m

Ol OF 9 @yl (owiign (hpgly oole 4 5
1PV ke . can g o2 oylods o0 5lg0 JLw

AquaCrop Joo 01,15 5 &85 31 (359 55 995 (ol g o i sy oo il
NP4 sS ol Bpao ol g 0, Sdos (gilwand 5o

" ssbail (edwme Fazsli o,T Sol5 081 (Mol M S couwdl ol Lo 3L

WA/ /YD byl g )b
WWAQ/44/4Q: b iy g,
by Al

ouS

dlsan (St ol (Kpazss Ol Byme ohLS 50 Skee 5 g0k )-"L’ O3 955 3k u-“’L’ 5 kel 34l
5 lsSsm 1059 955 5 okl T Gl i Fobie a (pliws Gl iz lagialesl plnil (o5 poles 5 paise
2 imlesl ae 50 SOl oo (g 5laax laools l jglaie pay 0,5 solaiwl AQUACTOP wole alS ol slo Joe
VYO E4 -+ B30 E2 0 E1) mhi gz 5 oyl oo 1 eslital el Jlo g0 b ez ob] uelaws
s oo, Ve e F2 (6095 jlo a0 Ve FL) mhav ds 1o (8 rac 05 Jlaie o (A (S p5ed sl p5ed e oo
oyt el s AQUACTOD e 1) o 455,515,555 bns® 8,Khat 1 (5055 5 s T+ 3 5 oS 5055
oS Joe cnl (ily sl ped 5 Jol Jlo )3 F3 jled 5l G il (zmisly Jsl JLoo slmosls loslinul b g g095° (25
Gilwands g Slaalin polis o oYU (Sion a5 ols (lid zuli .ol solaul (6955 jli ao o Fe) (s055 Ll i
Silwands g Slaalin polbe aslio mls .cuils 595 (R2=0.893) L G pas )15 3 (R2=0.915) & Sloe oo
CBo 4 ol Lt e Jlays Solasye eSilis i 5 U Slespe eilee yio e sl uSoleo (sloo el Lawgs o
Ay o Slas sl baojlol ol polie 050 S5 BB 0T B pas L5 5 0,8koe 2l 99 52 s (6l Joo 0]
7 eSS 1V Ll i s Ol B pas oL sl g oY 5 QLS ) <IEY (LS 5 o) ooV L
0, Slos (g5lwanis ;o AQUACTOP Joo oIS polie a4y azgi bog /o V g (caSoyin 5 p,59lS) </ Y (S e
Gz (S yda g8 O Byae ol)LS 5 0,Skee (g5lwans lp Jae ool 5l eolatal (V) Ol Gpas LIS 5 (/FY)
gdise gy (Bras 355 5 o knl iz Lyl

(BPLS oy Jue ol Bpan ) (6 5leTnS Gl ylaw (5385 i 1gulS slaojs

1SS g ) @S 459U o 5 el (Ol lojl (ol 5 SB Dlidod dusge S S5 5 ilel (i3 Gl
SOVIAWNEA 2 les a5 nebrahimipak@yahoo.com

tovled il @_eigder@ymail.com S g Sl e .oyl ¢lgal ¢ oMl 3151 oSl Slgal soly «l wsine g pole 09,5 ¢ bsliwl ¥
EAVARRRR A

1Sy S Sy sl @S 508U g g sl (Dl lojls ol § ST Dliio Ao (S Su3d g o)lul s Golil T
SAVVOFOYE N 1 wles il @rash_tafteh@yahoo.com

«m1370ansari@gmail.com : S s S Can -l ! lgal o oMol 3151 ol ¢jlgnl aly col pwdine g pole 09,5 (635> commiily T
AAFYY VALY ules il



&

Sl s c-é}w

Ao Sl B85 )1, 8 axgi 050 calisee (lilies Loy
(85 00t plonil Sl 4y s JLte oloe
s o,3 (Arraya et al, 2010) ¢ > oV axe
Alizadeh) o5 «(Stricevic et al., 2011) o3 joua
Heng et al., 2009; Hsiao et ) «,3 «(et al., 2011
al., 2009; Masanganise et al., 2013; Katerji et

Oltes (VFe e S 5 saex) puiS (@l 2013;
o, ESen 5 Lics jom) ole,Sldl 5 (VFAA ()l Lsen
o=l @YU cBo 4 ladze ol adS 0,5 o Ll (VYA
3 aliBe gla i Jleel bal s jo ailes )5 o Lil Jow
a8 Gyeban cowla ol Joo8 LB s Jow oyl
Ahmadi etal., ) ;) ,LSea 3 goax! aile Slaime
ol @ (Arraya et al., 2010) l, e 4 LI,T 4 (2015
lease s o ailes,S o )Lil 855 Sladxd (o £9o90
6955 i (g 5lwdnds ool AquaCrop Jow ,.5!
an ol3 Jue opl a8 .l oals ddlal Jaw ol o 5
Jome SO sleslaiul L (S0 G 065 £98 aneid
Iy =l olals o, Sles 1 095 51 g5 o 05>
Van Gaelen ) sls 1,8 oolaiwl 5,50 (s 5 (Zemls
le_io.m 9 u.l.‘:l_f Ql_é Ja_..qs.’ J..\.o Q—.‘.‘ (et al., 2014
Jacie g5lwans ¢l (Van Gaelen et al., 2014)
Jpnpge lgiS g as @S ()8 GlalS o Slas 5 068
Joe a5 sl oylas oliie opl 28,8 18 byl 9,80
o, Shes (g5lwans sl sl 3o 5 AquaCrop
Aoz 5l Hladze plo 09 10,55 1 axlllas 5,90 lalS
5 20, 9 (Akugama et al., 2017) |, Ken 5 LI54ST
@l bl i cou o8 cilS gl (1Y0) o, Sen
Joe ool 2o g ais 5 solaul AquaCrop Jaw 31 (g065
3,5 Bl s,
<l — AquaCrop Jo—s jl eolaiwl og—as ;o
oboy Slindos (55T (S paxss 5 Shee (55luancd
Slalllas 4 g5 o0 alox o] 51 S ol onds aloul
oKes 5 (>S5 e, (1TAY) o Ken g 5 Lail
9 95,1945 314l ¢y liwgaun o (Katerji et al., 2013)
9 Le 925 o (Opoku Darko et al., 2016) |, Ko

ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid
Vo) Hlas caid g o okouds p235l80 Jlus

doddo

O 58 e Sl Aol (S0 (KPS
00 S g ueian Glaie 4 1 ol sl g 00l Ggme
oS ool (OYAY ()5 g adl) o9 po aisliss ]
395 5 ol LS el @ Ol o ple aiile 2l
el pae 5 a3 e Glis ormlie Jaall bS5 550
00,5 oo oyl 0, Shae o palS o Jule g oy
(Pascual et al., 2000 )Y <) ) SKon 5 s0bT 2i8)
999 YU 5 ol ml Seis bl @ as g5 b gy ol b
(Ahmade et al., 2014) ;,5las idu ,0 ol G pas
LB slog )l (6,5 ,L5 an g (ol (i Jleel
@led) o2 walss 535U Jpame (ul ctS 5o g laleS
555 el 3 sl o o 3,k 51 OYAY (e 4
05g ol)_a.aa §O3xe OMSi b Q‘}”L&S 6‘)'.’ 5955
GialS o S5,8a 68 S 3o o laleS Jles! ol
Ll s 0o oS o ol Jeame ol 0 Shee
b by, el Bras 69000 Gialidl jolaie 4 JLuSis
Farre and Fasi, 2009; ) o5 oo wgme ()]
Oias ez Ses &b 5l .(Geert and Raes, 2009
@lts ;3 oS Jele g lie polie on St 5 (S
33 0 el pas sl gllas o Shas 4 2l lalS
AT e g gLl aud)

— Ban 055 g ol U 5l ass el sl
Aol o ely5 oS ol Bae LB g o, Sles
55545 5l adlate 1o 50l lae,se slagtolojl plov
Cslboo Jdo rod el [laws a 30 5 89 G50
soliiwl olS 0, (g3le Jow aile 35l slass, 5
(Gert and Raes, 2009; Raes et al., 2009) s 5
sl Jae op el 5l SO Glee 4 AquaCrop Jowe
=)y aliow lals o Slee giloacs ¢lp oLS
o0l (e (5L8) (55,085 5L g )]s plejlo Lags
4 5ks ( Sole asle ol Shy Jdo 4 Jow ol cul
Heng et al., ) o9 o I8 5 YU 85 (o5 sloosls
(2009; Todorovic et al., 2009; Raes et al., 2009



iy

Ol OF 9 @yl (owiign (hpgly oole 4 5
1PV ke . can g o2 oylods o0 5lg0 JLw

Jolis iz oyl 50 oolatwl 090 (sl )lans .oy sl
5V E3 o E2 0 El) zhv bz 0 55l lade
5 (A IS s cid )l sed e Lo VYO :E4
s ao, o Ve Fl) gl aw 10 (B ae 095 ke
Ao, ¥ F3 5 0lS (6055 5Lo a0 Ve e F2 (5055
5,845 i (gl alis laml s bl (6955 LS
50 lalis ole ols 3 50 .o oolel sle aihusl ;o B o3,
Sl yo ctalej] slacs S aias asls Sladss acje
5 o il FralolBbg e, ¥ o moyeyie O x Y/
Al ookl ey e o el B0 (slaasy alols
S Slaseie ab plxl 6)lol cils 51w alolédl
LS Y 5 sladsaz o iy a glel ol 5 )

Sl 00l 00ls

by, wolsst o (Linkeretal., 2016) |, Ko 4 ,SJ
5,8 o Ll

oo xin Olalllas o e as ols lis mlbe ow)
el s ploul AQUACTOP Jao 3l eolazwl s oS
EhLS 50, Sdee (glwand ;o Jae (pl &85 (556
PR IRV S CEU M I L It YOUR S I JOON
b yol> g cnlple Cosl odi (cw) 2 (39555 995
555 5 oolm! ol calize oy o Jl b, Sas
A% plsl AquaCrop Jos o5 5 <85 (g 5

b 9y g Slge

Peal o bl S 7ib Ojso 4 Lol agh
Il 38 55 )55 s Uy ol JulS (slacssl G

90 o 0 obl felonl Slidioss as )50 50 ol

S oleady (S8 Sy F (1) Jou

£ 3 Sagb, 3 Sagb,
S cdl pgane abais e pH EC Ol b ey R
sl el Sopn el
g.cm? cmd.cm® - dS.m?  meq.l? Ppm Cm
o) \/FF IV <I¥Y Y/ “IVF ¥ A 5 Bbe-e
o) VoY Y <Y A “IAY 0 \ YA V..o
Sl O ks @5 @l (V) Jou
Slalg A olSe oS el 2 o2 e elS’ pH EC
meq.I* - ds.m?
Yvvig FeLIYD YYf YIEA YA- VA A\ YIY Y/a

72 sl S (Sugby S elul s A (s
G rSesladl ;58 bagi gkl O ez (sl jles

(Y alaly) o ools Jll &S e 3l 4 g oais
| =(FC -6,)xD,, xp, M
V =1 xA M
Jaie FC (o ckis) o)lal o e | L Lafy, 4o
SB Cughy O (G55 %) () byl 43 Cugh,
ady; 4>l Gee DIZ (i aoy0) @)lal 51 U3
25 SE el pyate o Py (Rehe)
Ay G sl ol ez Voo sl

5 00 S5 sldes ploals il 5l ey
ST g05] olal 8,5 & atigr gl 2SS
Sl 51 B 055l 095 oSy g il 995 p0lie plod
0,91 955 (Rl pow Sy 3,5 Bras 6)lg D jgo 4
o Jol ez e ol peeSe 9 5 S 5l S
o 9 @30S 51 S 5 S 355 08 00ls (s
(slazan 93 Jolpd L g Sy dw ;9) 05 JoSi5
2 (2l Joloe
ol Ly S Cghs, it b sl o] i
(V) adal) jloslaal Ly g aslyy) &9 4 ogenils ||



/A

Sl s c&}é—r

S ekS) Ol Grae oIS WUE e, ol o
Srae ol laie Wy (p)55L5) o Shae ¥ (canSo o
Sladgas ()59 «ld 2 5l ey sl (nSee 150)
Sladod 35 0,0 a il Biulesl yo oo cils p
9 0, Shoe (55lmdnds Lo o oz LT Jielow!
Joe 5l eslawl Ly K5 j8a g8 O B, ae ol LS
o plel AquaCrop

[
W O bk
o QL Q
L
Il
[
v

PR L A LW S LW L S s |

(o _slaa ) oA ot il yloa
P2 B T
& o o
1 ===
24 EEE==T
43 EEEmmmrm

Ln (5] [ ] ™ WD
— [ ] Ty [ I |
—
el
120 - 2]
F - E4]
2, 100 !
.1—\‘ P1
i BO - ;1
50 ‘)
% 40 3
; ‘)
i 20 - ‘)
3 3
D 1
1 15 24 38 50 66 79 95 116
-

ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid
Vo) Hlas caid g o okouds p235l80 Jlus

&l Ls)l..,.ﬂ ;.;TQU.:.A .CAM‘(@).A)_:_A) L SLIE W
bl oals oolo plas (V) UKo o el sloyles

wLw‘;s a_:] dfa.c L;a‘)ls ‘Lg)LuT s_:] L)‘J“'A )‘ oolawl
s dnslma (7) ala]

WUE =— D!

