OY-YY .o AY slg I ookt € ) W

Sl (wigo 9 pole ﬁ‘rﬁ

Jum;_-,u/;:._,%@'u

Gl Cilise Sy oo o 13157 0 Klos § &Kl 00lo (gt
AquaCrop Jow 3l ookl b 895 g

A Yo a- .. Y . )
Sy s 9 o\.:&ub}b\.g;‘-uv\.'..»)?d?ulu LS}:“(*:“‘}‘

eamiri57@yah00.com .ok ¢ oSl 13T ol&ils OloedY ol (T wcign 05 8 sknl ¢ shans okivn 55 =)

.4:»5)‘oK@‘b‘ngWajﬁgéjfséﬁub -Y

Ol OEaSTE ¢(55)5LiS 05 8 OLuSTE dmly oMol 15T o&tils sl ¥

O eOkeST6 (555518 05 5 OkuSTE ol oMol 55T oKils el 5 6 8> -F

NN pdy 56

B/ 23l 3 G 5l

13,5 1) Jls 9 0 4 cco938 3 T35 St 03le 5 3,8kt e S SIS o gyt St 5l (805

2 Skl @8 Jbop 55kl g dw il ] 41555 dw b (Solas ol (sbSgl IB p3 s )58l © g0 dulojl 2ok
355 U2 j3 0,55k VT 9 Ve Ae (e v gmha 5 ol jlosd lgieas (25 o je p3 (5Ll @S g (a8l als yo
sl 5l (wlogs 9 3yKes sudg y5 51 g (g 5lwamsd 3lie dunlio gl Nl ST (858 Jole lgie & 059 %
3,Sdas _wtyiny bwilo s slad sl olusl s o 03liias! (NRMSE) o Jlo 5 (gl ¢ (R2) comead cng p> Joldh (Lo
dilme 2o )3 YT/ g YYIAY cci ey (wlogw (6l g 2oy VI/VA 9 MAG e ity byl 5 (Somwly dspo pd il
Sl 9 2 IAY 9 2 M i s Jao bawgs 135 3,Sdes gl (255 9 (Pewly Jolie )3 et G o jlae (omionen 3,5
CE5 ly)Is 3 wloga g 4ild 3 Shos dwi jd Jio ol a5 313 (LS gl el Cawday « /AL g + /YA o Sy (wlogn
Ol )3 135 CudS' )3 (159 395 By 9 O S90 00 39e Sl Silwdinge BTl cmnd )3 9 dlioo cawlio

Tavakoli, Liaghat and ) wsb e o1 (sy90p0 9 alS
slagsylon 585 5ai )3 pie 9355 Bpae loj g )lade
(Raes et al., 2009) 5,5 o )lsl j, slacile 5 2lS

byl sy (1990) Bennett 4 Sinclair Muchow
does ol a4 g 00 eolatwl LS ud, Jle I 1S 5 Sles
5 Lod yux 4 by 135 0 Slae j0 lpss el &S S,
by al38l dedyo (2B L IS 5 Shos sl (ginyob 0
a8 4 (2003) Davis 5 Earl .cél el Ly (il58l
9 5V iy A WA g Mo (S i cod 1S 5 Sles oS
sodgixe (2009) Hsiao et al. .cal ials sopy Ad
55 358kes ly SST Jao silodend 1 Sl sllas
cls il 5 gSls oS w0y0] conday dop YF B S
b i Jesl slas glp 2o WA cuipa iloand
@ e gloj ) A Hled lp doyd Ko g (podlie
bl oo

srd 0,8 alS slayelyl 31 (2009) Heng et al.
Je byl sl (2009) Hsiao et al. by «)d <y

Sl 03! J218 3590 (43939
L3er A3 cpg B «Siglen 0,les (S (gilwand ARDG1g WS

doddo

ooy aler 5l asy5e Copte cla)lSal, OIS Jus

5 odpdtt Sy ) (olesd dgS 5 (aLS (S5 cullS
o385 S e ol |y o Gy S 5 3,Skes
092 Job > w3 Jgaze Mg L)l @ Gl Jae )
asyie ) Bly O g oml (2955 U el
5 oS el o s s o oyl Julow 5 4529
oS 5,1 sgmy o3bj b ie 5,5 o)ldl o g eSS gyl
2905 weldl g S elS s bl 1) oS o Lol
SNgamo wlogy 5 ¢olaidl 3,Slee Ol SST Jao 4S5 0
Je (Raes et al., 2009) wl o (giloams 1) calises
sloodls g lajiall %3 jlodund slaJde & Cas S ST
9 0 glisl O 4y ol STy (siluoand lp (558 £39)9
ol o > (ol (£l)j g (LS SV game LIy
olS 5ySlos Fwly p %1)5951 Jbe iz Gl oolitul LB
;1 Gan (Steduto et al., 2009) 0> 5,05 Ol @
calid sl 2l g3l (0.5 alp SIS ST Jao gang
Ol S Ol wjlge cpulage @ Slas JolS5 5 5,5 IS



OA

..<_;Lac,.1f1.\.»c,>dIﬁaﬁw}&éub@ﬁﬁ:ob&ﬁjdﬂl

s Paknejad Alishiri .col adl ol ks
cod AByus by jlwawd » (2014) Aghayari
Oty o W8S 4 03955 355 9 okl e slam)
Ouide gl & cwl gilas 3 0Sles (giluand > Las
Je i)l g (ariwly ol Ghiod Bua Ll 5 i
08) 13" U slogas 5 2,8kae liee 59l sl 1SS
AL (3555 355 gk 5 o)l e slas, cov L]

8lsn (2938 adlain )3 (oog) ST 1

b 595 9 30

Slaey ulosl
SAYAY 5 WYAYIYAY) el e 9 ol il
e g Oladss 38 e db] selowl  Slisdisg o] > (VYAF
bl @ e yio Ve Coluo @ (a3 (g8 Q] (ol
Y8 ol claie b S cpl oldlue L )l
asl V8 aady OF a0 ¥4 Jlod adb VO aads VO 4>
W)l 5 48,5 )13 (938 (2 fre ytegkS 03 ) ol By
b pasube johieds il yie VYAD Lyd gaw I o
bl 5 Sjd Clhogad (ied 9 (Sdre polis Cundy
9 M b pdige asyie yia Bl T Bes I S
o b o5 cdl sl oKilejl 4 SB sefl el brdiges

