency of the Aqua Crop model for grain Corn cultivation in Shush
city was considered appropriate and this model can be used to manage water in Corn fields.

Keywords: Corn, simulation, urea fertilizer, water management.

Article Type: Research Article
Article history: Received: 09 February 2022 Revised: 28 April 2022 Accepted: 16 May 2022 published: 29 May 2022

Cite this article: Pooladgar, S., Azizi Mobaser, J., Ramazani Moghadam, J., & Asghari, A. (2022). Evaluating the
efficiency of AquaCrop model for Corn plant underwater and fertilizer management (Case study: Shush city).
Advanced Technologies in Water Efficiency, 2(1), 67-84, DOI: 10.22126/ATWE.2022.7483.1014

[oXoL

Publisher: Razi University © The Author(s). BY NG



https://orcid.org/0000-0001-7801-2720
https://orcid.org/0000-0003-3072-5857
https://orcid.org/0000-0003-3847-8889
https://orcid.org/0009-0001-4808-5029

1 639 0y 3 by G (9l

,\'\_/, YVAY-¥4¢¥f iéé)jg‘ L https://atwe.razi.ac.ir '« i eli.:} U};,,{Z],

axdllag) 3¢5 ¢ T Co o o O3 olF (sl 9 AquaCrop Jwo 1,65 b3,
(9% (Yl 5 259 590

fgpmol o [ Touda Jlae, dlgr  WHY paa g5 56 pudilgn ) SVe) sann
abbly il e Jwd )l lodyl 3ime oKl ¢ anb qlio g (6559liS 018l «l wdige 09,5 ( S g (6 ybol A ) wlis IS 4 gal il
saced_pooladgar@yahoo.com
ja.mobaser22@gmail.com :4ebLly .l nl ¢ Jod)l ¢ (dud )l 3azee oKD ¢ rudo mlio 5 (g5)5liS 0uSily ol Csodigee 0,5 Hlily ¢ J oo odian g3 ¥
J_ramezani@uma.ac.ir :asbll, .ol pl < Judyl  Lod)l Bixe olEutils ¢ b wlio g (65,9l 0a80iily «ol wdins 09,5 ¢ )bsliusl "
ali_asghari@yahoo.com :aslb!, .yl ¢ syl ¢ Lod)) Bime ol8iily ¢ anb polio 5 (5559liS 0aKiils el yj 09,5 olial ¥

LXVCCY

-

A8 oo Iy I3 55 Ol Bpae LIS s s ie 50 Ol Sy e syl (65,58 Lol slacaglsl I Ol Bpan (iludigg 0yl
3 ,80ae sty AQUACTOP Jao )5 3w ol 5 b plosl g )0 (Silodend (slaao SeSL ol |y 430 50 Ol oo
Jold) 05l 365" Lol o Lol 05 (slac S 5l B )3 3o cul 8,5 )15 ) 2050 365 5 o e Cilies Lyl 55 )3 olS
ELEO) oS ol 5l 200 009 Ac v (gylol Jols) ilel o jlade (23 jlos 5 (N2 9 NINO) )5 LS 5l 3,90 365 a0)3 B0 g A 1o
s Ladlly BUL (0 1y lej g (2SS ploj 4 yel)ly 93 & s |y ol (ke Je il Bl S 2] 1S5 e L ((E2
prS5) TN ply e (CGC) gy 43y s o (WP) onsJloy o (gygo e olio )b 5,Slas (il gl Jao (iuly 1o cpiman
4 bgye codgan @y 5y Slas (g5lwdnd (p iciunsd 9 Cp e (3856 0l ol Gillae opl g ogdle Xdel Cauddy 1o > YFIY g (roy0yie
« CE lel slajaslis wlwl » «NOEL jlog 35, Shas (gjlodud <85 olime a5 ol (lis ol cpimon 39y N2EO g NOET  ¢lajlos
51551 e ol i 39 Liglas b 5 st el sy +/+) 5 VISV eVF o /¥Y o /¥ 1),y i yias & CRM 5 ME «d RMSE
S (i SS1sST a0 allS (3eis ool gl allas ggezmo 3 bl Sald (g Fuslio (siludnnd 5 08 355 5 o sla i &S Kin

25 ozl &5 )50 3 o g pnte sy S ol §l Gl 9 28 (] caslie G ol o gadlate > gladly @5

ol oyt 05l 355 (3l a2y 1 g lS 5031y

ibgy dlie 1lie 43
VeV abs oA SHg Sl ol V¥ gl V8 iy V) o)) cAspMel Ve ags Ve il 0t alblw

AJJUQA) J}f 9 A.j Cy pdo Cod U)J ol Lgl)_'v AquaCrOp JAA @‘)L{ uab))l (\\G' \) & Lg).uo| 9eZ (plde @L@o) CZ ppao (S35 G W (;JY% liw!
10.22126/ATWE.2022.7483.1014 bz dwlid SY-AY (V)Y fg/—d); o gD gy (clo ()oli8 (oo (liw yod 16350

SROlE

— ulf’\‘-"‘*’y© ‘5)'1) o Kisly :)-HJU



https://orcid.org/0000-0001-7801-2720
https://orcid.org/0000-0003-3847-8889
https://orcid.org/0000-0003-3072-5857
https://orcid.org/0009-0001-4808-5029

(L9 (3l 3ol 305390 anlllan) 355 9 O Cup pate Co5 )3 05 (610 1STsST Jate aal) 5 (5!

Ao
ol pl) anles Wl )de (65)5laS Copde )3 (K5) p G SIAL]) slae o 0l el (e oo (938l5g) (S

g by g o oolitnl Slatumw oS (o oo jI alS ad) gilwaws glp da i ol ans 5 (WA ), Ken 4 S|
sl Jie (VA0 () San 5 ' Somuin) L4 48,5 S 4 o G g eloin] (odlaidl sladie; ;5 Llg o e Cblial
4 iliseo baylps )3 olS (lis (sl 5 5 3,00 o 0 Slas (a5t (4l Wl o oS it (gl ¢ Jguaze ) (gl
$9) CuiS Slagtuns Copo fladlas lyy S LS 3l Glsie 4 Jae @ly 3 (Yo oT (lSen 5 Tal sl olg) wps 45
IS St o alyh 5 o e oS Sl Jae ol (YWY (a5 inga) 355 o o3l bna 5 Sy 5555 Sl
ssbateds & ol o Juo 51 (S TSI Juo (VoA Tgg) aimd o 118 o 5 4528 3,90 1) (o 5l 9 (e (slaysiSte
S VY o) (505 5 )] Ao (5550 SVl 51 43,5 (FAO) oz b 5 )l loflo Lawsp &Y g 3,8kas 5 jlotind
SS16ST Jae laasuiio dlos 51 (Ve ) Kan g (coummw) ol 4Bl dnwgs § Laws g 005 g (VAVA) 7pluls’ § ol yed bawgs
D9 0, (1AYA) plulS 5 wliyed bawg )] comlio € 9 YU (ciadlgs o Sl 4 ol oo wlio sla Jao b dunlis 5
A3 S 9 S Sl