=<

120
4 100 - .

”in. ED_

1 60

:—"?am-

T}‘zn- E

ol e Sy

3 ot o o 1T g Voo VO Do pluoly g kel ouidd oyl a5 43 E4 9 E3 B2 E1) jlows y» glp bl T lade:(1) JSio
(A W cld

Ao (S8 >sS S eogilann g (359 Ll B8y
gl oo dumlme (8) 5 (0) Ly, 5l o 3
Y =BxHI ©®
Tri *)

ET,,

B:WP’[

4_3‘)’5) d)—"’ JJ)‘J_M Tr ‘Ja_g‘ﬁ) u_a‘ ) as
S9epe WP (Y alal)) el Jad Jsb )0 (o o)
& o olS Gy 5 ETo deaSoyio 0 55LS) O

3 calize lals o Sloe (g5lwacds gl Jow opl
(Raes et al., 2009) .S’ o oolazul (F) alal,

(YXY—XYaj: Ky[ETXE—TXETaJ )

s g 4t Sl e i 4 Ya s YX (ol jo oS

5 ) Jyamme 8 Sdoe

KY 5 (todoe) ol (3,05 yomed (aBly 5 atiin jlade

ool A Comnd Jgmaze ol (i (gl 0




Yo

Ol OF 9 @yl (owiign (hpgly oole 4 5
1PV ke . can g o2 oylods o0 5lg0 JLw

o oo Cobas LS gl ailioe 4l (5999 00l
A Joe 6995 slss 5l (S Al e 5oy el e
a5 ol byl )l andy g ol 0ols poss o0 YO Hlade
al>,s ,» 0 (Geerts and Raes, 2009) s acisls
Gl SC 210 (IS 4w 10 Coslus oy lade
Sl SC <Y 5 lawgie Sl VO > SC>Y U
99 3l i Sl b sl el )y 0l gaadil ol
ol s sskie & 5055 5 b L e sl el
IRRAPUEJC SN > KV

0ol by g (6355 2 g0 Lol o yolesl s ke focty
A e A il Jol Jlo o ‘SJ oo ads 5l
5 52 3 wcs5 5 bl o Jao iy jskics
bvgio i ide Sl (idg drwgs el culys
e 00 Jla i Ol (555040 (R0l a0 5 halS
oo 4l Jeadl g s bl 1 jedate fpas 06,5
(Van Gaelen et al, 2014) I,Sen § 555 6 Lawgs
9,2 0 (F3) sSlas Ll i 1o 5045 iS polie ;)
L Jowe opl mwons cplplo .l solaial el Jlo
aho gz 5 (F2 5 F1) (6055 oo 5o 3l oslii
H e b)) jskaie 4 ab plol (B4 B ED) Lo
Jo—e @Sy a8 o gilwl ol Jlade g og 5
A rwlows dd> e 0 g lw o AgquaCrop
Ty g O jge

E2 ED) kol slojless aon (28,5 )i o) gL
(F2 s F1) cos5 5 (E4 ,E3

ED) (ol i (15 lalos (28,5 515 )0 Y 5 L
(F2 5 F1) 6555 (sl los a5 (E2

SEB) (ol wad (15 slalos (28)5 S5 0 ¥ 5 L
(F2 5 F1) (6555 sl los dan o (E4

E2 ED) )kl slojless aon (25,5 1l 50 5L
(F1) 5355 55 b Jlowi 5 (B4 5 E3

E2 ED) sl sl o ann (55,5 i 1510 33,
(F2) 6355 5 g jled 5 (B4 9 E3

oo al> o 0 Jow ol Cds 5T osll le
(RMSE) s clas o ek ji slao ol olol s
3Sile (NRMSE) oo Jloy Slas e (5Kikeo Ha

LS o ) 0, Shes sy a4 B 5 Y (e Le)
el paslas HE o (LS )0 o) S 0055
Sl (£)
T, =K, xCCxK_xET, 0]
5 2L 5 i alpd e g w Ke g Ks ol yo a8
i e b Saile> oloj 5| gl by anmgs CC
A (A alal))
CC =CC, xe**" M)
oS dn gl al> o 0 ZU iligy CC alal) (pl jo
o5 CGC (oo o) adyl gl ing CCO (o))
2 Slioe Gay) oo Ty Gy o5e) gl gy w5
Dy dxmsgi yr p5e (KS) (] (5 Sads (Joo 0
(CC ozl 1o 5ye Sal) lassg, olas (CC) 2L
g a ctlop a3l 5 gl Ghdgy ol 5
50 &8lg 50 098 o et Aoy 4l o Ol Al S
5 4l als alS 2dg g6 Qe (o 5 90
o Joe ol b oe GRS olS 5585 Gl Ol &5 @
O ylacie 31l SLs jo 6955 Do 3l solaul sl>
g slge 9SSl oslawl LTy o Sles 1 (5ol
sl 2,8 L Jee () a5 o giliand S o
e o Brel) Sis sogicuns ;) Hloke cns dicin
g go plail (V) alayly 4y a5 b oo

— BStI’ESS X 100 (ﬂ)

ref

O9om byl by Sas sogicun; JS Bref o1 o a5’

B

rel

51 e 00l Cawsd 45 0355 ;oo BStress ¢ s
Jo—e cdo ol jetaie 4 ol i Jlos!
el el )l 4 Jae ol cowlus ! AquaCrop
ashladayl) 5l e baie cpay . oduzuiw (60g,9 calizee
o eoliwl (2009) Geerts and Raes lawgs oo

(Ve alaly)
L i

b

Sc= %100 )

)L.\_M Pm Dy uj\.b WLM.} w].o Sc ‘L)‘ B as
599 6L¢:oo|o uul_..u‘).t )_la) S y9—0 ).uo‘)l.v W) 0)51)9.
bl 5355550 bl 055150 jlade P g ol haas



