Environment and il waige ¢ Cunyj laan

Water Engineering FEYT-FIAY : <Ol
ISSN: 2476-3683

CilS slapSTys o slals &,3 Ol B pan (550,80 9 0 ,Shee (53lwacts ;0 AqQUACTop Jow &8s (o) p
pade Slgzess (agedeste g ol55,05T (ol ¢ cos,S 055

AQ —VY Qlﬁé&é c‘f” )LQJ. ‘\ O)M sv °)5‘>

Vol. 7(1), Spring 2021, 59-72

DOI: 10.22034/iewe.2020.247901.1419

Assessing Aquacrop Model Accuracy for Simulation
of Corn Yield and Water Use Efficiency in Different ®
Plant Densities and Water Amount

Karimi, S., Egdernezhad, A. and
Nakhjavanimoghaddam, M.

www.jewe.ir OPENaACCESS

lio ol @ gl

B ‘_g‘éb‘b u)O uT g_SJ,.a.A 90582 9 .))S.Lo.c ‘_g)L..uw 3o AquaCrop J..\.a TR o (\f’ <) £ IQ"\'MQS"BM 9 A b‘);)..\f‘ su.u ‘50.»)5
DHA-YY Glas o O)La..f.» Y 0,99 “_JT ‘sm..\...ero 9 M)hhm g_j alises ).n)l.o.a 9 g_JjLD...a cunls 6[.@‘@5‘)4

Citing this paper: Karimi, S., Egdernezhad, A. and Nakhjavanimoghaddam, M. (2021). Assessing AquaCrop model
accuracy for simulation of corn yield and water use efficiency in different plant densities and water amount. Environ. Water
Eng., 7(1), 59-72. DOI: 10.22034/jewe.2020.247901.1419.




N O3 Ol Byas gjlwans ;0 AquaCrop Joe cds

b, Alio

33 O B pan (590 40 9 9 ySbos (6 jlwannis 1o AQUACTOP Jow CES owyy
ol Gz polio g Wolao ClilS g @STy jo glails

"o Sl (gugdozo 97 015 HuST Sol ! o9 5 095

Ol lgal o oDl of5T osl8iils lgnl axly (o] cwdige 5 pale 09,5 bl sl IS (g gzmiils’
Oyl eslgal  codll oyl olKisls ¢3lgal axlg T g 9 pole 05,5 ‘)Llal;...,lv
Ol @S «85,8laS sy g Ghigel eDlinkod losls (555l g § (18 Dligko dmense (gl lolil’

a_eigder@iauahvaz.ac.ir :Jgiwwo oddwws 93

Dvyaa/- ANV e b iy g6 Dyyaa/ - ANVE] e 6,550 o )b Dyvaa/- vyl edl o &6

s
oS ooyl 5 e 00 ol Gblis 51 6yl 55 sly) obS ol e clagd, 00 S CuiS s 3 oLE Copan
S ran 539054 9 0053 il 3 ,Shae (55, 3 kS o) 5 kel e (S (15 Sl e 5 Shaeme Jslse (oo 2
Sflos it Jalse 1 plicn Sy S ilios pole 5 panse sl e slagilel wiaili ol bSO
5o sl AquaCrop ol Jus o)l jshieas fol> gl 35 iluand 1) (aLS slaoe alowgay 2l)) olS
4,0 0¢ -+« plant/ha g A« + YO+« cuiS glapSTs o SC302 095 9 SC500 Lo lawgio o8, slails )3 o8,
el ZAY0 g Ve e VO oLl Gilise polie L SC302 o3, 0 Veovo- plant/ha 4 4+ -++ A-+-+ 5 SC500 3,
cothe cds 5l D)3 Ol Bras gy9040 9 alo 0 Sles (giluad jo AquaCrop Joe a5 ols olis gl ol plxl
Oyd 0085y (§jlwdnnds ;0 09 jloy65 0 (+/43=d g BF) ol o118 5 (+/V- :NRSME g /A% ton/ha RSME)
=d g /A = EF) slie LS 5 (-/)¥= NRSME ; Y/fV ton/ha = RSME) s34l cds alS Joo ol 5
=NRSME ; -/-Y kg/m? = RSME) ¢ds 55 &8 Ol G pas )50 2 (53lwancds ,0 AquaCrop Jow .cusls (+/44
Cos 3yd el gilwands gl AquaCrop Jae qmli cpl wlel pcdils b (/8% =d § EF) I8 o (+/-V

g o Slgading 0ad S Loyl

(2lS ady Jas temme o e ¢ ey angio (8 £ 5uy095 o8 tadss il igualS (slaolg

Environment and Water Engineering ol wdige g o) Jamo

Vol. 7, No. 1, 2021 VRl ) olad oV oye0 \—\/j


mailto:a_eigder@iauahvaz.ac.ir

\f” ‘U‘)mjﬁ“’;

ly Joao 4SS L oS Gegh cnl s,S eslanl
olS opl syl slp cilie sloasl  AquaCrop oo
30,5 &l el

cds ob;,l 4 Ebrahimipak et al. (2019) . ozen
s WOFOST 2L5 Jow g0 4 Zewnd AquaCrop Jow
sl S ey oS (gilwans jshaieay CropSyst
AquaCrop Jae <ds 5 o5 a5 obs oylis gyl @l
Aoty el bae 5 (Solo Jod 5 09 conlin L
Silwdaed jslaiedy S0e (LS Juo g0 4 Cos
ol i IS T B yme (6590 00 9 0 Shos

