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3- Logistic function
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5- canopy decline coefficient

6- Normalized water productivity
7- Biomass

8- Harvest index

Jsbo 55 50 slog) )55 aw b g bk cSol )b & 90
lpori jaseino 368 S 5l oyd 30 30 A0cuis’ Juad 9 4o
BS g (b Bl (S b dlo e d (b i e 2
590 119 51 aa Jgb Jlo S colg 53 .05 0315 41,3 olS Ll >
395 115 51 s g Jlo S 5 (Jlo plod 2o ) celS” gl 5l
b el (o s ye 00 15) casls g,

45,5 5l 50 qyoyio 20 sgan inlus ctilefl &5 1a ol
2 olS a0 dlold g yie Sl 19 )8 1o )3 laciyd, alols i
Lacys 50 5l sl sl 231 ol 18 S (slacis,
bLod (50 S 4l By 5l g o 50050 @l g,
2 S Cusby Ol lol calio loj e olate 4310005
L) les i LSl gy Sl osliid Ly et b Jobo
Am g Moo oy €S 093 Jgbo )3 yetuna 5o 4 (TDR ol
20 551> 4 S Cusby s 5 Jsodl e O e plost )
O ae8zun L ol U s )5 dasee &bl 4 plal (o> o yd
Jbe 93 52 (b TDR (ogasie sboly 095 aalge (b,
0l Cdld p gy 9 35050, cuai N3 g NO Hlows 90 j> Laad
Ol 9 oll o ggoome .l 3l joSdo (slalons & Lais
125 5 T19 iy o 4 S 0)9> Jobo 3 g yo (5 = e
1395 Jlw slpms yio oo 776 5 797 5 1394 Jlos clp yio Lo
..)9.1

Sl L)l endls jlam (Jlo 99 2 50 (25 sladiges
Sl paiges als po 2 3 WAS Cullyy Cugh S (o S Jab
o jl g Lol (inlojl 05 o She slaciss) jlels s
sl b Qﬂ 5 o8 iylesl 4y oy Jl 3l e 5 00l oy p S
U ool 5o oo S anl s mos s ol § ol a5 70
059 o 1Cbld dsldl Ay o LS @ ladiged 59 &S o>
ogds b (6550l 3 0T olgn plusl Jold 4 ladiges Sis
by St s 2IS lej ojla Jsb (2l ploj el
oS JolS' (S 9 s £95% 0loj el & sy o 9 (LS
oalizl L

wlas by loj jo b cud o b las o liali |l
(815 coghoy )3) sty 3, Shae 5 plag 0395 ,Slae ke
A5 (Sl

1395 5 1394 JLu ot 0)53 35y b aLS sy Mo
5 Jod slouse s 5 oolitul b als 022 56 )3 cuip 4

b 4 () b LS 3 3le 5 Lags gl oo
(Patrignani  u5,5 3,91y cawl osdd gu iy g SLS 5L

1- Time-Domain Reflectometer
2- Canopeo



289 (5950 995 4 @b Gl (3 bwdnnid 51y AQUACTOP Juko caSaosi iy (23

N {gyoyio 2 p55) obS oas Jloy ol (90,00 WP* {g50 550 51
9 (@uyoyio o pyS) asld 3,8dee Y S 5l sny slajo, Sl
3o (p)5 2 p)S) cuslyyy pasla HI cules

{395 3= o) P 595 )3 obS (305 ylaia Tri Lalgy cpl 5

e ETOI {4 9] Joad Jsb > (LS gy s CC
A8 KCTIX {55, 2 yto o) pli 35, )3 gy 55 9 o8
p)5) o3 25 0355 Cuma ylia B (am 94) (LS 3y% o

inlojl a8 550 10 (65l (Ol oileowad VT gl -1 Jgaa

1395 Jlw 3 ,lahe 1394 Jlw > ,lake sl

0/024 0/020 (mg.cm™®) el
0/015 0/017 (MQ.cm™®) poisal
0/01L 0/01L ) oo

<0/0001 <0/0001 (MQ.CM®) Lo yiwd 53 jind
0/005 0/005 (MQ.CM™3) o yid 55 il
17 719 (PH) a0l
0/60 071 (dS.m™) S cylin

(Jlo 93 bawsgio) (abulojl asy50 S glowd 9 (S 58 Slasedo -2J950

(cm)60 G40 sos (cm)40U 20 Gos (cm)20 GO os ol yly

1/61 1/61 1/60 (9.em?®) ol gt py>
2719 26/6 26/2 (oo 2u0y3) L8l cud o
13/8 13/3 13/0 (oo 3u0y3) Sy Cughy
0/005 0/010 0/015 (mg.cm’®) e
0/004 0/007 0/012 (Mg.cm™®) pysgal
0/05 0/08 o () ci39,0
0/56 0/85 va (%) I osbo