&

Sl s c-é}w

B (godums i i /Y 5l iy g /- =YY
o)lal hie g Codo Hlade ol Chrs g awgie cogS
239105 5 529l st oo plis i 4y MBE
polie ool 115 5550 il )b sl AquaCrop Jow
Laools (o3l Coxo odimoloii d g EF slas,Ll
Sob o o o Solier (e e g b
Sao I R? i .l e osls JalS 35l oyles 4o
Sl FSL 5 So Az ;B g aiS ge et S

sl rools gy 5l oaima syl

Joe Sl o 5l oaal cws 4y bl

ol s mls el sl @311 Y Jga> 0 AquaCrop
Sl 639y byl ST Olois 4 Joo a5
L Gigin ool 5l easel cows a4 bl cuils lawgie
Ol 5 (saeze aile ()] Kdmgly (S Olaalie
S OTAA 5 1TAY) oL Sen 5 S aral o (1Y)
ool ils cillan (VF- +) ol LSen 5 saas]
solate 4 (63955 sla el )b s ol Cawods gl
2 ely @l )5 18 eoliiul 5 90 (il
4S5 s el (B il ogd oo cvaline (F) oo
g d aliwe LSy bl b g 3blis den ¢l

IR IR Lo KU gt g R o)

ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid
Vo) Hlas caid g o okouds p235l80 Jlus

adle asls (EF) Joo 0,5 (MBE) )l slas
a Lol (o9 (RY) (e a5 (@) gl
Sl ool ool L (VA B (VY) laadal, o s s

AOY0 e 5 guez)

u n
> (R-0)?
= \Y)
NRMSE=1___ N
Oi
. P -0
MBE—'(I ) v
n
Z(PI _O|)2
EF =1-2 0%
Z(Oi _0)2
(R -0)’
d=1--1 )
2 (R|+[o]?
P -P)O,-0))
q:_ (X(R-P)O.-0)) 0%

) Z(Pi _E)ZZ(Oi _(7)2

O, was glwars ok Pr 558 slaalolas o
Glwdacd polde Sl P oas G S oslail jlade
Slass )1\‘).3 n 9 W 6)50)‘.\4‘ )_\QLD.A J&KJL:.A asoh\aﬁ}
9 099 Cude O)‘}o.ﬁ RMSE a)LJ )L).Zi.o J"“"l’u‘" oolo
3 S polie .l e ail J K0 Jho b dx »
Joe Jle cds goasas oLis NRMSE oLl sl /)
N2 Y glaoil jo o)L.cT o=l polie iz oo el

AquaCrop Juo g yiol)ly (& 3 Comwbus oo 36 :(Y) Jouar

ol 4z 0 -7¥0 cdl> s Selade

bogis AN
bogis YIY
oS I
Lugie Y/
bogis YIv
bogis \dl
Lugie Y/
Lausgio Y/

+/¥0 dl> 4o Selade

#Iv
Yy

bl
=y b b o Cush,
S ahali )3 Zugb,
SBlox sleo
SSlas gles
Sk
&5 lp (LS syl
o) Gos
s sl Vb sles

sl sl ol gleo




Yy

Ol OF 9 @yl (owiign (hpgly oole 4 5
1PV ke . can g o2 oylods o0 5lg0 JLw

AQuaCrop Jue suls (Ziwwly b polyly (5 w:(F)Jgu

Sl Slade RES
BLACIRTY
ol 5 il az o
ol ¥ sl a0
P \YIY -
PR YIY -

PR ‘A &y g oS

<nls 5o 55,
sl o) <ls 5o 5,
ely YA
s N
sZly Yo

<l 5l oy 59,
<l 5l oy 59,
SBT3l a5,
Foles
le M /\ . -

A -

ly AN -
L] b= -
sZly ¥ KW
swly Yo KW
ly AN
sZly Y- KW

39y 2 ey

el
s oSy
YL sles
ab sles
Ohbgy M) o
gy palS o
ouds Jloy ol (505
eailyr H5eb ol
B bg aie Ol
s ol
&5k olej
> g908 oo
adyy Bos Sl
2l S sl S T ks YU k] e
ORI
2l oy sl S DT alss ol ailin] o
O
Lo g, (s iy (sl S T adss YU il e
& G ey sl S5 ele
Foibg dxeg alS oo
Foibe Sl b
F el bawgie oyl
*oad Jloy Ol (590 0 2l woy0 o

WD s Cle o iion g o %eS 10 (6965 S polie jleslaiwl b be sl ol *

2SS VL plp 5 ead gilednd 5 (Slaalie
5 Slalin polie o Ko 09 S yin
aS ol plis (5,842 65 o ,Slas gl ouds (g5l
Sl S92y (ouyp )90 polie G St Sl alal,
Laogs R ol el o ol55 polie (F JS5)
sl 0553 130 b /D e sl 4o ,Ses ik
Gilwand 0 (WYAY) LLSen g diw 5 Jlie oylaae
Joe 5l eolawl L ‘5_31 o bl o pusS o Sles
&K8,5 5,155 o)lel ol sl 1y <720 laie AquaCrop
5 Giee 5 (VYD) leosrl ol g olgsbbg aS” > jo
Gl by <1V 5 Y alie i i 4 OFRF) ol Kan

—AqQuUaCrop Jas ;l easl caws 4 lis b,

ol oo ools Lid (V) USG50 (5,845 65 o Slos
O (0 f1aS g (i 09d o0 oaliie &5 jshailen
2 i A oad giland 5 Slasline polie (e
o5 IV EAF2 5 (LSa o o —+/YA) E3FL sla Lo
ol ey M Sl ond sanliie ((LSa o
0 IYE Ll s eand (5 leand 5 Slaslis
Grae o5 el 6l eon] Cass @ mls og LS
aS jelailan .l sois ools oyluis (F) IS ,o ol
28lie Gy B 0 a8 5 (2 s 350 00 omline
loled o i i dan sod (gilwand 5 Slaelis
o S9eS /) g /oY olie Ly 5 EAFL s E3F1