390 1y OIS16ST Jae olon g o Jlas 5l Caliso anb dw 1> @3 olS @ bgspe cleMbl 5l oslazul b (Y++2) ¥ o, Kan § S
5l O g bl o 1) S ool S5 il b s ¢ Jgeaseo 3 Shas iy Jole Juo 457 bl s gl ol 8 b))
oliSan 5 BT 355 ik Caldy Jao ol a0 (o B Cang > Ll S o (siboten b B 25 5 buogio i
@ B Jae 390 pbul pgs 4 (xiwly &S Syge , 3 L bl ey p gls sl pbl I S1ST Jae (o9, (Slallas (VWAA)
—adllae (Yo0NN) ¥ oly 5 2599 comigi 50 D9 dnlgd  wlio 85 b olS jluilagle plaw 9 S coghy «Sid o3lo polie (¢ jlodud
355 4255 o5 5305 plol ASUST ol 3lizal S 5,8k (13 5 (5,5 5 558 oS 258) ol s 5 L ey 3 o
g S S o by galS V50 B VFS o le Sloj 0y93 jd puS 5Skes b cleMbl b awglio p3 ol ol Ll
ool Caliseo aiylg Vo gl puS 3 Slee (gilwand (lp pliogun oy J&G bl ISIET Jae 51 (YY) o, Ken
—Couo (gl Yo=YV Juad Gledbl jl g (muwly (gl Yorh =Yoo ol); had closnlin cleMbl | e pl 2405
FoN 1y paS 5o 1 S15ST oo aSls 45 390,18 45 5 ¥/ (dlosaliie leMbl I odlatul b paS 5 Shas .155,8 odltul e
D)5 ilwdnd LS 3 oy

opl 5 ool b Ll ssols plosl 1y Sladios )3 olS (g9 I )S195T Jao 3l ool b LSSl youiS 5 (Y+10) Mpgs 9 5SSh
Gl 1Bl youiS ;3 Vede Jlo U &S oy lis sais opl ol sy Vede Jo U @)d Jaamo Mg Kgy (silwdud 4 Jso
Sy b blin sl 5 45 18155 5 (03 IV 2815 L 03 paeo 15 ol o (Sl 5 VU sleS o b ol
oo (Y-79) Va5 oy 3l aals Gl 0o YD s & b Jpaoes 455 plisn i (Sl 5 oS ieleS
b &S win)S omiwly dgnge SleMbl Sb 1 oolitul b 6595 ¢ a5 deelS (sloygiS 55 Lulgls Joao (cly 1) IS8T
g 2oy (055 5 SB Cash (e Jpare Wy iloand ln ) SSIST Jae (1Y) o) Sen 5 (IS5 09 Sisucals,
ot Jgpame cutS (ilwand sy owlio 5l Ol S16ST Jue a8 aisdly > Ll asols )3 b5l 3,90 458 s Cand VL 5> jluslale
2 P8 3 Skt (sl & 51T (LS Jao S by (WAY) it 5 (S e 3 S (it 5 (6l (sln s
A=A g A=A ely; Sl 9 )3 Joame cuildy g ailjg, awlislon (claodls 5l ¢ Jae xiwly (clp byl asslsyy  Jlod bl 5

! Hengsdijk et al

2 Van Ittersum

3 Wu

* AquaCrop

5 Food and Agriculture Organization
¢ Doorenbos and kasam
7 Hang et al

8 Araya et al

® Vanuytrecht and Raes
10 Singh et al

1 Duncan and Nobert
12 Wellens et al



WAL (V)Y V) Ol (659 0580 9 48 by 5o (5,988 /o 9 S3Vy |

wlbd Olayo jodome (1wSho (opad Colps &S (gyebds Dy Jaaze 3, Slee i 0 Jde cullB Sl bt LS solatl
cov 1y @) 0 ,Slas imgh g6 (WWAF) oh)Ken g )3l a0 ol Cundts BIYYD g +/+5Y /A ply cuspa oy g 3 kil
iz Joli ooy 18 pla] 3ol IS (slacSsly B 55 ialofl ) 55,8 (s5lotans SIST Jao S8 b (695 bl
)).)‘.a.o Dy )|)§J )lQ:> L Lg)l.)))f\}’oi u[n) 99 ().HQ&JLA) » L)"?"Ls‘l“"’ YANY 9 WOR A/-5 XloY ‘)9.49) d)Lj u] d)}w C.\aw
—a lad polie iy g aeS gy (culojl bl b cod )3 5,Slae g i 5 O)S1eST e canliocdy (Sl (o )lol (sloadli
3Sles Jao a8 wizbly,d g w3903 b)) 6y LS cos Ol S18T e 5l ealinl b Lgw olS 3,8des (WAA) o, Kan ¢ (Sl
I) szm>m L;Ldzui;.;}' d9>9 L')Liﬁl Lb u_bLf L;lm‘_].\o aS sl uL"" é:l.u ..\3.)15 odlazwl ul)ﬂﬁi J.\.n 5! d)‘.‘p’d‘ob 9 (S)gw LS““UL"*’"
o Skes (gilwand slp OLSIEST Jao 51 (VoYY) ) Ken g 99 -dib drwgs oS cov ble (adly bulws gl g ansly Ja )
OS5 gk Lulpd 50 Jae a8 aibl s g wdges odlitel 368 5 (oylol e calisee bulps > @b olS ol 5L g 5l ale maw
Do 48,8 s 3 folS deyie o pie byl Wb 580 ool 4 oliwd (glp a8 wl s g 058 (gilwand gle idey g (gloylad
o ol b g b o)l @lSIET Jae bawgs )3 03, Y 5 paiS 15, A odgicunnj g 0,8kae (Voo ) ol)Ken g (gjlmd ien
ol olacudgie )y Jao ol a5 bulps o (ojlbans plin > oS

9y 2 S pote Camlun Sl Jue Colu oo gl 2035 (6y9 yalie 5 o)l sl ol Bolas (o o
Slops g Slallas 4 do5 L cnlply g Lol plo @ Consd (LS (idg 26 (ol s 5 QLS Giby ade la sl )b
il 5 £2939 slayiebly (35 dgame bl odlazl e SSIST e o 28,5 4 lgicen ol @B 9 J3b 53 423S
il sloylSaly g 6ol calisee Lyl 1> (65)sliS Y panme 3 Shos (10055 (gl (aamolio S5 Blsisar Blg o Jsd 6 2> 5
5 il GlalS (dly wilaio o 55 GISIST Juo (Bl 1 0pS 18 el 550 OF Brae L S (sl de)je apie
Ol 21518 (s 0590 1) deje Copde il (slagy )l plgn B o)l (oriwions 5 (oxiwly 4 5L gl 3 Sles (iludnd
@lop g ol lulid ) 0psl 365 g (o)l il zobaws (sl @) Jpame 3 Slas (iluand sl GISIST Jao 3o ool 5
85 8 iyl 590 ol (riecone 5 (aely (el (s e

ORYF V9,
axlllne 3,90 Alkaio

g Sdd g p)S dilale mldl &5 0 Pl VAT Jlo > plinjs Gl @y ) el el S sy, 3 S
Ol 33 Jaamo opl Caedl b alaly j3 sl @)d olS liw s ol ool CuiS Ll o Jie YO+ g0 3 dllle S5l
bl CunBao .l 0l olaidl dgdas |y liwl 10 @)d we cunss plae VAT Jlo o a8 5,8 ST S cpl 4 les o hgud

ol oas )l (V) U p> hgad oyl yaud

! Feng et al



(L9 (3l 3ol 305390 anlllan) 355 9 O Cup pate Co5 )3 05 (610 1STsST Jate aal) 5 (5!

ool o bl (V) 5 (V) dgts o Jele 90 ol 4 bape  oledMbl wihie Sy oler 5 o Slasie cueal Jba

axfllan 550 adlie uliilsn SDbI LY Jgue

(hr) ol ol () s cusb, o0ke (MM) SoL pslie (°0) e gl (°0) aciy slos ole
AA £VA - A to/i S5 e