pd pd P9 Sk cdl

17/6 13/6 13/6 ")
34/6 36/6 34/6 s S ) oy
47/8 49/8 51/8 o5

255 A, bl (Van Gaelen et al., 2014) 5,5 . S
(8395 5 8l o diljg) 039 G ) Mg (Al poSde (b,
(S5l (5l ggarma 53 93,5 oo blod WP* Jlais il |
iy drwgs gly KSopr sidlS ylps WP o CC tals
S g sl KSwp 9 0l (il ST (6l KScox «olS
20,5 100) Jao aials p3 bl jlie oS 53,5 o o3kl olS 0395
2 ogde Mt yite (6365 S5 Loy o) S b (L0258 i
51 da Lol olS o w30y il sl FCueatine worp> 31 ey
o s aioly a8 095 e odlaiwl o )lke oy o 4y ey
ot 1203 100) 55 53 00> 1B (058" S5 do > o) o
05 4 ol gl oxiwly L AQUACTOp Jue 55 .05k e (6358
L TCaetine <2 =5 35 9 KS calpd 5l oSy oy LS e6358
L odome ioxie g iy b g (Jad Wilgi o o457 (0368 IS 420

(1 JS8) 295 o oo cadly peie

OBaLS (6355 5 Gl I L 0dgicuns Mg g olS A £

9 soaldl Lulyd g olS 9 b (6395 5 4y ol STy ol b
Silwand sl AQUACTOP o S o yusi cudS ddlaio S
il oolaiwl (glow oyly )y 8 (6368 iid iU o oS alS A,
Sl (oS dess ey ST SB s Ml (M o Voles
&S WS o olaiiwl LS s 0 Dylg (609 T dxpd g ol e
b9 0l 0223, (iwly S g il 0l g5 elul b
5luwdand 0395 Cannj 15 9 CC dangs 59y p (6355 L5 Il
Jde a3 9 (CGC) CC wisy 5 cpskaio pl (sl .20)5 oo
i oyl 1 osde 355 g0 00l ialS i3 ke Lulul 3 COX
S Juad bawlgl dgis 3 355 Jlade piShs @ yauw l a CC
R (S e e
ot s g 5355 B 5 o5 CC Ll (s

ol oMo Olyess a5 adilyyy 5y bl el &S cul



1396 45— o103 11wl ¢ 2 o 5louds ¢ ol ! (SR 5 9 (5 okl & it

290

Al ek\ [ )}
~_
- ih S
po e 1
v LN
“L :
:5 ! %
YA | S
% ‘
1
z T :
w2 I 9
= \ .
1 S,
- . - >
- \C ¥ P M Yoo
(1) (53e% o3

(1) ot 0345 Conad 3

()

Ae Yoo

(L) gogs il

Sy (Swivo dlai) 1044 il (Brrel) oo 0395 j (5151 &1 (KS) (6385 (i (oMl Ll 1 (S 0y oianly siocio — il -1 JSU
b (9395 (5w y (e alaily = (33,5 0 et (o ool 1 (MBS g (e S o il o0 D (2wl alad 0> Lt
‘_s.:uw.; 0.395%}

PS> By sl enel costy )l 5 ) oS plo b
Olllas plo zobs j eolitw! b wlgs o dilaio o )3 o yolyly oyl
(Van Gaelen etal., by cowsy o0 ()5S ©loys b g
ol 45" g5lass 95 ;3 CCX 4 Brel yolie wlwl ,.2014)
05 job & KS izio o> jl plS” o ciun Bref 4 Bstress
P S 395 (s S5 (8 3kotinge iz Lasgs
b (g5lwand sl AQUACTop Juo (sriwls Auld & xaly 5
OhbSen 5 ) by Jame Josjgiuwd )3 (6395 (5 4 olS
(Rase et al., 2012) cool ouds go puiss

1 5900 ol oo
A3y E5 om o) S)9e e el )b dawlsds AquaCrop Jse p
(Steduto and 5,5 o ), 8y s glalal, olS 5, 4
bl p AquaCrop ;> ol (s g0 0 el JAlberizio, 2005)

= Jloys u9olyey simna] )3 39390 CO2 clild g oanlil Layly
€310 g ng 6355 LT &S alyd o o e 5 (WP) 33,5
L Lol osgdpe 4,5 i )3 b L calS Juab Jobo 55 2l
Crend dblee b o yialS ol ke (o348 iS5 an > ilsél

. (Steduto et al., 2009)

B
T ©)
2 (z17)

07 dco-1
{ererio pp5) 038 oy O (sy0 00 WP* calaly (] 5
25) 6365 iz (glmyla 13 015 (6 S0l 2395Cmmj ,laie B