(A ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid

YA
VP) )l i 5 o 05lonts .o203190 Jluo
s sl
9 60— d)l_wd...»...u )J\)LQA ) L M/" A M" « u‘)_».o J_.al.) E'L:Lu .u\.;é; u,u)‘)f o)l.,o] U"‘
.))5 sleze! )..al.‘> w&sf o IR Ls)jo)‘u\.v‘ l_| )_>|).1 u_..u)J a ‘) u—l d)_.a.o ‘5>|)l55 o)il_o.c L.S‘)"

s Olsce oal iy 3y8] Camass dy +AAY 5 +/AVD

T

i

s
[¥5]
1

ANEAEER

E1F1 EI1FZ E2ZF1 E2IFZ E3F1 E3F2 E4F1 E4FZ
e
MO B wlwly 6ylsl odids (L cud 5 49 E4 g E3 (E2 E1) 5,845 95 8 yShos oo (g jlwdunid 9 Jlopline 5 0liox(Y) S5
(Cawl (5955 jLs duoyd Vev g Vo wlulp 095 U uan ouidd Lid cod 7 4 F2 g FL g A oS Celd j1 judkd o o YYD g Voo

b
o
]

~
B |
1

o
fa ]
1

o
in
1

Fleez ‘_;‘__,_f:__:'_'.i'

o
I
1

oS giladn S

=
[
1

[Sasie 2 05 3hS) ) Bpare oy 18
= o
= i
1 1

]

EIF1 EIF2 E2F1 E2F2 E3F1 E3F2 E4F1 E4F2
e
ovlol s 6 5el sird L wudi y 4 E4 9 E3 (B2 E1) (K dan o Ol U pan (1,5 oo (g 5lwaanid g Slodline polio: (V) S
6995 3L oy Vee g Ve bl 095 U pan cudd L cud yi A F2 g F1 g A (oS Cllid jl judid o o 1YO g Vev (VO B

(Caw!



va

Ol OF 9 @yl (owiign (hpgly oole 4 5
1PV ke . can g o2 oylods o0 5lg0 JLw

14 .
=, R =0.893 o
%
108 -
¥
. t
js 0.6 *"
] >
q 04
Y
Y
< 02 - y
3
3 b |
3 o T T T T

0 0.2 0.4 0.6 0.8

! + L€ e . ed 1z 1 e
fafinyte o p¥als] odd gafoilil Ol pme LK

(S 5 ) ot (gjludunad 2,8os

10 - )
R?=0.915
8 - e
‘;,-"r
. r
.
5 . i
."/’.

1
D z T T T T 1

0 2 a 6 8 10

L.':S_k H L'F._T:I PR ,_._:J._.I_":.:-_:.Ln_ﬂ _‘n__.i'.,n.-.:

‘fiﬁb; uT S pan o1HE g0 Slos ouds (g 5lwausd g oud S50l poldo oy M(f’) JS

(B4 5E3) o o5 oYL polie i L g ¥ gy,lew o
e S Joe Bo (g 0l 9051 e Sl oo
S do Sloalio b mls pl.cél aoli8l ) g L
Somozme (VYA0) ], Ko g olgsybog liios 5l ool
Gomexl (OYAYD) ) Ken g oolple (1 TAF) Ko o
STV L LSen 5 S cowdlpl (O F ) o LS
OS5 by ,0ml s (VYA
4,8 )18 liise opl ads .cusls Slesen 2011)

(Andarzian et al.,

sals ol i bl 0 AQuaCrop Joe cds as
(V) JSi 50 sacal cws a4 gl el b oo
50 00 (gilwand 5 Slaalin o, Slas e B
o=l g ao, w0 Y L oly bavge O g0  EL (Lo
Oy 4 el Cawd 4 oy O b pl p B4 JLes o lade
Silwdd 5 Ghalin polie (o BB 4z 5 o
WS oyl 51 oS 1093 EA 5l 58,5 B Jlaws o oad
S9-b (oyp sl plow 5o (Slaaline lade 4 S
Joe @hlS 092y (b adboo Sz s Sl pnis
il Y gl 4 S ¥ g\l ,0 AquaCrop
=l i Bl 5o Jae ol 280 4z 5l pl 2L
wambiaazrgl o nl L oSl Gees
L el Jos B () 53,00 b Lo 45" 51 kol anss
e 85 T 30) B4 5 EB sl los 2,5 i o

PESEMOCIEITEURSPF ISP LY W G
dnlie jg baie ay . wl oo a3 (Q) Jgoz o
Sae 2LLS g o0,Sles (giluad Blise slag b
Jssz 59 gy liw ads AQUaCrop Jos by ol
i o Jeld a5 ) g liw jo sl oald solo ylis (B)
e ez 5 6095 Jless 90) Lajles ads (08,5
L oy o, Shas sl MBE o, Jlucia gy (L]
oasd lid Jlade (pl el Caws 4 LS o 5 -0 Y
sile liime S .09 AQUACTOP Jow (58,50 p siew
9 S (2013 (Katerji et al. | ,LSen 5 > 5LS
oL 3 so>l (Heng et al., 2009) l,LSen
Hsiao et ) |, Ken § g5lown (Ahmadi et al., 2015)
5 SL ol gl ((VF 2 ) o], Ken 5 s>l @l., 2009
OYAF) oLKes 5 I 5 OFAA 5 1FAY) () 1Ken
OLelS o, Shos i 5o Jote ol 6955 G 2 35
cle (WYAF) o LSan g o ilos,S o Lol <l
Ol odliiul 3550 )bl ©F Cgleld 1 (60,50 5
ol oz g5 BB (V) Jour ol gl cpl s S
\ 52,lws ¢l NRMSE s RMSE (slao Lol 50l
&l e—mlie <8 AQUACTOP Jae a5 ols oylis
Joms ehls aily (K84 265 o, Sles (g5lwacds
Sy Jod B d g EF o)Ll 9o Lwlul » 55 AquaCrop



&

Sl s c-é}w

sl ol 50 5 Jase <ol (60 )51 n ke (sl
d s EF sloo,lel Lulal 1 Joms o)L 5 Jod LGB
5 ¥ slag i 5o )kl lajloss jui b oy glhae
9 ¥ slag i ;5 6355 Slajled i (izmen o ¥
bt By codly el T Jae e
3, Skee 1, AQUACTOP Joe ol,LS (s o 05
@l 4 argi L as wdosalin Vg liw ;o (S5 348
Lol gi BB K 34> 65 5 Sl gy onel s @
A odalie 8 9V gl 90 50 5 SIS (o yian
ol éyas LB e o Jowe Cdo gl el

il gals Sl gosS 5 o S5 dal s

ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid
Vo) Hlas caid g o okouds p235l80 Jlus