Canl o 03,91 (V) g

5 b 3,Sles Jho a8 2 ol guls 53,8 edlitwl LIS ST
buwgio slagil o ol G5 g bl cov |y Gulese
9 Arvaneh Ly o Ladss 10 A8 e (gjlodnd osid
(A deyi0) (muwly ! lad B g A dsyio g j0 IS £
Pl g 155 3,Shas Jao 3,5 (B 4sy0) omissbisl 5
oby s 3y90 sladsyjo )3 pha ) (elosn) 2l
(2014) Shahidi 4 Rezaverdinejad Khorsand .>,8
o8y 99) PS5 als 5 )Shes dpgly 3 1) SIST Jao Ul
28 gy iz 50 2l 9 o9 G Co8 (Lol 5 g,
0 ySles (gilwans 3 o oS ol Lis ol Conday gl
Lo yd ¥IAY 9 Y/AA (o dUa> dl)b u»JB 9 ‘_’).;‘39) Plé)l
Lol
g ol dilisee oty pio (iloans jolateds CIS§ST Jae
Wb cwlie o Joame dSlee n o e
Ebrahimi  (Khoshravesh et al., 2012)
Jy (2015) Majnooni Heris , Rezaverdinejad
Ol 355 5 oolel dilize (lacypie cov 1) QIS ST
ol 2008 syl il o 55 eloger 5 3, Sdas 359l can
2 wlegn 93y dwiiw oYL e by e o Sles Jio
Erkossa .ael cuna sylpiin Oieod bjles s
sSB ) &5 1 ) ases (2011) Aster s Awulachew
3, Slos yolie digy cls g gy S5 oS 35S il Cod

e bo3T 4o )30 B (o Glu —T0) dly ) drugi Gos (o bowdy (N3 U903l @ ) J9u

p3> Jlo sl Jo 3
\ ) (dS/M)EC S 80l cylan
A A pH
YIVO YIve SAR aw Gl s
7 v/o TNV oxgi 25 dlge oy
vy vy S.P gLl JS cagby doys
-Iv -/ O.C () I epys
of-A -/ T.N (%) Js )
Ve WY (MO/KY) Cis 6 jaus
Yo Yo AID (M/KQ) Cis b pulsy
\\i V¥ ooy Mo )d
v v Clow doyd
oy oy O dopd
ey 3 S el




09

AVl Visosbe (FY dlr o sinsy — ool 5 dlae) (ST sontign 5 p sl

iy alols 5 yio 5l Yo dlols b jo zoy Job 4 cusls
Jlo > cdls Zo)b b a8)S a5 > pte b dw ) )
9o 1) D2 oo xe Wy pgd Jlo g ole jae VA 55 ol
o8y olscar Slaleil 3 Yoane 45 350 ST o8, ¢ iolej]
Jol Jlo lyr caiiby Zu,b 098 o0 odliin] dilaie > sl
OleMbl (gl g 2l 3 YO-YF 5o Jlo (gly g 205 YA-YR
0938 e (olidlsn oSl ailjg) laodls I 53 5)50 (s8]
FB g 5l elely 8 @ pe Brpses g (T Jgiz) eolitul
auwbro ETg Calculator asby ;1 eolitwl b 5 casle s

9,8
» b oy LS lagal,l (Allen et al., 1998)

o 1)) (0) Jsio

SbSsl b B sl ©jgoa bl )l

o g sayled )5 1l IS5 b olas JelS
Jole e (Sldy 5 o OB b (Aaw) s)ll Jols
5 o) Blo dlopo 3 ol alad ¢ Jloy (ylel ©yp0a Lol
3o 355 bl Wdg (235 Al ye ) (bl akd
Voo g We Ar X o omaw oz 0 o8 ble sy
Sl (Y 5 ¥ Jolir) didg (S 5 alls (39505 p S alS
sbgS (S aips ygejl eluly g olS (6358 Lo el
a0 ly LSy ©ygo 4 5 Slid pge g maly Ol
b oolen S )3 p)SelS VO lie 4 plST 2 dajleg
25 3550 ey (gibwodlel i 03y B e (2l (g5 Wwodlel
=i e 2 el Sawd g s Ollee 1 edlatal b
L b ol Liolojl ©)S pa .cd)S plosl (VYAY 4 VYAY)

(J9' JW) bl sl 53 (o wo) oind yao ST Gos 9 gyl -Y Jous

@5 dbye 3 glol ghd madBles sy 3 (g ll olod Lji:l <l s s,

¥. ¥ ¥ )

. ¥ ¥. A

f. ¥ f. VEY

‘. _ f. Va4

.. - f. W

- ¥ ¥ \ay

¥ ¥ ¥ Yoy

Ye. ve. YA- Eazme

(P9o JW) ikl syl 53 (o ao) oind yao ST Gos § gyl -F Jous

< Ty . Ty «5)[:4.] .
@5 Ao glal gad p3a8l dls e 3 ()l olab oy <l s s,
>

¥ f. b- \

¥ ¥ b- \E-

\T - - \SY

5 ¥ 5 \\44

_ . 5. 3%

5 5 5 %

vE. vE. Y. Esacee




[

..<_;La¢,.1,1.uc,>aIﬁsﬁw}&suu@ﬂ:ol,@jdﬂl

slals 3 ygod 1Y  1FAY Sl Jlo owbiilgn Sbosls —¢ Jsu

Bl gloo Sl glod

S el Sbe oo b 3

(fc)  (C)  (Wday)  (ms %) om

-o/¥ vis VAE/) \ils PN Ve @

Vs WY/ VAV/Y 515 08/ ¥5/A ek

\7A VF/A wa/y B/A oo/f \AvAs L]

- VY YEVIY £If \iZA WIY e

viv A7 YSVIs £ ov/i¥ YAY g

\FIY Yo YEV /P #l5 v4/2 YV sls > ray

\FIA Yo\ YVo/\ #1\ £\/e o »

7 vY/5 Yon/v oIy FY/A o sl

\o/f o TYF/A - v/ -/¥ JYVes-:

AIY Y&/ YANIE oy \AZA! o oo

¥/ \O/0 Vo /Y YA ) £815 ol

o/ AR \OV/¥ \AS YY/y FA A

-\ vis VOA/D £\ v- /A aly @

¥y 8/ VAV/Y o/ 05/ NY et

v/¥ \o/Y VAY/Y - Y208 Y\/¥ e

\A4 Va/0 YESIY #IY -0 YR o

ARAN YV/A YS/Q FIA \Avi2 VIV caigs)

Vo« ¥Y/0 yav/y £ v5/\ Y/o NIYES vy

a/A YV/§ V¥ #IY YY/¥ ¥/ 5

WA/D YV/D YEAE #1\ VY o sl

\HIE YEO YT/ #IY Yo/o o JYeS

Uy o/ YE-IY ols oviy £Y/2 o

YIA o/ ¥ ARA \i4 PN Y£IO ol

-/A \o/¥ V¥ /4 ¥/¥ Yo/o FAIY A

[ (RIed J>lp 4 by (AL S solsh -0 Jguer
(€M) 4l yign Gas Sl ———— ot e
Sy b sl S 25 ils> (s 2 <)
va VVE va ). Aveees
:(Raes et al., 2009) x5 o ST Jow

Y =f, xHl, xB (v)

frr b 2 Sas Yz yo cuib y asli Hig O'l »aS

By uSie mbal ) g2y cullyy a3ls & cul (np0

(¥) ey 5 odlital b o8 sslype Jpmame Soislgm 35Skas
:(Raes et al., 2009) >4 o0 dpunloxo

a TT
B=KsWP'> —fi_ (¥)
W2 ETo

b oo WP (pled (i oy Ksp o 3 &S
ooy OIS ST Jaa )3 (6058 slajlows Ll o o Jloy
23,5 o (s ) Alolas

