g allde FEV-FSF o AFY 5l 90 0yloid pay alo [is bl 4o o)) pole woliiag

Jote 31 ooliciasl b (o)) Cliskn (sl yroke S IiuS 0397 Canms 5 9 9 5k (53 Luvdnls
AquaCrop
"ol3351 Ml TS 5k one T IS Ao S ol M (505 e

o) ol oDl 13T ol sl 15Ty e 09,5 )

@95 5 ohjgal «Oliis lojl (ljed el b @lia 5 (659l (bjgal (liig 1S pe h g Jlb and g el Clidios ise -Y
Olpl laal g3 lis

Al el (oMl Sl olKissls «lisios g pole dnly wacl)j 0g,5 -

U‘f‘ ‘)lybl ;L;oyl.wl )‘)] bmlb z)l}bl A>|9 «g’l L;w._\..e(o 9 991& bj)f -¥
sh.lack@yaho0.com :ase Jgzue *

DOI: 10.22034/CSRAR.2024.378375.1305 VEN VY <y g V40 bl s g

LXVCES

Oloj 2Bl gy i (llse Sl (s5luands sl AQUACTOP Jus 5l slaese slagtalejl (o9 paimar ax g b (iegly ol 5o
Ehi sl le jo glaass &b« olS Jaw cpl Gbl jskaieds .ol colainl 1905 005 5 9 ,Slas 5 oolaiwl 8,50 08, 5 <
T2 e Vo TD) ol slaz 0 Lol jeS1 lgie & cils 7,6 Jolss iolejl (slo,less .ol |21 5lsal jo A TAA-29 4 1 YAV-9A
T4 4T3 .T2 T1 slege b o 1S o Slae (gilbanss sl y AquaCrop Jae glas o (K185 :C3 4 Y745 :C2 J,.5 Cl)
g b )0 eogicun gilwand lp Joo ol gilwans glas 05 LS 5 0 S6lS Ve VA o VYA AEVA YV s ey
0055 ; 9 9, Shae (g5lwands 5l AQUACKOP Jae slas 54 LS 3 0,5 5LS PYY/A o SYVIT £V LAY (5 i o o, Ll
sl abosnlivn KIS o8, ;0 00gilun) 5 o, 5les (giluad gllas (piaS 09 do)o YOI+ g YAID ol iy puiinss CoiS )0
0055 ) 9 0,8 les (gilwads ;o Uas Ml 0gzg cpl b ogr pB)] plo 51 iy 15,5 0099 9 Y955 o3, o, Slee (g3loads
wslae AQUACTOP Jow ol)lS (IS cls jo ol Logpid BB a5 sel Cawddy duoys O 5 VYO jiSlas alise slans,
Slpiiion 198 (5 5lwads 6l (BLS Jaw (pl 0,5 il wluly .o (s (NRMSE<0.1) Jle T 35 4 (d>0.90 4 EF>0.90)
ool byl s 51 1S LT slel g Lawslgl )0 auditas cuiS gl o] (glas ax 5 54 o

LS il ae (eme ol Jaw colis conls weils g bt gudS slaojly

Lo (B g mr lp lie (250l 1) oS
sl ,5 5 (Gonzalez et al., 2014) ssils o Y& ]
Salehi et al., ) cewl oo Aoy olpl o ol cis 3
Sy goasie Slasew slog,b , sls Jl> 0 (2016
=hy oS al edgicny g 0 5o F5e Jalse b))
dﬁo r:/..L_m.a me).La u"‘ als ﬁl;u‘ &'!5 Ll 00 a5
Ebrahimipak et al., 2018; ) cwl obs; 4030 4 <3y
ol sl il s cenas (Ebrahimipak et al., 2019
oz 3l ol); QalS o) » calie Jolge Sl oy sl
L 2lS ilwdie S Jo 1) JS—ito (ol i oo IS
S e Slange Jaivgi ool &5ll sla 3816 53 51 oolasl