Joo .acils 1l Sy o) gl g0 0 s Dol @
I3 2 5 ,8lae (50,5 s sl Lz gyliw ol 5o
58S o Log ) gl wlie L-‘)-"-’ ol @S
Jome 80 (F g05l) F1 Jles 5 s kel (slajles a8
ol o Jae .cdl u@ww AR YR PO RV
s (55 283 (0 syli) (5355 5 55 L
Al slog lew jo alinw mls .cbls ¥ og s
saalin (V) Joaz jo o Brae oIS el sl
g s
S a s gl ;0 il Cussws b bl
s Jae s ad 5 Ll s (5055 5 g kel slales

SLg sl i (a2 0,5 5kS) T s (S 5 GLSB 42 ) 8 Shos (gl oolil 3590 gboo Lol gy Lii(B) Jsur

D EF NRMSE  RMSE MBE gl o)lo o2l el
NECEENT oy J¥Y —eleY \ E1-E4 ,F1-F2
NECR VLY oY Na oo Y E1-E2 ,F1-F2
NECRL N -0 R v E3-E4 ,F1-F2 GUSa o) 8 5kee
NECRR /L /£ N ¥ E1-E4 4 F1
SRR 8 eV YV —eN¥ 5 E1-E4 4 F2
NECOIT S oY el \ E1-E4 ,F1-F2
SRR N el oy —eleY Y E1-E2 ,F1-F2 b
NECHRY/SEA oY o) ¥ E3-E4 ;F1-F2 T
NECHRYI TSN oY R ¥ E1-E4 4 F1 (oo 2 7545
SRR Y ey oY fe 5 E1-E4 4 F2

U lagy s 45 4o o s oS cdly ials _Suil

5 0= slwools an 5Lg Jdo ag Joas ol 0gs Joud

oS (55l (sl oolital LB sl iy )

S 3 Azl

ey gl bl 1 cnles o o) |, 55,548
5! 09 oo Sl AQUACTOP Jaw Sleogas ¢ ol
oS 6355 5 )bl siaeliy silwand gl ]

Dgds oolaiul (K 84S

AquaCrop Joe a5 ol lis pol> iagy guls

LS Sl Bran )5 50 Shee s j0 (oomlie 20
6355 5 Solal Gl slas i yaely cov (K 8az oS
g ,liw > ;0 AQUACTOP Jow cds ax 5 .ouils

&L

&lwars ;o AQUACTOP Jae oLl AYAY o o S 2 il gl w5051 ep (sowsl g .y o« Sh cownl
MVAYY (DA S 5 Ol sl cbla> .auss) B pan g 6)lolpS it slog luw cov o) ae; o ,Slee



AR

Ol ST g skl (owidien (Sidg sy sole 4yt
1PV ke . can g o2 oylods o0 5lg0 JLw

CropSyst s AquaCrop WOFOST laJas bl AYAA o cgoest 5 ] aBl ol l55,05T e oy «Sb cosl
NAO-YYE (YO-YNVY o)l oSy 5 6 kel g ddlaie o 1S o Shoe (g3ludnd o

(Crocus sativus L.) lyae; ol 5L s caslio Jow (gwyp TR0 6k 7 0 5 (S g o2l .6 wp o]
De0-0Y+ (DA «g55L88 (colidips: 031y ol Sl i e (e 5
Joe oyl g camlae Jdog 5l oolatwl L posS (60,0,LS O jlaia N Fe e L ol55,05T g wp o6 9 i ep (ghe]

AO-Ye (DA 55,5l 5o ol e pae AquaCrop

AP0 (A olpl i85 g (6 kol s (g (59,90 adlllae) AQUACTOP Jow S 4y S5 3axg5
FAO-YYA VY ((55,0laS 50 O Gidgh «oe38 5o kol cilisee sl Lo

0, Sles ez ;0 SALTMED 5 AquaCrop sls Jae b, AYAY 7 o lasal ol 5 e cobowl 8l cp o J oy
FAV-FAA (0)FF o) S g ol Oliiss S 6,58 9 5,3 Jsame

2 o, Kl 5 LT (63,400 5,0 AQUACTOP o 5,18 Kl (o YA Lo ciding g o (60l op L5 00>
Ya-F) ()0 Ol ple awdige jlsal

g Zasb, pasS o, Slee o i 0 AQUACTOP Juw o, Sles ob3,l AYAY g (gaupds g eg 560 ,5 ol wiw >
A=V F (DY 'LS)L‘.‘%T 9 ol Co e -d)l-:':-.‘imsj g BT Gt S F yeud (5,55

J_MJ) 0)3..) )o U)j)‘“‘"" d.:d.’.; ua.?-l.u uM )5.14..0 L Jya.?:.o \))S.Lo.: 9 0)5)“"” ‘u—‘ uLQT&J G)LAM AYa0 —‘ a).\.?u)
Sy ol 5 oKls b el ead 6 1SS Al « )

3,31, ,0 CERES-Maize ; AQuaCrop sle Joe o,5kee (cwyp AYAY L G oglS g .2 cwlie oz o0libl o oloo
FYO-FFO ()FO .ol Sb 5 T liios o) o, Shese § S ST Do sl

C’Q'ﬁ«)_a )O AquaCfOp JJ.A db})‘ L\Yl/\q ) .C ‘)L¢.§l> 9.0 “5”5\:».9‘ ‘SSLA.A) P 50‘).36».0)[.1 e 6‘5)5 6.& .C 50«)‘/;3.19
YYY-YAY (OYF o))l iSa g sslol a0 2,5 50 pasS (s LoleS
DFA-OA (N .(55,5LaS ely50 Rio Grande 48, S,5a>55 slis o, slaasls
&l AquaCrop Jo P SSENTIC g u.?;;_w‘j AvA¥ so,958= 9 e (s kail wo (Olo B oS «5 8l “p (G

TYVV-YA0 (VIR . 55,0liS 5o ol Grmghy (Kb g 550 Olejed (i Com o)lgs paiS o, Slas (g5ludnds
Azusx Jeb yo gladgle oy 5, Slee (g5lwans ;0 AQUACTOP Jos oLyl YA 7 (o lasal ol g ol olgs oy

FA0-0-F (MFY o)l Sb g O wlidss

Ahmadee, M., Khashei Siuki, A., and Hashemi, S. R., 2014. The effect of magnetic water and calcific
and potasic zeolite on the yield of Lepidium Sativum L, International journal of Advanced
Biological and Biomedical Research, 2(6): 2051-2060.