Wp* =

2- Iterative optimization algorithm

-014445&:95&;;5,\.?)31005)1.459&4]45393)'1‘_],\,:
Sl 1 a8 (abais duw leos) (oxiwly dlais ogMe 4 s o )Lil L
g KS Culys cly oo jlon JSb ] o cands Jdo 40 (62959
Ot s aseie jl aw (=1 JS5) WS e oy |, FCoectine
ol duwlrs joShe Culpd (9365 LS dayd o gl 4 da e
SE Cughy (55 g S g yla lapebl i o g
JA_A Ja_my 4l u’L?H )).ilo..c 9 0095 Camss ) g;j ;é).\a.o 590 %
9 (sl 0395 S s iy Coleg )3 390 algs (o5 JB
(Rase et al., 2012) 35,5 o oy 5 (0 =1 JS3) i as o
25118 ol 53wl o0d 030 dnwgi (5 9 4 claasens) AquaCrop
oy 5 (Brel) ! s 03gicun; COX ols (lasyjo (slaosls
o 88 (e 93 53 (&S palyl) S Juad (b by ialS
33 5138 (i (5 s Lo 3) (63957 s e gl ]
dyo0 Ay 0)9d (b 1y (6058 LI g (6,500 o (Stress field)
Sl 0y90 (63959 sl yelyb lgie 4y (Reference field) wis’ o
" dwle oS p 58 od 0395w b Brel il .
23,5

B
rel — ;tress = 100% (4)
ref

o ol Oy aels 45) s 0395 j Brel calaly oyl )

B

3 odeal Candy 0393 ; Hlio BStress (el ws)ys 100 b jaw
il o (S 55 ) (6995 L5 g slewd 5 sdel Cawdy 0393
9 saaby i el balys > L Bref 4 Bstress ol g0 j»

1- Relative biomass



201 5950 095 4 &35 Granly (3 bwdmnid 51y AQUACTOP Juko caSaosi iy (23

oS Slalie gl 4 s SB ol g wly 3 Slas e
(fine- Lo o)Ly )58 (e (sl e 208l b 1 s
Silwdnd 5 (pSojlul 2LS (idg g 0395w polae dUned)
o Olon o 58480 Jlassiol U b el )b g Bid duglie ju ol
(Mousavizadeh et al., 2016; Akumaga et al., 145 o3l

0ads oy3S5 4 Jodn > ads po cpl )3 sl Cands gl .2017)
bl 38 s Alisme sl jlos @y olS by el )3
b s eiwlg 1394 Jlo & bosye N4 g NO Sl 93 (slaodl
sleylos ol AQUACTOP Juo Josygiwd 53 ol @)yl i,
(1394) 25 adlllae glis (bl s &8 N4 Jloos (g2 3550
e besd Qlgie d Cdli )18 Sheps GBS S oS
NO ;L. .(Rase et al., 2012) s 3,5 L ,» (Reference)
OB Hles plois 4 cly )8 (St WIS cp Yot CoS &S
iwly ads o ol 30 (63959 slaoaly i bl 55 (Stress)
2 Gidie duoyd @Slas (Brel) o edgicu 5l Ldgr &jlie
oS #5559 (NO a5 )> CCX) (6395 5 (5o bnlyd
G adlas o) 3 losalie slaodly ool 45 Bl ide
s ass S, La s (medium) bwgse o %78 3044 4y Cus )5
%93 1l S )95 Jsbo 5 N& o (sl CCX sl s 0gds

Dg 64 o

03al b (3o, 2 yia lue) 005 dsmsloe (505 Jlado TT @y 20
9 3by 4 bgrye 639y sl el bl ) AquaCrop Jua
ETO 5 (L5 cugb, 5 ol Lyl ol 005 (6 pSojll Lidos
3l alisnl L 4 (59 5 yioidus) gy g ye 35 9 e ke
e sl boyialil (nl 33,5 oo drlone Cutige = (poiy dal,
ol WP s Cyls 5 5 4 (5,505l 5 dpuslxe w5l
Cwds WP jlaie adlllas oyl p> .(Yuan et al., 2013) wi o34l
AQuUaCrop Jae bwgs o 35l WP* jlade b5 alal) 5l osal
33l 53 Jda €85 ke g 0 dumlio (jloss 2 (gjludrnd 5 4n)

3,5 dwle glol (gla a3 s bawgs WP

AquaCrop  suw Coxe g Sxiwly
Jlw au bgpe N4 b slaodls olwl p linl Jao  oxiwly
O 1l s cpds 85 plodl g (5358 a5 cow a5 1394
Gl e co g olS g9 lp & Jue sla el 5l anes
polie Luluwl , s {conservative) ws s o 48,5 a5 > ol
O AQUACTOP Jdo 2508 Jos jgiwd )0 €)d (gl 04l duoys
44 Juo (ALS oyl S0 5348 e (3 Jpi)
owlol o (non-conservative) sl S CulS o e g o8,
Lo jiahly 03,5 (s b 5 (o (o) b g (slas)jo Clinlia
Silwtnd gl & ad 03y i ol U lad g (o (B9

-3 0l gl AquaCrop Juwe & (539,9 (Conservative) Coli gl ol yby -3 Joua

aalg  Value ) e
© ’ 255 4l glod Thase
c 30 Y sl Tupper
%day ™ 199 b Ay e cGe
) 105 S 99 3 U3 JalS 0D 0)90 0 )5 alS oy Kcrrx
%day™ 08 w0y 5 (15950 3908 b gy F1 )0 (BLS oy ials .
%day? 1217 by ialS .