WA o - YY/0 £y DR

A £0/0 Vo/o \N% v B

! a\ A0 Y YA ol

axlllae .>».«6L>‘ (5\'“95}.’.)" d‘}.\’

Aol Ve e BT Gos Aol Yo B jio Gas ALk

oS 0~ Skl

e Yt mm d™h) glal SJpds culia

go/0V go/0V (%0) gLt omm ash,

YA YA (0) 45,50 2o b 55 Lz b,

o o (%) 83,05 4l 53 ez Cusb,

14 VAY (ppm) i LB el

VY Al %) 053 8

VY \7AR %) JT osle d s

V/VY Y/ PH

bagsye cudyi dy g 0,5 lwas ) YO/F o VW july dalllas 590 ddlaie jd <)) il Juad o Lod y30lde dinddin 9 4iaS (V) Joio dlael gillas
2lie b ey e ybl g oo ole 93 pd lS).,.o o S5, ol 45 591 yio oo YF S Juad Job 13 (S85,b gge5m0 392 3 p0 g bl (slavolo &
039y 32l @)d olS wdy liee ;o iyl Sl cuiS Juad Job j3 (S6)L Gl 090 Jdd 4 ol Jlaislay ol &) e Lo A 9 V0/0



vy V=R (V)Y VEr ) ol 69 0500 »5 466 puimg 5l 5 9Ld /ool g ;559
529 O R )P 48 piey (511 (559U /], Bod 9 SV oy

U jao slel )0 SB Gluogas isad L0dg puiio doyd FY U FD o owd Cugby polie o)) Jodo slaodly wlul p cpicren (Cuwl
ol 0 &)l (V) Jodo 0 yio 5w Voo

oo S5 ook 51 302 unl S g (6o sl Vo v Y )3 S Slsguas Slyusis 5 oy o) S by (V) Jpds shiel gillas
oy b )3 35 (oo Cugb pdlie 292 03 CudS (gl (armlhe Camdg (S (e 2 (ierjod HIBFY (5598 (Sl L) Guds plovl
el Candds oy (6 Ui loxino gy 40) OIF 5 YA ¢ (50l O (giw g,y &) FO/D ply Cus it (Sdy0 g de e Cud b gl

oS U Vo F 18, sl o)) s ddlaio (3 Joliio o8, SO 5l Buizs pl )0 cddllas 3)50 (sddlaio jD O)d mwy CuiS 4 a5 L

2 baidy 5 g b bl LS )3 gl Ve S ($S15 g e Blo VO Jolgd L slaidy (g9 ©jgod Sl by, b odlatul
5 e polie LA Il CllS g0 4 atdy (g5 S alols @ o IS g iy 15 FI0 ahe o)e g e O sk 4 plbe)S
5 ol Cowds olS 5,85 g s iy calisee Jolye 55 (LS coys pdlie 5l edlitul b s el Canddy pes i SaS b el 3,
Jlos! b duslxo () Jodo Bllao cdeyio SB Sluogad g olS 3y g s 1 oolital b sciliie slajloss lp )lul O o ol

A5 bl ladigy ()05 (S 2 w3l g9 32 42 g )bl 5l ol (25 sl e

;Ahsuéa.auﬁ LT ) ‘5‘)1,‘.3TJ.‘1.>LZA Y o
Gl r 0 SS) 58 shaw Grahs) olel 7 s

e &b ol o5l

N3 N2 N1 E2 El EO

40 Yoy LY Vo Vo Vo \YAY/E /T Jal
- - - Y4 Y4 Y4 \Y4Y/0/0 ¢33
- - - \RYZ- I &V A u o yYay/o/\ g o
AL \Ye/ VA WV)0 YA \ \¥aY/0/Y0 ool
- - - Y4 o Y/E VA \¥aY//0 pExS
- - - 08 AVE VA AVAY/VNY i
£0 VY qs T £A Ay A VAYAC R
- - - YV/e £t 00 \YaY/v/A s
- - - \v/e YA Yo VFAY/V/TA &

Ol g0 Cudgiome 4 e s b) L b S Jlas )5 tin 93 390> (5Ll 93 S 4 o (el Sl g wtin o o)lul 593 b pgw b Jol ol
2 PSS YYA) 0 et )3 0lS (ol (adlaie > cutS Lulyd (355 (gjlodnd (lp) allate ey i Loyl 355 polie (4250 &
2 Cugd duw 4D g Sy 355 Ciyguods 059l 355 Ay 0LS (8 pns &y ddlate By 358 Mo yd Br g Av Vv pdaws duw jD )5l 355 yolde (HlSa
Joms 2 @ sladis al Colus Ad (5ol 15 L9y Bllae A3) (50593 Jsbo )3 jlulale pdaw (Y Joix) €85 )15 olS s
—a Il aaw Joyd )8 Corlue 4 Colus (pl s | e A5 (6 xS 05l01 K39 Yl y03 5 JelS 365 g ()bl 5l a8 e les (<l
byl (F) Jgito 53 00 (6503l polie a5 0 /N -+ acyie )3 jlulasle paw cuiS g9 3 dm joy Fo dgan a5 sl S0 p3Y el Cowd

ol ol



ot G o 3 e o 508 7 77 o

CiS b 53 Slblagles sl pyolie £ Jpua

(1) sl Clu S 5l e sy Sl
0 \e
Vo Yo
Av Yo
Voo 1

boad cablyy (e 90 295) (Job ca jd 43 5y50 (glaodly 5 Wad Ll Hlow yb lawg (gdidy 90 (gD pdises CB iulj8l jelaied

o o gladily Sis g (JH sladily cutlyyy 1 g ey o0 Sl 4 bajleni | SG o g9y 2 (cslanly) (sl Sl e gy cnl S8

ol o )3 5 Sl o0litol BB 35555 9 alsp g Sl Ll 5 (o) QLS ) oy 0390 sl SISIST Jao nd 55 6Bl jgboay
(Vo8 hlSam g ) it Jly95 0 (5 €85 55 ol slagz g3 col coly (Tl )8 ) g ook Juo oS

B Main menu - =lolx|

Environment and Crop
Climate

gﬁ Clenate |—|N one) Specily cimatic data when Running AquaCiop

Crop
Growng cycle: Day 1 after sowing 22 March - Matusiy: 24 July

 Cop | DEFAILTGAD  agenencen

Management =
Imgation |—|None] Rainled cropping
Field |—| (None) No specific field management
Soil

Solpofie |—DEFAULTSOL  Desploany sol

: ;}— Groundwiater |—|Nm1 o shalow groundwater table

Simulation —  Sinustion period I—s«umm From: 22 Maich - To: 24 Juy
ey
1. | I—'T‘— |mdou;.m|——-|n' one] Sol waler pofle af Fiekd Capaciy

J J
| Run |—<<<
Project—— - Poect |—'|Nm] No speciic project
Field data —§ Field data |—|mm) No field abservations

@ Exit Program

GISIST e ool (g g0 Y S5

5 w5 plie (30a39 gl Catlo —aly = ) 5 OIS1ST o )3 el 00 @) QISTST Jao ol (g5t ) aled (V) U5 0

§ 25 w35 by (nyipine g oad Al sodie Jlo plojle (65y5liS )b g )l losle Lawgi (Bg) ol el 0 edlitul Jeuily (5 e

oyl Gigronl 5 ooy sl ol (Si5b cunle 5 bl SISIEST Juo kg gy ool Gl Koo cle il Jrily 35

Gapd 3 oy ) an g odol G 4y (V) el ) Juilty 355 g 5 polie (Jio ol 3 il 00 Blod olS (S5elsh 00 5 (Sl
N an g ) 39550 dplme ol (Bly o5 5 e o (LS 23 al ey 53) alS