Ahmadi S. H., Mosallaeepour E., Kamgar-Haghighi A.K., and Sepaskhah, A. R. 2015. Modeling
maize yield and soil water content with AquaCrop under full and deficit irrigation managements.
Water Resource Management. 29: 2837-2853.

Akumaga,U., Tarhule,A and Yusuf,A.A. 2017. Validation and testing of the FAO AquaCrop model

under different levels of nitrogen fertilizer on rainfed maize in Nigeria, West Africa. Agricultural
and Forest Meteorology 232: 225-234.


https://wmaj.iaid.ir/article_130517_855ac70ba231e1d2cc490eed74280004.pdf
https://wmaj.iaid.ir/article_130517_855ac70ba231e1d2cc490eed74280004.pdf
https://wmaj.iaid.ir/article_130517_855ac70ba231e1d2cc490eed74280004.pdf
https://wmaj.iaid.ir/article_130517_855ac70ba231e1d2cc490eed74280004.pdf
javascript:void(0)
javascript:void(0)

/A ol 2! ST 3 6rlel (owiipn (Lhdgly (oole 4 pid
Vo) Hlas caid g o okouds p235l80 Jlus

S gl s

Andarziana,B., Bannayanb, M., Stedutoc, P., Mazraeha, 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, 100:1-8.

Araya A., Solomon H., Kiros M.H., Afewerk K., and Taddese, D. 2010. Test of AquaCrop model in
simulating biomass and yield of water deficient and irrigated barley (Hordeum wvulgare).
Agricultural Water Manage. 97: 1838-1846.

Farre, F., and Faci, J.M., 2009. Deficit irrigation in maize for reducing agricultural water use in a
Mediterranean environment. Agricultural Water Management. 96: 384-394.

Geerts, S., and Raes, D. 2009. Deficit irrigation as on-farm strategy to maximize crop water
productivity in dry areas. Agricultural Water Management. 96: 1275-1284.

Heng, L.k., Hsiao, T.C., Evett, S., Howell, T., and Steduto, P. 2009. Validating the FAO AquaCrop
model for Irrigated and Water Deficient field maize. Agronomy Journal. 101(3):488-498.

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: I1l. Parameterization and testing for maize.
Agronomy Journal.101(3): 448-4509.

Katerji, N., Campi, P., and Mastrorilli, M. 2013. Productivity, evapotranspiration, and water use
efficiency of corn and tomato crops simulated by AquaCrop under contrasting water stress
conditions in the Mediterranean region. Agricultural Water Management. 130: 14-26.

Linker, R., loslovich, 1., Sylaios, G., Plauborg, F., and Battilani, A. 2016. Optimal model-based deficit
irrigation scheduling using AquaCrop: A simulation study with cotton, potato, and tomato.
Agricultural Water Management. 163: 236-243.

Masanganise J., Basira, K., Chipindu, B., Mashonjowa, E., and Mhizha, T. 2013. Testing the utility of
a crop growth simulation model in predicting maize yield in a changing climate in Zimbabwe.
International Journal of Agricultural and Food Science. 3(4): 157-163.

Opoku Darko, R., Shouqi, Y., Haofang, Y., Junping, L. and Abbey, A. 2016. Calibration and
validation of AquaCrop for deficit and full iriigation of tomato. International Journal of
Agriculture and Biological Engineering. 9(3): 104-110.

Pascual, B. J. V., Maroto, A. San Shutista, S. G, Lopez, J. Alagarod. 2000. In fluence of watering on
the yield and cracking of cherry fresh market and processing tomatos. J. Hort. Sci. Biotech. 75:
171-175.Raes, D., Steduto, P., Hsiao, T.C., and Fereres, E. 2009. AquaCrop— the FAO crop
model to simulate yield response to water Il. Main algorithms and software description. Agronomy
Journal. 101:438-447.

Stricevic, R., Cosic, M., Djurovic, N., Pejic, B., and Maksimovic, L. 2011. Assessment of the FAO
AqguaCrop model in the simulation of rainfed and supplementally irrigated maize sugar beet and
sunflower. Agricultural Water Management. 98: 1615-1621.

Todorovic, M., Albrizio, R., Zivotic, L., Abi Saab, M. T., and Steduto, P. 2009. Assessment of
AguaCrop, Cropsyst, and WOFOST Models in the simulation of sunflower growth under different
water regimes. Agronomy Journal. 101(3): 509-521.

Van Gaelen,H., Tsegay,A., Delbecque,N., Shrestha,N., Garcia,M., Fajardo,H., Miranda, R.,
Vanuytrecht,E., Abrha,B., Diels,J and Raes,D. 2014. A semi-quantitative approach for modelling
crop response to soil fertility: evaluation of the Aqua crop procedure. Journal of Agricultural
Science. 153(7): 1-16.

Yy



Yy

Ol ST g skl (owidien (Sidg sy sole 4yt
1PV ke . can g o2 oylods o0 5lg0 JLw

The Effect of Irrigation Water Management and Fertilizer Amount on
AquaCrop Accuracy and Efficiency for Tomato Yield and Water Use
Efficiency Simulation
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Abstract:

Irrigation water and nitrogen fertilizer management have an effective effect on tomato yield and water
use efficiency. So, it is important to know the best amount of irrigation and nitrogen fertilizer for
tomato cultivation. Since doing farm researches need time and funds, it is necessary to use crop
growth models like AquaCrop. Regarding that, data collected from Ismaeel Abad research station was
used. The study was conducted there, irrigation was considered as four levels (E1: 50, E2: 75, E3:
100, and E4: 125 mm evaporation from pan class A) and fertility uses was considered as three levels
(F1: 70, F2:100, and F3: 40 percent as fertility needed). At first, AquaCrop was calibrated without
considering any fertility stresses using first year data. Then, F3 treatment in the first and second year
was used to calibrate AquaCrop for fertility stress (40 percent as fertility needed). Results showed
high correlation between observation and simulation values for yield (R?=0.915) and water use
efficiency (R?=0.893). MBE, RMSE and NRMSE values showed a good precision for the model. The
mentioned values were -0.02 (ton.ha), 0.42 (ton.ha) and 0.07 for yield, respectively, and -0.01
(ton.hal), 0.02 (ton.ha*) and 0.03 for water use efficiency, respectively. Due to AquaCrop efficiency
for simulating tomato yield (EF=0.41) and water use efficiency (EF=0.19), it is recommended to use
AquaCop for simulating tomato yield and water use efficiency.