- 014 YU bl o = by gl 38 gl S Ol ass alul  pexp,lower

- 072 ool bl pdaws = iy gl (508 (gl SB O alss bl pexp,upper

- 29 olS by ol G5 e (sl S Jele -

- 0/69 VL dit;»"ela.«u'bLfS )9 J)US Lf‘)f Sk u"A.J?Ud)L.w" pStO

.6 i3y J55 s o 25y IS5 e :

- 27 ibe 2B e sl o 5 cups S8 Jale -
gm? 337 S 4mS1 (92 5 55 9 5 sl ead Jlop Ol (y90 0 Wp*




1396 5 - o5 5 ¢ 1l b < 2 0o « ool 25 9 5ol g pis 292

JUo @ byr o N4 lewd 13 glac 30 Olaalivn (wlw! w9 0,3 U8 1, (Non-Conservative) sud  Sxuwwly (LS s gl b -4 Jous
Sy adbio g1 1394

KYS N Value T vy
Day* 10 Sl ol .
% 9 P by Sl CCx
Day 63 LalS g yiSlus 4 ey oo -
Day 9 S &b Lo -
Day 119 S (S oo -
Day 65 il lo; -
Day 60 adyy Bos pSI> 4 ey ol -
Day 10 @5 090 Jobo -
cm 65 Ay yige Ges Sl 7X
cm 30 adyy oo Gos JBlus Zn
% 40 o Cudly g (asls Hlo
Plant.ha™ 74000 cuiS WS -

IS 5l 59y *

al., 1991)

AquaCrop Juo Seuwly

mo3l> (bl 2 (6395 A5 & olS gl (xily I ol b
2 05 Bl s (1394 Jlo & bgy o) N4 9 NO o g5 (sl
UiblS (CGC reduction)  yicbs drwgi (ials cuypd )l
2 doyd) b ialS lwgie (CCX reduction) (jisg yShs
ol 51 pIAS s Blise olio 45 29 WP talS 103 (55
ol Cawty 56% o (%/day) 0/86 22% 2% )y sy 4 culps
13 005 (gjlodend g 00d (£ S0jul ke wnlps ! 5l ool b
A5 duglie S35 b el dls e

S Cagby (a8 3 odd (uiwly Jo 5l osel Cands ol
Doy By il 9 Jice YL bl 5l Sls (W) ayy asb
=y 7 4y NO jLa |, MBE 5 R2 RRMSE )l
35BS 4> ym e el sy (o) 0/88% 0/822 5/49%
5 o omioped 9 S 3 Ol M slipl (58 53 WI (0055
3y Slos 353485 e esd el S 50 9 3)b Cucnl s )%
(Ahmadi et al., 2015; Geerts 3,5 o Jdo lwg oo
ol bl gl LW (ess > Jae cd> and Raes., 2010)
(ohlSan 5 GhLS (g adllae Jlte (gl,) Sllllao L baugs
aS yobolea .(Van Gaelen et al., 2014) cuisly ool cilles
b ady) 4l ) Cagb) lade b o)lsl Loy, 9 3lge (250 )
e S 0jlul Jlo e cuiS 0)53 Jobo ;3 N3 9 NO jlews 9 5

JLs laodly |5 55 91394 Jlo 13 ossle 3L (slmodls |
5l oslatul b oyglate opl cly s oslinl  srweoxo ¢y 1395
L)u_my 9 039_:9‘_“.:) —\_»J) Aol .))slo.c)..{.)l.s.a 0 u}u.uuls JJA
Jlw 33 N3 5 N2 N1 ol o S ool clyuss o LS
a6 50310l 13lie b g 35905 1395 Jlo ol Lo IS 5 1394
i ped Jlw o (gilwan i (gl oS casl S5 LLE L 00S duwldo
3,5 eolaiwl o Jlo lod 4 bayye (£ly5 g (o8l laosls
TCorwo g U.’>u_..:]9 J>‘).a 2 odlaiwl D90 d)LaT dlmua)lm
sl Olaye bawgio adyy (R2) s oy Jold Jdo (oxiw
G 45 0555 (MBE) oyl slles 8las 9 (RRMSE) s
4 Ao 8 15 6 Loy,
RMSE % 100

_|2E0 = 5)? y 100 (6)
-l 7 0

R2 = / 1(0;, =0)(S5; = 5) \2 ")

i \\/Z?=1(0z —-0)? \/Z?zl(si - §)2/

MBE = —1‘;1(‘2 — 00 (8)

RRMSE =

mdud polde Sicsloanlin yolis ply O Lalgy cpl > &S

Gilwands polis buwgie S g closalin e bawgio wid (¢jlo
-0 Jde 0S8l i )5 s g slodaline glaodly dlu N
w33 (RRMSE < 10%) JLe 4, RRMSE ol L wUilgs
(20% < RRMSE < Lo wgio (10% < RRMSE < 20%)
(Jamieson et i SSa5 (RRMSE > 30%) cauxs 9 30%)



293

05955 995 49 030 Fewly (g 3lwand 5l AQUACTOP Joo (saSaos (095 (255!

sl e 5 A 0395} (6 jlwdned ,> MBE 4 R RRMSE
0/988 11/81% 5 NO (¢l ko 1o 5 0/51 4 0/995 11/81%
Ab ascde ol el cundy N4 (gl S > o5 -1/02 4
sbayiahly (edd o L8 (955 4 Jho ((Priwly >y > oS
oLsS b 0)99 Jobo > S Cugb) 5 (LS iy 035

.)9;.