 0.408A(R,-GY+=ouy (es-e,) \
0 A+y(1+0.34u,) ()

I Allen et al



| W-AL c(\)Y € “,Ji $99 0% 9 ﬂw dlﬁ: d)gw/ul)&oﬁ:sﬁby$4 |

Y 6l lgn @ljg, slod bamgto ;T (KPa®Cl) Ligb) cob iy (MIm2d!) S5 Jsh sboys L5 .G (MIm2d!) Lals Liss,

Cwl (KPa) )léq )L.&é )9@5 :€s-Ca 9 (ms“) u.uﬂ) @a.w )‘I Sy Y gl.éﬁ)l 2 .)lg e U2 ‘(OC) UM) GL‘”’ Sy
sl 3 es SSE 5 (Tr) (ol ol a1 355 9 (B) SB gaw jl poed & (> 535 5 ped 095 S8 )b j) Joe
3y 9 SB o | s 4 s 5,5 g s SuSE .l o gliel (HI) Tewslh y (adlis 5 (B) 'Sis oole jlade & (Y) oo
Jyaze 2l 3,Skos SSE (piznad 33,5 SySole 295 05 15 o 8 pan O (s 3L 48 395 0 el o5 oS o I
Dy _\.aa|9'> pla JB HI 5 e Jo\}c— (e B 5 e Jo|9.c O slab L;g]g) REL I 5N C@(’:I)x o>l g s odle Hldeay

B=WP.} T, (v)

0y90 ;> 48,5 Oygo §ym i 45 (kgmm! L SLis o3le kgm™?) O (6590 00 yiolyb ;WP 5 (Mm) Jguameo 555 Tr (V) alaly
b calite o 5ym5 ko g odd cioyed aLS Bly 5y sy (oanio olS olom plail .l cusl ord Ay s odle ume Hlade &S Jloj
» (B) Mg Kuis o3lo Hlude ¢ (Y) 3,8es jludo 5l odlatul b aS 54 00 03l ojlis HI b cusls pp (adls .l (WP) O (659080 yelyb
(Voo ohon g o)) 29800 iy (V) ]y ol
HI=Y/B ™
thw (a3l b @ bl amaw 5l Jse ol )3 sl cglie 35,15 58005 O cone (69, 45 wlie la Jae plo b Ol ST Jao

Ul Jio 4 &) COp clale ¢ (adly 3,5 cpud (slp Ol (6y90500 00 Jloy (adls jlude I cpimen .ol s odlazwl (CC) Sy
Il maw Jlude (Jdo (pl 53 . (WWAY (), e g (sdoxo) Cunl 0iid odldiw] (idu o calidee (sla find 5 oy 1Se ;3 b ygp sl 0L

g gl juw Sidgy (gl (F) dlaly 59 o (gjlwdnd o 93 ) dales 90 5l edlainl b sy 305 Ll d> a &S Slej b 005 diles e
g o oalaiwl LS)-SLA} Ay o o L G gy Al d‘); (a) dLy‘)

CC=CC,e CCt (%)
CC=CCx~(CCx-CCy).eCuCt (8)

Gy 3D Coonnd ygody Nl pdaw Ad)y o s :ICGC @yl jlululs mdaw :CCo d loj 45 jluilals adaw CC (8) 4 (F) Llsy
ol (Goy e ) loj it g Aty Sl e :CCx

L, (M-S

CE=1- il .

(MM %)
RMSE= |1 (3,-M)? )
! Biomass

2Harvest Index



(559 Ol e 52130 aallas) 355 3 0 e 05 3,3 8 (sl S1,5155T e 15 ol

el [F5n siMy)?

- — — A
S (si-Ml MMy @

ME=Y2I8:Mils 100 @)
M

CRM=2= M2 ledl 5 (1)

sl sl g,%:sﬂaa ool M yodlio w.i)lm : M 9 Slaalie slis M 0l d),,fo)'l.\jl 9 Silwdad i i 4 :M; 9 Si syl )b
5955 K 4 do ya byl e a8 col +) 5 -00 1 d 9 CE (slajadls Ol yuss aiels ool yao 4 o 39 Sos5 0 ME g RMSE
b dwslio 1> Jto osd (gilodns polie s> 1 a8 b g s 5l i 3590 saimd lis CRM asls .ol Jae g (o])l8 osimsjlis aisb

(Y' +A gol)l&a..m 9 &w) Cawl 0045 d):fojlﬁ‘ )JD[Q.A

Cawl 0045 Sl (Y“V) O‘)K‘*‘” 9 K 9 (YNV) \OI)K@ 9 %J Ja.\.:y“ 4 99) L)“’L‘“" » ul)ﬂ?ﬂ Jso Cauwlus )Jlj ¢ 5o wl 5

asdly
O,S155T Jo ol 3L

O Sl (454 5 o8 chawgie by Gygody yll a4 Jhe Canlus (i uwlun o s Slpnss alels olol B9y cpl
ol 00 Gl (0) Jgaz 33 O1yS16ST Jao Camlun LT gl 5 comlus ©ad s ol o ps calisee (laojl .cusloss

I'Liu et al



vs V=R (V)Y VEr ) ol 69 0500 »5 466 puimg 5l 5 9Ld /ool g ;559
529 O R )P 48 piey (511 (559U /], Bod 9 SV oy

SS1ST due 63555 G2yl (5 ol 5IUT 5 s .0 J s

Se>1/0 /¥<Se<h /0 +<Se<o v Se=+ St el

3L Sl b g sl oS ol Sl Oy Sl Sl
ol 4 ys =V0/ S 55 Se jlude +Yo/  CJl= s Se I Js 635,55 s el
b g s Ko K

oS AN oS WS S WSl

Lo g2 =S VAt v/Y0 CCG) B g A
b g oYV Vg0 (WP) oas Jle 5 T (655042
Lo o = oS \/YY Y HI) sl Laxls
PYRE e e Lajdy 042 5o Ole

% YA VX oS sl o A3, 0o

b —Jaw g2 Y/ VAL S
oS AR /0 e s ol

35— daw se V/a1 VA Qs Jaw 5 M O 0l
oS oY Vbl Ges e Sle B SIS Sl 5 sl

oS 5% o A5 b L el 5ol

oS Y 0 S5 S Ol

oS v e 2508 gLl (Sssden ol

(3L ~lawgie Comlua 423 (Gh) Jao ool (npples baily hawg SME (0 5 loj 5 (235 (lej (8) Jgio @l il
bl Jbo gilwand slbd Canl (Sao Gyyeocpl w53 1) ges bld byl )l pl (opuSoilil o gy <y Ll plpls oy
(@) Jgdo p lawgio U 08 Cumslus a3 b ol plus 055 ol b (olyls aily 0l juw o) s G Jdo (pizmoan .0b o058
Slodds asuie
G |y Sl (505" Jho 48 351 ] Sl (VAY) ylSen g (staome bawgi (pAS S (ilstenss 1) o ol ool 30T ol
oxb oy Ol (syge 5 Cudloyy (aSls 4 G |) Comlun (it 5 )y (1 S ooy 5 (CGC) by 13) cops ool
Gl 3855yl guls a5 a8 35l
Jgaxo 5 Slos 7 U5