EVREN
25 Chenopodium quinoa wild e sl Llses
5393 20,5 A 390> b g Glowg B g oolgils 5lead 5o
e N B B S
vl .(Jacobsen et al., 2001, Kia et al., 2022) o_sb
alls Byan sl a5 cnl i Sl (o052 )5 oLS
e & 58 ol 0955 Byan g 0 gn i Lages
T 9 03 p2S okS cul s olo 2ly) (5 Sl
Aliyar et al., ) coul 1559, g belys 5l g ks 5l 28
ol b sl o0y s olS ol VU laé b3, (2022
ilay plpy Sis 5 B L ol s Yo (55,585 sl
Ol 5l b Lo enay (Jacobsen et al., 2005)



OlySen g (IS

FFA

RIS DRV ROV VIRY A A INRY 7 NV I FUR F SN P [
@ o5 Lt o 158 o Sles (g5lmand sl Joe 0
(Emdad et al., 2022) o 4o s
o lgnS ceaS a8 el bl S oliwge bl
6l alises al3) Ll ol ys ol B8 b s o]
wogi 50 Sglate paldl 4 azgi b el oud slpiiny cilS
Sty ool (sl hlise slag,b )T Jlod g 55 5
D)oy s g (LIS by 90 iz Sl o3 S
(Golabi et al., 2022) coul oo 12! el (! jo iules]
gl auile else a8 cul sls (ylcs oot pll @lisiss
P50 loS 00giiunj 9 0 See (59, B g 9 08, eBlS
e b)) peg—ad ;o (Hndiod (9L g2y cnl b
oolaiwl 850 Loyl i o 1928 (g 5Lwan i ;o AquaCrop
Jote ool sl g 5 s ety sl o3l

b bl oLl 350 Ll s cos aLS

W g, 9 dlge
ialojl @il o9

5 G305 gl 9 linko 35 5 50 ol iagh,
947,0V) ol (550 0 @ly Jliwjes oamb il
Aids B gam,s FA Slilar Jsb g Jla b aids Y-
sladlo o slsal 5ot jo bys w51 e VA el L (3,
Al os bgie o bl \WAA-RQ 5 1¥AV-9A ol 5
Sloo (Silen 5 ya sl YE GralesT oo @ (spie (S0
15 emlilsn Slasie ol 3,8 s a5 YOI ailJls
S 5oty Ghalejl og e eval s ) IS o ales]
JoE slossh asly b CllE o 00505 L slo S
Sl o eas &l &..iLA)'T s glas 1,5 ¥ j0 9 Solas
Ol 4SS b Jols ialosT o logs ago,8 plosl ¥
T3l Ve T2 g ¥e T e Jlaz 5o Lol sisle
59 4 LS gy o8 oS L (Ll Y T4 LT Y
£ 58 550 5 (el R2 5 5 WL R & )50
ldos g (LS,zs €3 4 Y95,5 €2 35 C1) o3|
lp o bl b jled ans sl 32 00 25l 50 55,551
abais aiz 5l (6,1 paiges S Glalojl jslate dx(s)ls paiges
Yoobe oo Gae 5l ST 5l eolital b acype ol