AquaCrop Jue Sewioue
LC Wr ouis (6550318l yolas ¢ o oruwcous dls yo 5o
by N3 g N2 N1 slajlos 3 il ol 3 Sles g 0355
s 123080 11395 Jlo 4 bgyyo (sl ylos aem 9 1394 Lo &
el (slmpad s laie D Jouo 035 duslio ord (5lodn
- o b 1y ond (6,805l 5 puest polde duslis I odel Cuwdy
by ol W 055 30 Jde 5,Sbes ol opl (olsl y a0

Y- 7
7 RRMSE= 11.81% %
] MBE= 0.51 (ton. ha!) e
2 18 4 y=1.109x-0.131 %
a 7
] R? = 0.995 ’
3
oy
e
1
g
i)
é’ (NO)

. "} Ve Vo Y

(LS 30 () o (g pf 03Il 0095 S 3

Yoo
R RRMSE= 18.49 % L’
h MBE= -3.40 (%) 7
Ao
3 y=0.831x + 4.892 L
fi) R*=0.922
Fo
3
‘j; f.
3
Bl
5 y.
3 2 (No)
a Pre
. Y. fs S A+

PYXS-PP Ty KV Py UL ST VRN W pKY

Yoo

85158 (g 2590 (Fesly

@YU @l 0y Jad Job )3 CC (l8l jlado cpl o ogde
NO ;Lo ;3 CC a5 winly (L zuls o)y olS edgiciuus j Ay b
kw4 S awily gldasMo LB jials S5y il 8l cou
adlas o 50 Jae cublB plicul odd (gilwand o> 4 Jde
(Van d9— 04 o)l_.:}‘ [BA_Af 9 u).) S92 u')l.io.m 9 ul:lf 39
odmd Ui 352 IS5 55 o 4l ol .Gaelen et al., 2014)
=y ey 4y MBE R RRMSE L Jus g s 5, Slas
39l B> a8 ol Jlo > ol asbe N4 e <), 0/94%
290 NO Lo 51 5k N4 Jlas )3 Jas Lawgs CC

7= Wl e oS Gidgy dawgi 69y p U b (6345 LA
ads po 53 oacel oty ol bl Sae 35 edgiCum Liljl
Jiad b odgicun; A3 359l 50 Jde o5 wimd o Ui il
eSS 035 5 pdlie yo bl Cul atil Hed 5 Slas W
Sacie .l oas ools s 2 JSii p 5 00 (6 S0l g

RRMSE= 11.81% ¥
| MBE=-1.02 (ton. ha?)
y =1.026x-1.313

R?=0.988

. o Ak Vo Y. Yo

(LS 5o o) ol LSHE o3ludl ooed o)

RRMSE= 13.20%

| MBE=0.94 (%)

y =0.950x + 4.043
RP=0.934 o

7 {N4)

- Y« ¥ £ A+

sus 5 8 oladl LS Sles o)l

P N4 g NO Jlowi 93 (615 1394 Jlw CuiS 5,95 Job 13 LS vy 9 5397 Cumyj 00 (65 Lwdanid § (535831051 51380 duanyllo =2 JSUS
Prowly Al o



1396 - olo,5 1l ads 02 ojlods o oyl (S ) 9 5okl @i 294

(Van Gaelen et al., 2014; Akumaga et al., clalas Lo
L 0395 35900 50 o (oYL ds o lis 2017)
(RRMSE< 10%) zus Jio buwgs

Jead Lol ails 5 Shae 3590 53 Jto B> ¢yl p ogdle
US55 4 ysblens (RRMSES 20%) 341 Josd L8 5 cutS
b 5 4 MBE 5 R? RRMSE o sl 515 03> L5 3
Jie (JLs ol b el sy [l 3 5 0/92 4 0/920 19/06%
oolie 5l 5 e Lajlews 38T 50 1y aily 0 Slos polds (o395 U
Gl ol &5 00 355 oK 5 BlogsST .S o 3501 Bl
Jao 5o o] s 5 G 03 51 )90 5 e (3 Jao 21
b Jlonl bl s )35 Slaslade (st )50 sl & sl
Obej ya (2l )gisl Cuadly )3 2 iz a5 (p el 00
15U 0S5, Slas g9y L )log 5 bl b 368 5,8 kil
55 53y Ui 55 o 3Skee nls el 5 IS,
339l @ 50 )b & e g G Jalge 0l (585
(Akumaga et al., 2017) 5,5 0 & )50