L () el plols 5 ol Aok OlSST oo

5 (T) 6% 9 (Bs) SB g 5l e & BTy (3905 S8

Jpazme Sojdon 3Skes 4 (Y) oleg 0,8kee (3505 Iioe

ETa (0505 b ol adly axwgs (HI) cuilyyy a3l 4 (B)

W () O Jaops Liu &5 335 oo cuw Tr 5 Eg &
:(Raes et al., 2009) s¢uis 485 ,la) ;> Jguaro

@-Y,/Ym )=K,1-ET,/ET,,) ()

ETmax «28ly 2,os Y, 0, Slae piSlis Y inay C)i DS

2B Ky g (Bly 55 9 w5 ETa (3y5 9 pod Sl
B g 5 e (R g 3Sles s 8l gy cwls
oolizal (7) alaly 5 Jio s 5,She dpolxs (gl Ll o



79

AVl Visosbe (FY dlr o sinsy — ool 5 dlae) (ST sontign 5 p sl

2L Off codb i w350 Szl o a S
palde 1Slie O g Slualie slaas N s s ,Sojlal
3w dics sl e NRMSE jlaie .1l oo s15¢ 505l
J¥e G Y gZY+ B Yo ok )0 NRMSE .usb o Vel yieS
9 roie > Jioe bwgie 5 cuslie Cundg )SUS o iy
e il e Jde 5l liebsl pae oaimdlis AYe I i
So o ol e as y 2 aS ol puaie V U= 4 NSE
L2 CRM o)Ll oyl oyt o, LS Jae sl o
L) 350008 b g (e joolie) dpsl st sl S Jiles
Eitzinger et al., ) a_ib oo by g 50515l b anolis > (cuto
&g als (2004; Singh, Tripathy and Chopra, 2008
SS9 yho cpm o) Ol ateld 4 Conl s g (23 ls S
Cao jlade Bl oo B3l cn e Sl S ke & A3l oo
oS S o] (e jlado g Jue (90,0 Lt ,SOLE RE
30 Jae 2Lyl el 3t pigal Adloe Joe o2l
L0 5l bt geil o e sly (285 )5 eslizl
e 53 52y (55 ol o ool psgo iy 430
il o yal)ly (2bly ol ands Ao ys A0 Jlois

S o a4 Jae bajiahl (eS| Cundils (el
9 J)ﬂa& M )I GLQ)M) DM‘;)SD)‘M] )J.)LQA Y M|
9l e by & ol Sl jolio 5 (Sjglse 3,Shes
Singh, 2004; Brandyle et al., ) sy JBlis 4 cul o0
S ooslil jolaieds Jue ol ldl (Jae b, (2005
Khorsand, ) sl e coalad pae Jolis gl &S coun
&5 olse 5 (Rezaverdinejad and Shahidi, 2014
0AS s Shaal gl Jae byl g (oriwly Bk I Jae S
Osmani, Motamer Vaziri and ) s 0 o)y
WAy Jle sleosls 31 Jse suwly sly (Moeini, 2013
o3zl VWAY-\YAF Lo (claodly 5l Jse b)) sl g VYA
Jgae Sojglsn g als 3 Slae dlie g 112l Jio w2035
oab g pSojll polie b (giluand 5l Jols QT o8, 13I8
@l cdF )5 o 2y bl glapasls eluly
ssd &) (F) Jsis 3 3 alS sbayiall L ouiuly ki
S ol 6355 5 & obS Ty LS 5T Jao 5 el
g Ml oo ooy B (S 5509, o b g cunl ol porie
22035 e (F) doleo ol Jde cpl 50 (6055 slajlos
Voo U (L5 ool ) o oy Soil fertility stress aloles -yl
Fegho 358 Glajles Glp & Al e (JoS 115)
i (Bpan 395 U8B 5 Ggyi pSokS VAL 9 WY A
Al Canddy Joyd ¢ g Vo Fe B S b ply

Soil fertility stress _100{1whbratlcmfwld} (%)

reference field

o &S (6355 i hoys Soil fertility stress o ,» &
Beatibration 38l se yie (Jol8 i) Voo b (LE5 (y9s) yho
5 @5 O kb by gl 3 U5 eless e
O g bl jd iy lej 3 S8 wlessBreference fed
By olS (S5l ise ylax Sl ol CleMbl i 8
B a1 g cudlyy BB 2 )Slee 5 Soiglge 0,Slas 0lS
S dels G5 el G5 el Jae ot el on
b A5 g aled G (2255 9 SB e 42))
mood SB o gdae dlge (M (gilwand 4 B Juo bl o
P SE i Jol gaw (id (JS ©jg0 4 b g ail,
V(OB 0g) At 9 Cudgice g S S) DS el
S ¥ (G5 ZFY) bagie Y (A5 ZYY) ae S
b (S 8 (G55 TOA) i =0 (A5 701 g bl
(Raes et al., 2009; Khorsand, 2014; (s %YY)

Khorsand, Rezaverdinejad and Shahidi, 2014;
Amiri et al., 2015).

P S 2!
g4l 3 Shos (55 53 Jho slitel (hoxiw 5 b)) sl
Slupe Sl Ay slagasla I pamee Sajglgnr 3,Skes
(NSE) Jao oh)LS oy (NRMSE) ouis Jloy (sllas
s sl (Morisi et al., 2007) (CRM) ss5lo 8L o o
-9y 2zl (Singh, Tripathy and Chopra, 2008) (RE)
03wl (R?) Ly oy 9 (Willmott, 1982) (d) cigelsg

W,5

1 ,1 0 2 5
NRMES:SX Né(Si_Oi) x100 ®)

i=1 i=1
CRM —1—[isi ioi] (v)
i=1 i=1
AN Si—OiJ ()
RE = %100
2
> (Si-0)?
d=1- 'é ®)

3 (s,-0]+|0; ~0]*
i=1

n — —
(0;-0)(S; -9)
iZ:;‘ i i (\ ')

R2=
(20,02, (557




..<_;Lac,.1f1.\.»c,>dIﬁaﬁw}&éub@ﬁﬁ:ob&ﬁjdﬂl

(K1 pd)) 1357 Jgamo Slp Joo (AL S yolil (wlg -1 Jour

2Y

i ) o 2ol

o (°C) A5y al gle

¥ (°C) Ly Sl gles
‘aly (g/m?) (WP™) o oy ol (690500

W (%) (Hlo) g2 0 cutloy pasls
A ) (KCrr) (25 wu e
YIVA (%/day) (CGC) ob Lidg 13y cups
A+ (%/day) (CDC) 2k jubyy tals i