(Egdernezhad et al., 2019; Ahmadee et al., 2021)
WSy 2LS sleJow 5l S5 AquaCrop Joe
65,9158 5bg)le3 leslu Lawgs a5 ol (1) 9 Sy )15
Geerts ) ol oals ools lawy ey HLS (g5lwacs sl y
Jelse siloads SUlss Jow ol oSyl & L (et al., 2009
085G Jae cpl)lo ]y plals sogice s 90 ,8ee 5o
aloz 5l aS cowl a8 3 )18 colaiul 0,90 calitre Silaiss o
Henget) o,5 el ool o Slee obj,)l 4 olgi oo bagy]
4, «(@l., 2009; Hsiao et al., 2009; Katerji et al., 2013
Todorovic et al., ) ;s SL31 (Farahani et al., 2009)
ol —ac; «(Alishiri et al., 2014) o805 > (2009
Egdernezhad et al., ) 1515 ((Ebrahimipak et al., 208)
pa 5 4 (Behmanesh et al., 2021) &, 1§ (2019
oL asul e, e 5,5 o Ll (Ahmadee et al., 2021)
AquaCrop Jowe b wgs a5 09 SLS dgl alos 5l lseS
«(Geerts et al., 2009; Geerts et al., 2010) o s;le Jos
Joe jlesliul b calises Lyl 50 o] as) (5lwas Jg
Az 0,90 yieS £lyy ol v 4 cos AgquaCrop
&1 R? gRMSE (slao bl —iagh 10 .l 009 ylaixe
v 1908 0 Sles (g 5lwan i sl AQUACTOP Jae 5,8
AN g oo )0 AP s Sodgr H3—iS 50 (6995 S
el YU Bl g b sl Sl bt cpl el cowsa
Joe 0,5 s repay 09y ey 50 Ll b ooy (g5l
Wb Aoy S (gdse dlge 35S Ll & o AquaCrop
a_olisa, _aa=i ,o (Van Gaelen et al., 2015)
653k By 90 L LIl oS 50 1S 0 Shoe (5l
aS oy lis s s asls,, AQUACKop Jow 5 Guile
S )8 Jo il e (e (6550l ouzey w3
8 a5 59 +/38Y L ol s MAE 6 )] i .55 AquaCrop
S —aagh o (Chumbe et al., 2022) sy Js.3
Joe b wg s Ll cilie slaco pas 4o 19 o Sles
soylal mls w5 )18 o5l _wa 5 5,50 AquaCrop
5 0355 5 5 0,Sas gl iwly al> 0,0 RMSE
5 A e Sl cnl 6lp Joae 2D 5000 A oA
RMSE (so,lel polie v w0 gal> o j0 09 +/VY



Fra

AquaCrop Juo jl eolaiwl b ol); caliso gy y oo i lgsaS 0095 G § 9 8 ko (g jbwduis

— L T
Evaporation first wear — b L L
PR Tempearature first vear
Evaporation second yvear 35 T M _ 700
70 g L Sl _ 250 — Tempearature second vear 0
0 Rainfall first waar - 2 30 —e=GDD ) . [ 600
- ——py L S0l | 200 E’ = 25 GDD first year 500
E 50 : Rainfall second vear 5 A GOD 243 I
=+ Zean L 150 ;:. E 3 E 20 . GDD second vear [ 200 O
-1 = i o ] s L
Hg ¥ Lwo *F §0 ST
‘" zﬂ | E:. 5_1“ B o r Eﬂﬂ
I - 50 5 g s
| = &
0 1] 0
ol 8 G ey anid obf A @ gy wild
Hlgnl (wlllgn obd o polio —Y JSCi
Figure 1-The values of Ahvaz meteorological variables
S ol gl jud Oluogas - Jguar
Table 1- Physicochemical characteristics of the soil
. . 7. A s : s . L.
o Gos Sog iy oS iy Fowd ] oy el S el
Depth Salinity C N P K Clay Silt Sand .
Year (Cm) (dS.m™) pH (%) (mg.kg) (mg.kg™h) (mgkgh)  (9) (%) %) Soil texture
2018 0-30 5.4 9.7 0.58 0.058 10.5 245 22 30 48 Loamy
2019  30-60 44 8 0.53 0.053 11.2 265 24 30 46 Loamy

ole G e LS (g po aband S L 58 e 5o LSl
Patte (g 3 LS agd Slibes (2Bl )6 e 5l S
@6t SiS L plejed lalds 5 wo S ploul S S (ol
S Do 5,0 glodale U8 oy il ac) e
wlosd &jgod bas o 9 BTG oj)be s (g Sldes)
plsl Jlpe o ¥V cdale b gy py (250t Sl osliiul L g
Sleogicany g0, 8as (a6l ) Juad sl o 0
o i sl Sl 1 Gl sl e oI S5
4295 LSS D)9 @ e Sy e 5o Sils y Slles
S o sl cils p Sldes oSS )i 5 08 £ 4

g1 piia (3,98 Vo U aiawl Ve (go5l y0 g Oglae

4t oS5 o gl dadigad oS 55l g 0 plonil e il

O Jgaz) 90,5 Jlol olStylojl 4y
Oliee 4 0liS (@8 5L 5 S (g3l Gully ally 058
Solid g oy 5ok Ve g0yl )L o 0,50k V0
Ao P90 Ao 50 o b Slid g g el Slilg il
bogaidy 5 592 O ygmody CiilS 0900 .o adlsl S 4 oo
Gy, g9, i alold g e il B ElS bglas alsls
9 Fa sl g 3y (59 peie SoBLS 0 byl alold
T sbls O o anaid 5l s e il 95 Sl Gee
el oS o alols 0 e ez Jsb 4 el b