Jre ol b s b5 oloj g auje dieils ba gyl 585 cpoend b g Mitans 583 s g (S 05081 B OIS16ST Jae (slaengyg do
i 4l (F Jada) b omiwls dals jle 5l eslatel b (0 Jado 4 25 danlye) jiin cuwlus gl alS slayal)l 5l 5y bwy
ol 005 ) (7) Jpin 5 o g o 1505 45,5 5,5 Jae (12 By oty (Je Jigin daii b silas) il 51 55
O+ 5 YEIY pyoyio 3o p)5) YN plyp ey )b 0 )Shos (gjlwands cgs HI g CGC WP (4lyy oo oiwly polie () Jodo illas

Dol Caoddy Aoy



(L9 (3l 3ol 305390 anlllan) 355 9 O Cup pate Co5 )3 05 (610 1STsST Jate aal) 5 (5!

u.bh_f ‘su‘);ﬁ[)l% u""“"‘"J ﬂ:u.d .1J‘,v\"

Al el s e el
gr. m? ¥ WP
°C Yo =Y4/0 GDD

/. Ye/Y CGC

/. V/eVi CDC

2 o HI

oai oy ol 59000 plie )3 3, 8kae (giloand dly SSIST Juo (amily 53 (WA (an 5 (oapmlyl caliio Slalllas )5
251 Casdas WIE 5 AF a0 50 1 p5) YAV iy |y (CGC) Gy 35) cups g (CCX) (oS by o aid (WP)
SEA OS5 iy sy |y, WP g HI .CGC yolis « )3 ol (sl OS1s8T S oioly §) doy 555 (VAT ) shlSa 5 iy cppiomad
53)S ey @ayeyie 32 )5 YYIV
QLS 55 ¢5) 0dd G5l ded 9 (A3l 5 ,Shas polia V Jyur

6?;1 oSl xS e S eSS JAS Sl

VE/A VE/AN YE/ANY Ve \E/AYY Vo NOEO
YY/AYY \Y/Ve \Y/YYY VE/ATY Avasy yv/avy NOE1

47 Vo/ed VXYY q/0YY LYARN ) NOE2
YY/VAN \E7a VEAYY Ve VE/X vi/ant - NI1EO
YY/FYA \Y/Av \Y¥/4 ) F/VYY Ye/o vy NI1E1
4141 Y o/YY 4/ 4/A\1 Y /ATY yoAt NIE2
Vg VeV k3 \Y/AYY YA yv/ary - N2EO
V/0YE VY/4A Y/ Y Y YA vy N2Ed
VAYY LYAR 4/YYY A/O ) /1t N2E2

Mo &5 (gygbdy Cunl (e B3 (s paiS 3 Slas gt 3 Jde & g cnl SOy 58 (WRO) e 5 (el imgly doms
Dy doydgiy | yiaS 0nds Jlo i sllas
e Jao (oiuly ) am aleg 3 bl OISIEST it ot el g (amily 4 ppse Sl S0y el Slados )3 cglise yolio oyl
S8y Joase Mg 3, Sles gl A (gilodud (391 o odlitul (sriwly glp & sald e ma) G gboyled adS gl 0 Sles
ol 00 )l (V) Jgdo 53 0sds (gilwdnd polio ol jorndy oads Jlos! (sl )los
Jde 95y (cloanlie plie b (ool s Gglds (glwdud polie S 0+ (i b slajless p3 45 3¢ o odmlie (V) Jgdo 4 a5 g5 b
55 1y sl o3y ol bl anss L 355 55 bl i 55Ty ly 55 ol 03,55 4 Ly cul st Jpd BB s
Do sl o
Saas 3Skae y Suid il 068 6V iy polia )3 & 53,8 paseide b ol (WAA) )Seot 5 6 yo5 Loy & i
Ol e gals b wus asgie OI)S1eST oo SaS b Lgw 3,80ee (g9, 2 355 Sladins o (WAY) o) Ken g ows Cpiren .Coul 03
2l G bge 3,8kae gt 5 Jao slbs o3 gl



| W-AL c(\)Y € “,Ji $99 0% 9 ﬂw dlh d)gw/ul)&oﬁ:sﬁby$4 |

d 5 CE (laadls polie buwg gasge opl el Comsas bly polie I j2eS Wajloas 5 i 50 odd (gilwdunds polie (¥) JS5 gollao
ol 03,5 b |y dlosalice y3lie Loy g 038 cawlio Livws (5lwares NTE2
16 -
15 4

SAN

13 A
12 A

= luslis

] \ = sl

1 NN

=
o
1

(;l:i.mﬁo.‘?):jﬂa

O N o0
1

NOEO NOE1 NOE2 N1EO N1EI N1E2 N2EO N2E1 N2E2
Dles

(ls 303 )3 Shas (glodalin g (g5luand slia Y S5

(bl sl jasls 1) 5> Shas 3lutend 5 lodalin olin (Saulie A Jsir

CRM ME d RMSE CE Lasles
o/ Y/VY v /VY /XY -+/Y  NOE1

AR R VLT SRV & \ —+/A4  NOE2
DAY OVEYY -l VAY  —Av\4 N1EO
Y NYANATY S —e0Y \/1o -AAM1E NI1EI
/00 VYN E v/t0 VA —+/AY  NI1E2
AV 0V/EY —0/8d UVY O =8VW/oY  N2EO
JEY EVYY -1 o/tV Vi8N N2E1

YV YEEN VY YN Y8 N2E2

S o) Cond paSeiie Mg 5 g 4ld BME] o L Ml closnlise g (jlodens (claloges N2E2 s N2E1 N2EO (clajlass 5 Ll
oMo (A) Jgio 42 a5 b 223,50 odalito (A) Jgi 1 29290 (g)lol (slopadlis by (slosalio g (5Sojlul polis (s 39250 SO
St s oS byleg b 5 Ll 5)ls N2E2 g N2ET N2EO (clajlog )5 cuslio (giloads pas j olis o)l sloyasls plas o 34 0
ol Canlie (6 5lodunss

5035 3L Slyess (g CE jell fA) Jgi> gloods 4 a2 g5 L g canl aslio (giloand aidly 5S35 S 4 2 2 CE polis
4 ) g yao o CE ,olie N1E2 g NOE2 NOET jles aw 5 Jbo ol b cosl oas Jolis 1y (/¥ B =FIV/AY) oo | amws s05L
b ol 0 F) (o (silodnnd 3L 55 yho 4 4> RMSE jolie .ol o o3ly Lasuis 093 (ojlwdnd 9 Conl odel Cad
98 b)) cambio (ilodund 5 039 Joub b s RMSE jyolis bl b (sl 3T jlas a3l e (A) Jgo



(L9 (3l 3ol 305390 anlllan) 355 9 O Cup pate Co5 )3 05 (610 1STsST Jate aal) 5 (5!