Lo jloss celys WP* 005 35155 5 (5 puS0jll pyolio 4 JS5 5o
RRMSE o .4l duglie ;5305 |y oxiwcons dlo o 5
— p=S -0/642 4,0/907 %9/02 , I, 55 4 MBE 4R
wly Jde (oYL e sximd lis gl opl . del Cands @ope o
5500 Bk il (6365 caliste (olanjlas > WP™ 559150 53 o
Ban (g ke & Cusload asile (965 4 JSS ol
i g A5l e adaly Soa Sy b Jlo g3 Jsb ;3 WP*
Al GBI G958 I8l L WP

Ao gy YL col onimsylis Ko ool Cans gl
olS Zuly (gilwans (ol AQUACTOp Juae ) odlaiwl 3)50 (o8
Sty 3 9 1dloe g 395 At lais cov @)
5 SLLS 09 5 o LSan 5 LSlogST clalllan 5l oasel cuy gl
(Van Gaelen et al., 2014; wiwe oglite 3ble ) o, Sen
el olddlas pluw > 4 jsbler Akumaga et al., 2017)
ol 3 el il Sis (a5 Gl L Jae ¢85 o 3g 00
Jie &8s (S G il L &S A asiie o adllas
G Tl U el (S 505 Gyb 5l icasls aalgs als
oS o laiis plo 56 olS (ad Seles 5 (S9y
O 9 995 35k olS 59y g ges 43S a3 55 Jae Lawgs
i9x o cesd glayleg 0 Jae cds ials el fole
oo by 0ad a0l (oS das By g germe ) Bl S ke
") M5 53 (595 395 b sl B 093 4 AquaCrop
Lld 1) s 5 p)5 ol Ll b cod olS oles 3 )Slas g 0355
&S

NO lajles 51394 Jlo 3 N3 o (1, RRMSE i
592 8122% 5 10/78% 3/92% ), i < 1395 JLo 5 N3
2ol diduy asl Cogby 20l j0 Jao (oblgy simd ylis &S
4 ysSie syl (gl MBE 5 R? jlsie .cawl 03y b Jsbo
o oy <0719 L5 =0/49 5 0/857 5 0/805 030, ,5 s
Ul s b adlas opl ) odel vty ol ggemme 3 .cuils )38
BB aels ) 48 W (a6 sl o 5 5h18 9 bawgs o
(Van Gaelen cuils (oYU sillas 59y o o ))55 (o) %13
et al., 2014)

b a8y Jead Jgb 3 CC Sy (11055 )3 o 3o
el 5 e 5> RRMSE e 39 pite  Seiwcons dls yo
539 (1395 Ul 4y 3leie) NO los 4 Loguye 9 241120 4,
2 16/23% ) el 50 53 asls ol e ;505 Gk
e eyl ogde il cuss (1394 Jlo & 5leie) N3 Jloys
L5 0/635 ), s 4 CC (s, MBE 4 R® @y i aisls
O 3 S mls ool el cunss o) 10/04 1 2/30 4 0/939
51 PYL (o390 51394 Lo CC 5y5l, 55 Jao s oS s
sl 0391395 Lo

Lo 13 N4 g NO Lo 93 5 odlil Ly Jae o8 o
Ol 3y9l 5 33 Jde 5L €By plply wanl odd  smiwly 1394
5L 039y s Cyren & w5 0 1394 JLo 3 olS

g LS 15) 093 Jobo )3 0395 M5 (Siloderd gl
Olyaas 4l lade g CC o)gl s j0 oasl ety s Uy
29 32/39% 5 6/09% 5l (345 caliste (sl ylows ,>» RRMSE
e (piomen

50/997 L5 0/964 5| 5 4y MBE 4 R? &5 aiuls
aS ol L (oo gl o S > o 231 15 -0/81
ilwans 1395 Jlo ) 5585 1394 Jlo 31 0395 cansj Joo
CC lym oais zydae Jdo olod Kl o 3o o e 340 03,
llae oyl 5 ool Cuny ol wlen 4 canl Jls 55 ol il
GBS 293 adlae 3 (S 5 03liggmge 5 (e 5 Sin
b IS 5 @) 0dg5cumn 5 cpmess ;> AQUACTOP e aS Wilasl
(Mousavizadeh et al., 2016; ¢ 385 L5 a0 iy |uabd
Heng et al., 2009)

LS oo 3 ol 935t 5 415 3,Shes 355 391
18y b g )3 0350 (5055 51 53Vl 310 4 el
2 3y Shos 05 (6 ,:505lul g 005 3y50 s polie Cal 3y05
3R RRMSE jluis .l o o3l lis 3 S35 0395
500975 5/32% )y s 4 rwcoms dlsyo <l MBE
3 0de] Cawdy ol Alen polie ol el Cawty i 3 o5 0/41



295

05955 995 49 030 Fewly (g 3lwand 5l AQUACTOP Joo (saSaos (095 (255!