AY (%) (CCX) Lals Lusy, yS1a

v Vol% SB g gl plin > adlen

0l ) U by el SB o 5 o oY
+/ab ) @b Gidg gl SB o G5 caps ol
¥/o () AU Gy sl O GRS s e JS g8
¥/ () 2B i o il ol GRS s oxie JS5 )55
o/ ) ooy a8 e sl T GRS G pd (omie JS3 555516
e ) laig) (ks At gl SB ol (15 s SV 2>
/7o ) 2B o o ly SB o 5 s Y o

o (A) Joi ulis ol a3l o 25l 15 4o ot
ol (Prily adoso )3 3,0008 9 9505t (o slS
r s pan (kgha) A g (395 398 ok sly Jloy
g oydyadlu dls o 5 (o)l aab (¢l g do > VE[-Y g AUFF
g VIFe AWVIFe s pga (kalha) A g V& zolaw > 23 8
odcel Cunddy guls 4y ax g5 b ol Cawnddy duoyd VIV ¢ VE/FF
o R P
(kg/ha) A alls: ()35, 355 o 41 bogiyo ccsyll alo s
als ol aydag Lo Jod B as o &S il o
ad>po 53 339005 5 25l it RE Gy (Joe (23]
295 ok sl (rily dl>po alon (235 9 Jloy )l
1OV g WIS XY+ jly s pan (kg/ha) A g+ (59,00
Ol dojo 3 (ilal alad (gl riman 9 10> 1O/
S VDY (Kg/a) Y+ 5 e 555 ok 5 ity ppolie
ads o ;5 1S9 ST Jue IS e by ol Cawmdes o y> A/VY
25l cisl Ay 3 5 35l st 318 5 Shas oty
Jolye cpl 3 (o sl bawgio polie oS ol oy ol sl
(2009) Hsiao et al. .ol cowsas =Y/¥+ 5 YIVY cuipa
ity LS )l g omils 005 el ST Jue
oie J ol slad (godgt ¢ e yliiel Al jo gl
Araya et al. .ol cewday 2o YF B ) 5Slas (gl
(2010) Stroosnijder , Keesstra ,Araya , (2010)
L -0F coipaly mwiS g g aild 3 Slas sllas (035000
Liu Zeleke 153,90 cavdds 3o y> A/D G =YY/D g 30 )> V¥/5
Jie (omimlizsl 5 (pruly Jole (L (2011) Cowley
4 153y9] Cawdds 2o )3 =V/N 5 ¥IV 1) 5 Shas (slbas 318 ol

415 & os
5 0, Shos el ST Jao sl g (oisly Sy
5 iy csto sl e ealite L (1) JS5 5 81 o5,
(V) Jslas 52 d385 ol > Shae i 2 Jao ! sori
é)ﬂo& ;L;vl.:))l 9 u}b.wls 41>).o 2 J.\A Lol 045 05)91 (A) 9
U108y iy aobi)l s (aeily Jolye (b oss Jloy st
Cwddy doyd Vo B Ve 05l g o pd Ve 5l jiaS 03h 5o s ey
u_wL.o 9 UJLG c.))_§14.9 LS)LWJ“\A m)‘.n—l u;] u»l.m‘).: 4 .\A-l
w55 Sl i)l 9 (Peiwly Jolre (b NSE (jadls aily o
3 e Jie cmwlio By oaimd L g 0390 S 4y S5 ¢ S
sl osile Bl gy oylel late il o LIS 5 Slae i
Cuwddy Cuto g (Ao ¢ b))l 9 (Priwly alsyo 95 (b (T 03
33350905 9 35l i 4 hled (oS Jre s olis a8 el
b Jie 85 o5 w5 g 1 s Sl o
Al yo 55 oS0l polie 3l i d3IST L1 08, 5 Sles
5 oA_.Zd)_nfo)'l.\il ﬁ.blﬁ.o )] )44); 9 ,\afk;o Sl ‘U'?";"“b
3,100 3925 Jde 3 a5 3503 S0 5 K00 Saee slayial )y
635031l 3 €8> izmen 5 (gl 15 9 065 (ol B s
(s glbd e (Y Jgan) 2L Sge Slgiee 55 Jo
s 5 51 o8, 3,8kac e 3 Jso (3053 (RE)
(235 5 o528yl Al o 53 (5l @b e Jlo i) s)lul ey
P S Ve g We Ae Feir) all (i 398 v &
o ):{.)L_a.o ui P 4S ol ouis dj‘)l (/\) J}b » ()LS&: »
ol ke e g 355 i e o LS ¢ ams (slad



7Y

Wl ) Sl FY Al o stin s~ ok (5 alom) (LT e 5 poke

el Cddy do s FIO0 5 FIF0 o gany o)) ad> ye
Ebrahimi (2015) Amiri et al. ales 5 ;5> clllas 5
42015) MajnooniHeris 5 Rezaverdinejad
« iy (2009) Heng et al. 4 (2011) Andarzian et al.
oS Oy el T Css pasiS 3, Shes OIS e ST Jas
o] © puS (30 055 5 bl lisee slacy e
b Ll olol 0508 5 (o)ll oo )3 5 gleS 5 JolS
»ol 30 s b &S 03,8 gty dopd Ve 5l a8 (s

Syl Sleden

5 (risly Jole o L Lasgio o (5 30 ol
20 Sloden el Comdds 2o yd —Y/Fe § VIVY i liel
5 Pemly ()3 3y Slas Lol gl Jie 500 (oS
alsyo ;> NSE 4 R? ()Lal (slajms i i oxiwcons
dol Cwddy +IVE g +TAD e i 3,Sdes gly (riwcons
Khorsand (Doosti  Rezaee et al., 2013)
cos |y puiS 5,Sles (2014) Shahidi 4 Rezaverdinejad
ol 2338 gy Je ol bawsgs (5 ()9 slo i
5 059y P8 sl 3y Shos Gy NRMSE i ol
2 540 FIFD 5 YIAY s gan (onwly alspo > yid

(15057 3 5hos) 3957 9 SolT Tabaw S5~ ST Jo (2350 SoleT S galsl =Y Joor

. NRMSE CRM NSE d R U il
%3 o>

(%) () () () () ’

-[$Y A —+/3A - [AA -faay -IA rly

-IyY VYA -[-ov <IN -[aa¥ <INy b))

4000 4000
= 3 =
4 4
-‘?"\ 3000 - _‘2‘\ 3000 Fé_‘
1 s 3 o
. 2000 4 . 2000 -
Y. W,
‘% 1000 - ‘?S 1000
x x . | P x 5t " )L,.‘.'.cl
:?!‘ Calibration g‘ Validation
e 0 . . . ~ 0 . . .
0 1000 2000 3000 4000 0 1000 2000 3000 4000

(USS 1 p,Fals) s0d (g yaF 0310 3 ,KLoe TY0

(LS o,55L5) oud (g 011 5 ;S Los Y0

331kt (Sl b 13057 71 @85 (Sl Jho Lrgh ool S star § (6 pS0 31l & Khos duglio ) S5

ST by 1357 8 hos (Gl (o Slas polao-A o>

(po> JWo) 2! (Jsl JW) (ommsly Sl
b glbs -Gl o Slee mojlul s Slee s glas - O )5des -3kl 5 Slas OF9r U
) Toi e e ,s ) Tabge TS s &
YIY. VEVY VOSY a/¥r” V554 \OYD
ooy YA0A Y0A v/\o Y.5F Vays ¥
—\V/¥5 Y40 YYA- —\&/o¥* YO yay . Jbey
—&/3A YLYA vYSS —¥/.¥ TIYY YYD \Y-
/v TIVA Y00 Y/sV YD YESA \$-
sls5 YYY ¥4y /v V5 N7as o
\a/av \SEY e —o /¥y \asy 1ava ¥. Sl ol
10/ 133 V504 -y/5- YA YYA- A+ asyo
—o/vY YYYY YYOA v/A- Yay. YV-5 \Y- o il
- /%8 YYYY YYEY \WY/5- YOy yavy \$-
<15 1YY 1YYV Y/vs YA 1¥FFQ . o
—\e/a. VY5 Tas! —¥/vs YAYY Va.y ¥. bl glab
—\a/aa V5YA 1ars -YIVd Y\YS YV A- alspo 5
—\F/AY 1aYd YYVY —- /¥ YOAY Y50 \Y- s
—V¥/¥A Vg YYYY VF/FY YAA¥ YOYa V£
—v/¥- yavs YA Y/vY Y¥.. YYOA (Average) by