Sl ME [asls s Jod B yolie 5T Jlog aw (gl Lol cawl K355 K5 4 5 0091 sl b Js) o iy sl 35 d pudlie
WY o s 50 jless o sl S 0 2yl ) 55 sl jolie BT jless s gl g amd 0 L 1y 5,Shae (0 NOET Jlos
a olael g0l g 039 43,65y Camlur o yieS 1 ol dwle (gyl] (clayasli > CRM [asli coles 5 cunl oad duwlxe VY
ol kel Cawnd dy BT Jled ds 4 G (g gllae ol gl Hlews g (sl sl S8 skal Cand
0dylg i 4y ol 033l 5T 0nd 3lg o )3 LES cpieS A NOET jlas ;5 (cilodnsds oy yige 45 amd o s (ol zuls ggasme)d
Gilwded plio 0ad Jloel 368" duopd e i & slajlos ;0 Wled)S Iy (gt M) odalin o (gilwdnd polie sl il58l
ceslin (65l B lasi gl )3 el 05 dasslrs (A) s 3 45 (ylof celamsls 3o 5 5> (clodalie yolio b (o0l o B!
el €215 ) a5 ) 5 Jpnn 3 Sk it (2l S1e5T S  Con

R? pslie ity 6ys8 55 bl cos OlS1eST Jio KaS b )3 3,Skas (gjlodnd 4 & oo 0 (WAF) L, Ken 5 53] 00
Jgame 5 Slas Jao) 391 Jdo 359 i ;0L bl Limgd guli (JS 55 el candas +/OA g +/VY /AY 4l 55 4 MAE ; RMSE
Ly Jpaco 3,Slae ol Canslys 15T Jao (IWAR) (s, 33l o5 el iz 3, o Sl (Sl 1 s (551,
5 FIFY /Y ply cuia ME g RMSE EF (gl clayasls polio da)] suiss j0 .48 (gjlwds doypd FIE B Y s lasl |,
Lol i oS o] €85 (6y90 ialidl b as (ST OIS16ST Jae a8 sl lis (WAF) )L en o L (gyh x50 4o pwioed el Cawddy O/AY
9 iwly ©pgo 53 (b Sllhae 5 35 (pl @l Bl S jgbas 25 (Giluand (o534 ) Slulale waw g 0395 Cannj il 3)Sdee
Mol 455 5 565 g Ol s a5 Lal s > andl oS 4wl ol 5 Sles (gilwans » o> oUlg OlS1ET Jae ccalio ot cous
2, 3925 Jdo ]

G cnl 85 18 bl 2050 365 5 Ol e ilisee baylyd )3 @S el 5 Slas i 0 I S1ST Jae 2 Gidos ol

S5 doxis

3 el callhe cusdly b s a8 el o (5 4 Cand gyt Camlus 3¢5 (55 4 Ol SIsST e ol (LS iss ol gl
J3o | Olgise (358> g cuslio Cygoty (riwtons 5 2riwly ol s claa]p 4l cile) Oyp0 3 o S g e colys
byl b & da g L (0ad (93559 sk (A laulpd s al) cudly Js8 b oSl 5 0y Sl W) (sl Ll I S1sT
593,50 iy cenl oglite Calizce sblio )3 a5 S g4 Cpimen sl Pge yd oS Ady 0)gd 9 ol L e p ea & olil
Cunzj g IS 2,8es by ol (Jg 09 oolital (2800 g adglsiel plyie o Baiod (pl M) Hlade s g 45) 0)93 Jolye olps
) ras B 0395

&‘3)-\3 9 MJ’“

235 o S0y g Sis Gaios ol 5L 090 UGl Gl it omel 3 o)en D 4 g b (65liS dka o)l



TW-AL c(\)Y € ‘Ui 19 00 92 ﬂw dlﬁ: d)sw/u‘)&bsﬁbyéa

F%)

o 0pd 3 Sles (gilwand > AqQUACrop Jao obj,l (WWAY) gl c (63,50 (g3l3las 5 oMol 15,051 o Jejls «Sb ol yl
http://www.waterjournal.ir/article 74092.html

b 0555 9 ol cilisee (slacy e cod )3 45) (gl (WWAF) . Jaillol (pupyp (Sgioe g loying ol (63)9 3o ¢ sapnl ]
https://dx.doi.org/10.22059/ijswr.2015.55926.Y - V=YY~ (Y)f5 ¢l ] S 5 Of wlisiss aoe AquaCrop Jse

ooloss g by 3 Sles i > AqQUACTop Juo byl ((VYR0) Lige con 3> g e opuidl a3 . liue (oo o caudlpl ¢ 5 yel
https://water-soil.tabrizu.ac.ir/article_4639.html .YYA-Y\Y (¥.¥) Y0 « S5 g Ol (iild 4 pis . SJeS (o5 cov puS

Co (geejicn 3)8es 5 45) (silodnd sl AQUACTOP Jae (b))l (WAY) ofe s 5 pdes (o e llpad copnj s3]
https://dx.doi.org/10.22059/ijswr.2017.232438.667675 AVV=YA- (MR o)l pl Ol 5 S Slisiss aloe . o 25

5 ol dliale 93 Lgw (gyll o5 copte ilps cov AQUaCrop Jue obs) (M) .odee «sppd Slpw g e 03ljLl
https://dx.doi.org/10.22067/jsw.v0i0.14156 .YYA-YYQ (Y) Y5 (s;,5liS mluo g pole) S

58as w55 )3 SALTMED 5 AquaCrop sl Jso obs)l (WAF) cels claudlpl 5 olon colasl bl cioe ) oy
FAY=YAA (V)F5 (o)) sip0liS pole) olpl Sy Ol Gladss dlinle (S 6y8 5 ) Jgae
https://dx.doi.org/10.22059/ijswr.2015.56738

Je b b 3Shes (bl (17R0) e aodbliond (o8 g eI me csrenllibis e gy g b od (e

IVY-YEY (PP (SB g O pole) (o5y9liS o ol Limgh aslbas . gylol o5 9 ()98 Copte Wb covAquaCrop

https://dx.doi.org/10.22092/jwra.2016.107156

5 3 3 8kes re35 > AQUACTOP Juo (bl (WAF) deoe ¢ 2l 5 e lodis (30l dpmn o Nag edglge b 6y
X2V VA olpl S g O @liios alxe gs0l b ylol 5 (2l il (slaco pio lys cos S5 ()90
https://dx.doi.org/10.22059/ijswr.2017.61340

Jie 3l oolitel b o2 paS 5ySlas (gl ad (WWAF) Loy (sylail g cdose ¢ B el 0dlide w)lyolS ((6)sly wdoss (L3
AYA-AY- (B) YA SB g O aloe . Jlos ool B colasn 123 (65,9l Sliins oK) (6390 anlllao (ol S1gST LS
https://dx.doi.org/10.22067/jsw.v0i0.34927

cos AqQuaCrop Jie ;o oylou, olS wdy sl yiel )b Camlus Jdoo (VW) L ime olidd g cygess ¢ ol wdbds (g on>)
AYDVIEY (SO (olpl SB g Ol lidss dbre . ojeps 368 dalise (sla i
https://dx.doi.org/10.22059/ijswr.2020.298460.668516

L9y 35900 > AqQUACrop Jae byl (3¥24) . pobe ( SbolS g eyim cspbss e wlie b odgm e oola ( Jliel Slaey ls, (sdumw
DN eslj pole ) e Sl i alons . gelols 5 (6)98 S cod w)d 3)Sles 5§55 (SB Cagb) Ol
https://dx.doi.org/10.22077/escs.2020.2473.1652 .¥)+--)4d

2 3obky 08) b 3)Sles (il 4nd > AQUACTOP Jao LS (2bj)l (IYAN) qwge plus 5 csige i 5B e islowsl (Slind
(V)EY ds5o5liS sale alome) o)l 9 (qoige psle )bl iliseo slbaw 9 )53 sy Gl 5l (B 69 (5 co8 S il
https://dx.doi.org/10.22055/jise.2017.18343.1332 5Y-¥4



(559 Ol e 52130 aallas) 355 3 0 e 05 3,3 8 (sl S1,5155T e 15 ol

a5 Ay i sy AQUACTOD Jio oS das gy IS (bsy) (VTRA) stbe o0 g ole b oy gy allos
NOPYABOY (F)0e oyl SB g Ol Clidos alxe .)jgp 3¢S il gghaw b
https://dx.doi.org/10.22059/ijswr.2019.270122.668063