O dlold g pio Bl B0 (22 Sla S G alol e S

D1 D2

P1 P2 P2 P1

cifca]cafcafct]c3fcafc3fctcalcalcl

D4
|1 W 2
C1

D2 D4

D1

P1 P2

P2 P1

| PR_[ P
c3[c1ca|c3[ca[ci[ca[c2]c1[c2[cl]cs

ca[cact]cafczcl

I

[c3[Ca]C1] Q3]

D2 D1

P1 P2

[ P2 P
cafcz[ct[c2[ci[ca

c3fci]c2[cafc3fet

D1

D4 D2

Pt [ P2
c2[cafct[c3fcafct

P2 | Pt E I E]
c2lctfca[c3[cafct]ca[calct[ca[cr[c2

S5 o holas JolS ST sls anly 20 B y0 o 3,5 )b 59 SlosS kol adi ¥ JSC

Figure 2- Experimental design of twice-sliced plots in the form of a

basic design of randomized complete blocks in 4 replications



OlySen g (IS

\E

AquaCrop Jae b g3l oo 5 (oowly plsl 51 i
3,90 & alaly sloslai wl Ll Jus (1l (69,9 (slo puiiie ol

(Geerts and Raes, 2009) s::8,5 1,5 Cowlus Julo

S = F)m_Pb

Cc

x100 ¢)

b
)L).M Pm e uj.\; MLAAA} wj_.o Sc sd..lagb Q"‘ )J

JJA:.! $°9)9 LSLO:G.)‘«) quw‘).’ ).laa Sjy90 J,QLC 03— d)ﬁjj..l
a3l (59959 0010 (uluslpy a3 5550 ole 35151 e P g ooy
Y <Sc<\a ‘YL: MLm? Sc>\a ‘U.J){S dw )é UA_MJLAA’

(Geerts and Raes, 2009)

Je (2iwly
=hy Jlw 99 50 regh cpl sloosls Sl g b
sosls I AQUACTOP Juae (xiwly (gl cdio s cils
s 3 AquUaCrop Jae b, cas ocs sola !l Jgl Jluw
(RMSE) Uas Slay yo o:Klin yiz 5| comily al> 1o g
5:Slee «NRMSE) oo Jlo 5 s las o puSils i
&y a5 (EF) Joo oS (MBE) o) sl
Ahmadee et ) o soliil (R?) ¢ oy 9 (@) Sgabyg

leands
i(P, _O| )2 (\/)
RMSE =4[+ —
> (R-0) A
= )
NRMSE = n
Zn:(PI _OI)
MBE =/ @
n
Z(Pi ’Oi)z
EF=1-2—— )
2.0, -0y’
S (R-0)
d=l-+—— oY)
3 (Rl+po)
Re (>R -P)0O, -0)) O

YR -P)Y0 -0)

AquaCrop Jxw

oo drules (ET) (3,05- 55 5| AquaCrop Jos
ol S S e soli il o] SLSE 5,5 L () adal)
L og—8 oo caa (TN 355 5 (B) e s52 99 s adlso
(¥ abal)) 053 Bd> SYolas 5l O adgi e B, ae
(Geerts et al., 2009)

Y=Y, )y [ET.-ET,
v, ) U ET M

X X

T, =K, xCCxK, xET, )

Jo—aze JublS e o oy Ky g 0lS (5 05— e

Geerts et ) 05 oo dwslos ¥ alayl) Lo gi a5 (0o )0) oS

(@l., 2009
CC =CC, xe%!