SR 53 £ SSS an  FF LBl o 3590 o ile joolie 5 3351 e et polie ¥ -



7¥

..<_;Lac,.1f1.\.»c,>dIﬁaﬁw}&éub@ﬁﬁ:ob&ﬁjdﬂl

oy > ST Juo il 03y &) (235 im o)l pos
28l S el > yo 53 5 35l st IS pslogay sl
o=l i sUes e wgie palis aScpl Loy b sl
Cwdd ol b aS del Conday —Y/YY ¢ VAR Cus i o lpe
bl il o) cov Jpame 3 Slos (sl Juo 5l ol
al) ol cde glgice & )b Glien 598 il oo sl
2 S rSo3lasl )3 £B5 (pizmen g ol 503 e slayial)l
D903 485 Jo

Sl il g (Ariwly Jolye (b Ggekiy padli i
o d wlogs (gl 9 /¥ 5 +[AAY s gy 1S 5 Sles
Stas 45 3l L adls ol el Canday +/A20 4 +/AQF
Jie bawgs (gilwdend polie g ordigpSojlul polie (o (25>
togesl bl bl sladilos g a0 0 s92g LS ST
g ash 5, Slos oid gjlwdnds 9 glodalin polis duwlis gly
Loy A0) Loy iy Jlein] pdaw jo a8 ol LS ulegy
WJie p Lagl gjlwan s g cloanlie polie o (oluobl
Ulg 5l i aS (A gV Jalis) 2,1 3939 (5)ld gime O3
A G395 355 5 ol Cope p3b (Gilodnd sl Je
i) 5 mly ol (b oisedl ol palie abl o 15 )5
g IVF 5 XY SFY G g 110 el g5y Shes (4l
Aol Cawddy VA

s Keesstra , Araya 4 (2010) Araya et al.

55> ol ogn sllad (g0394 >0 (2010) Stroosnijder
9 20,0 VO B =AY/ e s OlySST Jse bowgs |y piSs
Cowley 4 Liu Zeleke .15 )] cwday 3o ys AD b =V/A
Jolye (o 11305 ol (slas 5 3l sl (2011)
ALY o MY 5 +/A0 AV Ci gy oriwylael 5 oxiwly
Bl (asls &S ol Gdnd gl b a5 155 )g] Cunddy do )y
A (Priewyliel 5 (ouly Jole (bl lawgie
Slod o el Cunddy o3 —V/YY 4 Y/AQ 4 +/220 - /AAF
pAS wlogy (msie sl (2011) Andarzian et al. .o)l
ly o cup 9 ) 3ke pa3ls NRMSE (bl (sl el
Abedinpour .65,5" (5158 /A0 5 +/AY oy ¥IF e
JolS ool aliseo olaylogi L 1) cladole )3 (2012) et al.
@ls ol 38 ) SIS ST Jae b ()l o5
Cdds dod YIF BN o Jgame culsy 3)9l 5 (gl
uasLs 9 RMSE ,3Lis (2013) Zhang et al. (yioron el
SN NE i pa piS Jpame ologe slp 1) )5l
Cowdd calisee glajles (gl /AL VY 5 S 4 o5
340

lios puS (gly ST Jo 3 Shas (ooj)) psliton;
ol IS mls 45 €85 g o lod cedd 3 (sladlas
Olisebsl JBan 3 b g5 o 5 Canl puime Jdo S Jdo ol 0l
ool ywlogy g 3,Slos (gilwdigs slp Jdo Coro g s

log

sbae)) cov (S 3Sdas) olog polis duslie
315" 005 (a9 sl (IS (50550 398 9 o)l oo
Ol Jae 2Lj) 5 misly ol (b SIS ST Juo Loy
ot 3 Jao i)l ool sl eyl ¥ JSS) cl 0
2 Jie el o 006 (V1) 5 (3) Jghir 3 IS ologee
ST w8y Gl ly Jgase ologe 2Lyl 9 (xily Sy
b osdJloy glas jlade 905 (gilwded (guilio CE5 L 13I8
$o3935x0) o3 Vo BV 05l )3 (ST o8, (sl e >0 o]
&ilw e wylel ol oliolys a8 el Cowday (1uoyd VW VY
9 Ziwly Jole (b NSE (jadls bl oo calio ¢ uloge
aS s Juol IVE 5 BV e 5168y il b))
osbegs (ot 2 ST Jao s 085 o e
e 3l o 1555 5, Shae NSE gl b duglio 55 oyl so8
5 (il A yo 93 (o G510 (sl ouile Bl s o)Le]
Ol 48 dal Cuwsay (+12VA) o g (= 1-¥V) o ¢ b))
3513 gl ;oS 5 250t 4 bl (o8 iy Joe o
B (1383 3 Joo (2luyl 5 (mnly Jolye aiilon)
Iy spologn (gt > Jie &5 C85 o (oo
945 (o (3ladend  riuly Al po )3 0135 pS0jlul lhe
WS (o ot sl Al pe ) edig S ojlal plie ) a8
(3 Jg)

2 olege ot 2 SIS ST Jao 0059 RE jyolis
el oad @)l 08 golaw 5 )l Ao aw gl (Ve) S5
5 2380ty (e sl s (V1) Jgie s oll
aloyo Jloy okl Aoy dus o oxiisly oy )3 390 S
(kg/ha) 2+ g+ (5955 395 gohaw sl (235 9 (848l
o3 YIY XVEY 5 /F5 AFAY MEF /YD e
ologs i Jice oLyl dlsye gl 4 ao g5 b el cunday
RE (s33c pilie yidydblo g Jloy (o lol al>yo g5, o3I
ol L & el sy ite (35955 355 gl B o sl
solie Sl paS ) ologn (ol ads o 5> oo
3 3yl 4 S RE oy iy ol 03)S oyl 08456 55 05101
A+ g v G39x 055 oka sl (588l g Jloy ()lel o yo
Seal Cwdds o3 WAS 9 WAY Ll s pa (Kg/ha)
5 05l p0tr s sl ey (23S Al je (sl cien
FIYY 5 WY (Kga) T+ g+ 595 zolaw ;5 b ids 3,9 S
Aol Cddy Loy

b 3ysl i o slbs iSTas a5 canl S5 4 p5Y
395 gl )3 (S (im pow al>po 5> gkl dl yo aus
YAEY o VEIVA) JLiSan s o SolS 18+ 5 \Ye alls 5500
i (iwsly (b o G108, S Jgae (loger (sl (325
SShis 48 el 53 B puizman sl o2l i1 S5
dl> yo 5 (Zeily Al o ilod 23] >y 3 35l 2 RE



70

QV)L@J.M_;a)uLf\ ch(glﬁjﬁ—wl&‘_;ﬂ»)LgJLfT&der}lﬁ

s Rezaverdinejad [Ebrahimi zls jl o) Sl 50a
wolege 35l i (65lwans (2015) Majnooni Heris
39ty 45 039 395 g ()lul ilisee oy e v
Jie ladin s 5l S wloge (silwanis el canda
i 3 &l 55 sl 03,8 8D i ol 3 ol S ST
oy 53 9 sl ity (il aloye )3 Jae ol 5
@l Ly s ol 4o g 0 Lt 39l e i L]
Dl )3 59,6 ol ol 48 (2009) Gheysari et al.