9 Sdd 5 S (Gile 4l (W) Al OB (2B g e ppmintadte B e siellie 0aiSy el (bl e gpmare ¢ (5508
S3lpe3d ohpgfy (ol abre CERES-Maize (gjlo 4nd Jo jl oalisil b )5 (59555 B 2l 5 o 0 Shos 2 ()59,25
http://dorl.net/dor/20.1001.1.2008403.1390.3.11.2.1 Y\ (W)Y «=l,; obls

AquaCrop Jio sriwcons g (Suwly (WWAF) yuol (63)9 5> 9 e omme «5ylbail i clopmd eyl polS «(6)gld cdgrume ¢ glaxo
YAD= PV cgjpslitS ) Ol (tmgy gy = pale s . (StS 5 (59 plojen (A Cou 0o paiS 3 Shes (gluad (ol
https://dx.doi.org/10.22092/jwra.2015.103054.YvY

Sl Gpas gy Sl slagylis (25l (W) Slige BT g ccsole domo )b ()l old)gamms ¢ Slante ilgnd) (sioge
XV (W)Y (ool 9 O o pie CropSyst ol wi)y Jue oo sla Ul 5l ookl b a5 )S 03¢5 45 god piS
https://journals.ut.ac.ir/article 23383.html

(g i ot 0yd 3,Sdee STy (il ads (sl AQUACTOpP Jao obs)) (\WAD) el ¢ ey g pls ¢ Slabe oIl )00
https://dx.doi.org/10.22067/jsw.v0i0.43858 NFYS-VFYA (A« S g Ol imgh — ol i

References

Allen, R., Pereira, L.S., Raes, D., & Smith, M. (1998). Crop Evapotranspiration-Guidelines for computing
crop water requirements. FAO Irrigation and Drainage Paper No, 56.
https://www.researchgate.net/publication/235704197 Crop_evapotranspiration-

Guidelines_for computing crop water requirements-FAO Irrigation_and drainage paper 56

Amiri, E., Bahrani, A., Khorsand, A., & Haghjoo, M. (2016). Evaluating AquaCrop Model Performance
to Predict Grain Yield and Wheat Biomass, Under Water Stress. Water and Soil Science, 25(4/2), 217-
229. https://water-soil.tabrizu.ac.ir/article_4639.html [Persian]

Araya, A., Habtu, S., Hadgu, K. M., Kebede, A., & Dejene, T. (2010). Test of AquaCrop model in
simulating biomass and yield of water-deficient and irrigated barley (Hordeumvulgare). Agricultural
Water Management. 97(11), 1838-1846.
https://econpapers.repec.org/scripts/redir.pf?u=http%3 A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle
%2Fpii%2FS0378-3774%2810%2900226-X;h=repec:eee:agiwat:v:97:y:2010:1:11:p:1838-1846

Araya, A., Keesstra, S. D., & Stroosnijder, L. (2010). Simulating yield response to water of Teff
(Eragrostistef) with FAO’s AquaCrop model. Field Crops Research. 116, 196-204.
http://dx.doi.org/10.1016/j.fcr.2009.12.010

Ataei, P., Rahimikhoob, A., & Arab, M. (2019). Performance Evaluation of the AquaCrop Semi-
Quantitative Method for Prediction of Radish Growth under Different Levels of Nitrogen Fertilizer.
Iranian Journal of Soil and Water Research, 50(6), 1553-1567.
https://dx.doi.org/10.22059/ijswr.2019.270122.668063 [Persian]

Babazadeh, H., & Sarai Tabrizi, M. (2012). Assessment of AquaCrop model under soybean deficit
irrigation management conditions. Journal of Water and Soil. 26 (2), 329-339.
https://dx.doi.org/10.22067/jsw.v0i0.14156 [Persian]

Doorenbos, J., & Kassam, A. H. (1979). Yield response to water. FAO Irrigation and Drainage Paper No,
33.
https://www.scirp.org/(S(351jmbntvnsjtl aadkposzje))/reference/ReferencesPapers.aspx?Reference] D=552874

Duncan, k., & Nobert, J. (2015). Assessment of the impact of climate change and adaptation strategies on

maize production in Uganda. Physics and chemistry of the Earth, Parts A/B/C. 93, 1-9.
http://dx.doi.org/10.1016/j.pce.2015.09.005



TW-AL c(\)Y € “—Ji 19 00 92 ﬂw dlﬁs d)9w/u‘)m$)§DYy

Ebrahimi, M., Verdinejad, V., & Mjnooni - Heris, A. (2015). Dynamic Simulation through Aqua Crop of
Maize Growth under Different Management Decisions of Water Application and Nitrogen Fertilizer
Use. Iranian Journal of Soil and Water Research, 46(2), 207-220.
https://dx.doi.org/10.22059/ijswr.2015.55926 [Persian]

Ebrahimipak, N., Egdarnejad, A., & Khodadadi Dehkordi, D. (2018). Evaluation of AquaCrop Model to
Simulate Corn Yield under Water deficit and Superabsorbent application. Irrigation and Water
Engineering, 8(3), 166-184. http://www.waterjournal.ir/article_74092.html [Persian]

Feng, D., Li, G., Wang, D., Wulazibicke, M., Cai, M., Kang, J., Yuan, Z., & Xu, H. (2022). Evaluation of
AquaCrop model performance under mulched drip irrigation for maize in Northeast China. Agricultural
Water Management, 261,107372. ttps://doi.org/107372. 10.1016/j.agwat.2021

Ghamari, M., Andarzian, B., Bakhshandeh, A.M., Gharineh, M. H., & Fathi, GH. (2011). Simulating
Effects of Drought and Nitrogen Stress On Yield, Water and Nitrogen Use Efficiency of Corn Using
Ceres-Maize Simulating Model. Crop Physiology Journal, 3 (11), 21-31.
http://dorl.net/dor/20.1001.1.2008403.1390.3.11.2.1 [Persian]

Hassanli, M., Afrasiab, P., Ebrahimian, H. (2015). Evaluation of AquaCrop vs SALTMED Models to
Estimate Crop Yield and Soil Salinity. Iranian Journal of Soil and Water Research, 46(3), 487-498.
https://dx.doi.org/10.22059/ijswr.2015.56738 [Persian]

Heidarinia, M., Boroomand Nasab, S., Naseri, A., & Albaji, M. (2017). AquaCrop model evaluation to
estimate of Maize yield and soil salinity under different agriculture managements and irrigation with
saline water. Iranian Journal of Soil and Water Research, 48(1), 49-61.
https://dx.doi.org/10.22059/ijswr.2017.61340 [Persian]

Heng, L., Hsiao, T.C., Evett, S., Howell, T., & Steduto, P. (2009). Validating the FAO aquaCrop model
for irrigated and water-deficient field maize. Agronomy Journal, 101, 488—498.
http://dx.doi.org/10.2134/agronj2008.0029xs

Hengsdijk, H., Bouman, B.A.M., Nieuwenhuyse, A., & Jansen, H.G.P. (1999). Quantification of land use
systems using technical coefficient generators: a case study for the Northern Atlantic zone of Costa
Rica. Agricultural Systems, 61(2), 109-121. https://doi.org/10.1016/S0308-521X (99)00041-4

Hosseini, S., Khoshravesh, M., Ziatabar Ahmadi, M., & Ghadami Firouzabadi, A. (2016). Evaluation of
Soybean Yield by Aquacrop Model Under Salinity and Deficit Irrigation Management. Journal of
Water Research in Agriculture, 30 (3), 361-372. https://dx.doi.org/10.22092/jwra.2016.107156 [Persian]