1395 51394 s Jlw CuiS 5,95 b (95w Blidko gl 4 0L fewly  SriwiComo ds 5o 53 auel Cuwsy (55l B ad Wi -5 Jgus

1395 1394 . )
Ll L %ol b
N4 N3 N2 N1 NO N3 N2 N1 i 7o
* 0/826 * * 0/805 0/857 * * R?
* 8/22 * * 10/78 3/92 * * RRMSE (%) Sk Cagb,
* -0/25 * * -0/49 -0/19 * * MBE (vol %)
0/802 0/816 0/791 0/672 0/635 0/915 0/930 0/939 R?
20/57 22172 24/05 22/56 24112 23/16 21/53 18/45 RRMSE (%) ol s
8/36 10/04 9/74 -1/81 -2/66 2/30 7193 5/98 MBE (%)
0/997 0/983 0/967 0/964 0/979 0/991 0/996 0/985 R?
9/18 20/70 32/39 29/20 29/16 10/47 6/09 19/12 RRMSE (%) 03§ Cannsj
0/26 171 2/31 1/57 1/53 -0/81 -0/05 1/08 MBE (ton.ha™)
) 005 d).;b)'bé‘ *
'Y Ve
s ’ _‘_% z
4 3 L
% v
Y ]
3 R
5 5 3 W0
3 3,
a o) pd = o
Y L7 RRMSE=19.06% 3 - P &Ré\gf%'fﬁifha-l
EN . MBE= 0.92 (ton. ha'%) — L’ — 0.801 %+ 2383
g S y=1.170x+ 2.282 :3 s | , ;2=6975 :
5 . R? = 0.920 -~ L7 -
s ’ g\ s e
- r ,G ﬁ Y a 3 \‘a YL ﬂ: Yo
(LSD 30 o) sund (g 031l il o ,Sos (LS8 50 o) 00uls (5 5o 03Il 0285 Sy § 2,5 kos
(EwCuo Ao o 3 (2 8397 Cumy ;g 41D 3,Shas s (63w 9 (55805101 y 3l duny Lo -3 JSUS
.
® RRMSE= 9.020% e
3 MBE= -0.642 (g.m?) ‘
‘3, ¥. | y=1.131x- 4.025
i R? = 0.907
3
)
g v
; Ve | e
3 P
’ - \V' Ty. Y‘I. \
(&5 7o g o)) o (g S o luil WP
iwCouo Al po 13 (WPF) 00 Jbo s &1 6,90 50 yiol )b 00 g5 luwsdund W50;31050 4yl dug o -4 JSUS
W ») P Sl 698 54 el by Silwdmw 9 (5505101
s slajles o @) olS Gl (sjlwand sl AquaCrop d)’f“’“ﬁ

sbayiehly (Jae (iwly jldn slaie e a8 L5515k

J—\_A 2 oola_wl d)9—0 u_of 4o uoa) oo L)_3~| 2



1396 - 810,50 1l aho 02 ojlos o oyl (LK) 9 5okl w6 296

2009. Validating the FAO AquaCrop model for
irrigated and water deficient field maize. Agronomy
Journal. 101: 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: Ill.
Parameterization and testing for maize. Agronomy
Journal. 101: 448-459.

Jamieson,P.D., Porter,J.R and Wilson,D.R. 1991. A test
of the computer simulation model ARCWHEAT1 on
wheat crops grown in New Zealand. Field Crops
Research. 27: 337-350.

Liu,W.Z and Zhang,X. 2007. Optimizing water and
fertilizer input using an elasticity index: a case study
with maize in the loess plateau of china. Field Crops
Research. 100: 302-310.

Mousavizadeh,S.F., Honar, T and Ahmadi,S.H. 2016.
Assessment of the AquaCrop Model for simulating
Canola under different irrigation managements in a
semiarid area. International Journal of Plant
Production. 10.4:425- 445

Myers,R.J.K. 2005. Helping small-scale farmers in the
semi-arid tropics: Linking participatory research,
traditional research and simulation modelling. In
Nutrient and Water Management Practices for
Increasing Crop Production in Rainfed Arid/Semi-
Arid Areas — Proceedings of a Coordinated Research
Project. IAEA-TECDOC 1468. Vienna, Austria:
International Atomic Energy Agency (IAEA). 127-
137.

Patrignani,A and Ochsner,T.E. 2015. Canopeo: A
Powerful New Tool for Measuring Fractional Green
Canopy Cover. Agronomy Journal. 107.6: 2312-
2320.

Raes,D., Steduto,P., Hsiao, T.C and Fereres,E. 2012.
AquaCrop Reference Manual, AquaCrop version
4.0. Rome, Italy: FAO.

Raes,D., Steduto,P., Hsiao,T.C and Fereres,E. 20009.
AquaCrop — the FAO crop model to simulate yield
response to water: 1l. Main algorithms and software
description. Agronomy Journal. 101: 438-447.

Steduto,P., Hsiao,T.C., Raes,D and Fereres,E. 20009.
AquaCrop: The FAO crop model to simulate yield
response to water: |. Concepts and underlying
principles. Agronomy Journal. 101: 426-437.

Steduto,P and Alberizio,R. 2005. Resource use
efficiency of field-grown sunflower, sorghum, wheat
and chickpea: Il. Water use efficiency and
comparison  with  radiation use efficiency.
Agricultural and Forest Meteorology 130: 269-281.