L (Sl em @yl (oS 156 ology

ales 5l 5o ol Ales y> (Igbal et al., 2014)s,
s Kim 4 (2014)Stroosnijder 4 Nyakudya
2 (Sl ulesy s yia (2015) Kaluarachchi
CoS g g g2 0yd OV g (Senld (ologe g oplios
Gard o5 33,8 i)l SIS T Jao bawg (15 (g Ll
VY (iliel g (peiwly Jolpe (b sl Gaios sl 2L
Jgaze dw (gl (a3ls cul Jlde pgd o5 53 9 /A
eIV AT (il g (iwly ol (o a5 0458
ol 555 gl L a5 sel Canddy +/AD +/AY +/AY g

(1387 wlogw) 395" 9 ST Zataw I &l p S (U351 ol Syl -1 v

. NRMSE ~ CRM  NSE  d R® U ils
SHel 2>
et (%) Q) () Q) @)
- /Y¥ \YIAY —[eYY et /a3y -/va (ZRiwlg
NAYS \Y/-A [ +YA - /V¥ ACYA +/A¥ b))
14000 14000
2 2
2 T 2
} 12000 ++ ) } 12000
K 10000 +*’4 ) 2
" > 10000
1) . '1)
i so00 + i so00
| 3
3 6000 2 6000 *
3 k|
% 4000 X 4000
% %
3 2000 =y 3 2000 e lel
> Calibration > Validation
0 0
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000

(S 51 5 4heS) 0 58 03101 olages B0

(LSS 2 p55les) oud 55u8 05151 polages :BO

351l Slas b 1307 71 a8y (ST Joto Lawgd 0dd s s 9 (8 50310 _ywlogas dug o —Y K

S8 137 wlogw Sl (o Sl polio -V Jou>

(po> JWo) 2! (Jsl Jb) (ol sloss
slas - U ologes =ojl ol o slas - o oolegs =ojluil olege o L
o **a,\.f} = **oJ.JJ d):‘.f (Z) Hb,\ﬁ: e **am d):‘.f **uaJB .
—\Y/ay oSy SADA —NISE* DAYY SEPY
“VE/YA SASY Aved —Y/f5 YYsY Yovy ¥
/Y5 A-S¥ )1 —0/YY AV-Y Asee Ae Jby
—AI$A \-YAS 1IYYO —Y/0) V.o 1IYAQ Y-
—\-/v§ 11410 AYYEF -yt AVEYVD ATYVY \Se
[-Y¥/0F fa0Y avad Y D04 SVAY . akas
WA NN £5¥Q —Y/¥ SAVD YEVE £ N
—\Y/as SAF AYY “¥/\A AVe AYOF A
—-\0/aA VYY) Q4. WY e¥eA ay.y Y. »
—a/0¥F YaA- AYY \$/aY VIY-¥ QDAY \$e al> 5o
Yy INES £50A —¥/\Y N DADA . ks
—¥/VY SYSY SEEY Y/AY SaA. SYAQ £ ol
V¥ yray YYAS /Ay AVYY MO¥ A
/Ay AQYY AAFY YE/VA y VY AY\S Y- »
\Y/RY arya AY-$ TV/E S AVO¥ \Se o> 5o
—YIvY YOIy Mb- Y/aa ASYA AYYY (Average) L

Sy P;ﬁlﬂswﬁ** bl e 3)5&”5‘;6;.0){:[5,«53)51)4&‘@){3&* -



44

..<_;Lac,.1f1.\.»c,>dIﬁaﬁw}&éub@ﬁﬂ:ob&ﬁjdﬂl

5 230t A5 elogar 9 9,Skas (2eiuly dl> po )3 I SsST
buogio plie a5 oyl Judoas ols L5 590 aS 2bj,l dls ye 4
3 g el Canddy e g e ol opl s slas
g wb oSles i 4 e (g 355 5 ol Cape
Sy o Jae &5 cunl oad (o)) Jlo 9 sk o elege
Lol lis (wlogw g 4l 0,Slee jr (gilwands glp ) (olie
g b Ske iloand » SISST Juo LUlg 4 2y
ol i 08 g ol dilise lacypie cov ulege
2 O3ar 355 Bpas g olel iy 2 Gl 1y Je

G

Saobn gl ST ol Ja | ol gis

bl il sla) cov ST 08y 1S eloger 5 3)Shes
Ve g We A Fe) palls gy 355 e &y
Bl 3 O cups e S odlitl (JiSa oSl
9 AV e ey Jae bawg IS 3 Shee (el (2b5)) 5 (Pl
2 el Candts HJAY g VA g wlege sly g <AV
“Jlo sles o ¢ o)) g (mily Jole (b SIS T Jue
2 a1 08)) 1S elage 9 2,Mes iy 008

D9ed duog (938 bl 3 T 68, IS s 3y L5 a5 el Candds 2oy WY B IY g VY B A godgame

e o)l oYL cés (wlogw ¢ 2Slas dnie O Jlo

&b
1- Abedinpour, M., Sarangi, A., Rajput, T.B.S., Singh, M., Pathak, H. and Ahmad, T., 2012. Performance
evaluation of AquaCrop model for maize crop in a semi-arid environment. Agricultural Water
Management, 110, pp.55-66.

2- Alishiri, R., Paknejad, F. and Aghayari, F., 2014. Simulation of sugarbeet growth under different water
regimes and nitrogen levels by AquaCrop. Intl J Biosci, 4(4), pp.1-9.

3- Allen, R.G., Pereira, L.S., Raes, D. and Smith, M., 1998. Crop evapotranspiration-Guidelines for
computing crop water requirements-FAO Irrigation and drainage paper 56. FAO, Rome, 300(9),
p.D05109.

4- Amiri, E., Bahrani, A., Khorsand, A. and Haghjoo, M., 2015. Evaluating AquaCrop Model Performance
to Predict Grain Yield and Wheat Biomass, Under Water Stress. Water and Soil Science, 25(4/2),
pp.217-229. (In Persian).

5- Andarzian, B., Bannayan, M., Steduto, P., Mazraeh, H., Barati, M.E., Barati, M.A. and Rahnama, A.,
2011. Validation and testing of the AquaCrop model under full and deficit irrigated wheat production in
Iran. Agricultural Water Management, 100(1), pp.1-8.