36 CGC (ao,0) gl 2l gy CCo calasly ol 5o
O b aBlioe Ggy) Gloy T gy oSe) g gy 0,

sln T abl, b 8 St alages (30 5 355
«(Geerts et al., 2009) oo 5 o

B:WP{ T } )
ET,

0,i

J—ad Jsb yo ailjs, 3,m5 S5 Jlade TF el ol 5o
&z o ok G555 55 ETo ol (590 0 o WP 15
b 55 (Y 5,Skee i il St ologes 5,5koc B
(HD cils ool 5 oad adgs Seis gosle ) oolisnl
«(Geerts et al., 2009) 555 o duloes O alal, 3l
Y =BxHI )
oobego B g cdilopy sl HI oo Slee Y calayl ) ol o
Ay p S5 (Ko) @.’I G D e Jde ol 50 el Sas
(CC uxly yo 3,0 Do) Glays, colaas (CC) 2 iig
S Ay 4 EBloy paSls 5 g idy Gl s 6om
Cygmo 50 gBly 40 D5 oa (el Ay 4ol jo Ol sy
s g 4l hals ol ibs b ol o 5

e 2l oS 305 e ]



A AquaCrop Juo jl eolaiwl b ol); caliso gy y oo i lgsaS 0095 G § 9 8 ko (g jbwduis

4 Caws AQUACTOP Joe Camwlws .8l sl (58 i
e S g ol Jlo i Ol (690 00 e 93 Sl
Lmbs oulasls I8 ol an w0 5, gl LS
Ebrahimipak et ) cols cillae itz plaw Slosliv
M; )l)jé ‘575;_.\415 S50 W ysie Q%I Jds epas 4 Soils

Lol 0as 00,91 ¥ Jgoz 10 oy eily polie gl

Jowe ‘ﬁdwvs
5o 158 o ,Sles 61, AQUaCrop Jow om—uly gl
Slosaliw Q)S.LQ.C dslie Lol c..\..i':oo)ﬂ Y JS_..A S oolazl
Ao, VYYD lagin &gy a5 ol lis cods (g5lwdnds o
R i 9y yiaS il 0929 0 Slos (g jlwdnd o M
3 PV o S ouds (gjlwancds g slosalice polie cpo BB
VoIb 5 TV coiyan plie (nl 0g LiSe 5 e SelS VY
polie Lo & 30 0 Sloval ie polie 4 G ooy
oy g i slodalin o, Slee lawgio 5l oo (ojlwacd
3 S 0ad (g5l polie 0gd e odalie ¥ i
Gilwdds g slodrlice 00gic ) dslio 09 slodalice
)"SL'\} 9 &‘A} 5JO¢.09—UQ NG PR ad)ST ¥ JS.»J ) I") IR
o Py 00l (g jlwdnd g sloanl s polie oy AL
AU Glas VY 0 09 LS 6 5 LS AVY 5 FAF FFY
).’.'S‘ 5 6]5 Og yudoo slosalie 00¢ S ) Ja...:9~c )‘| S>> g0
Slosalie Jlaie 5l jiaS ouds (gjlwd s sogicons ) b, los
5 9,5kee (g3lward ;o AQUACTOP Jowe o paonds 04
bl s ol o (50,51 S slas >0 sogii )
Lmls ool o oo ool _ie ¥ Jgaz 0 MBE (so,L]
il ciillas 198 oL (g4, ladme plw Slool _iue
«l» AquaCrop Ja lls (Chumbe et al., 2022)
Sade b wgieds Ca i 4T 0y LSy 5 5 4LS FOOIY
Jow cds g JeuB B pxie 90wl (gl cob onal i

a0 Vo 5l SaST ) 9500 peiie 90 ,» sl AquaCrop

Oi Sgis 00 (63l wd D ,l0de P 390 slodloles o

00 (g jlasdnds polin uSils P udgii snis g uSo3lil o
Slowd s N g S ooy (g ,uS 05l polie o Sile O 3
R g ooy Cde a)|5,o.a: RMSE O)La—‘ )‘».\.D.a o.\_wl.!‘sa Lm)Lo.u
MBE oLl oo jlade .ol g ol 5085 huwo 4 4
Sy50 e ylade AQUACTOP Jaw a5 Cwl () saumslis
sﬂ...o))éu.oju_w‘ oé; 0)5]]: @3‘5)&.0.0 )‘J.A_mﬁ.l |)).|4:
03 Ll 8,90 yuiio 8,900 0 b Jowe cpl a8 cwl opl SSlo
o)lga NRMSE ¢ Lo jladie .ol ool s 4y (65845
polie .l g 0l FK05 Jho A dz 2 g 00 Cude
Jle cds gooums L5 NRMSE o)Ll glp +/) 5l eSS
N Y sloosl o o)lel pl polbe (i ed el Jon
(s CBS (gonids Hlid cud 5 oY 5l iy g o /oYY
U")‘)" Coo QMJULM..) EF )LA.M ] -] 9 Ja_w}a...c
Ladle pnian )0 Calgd g oo Hlade 5l g ol oo oools
o 5 R? aie .ol e Wools JolS 35 oleg ,o G
oS lis aBl FSGP S a0 g WS oo el UL