Izadi, Z., Nasrollahi, A., & Haghighati, B. (2018). Evaluation of the AquaCrop model to simulation of the
potato growth and yield under water stress. Iranian Journal of Soil and Water Research, 49(1), 171-
180. https://dx.doi.org/10.22059/ijswr.2017.232438.667675 [Persian]

Kelly, T.D. & Foster, T. (2021). AquaCrop-OSPy: Bridging the gap between research and practice in
crop-water modeling. Agricultural Water Management, 254, 106976.
https://doi.org/10.1016/j.agwat.2021.106976

Khalili, N., Davary, K., Alizadeh, A., Kafi, M., & Ansari, H. (2015). Simulation of Rainfed Wheat Yield
using AquaCrop Model, Case Study: Sisab Rainfed Researches Station, Northern Khorasan. Water
and Soil, 28(5), 930-939. https://dx.doi.org/10.22067/jsw.v0i0.34927 [Persian]

Liu, H.F., Genard, M., Guichard, S., & Bertin, N. (2007). Model-assisted analysis of tomato fruit growth

about carbon and water fluxes. Journal of experimental botany, 58(13), 3567-3580.
https://doi.org/10.1093/jxb/erm202



(L9 (3l 3ol 305390 anlllan) 355 9 O Cup pate Co5 )3 05 (610 1STsST Jate aal) 5 (5!

Mehrazar, A., Soltani, J., & Rahmati, O. (2016). Evaluation of the AquaCrop Model to Simulate Maize
Yiled Response under Salinity Stress. Journal of Water and Soil, 30 (5), 1426-1439.
https://dx.doi.org/10.22067/jsw.v0i0.43858 [Persian]

Mohamadi, M., Davari, K., Ghahraman, B., Ansari, H.,, & Haghverdi, A. (2015). Calibration and
Validation of AquaCrop Model for Simulation of Spring Wheat Yield under Simultaneous Salinity
and Water Stress. Journal of Water Research in Agriculture, 29 (3), 277-295.
https://dx.doi.org/10.22092/jwra.2015.103054 [Persian]

Momeni, R., Behbahani, M., Nazari far, M., & Azadegan, B. (2011). Evaluation of Increasing Water
Productivity Scenarios for Rain-Fed Wheat by Management Analysis of CropSyst Crop Model in
Karkheh Basin. Water and Irrigation Management, 1(1), 29-40.
https://journals.ut.ac.ir/article_23383.html [Persian]

Pourgholam-Amiji, M., Liaghat, A., Ghameshlou, A.N. & Khoshravesh, M., (2021). The evaluation of
DRAINMOD-S and AquaCrop models for simulating the salt concentration in soil profiles in areas
with  saline and  shallow  water  table. Journal of  Hydrology, 598, 126259.
https://doi.org/10.1016/j.jhydrol.2021.126259

Raes, D., Steduto, P., Hsiao, T.C., & Fereres, E. (2009). AquaCrop the FAO crop model to simulate yield
response to water: II. Main algorithms and software description. Agronomy Journal, 101, 438—447.
https://doi.org/10.2134/agronj2008.0140s

Rahimikhoob, H., Sohrabi, T., & Delshad, M. (2020). Sensitivity Analysis of Basil Crop Growth
Parameters in the Aquacrop Model under Different Nitrogen Fertilizer Stresses. Iranian Journal of Soil
and Water Research, 51(6), 1341-1351. https://dx.doi.org/10.22059/ijswr.2020.298460.668516 [Persian]

Saeidi, R., Ramezani Etedali, H., Sotoodehnia, A., Nazari, B., & Kaviani, A. (2021). Evaluation of
AquaCrop model for estimating of changes process of soil moisture, evapotranspiration and yield of
maize under salinity and fertility stresses. Environmental Stresses in Crop Sciences, 14(1), 195-210.
https://dx.doi.org/10.22077/escs.2020.2473.1652 [Persian]

Shabani, E., Zakerinia, M., & Hesam, M. (2019). Evaluating the Efficacy of Aquacrop Model
Performance in Simulating Soybean Yield (Williams Cultivar) in Golestan Province Under Salt Stress
Caused by Caspian Sea Water and Different Levels of Irrigation. Irrigation Sciences and Engineering,
42(2), 49-62. https://dx.doi.org/10.22055/jise.2017.18343.1332[Persian]

Shirazi, S.Z., Mei, X., Liu, B. & Liu, Y. (2021). Assessment of the AquaCrop Model under different
irrigation scenarios in the North China Plain. Agricultural Water Management, 257, 107120.
https://doi.org/10.1016/j.agwat.2021.107120

Singh, A., Saha, S., & Mondal, S. (2013). Modeling irrigated wheat production using the FAO Aquacrop
model in west Bengal, India. Published online in Wiley Online Library. Journal of Irrigation and
Drainage, 62, 50—56. https://doi.org/10.1002/ird.1722

Singh, A.K., Tripathy, R., & Chopra, U.K. (2008). Evaluation of CERES Wheat and crop system models
for water-nitrogen interactions in wheat crop. Agricultural Water Management, 95, 776-786.
https://ideas.repec.org/a/eee/agiwat/v95y2008i7p776-786.html

Tavakoli, A.R., Mahdavi Moghadam, M., & Sepaskhah, R. (2015). Evaluation of the Aquacrop model for
barley production under deficit irrigation and rainfed condition in Iran. Agricultural water
management, 161, 136-146. https://doi.org/10.1016/j.agwat.2015.07.020

Van Ittersum, M.K., Leffelaar, P.A., Van Keulen, H., Kropff, M.J., Bastiaans, L., & Goudriaan, J. (2003).
On applications of the Wageningen crop models. European Jounal of Agronomy, 18(3-4), 201-234.
http://dx.doi.org/10.1016/S1161-0301(02)00106-5

Vanuytrecht, E., & Raes, D. (2011). Assessment of the ‘CO2 fertilization effect’ on crops with the

Aquacrop model. Geophysical Research Abstracts, 13, EGU2011-5917-2.
https://meetingorganizer.copernicus.org



A¥ WAL V)Y VE) (ol 69 0100 y5 4 puiy 6b 9B | o], g ,55¥gs
529 O R )P 48 piey (511 (559U / ], Bod g SV oy

Wellens, J., Raes, D., Fereres, E., Diels, J., Coppye, C., Adiele, J.G., Ezui, K.S.G., Becerra, L.A.,
Selvaraj, M.G., Dercon, G., & Heng, L.K. (2022). Calibration and validation of the FAO AquaCrop
water productivity model for cassava (Manihot esculenta Crantz). Agricultural Water
Management, 263(C), 107491. http://dx.doi.org/10.1016/j.agwat.2022.107491

Wolka, K., Biazin, B., Martinsen, V., & Mulder, J. (2021). Soil and water conservation management on
hill slopes in southwest Ethiopia. II. Modeling effects of soil bunds on surface runoff and maize yield
using AquaCrop. Journal of Environmental Management, 296, 113-187.
https://doi.org/10.1016/j.jenvman.2021.113187

Wu, D. (2008). Impact of spatial-temporal variations of climatic variables on summer maize yield in
North China Plain. European Journal of Agronomy, 24(3), 226-235.
https://dx.doi.org/10.22069/ijpp.2012.601

Wu, H., Yue, Q., Guo, P., Xu, X., & Huang, X. (2022). Improving the AquaCrop model to achieve direct
simulation of evapotranspiration under nitrogen stress and joint simulation-optimization of irrigation

and fertilizer schedules. Agricultural Water Management, 266, 107599.
https://dx.doi.org/10.1016/j.agwat.2018.01.030