6- Araya, A., Habtu, S., Hadgu, K.M., Kebede, A. and Dejene, T., 2010. Test of AquaCrop model in
simulating biomass and yield of water deficient and irrigated barley (Hordeum vulgare). Agricultural
Water Management, 97(11), pp.1838-1846.

7- Araya, A., Keesstra, S.D. and Stroosnijder, L., 2010. Simulating yield response to water of Teff
(Eragrostis tef) with FAO's AquaCrop model. Field Crops Research, 116(1-2), pp.196-204.

8- Arvaneh, H. and Abbasi, F., 2014. Calibration and Validation of the AquaCrop model for Canola in the
Field. Iranian Journal of Water Research, 8(14), pp.9-17. (In Persian).

9- Brandyle, T., Szaty, L., Gnatow, S. and Tomasz. O., 2005. Examination of SWAP suitability to predict
soil water conditions in a field Peat-Moorsh soil. Department of environmental improvement, Warsaw
Agricultural University, Poland.

10- Doosti Rezaee, M., Besharat, S., Rezaee, H., Verdinejad, V.R. and Ahmad Ali, J., 2013. Evaluation of
AquaCrop model on grain yield of Corn. In 2th International Conference on Plant, Water, Soil and
Weather Modeling, Kerman, Iran. (In Persian).

11- Earl, H.J. and Davis, R.F., 2003. Effect of drought stress on leaf and whole canopy radiation use
efficiency and yield of maize. Agronomy journal, 95(3), pp.688-696.



7Y

Wl ) Sl FY Al o stin s~ ok (5 alom) (LT e 5 poke

12- Ebrahimi, M., Rezaverdinejad, V. and Majnooni Heris, A., 2015. Simulation of Maize Growth under
Different Management of Water and Nitrogen Fertilizer by AquaCrop Model. Iranian Journal of Soil
and Water Research (IJSWR), 46(2), pp.207-220. (In Persian).

13- Eitzinger, J., Trnka, M., Hosch, J., Zalud, Z. and Dubrovsky, M., 2004. Comparison of CERES,
WOFOST and SWAP models in simulating soil water content during growing season under different
soil conditions. Ecological Modelling, 171(3), pp.223-246.

14- Erkossa, T., Awulachew, S.B. and Aster, D., 2011. Soil fertility effect on water productivity of maize
in the upper Blue Nile basin, Ethiopia. Agricultural Sciences, 2(03), p.238.

15- Gheysari, M., Mirlatifi, S.M., Bannayan, M., Homaee, M. and Hoogenboom, G., 2009. Interaction of
water and nitrogen on maize grown for silage. Agricultural water management, 96(5), pp.809-821.

16- Heng, L.K., Evett, S.R., Howell, T.A. and Hsiao, T.C., 2009. Calibration and testing of FAO
AquaCrop model for maize in several locations. Agron. J, 101, pp.488-498.

17- Hsiao, T.C., Heng, L., Steduto, P., Rojas-Lara, B., Raes, D. and Fereres, E., 2009. AquaCrop—the
FAO crop model to simulate yield response to water: Ill. Parameterization and testing for maize.
Agronomy Journal, 101(3), pp.448-459.

18- Igbal, M.A., Shen, Y., Stricevic, R., Pei, H., Sun, H., Amiri, E., Penas, A. and Del Rio, S., 2014.
Evaluation of the FAO AquaCrop model for winter wheat on the North China Plain under deficit
irrigation from field experiment to regional yield simulation. Agricultural Water Management, 135,
pp.61-72.

19- Khorsand, A., 2014. Comparison and Performance Evaluation of Aquacrop and SWAP Models under
Salt and Water Stresses conditions (Case Study Winter Wheat). MSc Thesis, Urmia Uuniversity. (In
Persian).

20- Khorsand, A., Rezaverdinejad, V. and Shahidi, A., 2014. Performance Evaluation of AquaCrop Model
to Predict Yield Production of Wheat, Soil Water and Solute Transport under Water and Salinity
Stresses. Water and irrigation management, 4(1), pp.89-104. (In Persian).

21- Khoshravesh, M., Mostafazadeh-Fard, B., Heidarpour, M. and Kiani, A.R., 2012. AquaCrop model
simulation under different irrigation water and nitrogen strategies. Water Science and Technology,
67(1), pp.232-238.

22- Kim, D. and Kaluarachchi, J., 2015. Validating FAO AquaCrop using Landsat images and regional
crop information. Agricultural Water Management, 149, pp.143-155.

23- Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Bingner, R.L., Harmel, R.D. and Veith, T.L., 2007.
Model evaluation guidelines for systematic quantification of accuracy in watershed simulations.
Transactions of the ASABE, 50(3), pp.885-900.

24- Muchow, R.C., Sinclair, T.R. and Bennett, J.M., 1990. Temperature and solar radiation effects on
potential maize yield across locations. Agronomy journal, 82(2), pp.338-343.

25- Nyakudya, I.W. and Stroosnijder, L., 2014. Effect of rooting depth, plant density and planting date on
maize (Zea mays L.) yield and water use efficiency in semi-arid Zimbabwe: Modelling with AquaCrop.
Agricultural Water Management, 146, pp.280-296.

26- Osmani, H., Motamed Vaziri, B. and Moeini. A., 2013. Flow simulation, calibration and validations
SWAT model (case study of upstream the Latyan dam). J. watershed engineering and management, 5,
pp.134-143.

27- Raes, D., Steduto, P., Hsiao, T.C. and Fereres. E., 2009. Reference manual AquaCrop. FAO, Land and
Water Division, Rome, Italy.



ZA
..<_;Lac,.1f1.\.»c,>dIﬁaﬁw}&éub@ﬁﬂ:ob&ﬁjdﬂl

28- Singh, R., 2004. Simulations on direct and cyclic use of saline waters for sustaining cotton—-wheat in a
semi-arid area of north-west India. Agricultural Water Management, 66(2), pp.153-162.

29- Singh, A.K., Tripathy, R. and Chopra, U.K., 2008. Evaluation of CERES-Wheat and CropSyst models
for water—nitrogen interactions in wheat crop. Agricultural water management, 95(7), pp.776-786.

30- Steduto, P., Hsiao, T.C., Raes, D. and Fereres, E., 2009. AquaCrop—the FAO crop model to simulate
yield response to water: I. Concepts and underlying principles. Agronomy Journal, 101(3), pp.426-437.

31- Tavakoli, A.R., Liaghat, A. and Alizadeh, A., 2013. Soil Water Balance, Sowing Date and Wheat Yield
Using AquaCrop Model under Rainfed and Limited Irrigation. Journal of Agricultural Engineering
Research, 14(4), pp.41-56. (In Persian).

32- Willmott, C.J., 1982. Some comments on the evaluation of model performance. Bulletin of the
American Meteorological Society, 63(11), pp.1309-1313.

33- Zeleke, K.T., Luckett, D. and Cowley, R., 2011. Calibration and testing of the FAO AquaCrop model
for canola. Agronomy Journal, 103(6), pp.1610-1618.