Sl oo Wosls g 55l

ps Jw slaosls 51 AQUACIop Jow o wly 5l
6l peie b ol 5 A 00l ol _ri s (51,
ooliil 390 (g3l sl (Zewsly ol 5l Joe (5999
i) 6l VY B Y gloo,lol 51 55 al yo ol 5o ki 5 1,3
A ool Jawe

82939 o3> § Comvliws Juloi
Joe 63959 sl yiite ol Julod  mily 1 iy
sas eols Las ¥ Jgaz jo ol b g o pleil AquaCrop
o pate Ol sy 4 cos AQUACTOpP Jow Cowlis .l
A S aws jo adsl alS i bg Vb sles sl sleo
coils cllas liie plaw Slaalie b gl ol csls
(Egdernezhad et al., 2019; Ahmadee et al., 2021)
Yhg ks slos polie dojiie (nl 05 Cowlns ot

o1 aradsl alS i g aile Sl )8 iy & jsoas



OlySen g (IS

foy

50 19 b5 (59, Qliizme plw lawg gl cnl (0 JS2)
Van Gaelen et al., 2015; Emdad et ) <l oo 5,155
Ao ey 00 o> gl ggeme Lululy, @l 2022
Sloloe sl AQUACTOP Jos 5l Gles oo o2i—uls

Dgod olaiwl  riwcons

wws s 2LS Jae ol Cés cnl by (NRMSESO0.1) s
93 ol 55 AQUACTOP Jow oS .cils |13 Jle
5 9, 50ee sl R? g0 lal gn pllas d 5 EF (o Lual
AgquaCrop Joas Juo cpends (R2>90) 395 YU 0095

s e 99 (pl Ol g5leoand Gl Je3 BB oUlg

AquaCrop Jow 4 5599 b yuiio » 3l g Comwlue Judoi =Y Jgoo

Table 2- AquaCrop sensitivity analysis and input parameters values

J.. 3
Parameter

Sc-0.25% Sc+0.25%

Hlode aslg Olrus g

Value Unit Description

Al sles
) 1.2 15
Base temperature

W sles
17 11
Upper temperature

Ayl (LS ity

Initial canopy cover
oS o515
Plant density

Canopy growth 7.1 5.9

coefficient (CGC)
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to senescence
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Crop coefficient for
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productivity (WP%*)
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Harvest index (Hlo)
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180 Day Default

90 Day Default
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Figure 3- Comparison of observed and simulated yield in calibration stage in four date (T1: October 30, T2: November 10, T3:
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Giza, C2: Q26 and C3: Titicaca).
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Figure 4- Comparison of observed and simulated biomass in calibration stage in four date (T1: October 30, T2: November 10, T3:
November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and three cultivars (C1:

Giza, C2: Q26 and C3: Titicaca))
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Table 3- Statistical values for yield and biomass in calibration stage
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Table 4- Statistical values for Yield (kg.ha?) in validation stage
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Figure 6- Comparison of observed and simulated yield for different cultivation date in validation stage (Cultivation date as the main

factor in four date (T1: October 30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1:
transplanting and R2: seed planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 7- Correlation between observed and simulated yield in validation stage for all treatment
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Figure 8- Comparison of observed and simulated yield for different cultivation method in validation stage in four date ((T1: October

30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting)
and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 9- Comparison of observed and simulated yield for different cultivar in validation stage in four date (T1: October 30, T2:

November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and
three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 10- Comparison of observed and simulated biomass for different cultivation date in validation stage in four date (T1: October
30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting)
and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 11- Correlation of observed and simulated biomass in validation stage
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Table 5- Statistical values for biomass (kg.ha™) in validation stage
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Figure 12- Comparison of observed and simulated biomass for different cultivation method in validation stage in four date (T1:
October 30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed
planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 13- Comparison of observed and simulated biomass for different cultivar in validation stage in four date (T1: October 30, T2:

November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and
three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Abstract

Introduction: Quinoa (Chenopodium quinoa wild) is a dicotyledonous plant with about 95% purity.
Quinoa is one-year, broad-leaved and has a height of one to two meters. This plant is native to South
America, which is generally cultivated for its seeds, but its biomass is also popular as leafy vegetables.
The seed of this plant is small in size and is a rich source of many vitamins and proteins. For this
reason, its cultivation is expanding in Iran. For this reason, it is very important to know the effects of
various factors such as planting method, planting time and cultivar used on its yield and biomass. Due
to the high cost of field experiments, the AquaCrop model was used to simulate this crop plant in this
research.

Materials and Methods: The current research was conducted in Khuzestan Agriculture and Natural
Resources Research and Training Center located at 31° 20° N latitude and 48° 40’ E longitude with a
height of 18 meters above sea level during the years 2017-2018 and 2018-2019. The ten-year average
rainfall leading to the time of the experiment is 240 mm and the average annual temperature is 25.3
degrees Celsius. The experimental treatments include planting dates at four times (T1: October 30,
T2: November 10, T3: November 20, and T4: November 30), cultivation methods in two ways (R1:
transplanting and R2: seed planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca). Tillage
operation was done at the end of May for all treatments.

Results and Discussion: The sensitivity of the AquaCrop model to changes in base temperature, high
temperature and initial canopy cover parameters was in the low category. Due to the low sensitivity
of these parameters, the base and high temperature values remained as default. The initial canopy
cover was also dependent on plant density, that's why its value was changed compared to the default
state. The sensitivity of the AquaCrop model to changes in two parameters of normalized water
productivity and the maximum crop coefficient for transpiration was in the high category. The
sensitivity of other parameters was in the medium category and therefore these parameters were
recalibrated. The average observed and simulated yield differences for T1, T2, T3 and T4 treatments
were 198, 153, 97 and 97 kg.ha, respectively. The minimum difference between observed and
simulated yield values was 93, 78, 62 and 66 kg.ha?, respectively, and the maximum difference was
303, 210, 172 and 151 kg.ha™ respectively. Therefore, the accuracy of the AquaCrop model was
higher compared to the planting dates in the middle and end of November. The average difference
between simulated and observed biomass for planting dates T1, T2, T3 and T4 was 870, 542, 533 and
635 kg.ha?, respectively. The lowest difference for these treatments was 529, 401, 417 and 324 kg.ha-
Lrespectively and the highest difference was 1072, 871, 609 and 793 kg.ha™ respectively. The average
observed and simulated yield differences in the two cultivation methods R1 and R2 were 171 and 102
kg.hat, respectively. The lowest and the highest difference between the observed and simulated yield
was 62 and 303 kg.hain the germination method and 66 and 194 kg.ha in the direct method. Based
on these results, the accuracy of the AquaCrop model in the direct method was about 40% higher than
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the seed planting. The average difference between the observed and simulated biomass in two
germination and direct methods was 723 and 566 kg.ha?, respectively. The minimum and maximum
yield differences in the germination method were 567 and 979 kg.hal, respectively, and in the direct
method, 324 and 1072 kg.ha. The average observed and simulated yield difference for this cultivar
was 128, 158 and 123 kg.hal, respectively. The lowest observed and simulated yield differences for
these three cultivars were 62, 96, and 67 kg.ha?, respectively, and the highest yield differences were
303, 298, and 291 kg.ha, respectively. The average difference between observed and simulated
biomass for three varieties of Giza, Q26 and Titicaca was 581, 662 and 691 kg.ha, respectively.
Conclusion: Based on all the results, the use of this plant model is suggested for simulating quinoa,
although its error is less for direct cultivation in the middle and end of November than other
conditions.
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