Key words: Fertility Stress, Deficit Irrigation Scenarios, Water Use Efficiency, Crop Growth
Model.
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Abstract

Irrigation water and nitrogen fertilizer management have an effective
effect on tomato yield and water use efficiency. So, it is important to know
the best amount of irrigation and nitrogen fertilizer for tomato cultivation.
Since doing farm researches need time and funds, it is necessary to use
crop growth models like AquaCrop. Regarding that, data collected from
Ismaeel Abad research station was used. The study was conducted there,
irrigation was considered as four levels (E1: 50, E2: 75, E3: 100, and E4:
125 mm evaporation from pan class A) and fertility uses was considered
as three levels (F1: 70, F2:100, and F3: 40 percent as fertility needed). At
first, AquaCrop was calibrated without considering any fertility stresses
using first year data. Then, F3 treatment in the first and second year was
used to calibrate AquaCrop for fertility stress (40 percent as fertility
needed). Results showed high correlation between observation and
simulation values for yield (R2=0.915) and water use efficiency
(R2=0.893). MBE, RMSE and NRMSE values showed a good precision
for the model. The mentioned values were -0.02 (ton.ha-1), 0.42 (ton.ha-
1) and 0.07 for yield, respectively, and -0.01 (ton.ha-1), 0.02 (ton.ha-1)
and 0.03 for water use efficiency, respectively. Due to AquaCrop
efficiency for simulating tomato yield (EF=0.41) and water use efficiency
(EF=0.19), it is recommended to use AquaCop for simulating tomato
yield and water use efficiency.
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1.  Introduction

Tomato is one of the most important summer vegetables in the world and Iran is known as its seventh
producer. This crop, like other summer crops, responds well to adequate water supply and nitrogen
fertilizer, and the lack of these two factors causes a severe reduction in its yield. Having accurate
information about the effect of water and fertilizer consumption on the yield and water use efficiency
of this crop, requires many field experiments in any region of the country and a lot of time and money.
For this reason, alternative methods such as plant growth modeling should be used. The AquaCrop
model has been introduced as one of the most suitable plant models to simulate the yield of different
crops by the Food and Agriculture Organization (FAQO). This model has been considered by various
researchers due to features such as simplicity, low data requirements, high accuracy and user-
friendliness. Despite numerous studies using the AquaCrop model; so far, the accuracy of this model in
simulating the performance and efficiency of tomato juice consumption under different conditions of
water supply and nitrogen fertilizer has not been investigated. Therefore, the present study was
conducted to evaluate the effect of different irrigation water and nitrogen fertilizer managements on the
accuracy and efficiency of the AquaCrop model.

2. Materials and Methods

The present study was conducted as a split plot design in the form of randomized complete blocks with
three replications in two cropping years in Esmaeilabad research farm in Qazvin plain. The treatments
used in this study include the amount of irrigation at four levels (E1: 50, E2: 75, E3: 100 and E4: 125
mm evaporation from the evaporation pan of class A) and the amount of fertilizer used at three levels
(F1: 70% of fertilizer requirement F2: 100% of plant fertilizer requirement and F3: 40% of fertilizer
requirement). First, the model was calibrated based on conditions without fertilizer stress and using all
aqueous treatments in the first year. Then, in order to calibrate the model under fertilizer stress
conditions, it was necessary to determine the coefficients of reduction of cover development, maximum
coverage, average reduction and percentage of reduction of normalized water productivity. For this
purpose, according to the instructions provided by Van Gaelen et al. (Van Gaelen et al, 2014), the values
of fertilizer stress under maximum conditions (F3) in both cropping years were used. Therefore, the
validity of this model was performed using two amounts of fertilizer (F1 and F2) and four irrigation
levels (E1 to E4). In order to better evaluate the effect of fertilizer and the amount of irrigation water
on the accuracy and efficiency of the AquaCrop model, five scenarios in the validation stage were
defined as follows:

Scenario 1: Consider all irrigation treatments (E1, E2, E3 and E4) and fertilizer (F1 and F2)

Scenario 2: Consider light water stress treatments (E1 and E2) and all fertilizer treatments (F1 and F2)
Scenario 3: Consider severe water stress treatments (E3 and E4) and all fertilizer treatments (F1 and
F2)

Scenario 4: Consider all irrigation treatments (E1, E2, E3 and E4) and fertilizer stress treatment (F1)
Scenario 5: Consider all irrigation treatments (E1, E2, E3 and E4) and treatment without fertilizer stress
(F2)

Criteria for measuring the accuracy of this model in the validation stage based on the statistics of root
mean square error (RMSE), root mean square normalized (NRMSE), mean oblique error (MBE), model
efficiency (EF), Wilmot agreement index (d) and coefficient of explanation (R2) was.

3. Results

The highest and lowest differences between the observed and simulated values were observed in E3F1
(-0.78 ton.ha-1) and E4F2 (0.2 ton.ha-1) treatments, respectively. The average difference between the
observed and simulated values was 0.36 tons per hectare. The highest and lowest differences between
the observed and simulated values were observed in E3F1 and E4F1 treatments with values of 0.03 and
0.01 kg.m-3, respectively. The average difference between the observed and simulated values was 0.02
kg.m-3. The values of RMSE and NRMSE statistics for Scenario 1 showed that the AquaCrop model
had good accuracy for simulating tomato yield. The performance of the AquaCrop model was also
acceptable based on two statistics, EF and d. In Scenario 2, by removing high values of water stress (E3
and E4), the model was underestimated, but the accuracy of the model increased compared to Scenario
1. Considering the treatments E3 and E4 (Scenario 3), the accuracy of the model was significantly
reduced compared to scenarios 1 and 2. The model suffered from an overestimation of performance
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error in this scenario, but its performance was almost similar to Scenario 1. Considering all irrigation
treatments and F1 treatment (Scenario 4), the accuracy of the model was relatively reduced compared
to Scenario 1. The model was less accurate than Scenario 2 in terms of fertilizer stress (Scenario 5).,
4.  Discussion and Conclusion
The results of the present study showed that the AquaCrop model had good accuracy in
determining the yield and water use efficiency of tomato plants under different irrigation and
fertilizer scheduling. Although the accuracy of the AquaCrop model decreased slightly in some
scenarios, its accuracy was acceptable in all scenarios. This model can be used to simulate the
tomato plant due to the need for low data and easy calibration. Finally, based on the obtained
results and the characteristics of the AquaCrop model, it is suggested that it be used to simulate
irrigation planning and fertilizer of tomato plants
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