34- Zhang, W., Liu, W., Xue, Q., Chen, J. and Han, X., 2013. Evaluation of the AquaCrop model for
simulating yield response of winter wheat to water on the southern Loess Plateau of China. Water
Science and Technology, 68(4), pp.821-828.



69
ﬂr, Irrigation Sciences and Engineering Vol. 41, No. 1, Spring 2018, p. 57-72

Shahid Chamran
University of Ahvaz

EXTENDED ABSTRACT

Predicting Biomass and Grain Yield in Canola Under Different Water
Regimes and Fertilizers Using AquaCrop Model

E Amiri'", A Khorsand?, J Daneshian® and M. Yousefi*

1"- Corresponding author, Professor Department of Water Engineering, Islamic Azad
University, Lahijan branch Lahijan, Iran (eamiri57@yahoo.com).

2- Ph.D. Candidate, Department of Water Engineering, Urmia University, Iran.

3- Professor Department of Agriculture, Islamic Azad University, Takestan branch,
Takestan, Iran.

4- P.H.D Department of Agriculture, Islamic Azad University, Takestan branch, ,
Takestan, Iran.

Received:9 July 2016 Accepted:10 October 2016

Keywords: Biomass, Canola, Gazvin, Nitrogen.

Introduction

The AquaCrop model improves farm management practices, including plant density, planting
time, and chemical fertilizers. It also simulates crop yield, soil water content, soil salinity, and
water productivity. One of the applications of this model is the assessment of rainfed production
during the long term, the effect of low fertilization, the productivity of real water on the farm, and
the analysis of future climate scenarios. The disadvantages of this model include the lack of
calibration of the amount and time of fertilization and the lack of consideration of plant diseases
and weeds (Raes et al., 2009). The AquaCrop model is suitable for simulating different water and
nitrogen managements on yield (Khoshravesh et al., 2012). Ebrahimi, Rezaverdinejad and
Majnooni Heris (2015) evaluated the AguaCrop model under different irrigation and nitrogen
fertilizer managements for estimating maize grain yield and biomass in Shiraz. This model
predicted the grain yield of maize with high precision and biomass obtained in all treatments was
more than the estimated values. Alishiri, Paknejad and Aghayari (2014) in simulating sugarbeet
growth under different irrigation regimes and nitrogen fertilizer concluded that the highest error
in performance simulation was in the treatment that had the highest fertilizer stress. The purpose
of this study was to calibrate and validate the AquaCrop model for estimating the crop grain yield
(GY) and biomass (B) of Canola under different irrigation regimes and pure nitrogen fertilizer
levels in loamy soils in Gazvin, Iran, for two years.

Methodology

This study was conducted for performance evaluation of the AquaCrop model to predict grain
yield and biomass of Canola in Gazvin for two years. The experiment was a randomized
complete block based on factorial design with three replications. Irrigation treatments were in the
main plots as the main factor in three levels of normal irrigation, irrigation cutoff in the stem
elongation stage, and irrigation cutoff at flowering stage. Nitrogen fertilizer treatments were as
sub plots in 5 levels of 0, 40, 80, 120 and 160 kg per ha. For climate information, the daily data
from the Qazvin Meteorological Station were used and the reference evapotranspiration was
calculated based on the FAO Penman-Monteith method using the ETo Calculator software (Allen
et al., 1998). To compare the simulation and measured values of biomass and yield, the
statistical indices of determination coefficient (R?), normalized root mean square errors



70
Amiri et al. 41 (1) 2018

(NRMSE), relative error (RE), coefficient of residuals (CRM), and compatibility (d) were
used (Morisi et al., 2007; Singh, Tripathy and Chopra, 2008; Willmott, 1982).

Results and Discussion

The main economic field crop products are the final biomass and grain yield for which the
crop growth models try to arrive at satisfactory and acceptable simulations. Based on the results
in Table 1 and 2, the normalized root mean square error of calibration and validation were,
respectively, 8.95 and 11.78 percent for grain yield prediction and 12.87 and 12.08, respectively,
for biomass. Also, the determination coefficient of calibration and validation for maize grain
yield were calculated to be 0.89 and 0.87, respectively, These figures were 0.79 and 0.84,
respectively, for maize biomass.

Table 1- Statistical parameters of the evaluation model for total irrigation and fertilizer
levels (Canola grain yield)

Statistical NRMSE CRM NSE d R

index (%) () (-) (-) ()
Calibration 8.95 -0.018 0.88 0.997 0.89
Validation 11.78 0.053 086 0.994 0.87

Table 2- Statistical parameters of the evaluation model for total irrigation and fertilizer
levels (Canola biomass)

Statistical NRMSE CRM NSE d R?
index (%) ) (-) (-) ()

Calibratio 12.87 -0.037 0.62 0994 0.79

Validation 12.08 0.078 074 0995 0.84

It is proved that AquaCrop has an acceptable performance in simulating final grain yield of
canola (Zeleke et al., 2011), wheat (Khorsand et al., 2014; Zhang et al., 2013; Andarzian et al.,
2011), barley and teff (Araya et al. 2010a,b), and maize (Abedinpour et al., 2012; Hsiao et al.,
2009; Heng et al., 2009). Araya et al. (2010a, b) reported a deviation for grain yield of -5.6 to
14.6% for barley and -22.5 to 8.5% for teff. Zeleke et al. (2011) used the AquaCrop model for the
calibration and testing of canola. The compatibility and deviation percentages were of 0.97, 0.95
and 1.2%, -9.7%, respectively and percentages of deviations in the calibration and validation for
GY were 4.7% and -2.1. Andarzian et al. (2012) reported that the AquaCrop model predicted
biomass values at harvest quite well. The calculated values of statistic indices NRMSE,
compatibility and R? were 4.4%, 0.97 and 0.95, and these statistical indices for grain yield were
5%, 0.97 and 0.95, respectively. The AquaCrop model could satisfactorily predict top-weight
biomass and grain yield of wheat under Ahvaz conditions. Zhang et al. (2013) in their model
represented a compatibility and an RMSE of 0.5 to 1.44 (ton ha-1), 0.95 to 0.98 and 0.16 to 0.38
(ton ha-1), 0.22 to 0.89, respectively, for wheat grain yield and biomass simulation. The
AguaCrop model (the NRMSE at the range of less than 10%) simulated grain yield of winter
wheat for Roshan and Ghods varieties more accurately than the FAO agro-hydrological (the
NRMSE at the range of 10 to 30%) model (Khorsand et al., 2014).

Conclusions

The data of field experiments on Canola were used to calibrate and validate the AquaCrop
model in a semi-arid region of Gazvin, Iran. The results shows that this model can predict canola
grain yield and biomass with an appropriate precision and can determine the optimization
strategies for the improvement of water productivity and nitrogen fertilizer in maize used in the
province of Gazvin. Because of the simplicity and the limited parameterization of AquaCrop in
comparison with other crop growth models, it is obvious that the calibrated model is a reliable
tool for a vast range of water management strategies, crop yield, and biomass prediction
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scenarios under water-saving irrigation managements in semi-arid regions of Iran. The results
of previous studies demonstrated that simulation models can be applied as a useful and valid tool
for predicting grain yield, biomass, canopy cover and water movement through soil profiles
(Khorsand et al., 2014).
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