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. Asemi-

g aody Juab (b (2LS By g 035 (SB Cugb) s
Sbajloss > S Juad slal > &l g 0dgicunn 5 Slas 50
adlas ol ad duslie glac)ie clialin b g (gilwdd calize
St g pyS orldl sl b s g ) oS (g)lul bl yd (sl
kg AQUACrop Jus 4 sl 4lis guls ab pb! ol o
“oles 2 y8de slajially Ml e pslio CE L (oS dasi B,
ol Zuwwly Jde (peiomed S (gilwdndd |y 5950 calisew sla
O oo sla et 3 (oYL € b1y WP s b 395 1005
4 AQUACTOP o3l s Jdo coad 5 s A8 39l 0 5950
oslel cnl lp)

T o 2398 Gl slalags 558,550 b b amo e
rls St g S landlil ) pogates d) 4syie 53 ()95t g
o U aaglio 3 oS canl Jb 55 ol iy ) o) pal
2265 b 8 )3 s o ol AquaCrop Jue ( alS sla Jas
213 55 6 5 lye 4 6399 laodls (Jgaze 3)Sles 5 13,

&bo

Al )3 Ay 0)93 ) (gt s (asld (s polate
ISy ol oKy gl d g s S

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 Resources
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.

Allen,R.G., Pereira,L.S., Raes, D and Smith,M. 1998.
Crop Evapotranspiration-Guidelines for Computing
Crop Water Requirements, Irrigation and Drainage
Paper 56, Rome, Italy, 300 pp.

Andarzian,B., Bannayan,M., Steduto,P., Mazraeh,H.,
Barati,M.E 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.

Ata-Ul-Karim,S.T., Yao,X., Liu, X., Cao,W and Zhu,Y.
2014. Determination of Critical Nitrogen Dilution
Curve Based on Stem Dry Matter in Rice. PL0S
ONE. 9.8:1-12

Geerts,S and Raes,D. 2010. Using AquaCrop to derive
deficit irrigation schedules. Agricultural Water
Management. 98: 213-216.

Heng,L.K., Hsiao,T., Evett,S., Howell, T and Steduto,P.



207 ()59 995 4 &35 Granly (63 bwdmnid 51y AQUACTOP Juko caS o iy (23

Van der Werf,W. 2013. Assessment of crop growth quantitative approach for modelling crop response to
and water productivity for five C3 species in semi- soil fertility: evaluation of the Aqua crop procedure.
arid Inner  Mongolia.  Agricultural ~ Water Journal of Agricultural Science. 1-16.

Management. 122: 28- 38. Yuan,M., Zhang,L., Gou,L., Su,Z., Spiertz,J.H.J and



Oln! (a5 g 5 kel 4 pis
286-298 . p 1396 i - ol ,5 A1 alr 2olas

Iranian Journal of Irrigation and Drainage J
No. 2, Vol. 11, Jun.-Jul. 2017, p. 286-298 f

Evaluating Semi-Quantitative Approach of the AquaCrop Model for Simulating
Maize Response to Nitrogen Fertilizer

A. Ranjbar®, A. Rahimikhoob®*, H. Ebrahimian’
Recived: Apr.16, 2017 Accepted: May.08, 2017

Abstract

AquaCrop model determines the response of plant to degree of soil fertility stress by a simple and semi-
quantitative approach. The objective of this study was to evaluate this approach to simulate maize growth
parameters under different nitrogen application in semi-arid environment of Iran. The experiment was conducted
at the research farm of the College of Aburaihan, during two years (2015 and 2016) and without water stress.
Five nitrogen (N) treatments were investigated including no nitrogen (NO), 50(N1), 100(N2), 150(N3) and 200
kg N. ha™ (N4) by Randomized Complete Block design with three replications for each year. Calibration was
carried out using the data of NO and N4 for 2015 and validation was performed with data of remaining
treatments in 2015 and whole data of 2016. The accuracy of the model in calibration stage was tested using
relative root-mean-square error (RRMSE), coefficient of determination (R?) and mean bias error (MBE), which
were about 11.8%, 0.995 and 0.51 ton.ha™ and 11.8%, 0.988, -1.02 ton.ha™ for estimating biomass development
in the NO and N4 treatments, respectively. The RRMSE, R? and MBE values for validation treatments were
obtained as 19.06 %, 0.920, 0.92 ton.ha™ for grain yield and 5.32%, 0.975, 0.41 ton.ha™ for final biomass yield,
respectively. The results show that calibrated model estimates soil water content and water productivity in
different treatment accurately. Nevertheless, It is demonstrated that AquaCrop was not able to simulate
development of biomass and CC precisely during growing season, but it is more accurate in estimating final
biomass and grain yield.

Keywords: AquaCrop, Calibration and Validation, Fertilization Stress, Simulation of Plant Growth.

1- Former PhD Student of Irrigation and Drainage, College of Aburaihan, University of Tehran

2- Professor, Department of Irrigation and Drainage Eng., College of Aburaihan, University of Tehran

3- Assistant professor, Department of Irrigation and Reclamation Eng., College of Agriculture and Natural Resources,
University of Tehran

(*- Corresponding Author Email: akhob@ut.ac.ir)