bugi goaaie slatagy 5 ©)5 () olS pgas o
Heng et al. Jloglscds .ol ondplxl o5 g5
8> AqQuaCrop Joe a5 wisls oylis smgs 10 (2009)
Cot D)3 008l g alls 0, 8lee (gilwans o YL
Heng ) cusls oo ol (55 5 JolS” (sl (el Lol
5 ails o,Slas ol g0 jluans Js (et al. 2009
oolie <35 L1y ol wad a5 Lyl j0 edgilan;
Hsiao et al. (2009) S5 ingh 10 0,55 (&5lwand
Glp el cds AquaCrop Joo a5 wols lis
Wa oS5 0L Ll o 08 o Slee (siluancd
caly ol s Gz polas 5wl clls &L
Masanganise 5o iwgh o (Hsiao et al. 2009)
a4 AquaCrop Joo I eolawl L et al. (2013)
ol ,52S £y Ll jo &)d o Sles (giluand
oS e ol (Masanganise et al. 2013) ol
Golotns s YU cds kS oo ol a5 wiols L
@ Ol S slagiegy alex sl &8 o Sles
s s el o5 o Lul Katerji et al. (2013) wlalas
5 ol oeelb Gl Luli s |, AquaCrop Juw
@S ooll 32 008 sy )leleS iz glagy L
AquaCrop Jao cds o5 megh (pl ool i
R NCRTE

as J.asu;o yrons U‘“‘bﬁf ;.)Luo‘ ) 03 )9° ‘_ngw&j).'
Gilwans o ol s wlg o AquaCrop Jow

Lyl s o b uegh opl oSd all asle &, o ,Slee
st oS (ST3 285 S 53 e 5 raw L]

Environment and Water Engineering

doddlo -

ez Bld 4 glez oM e 5o Slyea @)
S g S bl b wgarmbeS 5 og an)S
.(De Juan Valero et al. 2005) s,ls ss5 5,550
wbsle oS ol el e T Gpae tals oI
0095 Cimj g 0y 8hee 8l o (Bran (5 9000 I
Xiong et al. 2002; Cheong et al. 2003; ) 545 0 ]
oaipll sla iogs mls (Geerts and Raes 2009
30 ClS WST5 dige S e b olgs oo oS sl ools ol
5 oogcem) ke glie b oolpS Luls
@ g bty Glange bl 4 Ol Gpae 590
2ol Bras g YU g olpl Sisacs g Sas ol
Ol Ol i 30 (6t 28 el 5L (55,5L88 i
Lilys ol owyp ol Jos 4 @3 et (ST 5 )bl
4 ool sl 230 9 CBg o ddajli Alisa g5l 50
ol @) sk it LS Gdae s e
(Raes et al. 2009) Kloasesls laws g dgaze

oo oSS b 88 jshateds’ (65,0liS 5l ls> (el
syl Jaw opl o, &IV Jle o 1, AquaCrop
3 Gilwand Glp oo lrosls 4 5 Conl w5
- gy (Todorovic 2009; Heng et al. 2009) s s
bl & wdbie Lalyl o Jow cnl 5l ool sl o1
G ol logiagn ool dex 5l sl ol cds
Stricevic et al. 4 9> Jga=es » Araya et al. (2010)
ol 0,5 okl s jaias g O30 SYgame p (2011)

sy 50 AquaCrop Jue a5 wols lis o8 ieghs
Pl B T clas 5 55 Vb colls olls saiall
« Ebrahimipak et al. (2018) S0 iogs ;o .l
5 o,8es gilwacs 0 AquaCrop Juo cds obj)
Dl el Gilize Iulyd 5o plie; O Bras ()50
oo Lol s 45 wis,S S o, el ol izl
s AquaCrop Jawe a5 ols oles EF s MBE NRMSE
M597 p 2y obS cnl silwand slp oY (LIS g <o
AquaCrop Jos ;| Egdernezhad et al. (2019) .og

LIS Jyaxe 5 ol Grae Cupae il gluand &ly

'FAO

ol (oA § S Jaia

Vol. 7, No. 1, 2021

\f")l.eds\ O)Lmi)£v0)5d \_ij



£y

O3 Ol Byas gjlwans ;0 AquaCrop Joe cds

oslaiwl g S ile 5l H& CllS (6l 05 i ST g6 (S ends cnl calplal okl o Gl polie
Adds e 0 gacs ails ,hoae Volaw dl> 2 00l gl AquaCrop Joo obj)l jelaieas pol> iegh

caS Y m Jyboa s, 059 les o ab S (S,
oy bl (6 LS b 90 g (Lol cawg b aw o5 wd
ol Jrome S o Sopb Sloogas g b pns (sl
Fe-feomgVe-fe ooV Glecl 5l olaasses Giolesl

O Jgoz) o a8 8

giles] Jome S (So58 Sloogas ) Jyar
Table 1 Physical soil characteristics in study area

Soil Soil Moisture in ~ Moisture in Bulk
depth texture PWP FC density
(cm) (cm’/cm?) (cm’/cm’®) (g/cm?®)
0-20 Loamy 12.1 26.3 1.36
20-40  Loamy 13.7 27.0 1.42
40-60  Loamy 15.1 28.6 1.42
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Table 2 Sensitivity analysis for some AquaCrop input parameters

Parameter SNV Scat-025%  Seat+0.25%
Day after owing to emergence Average 2.0 2.1
Day after owing to maximum canopy Average 1.2 2.4
Day after owing to senescence Average 2.9 2.5
Day after owing to maturity Low- Average 3.8 1.7
Rooting effective depth Low 1.3 1.0
Normalized water productivity Average 8.6 10.4
Maximum canopy cover Average 2.9 4.5
Canopy expansion threshold for canopy expansion-upper Average 4.4 6.8
Canopy expansion threshold for canopy expansion-lower Average 7.3 8.2
Canopy growth coefficient Low- Average 1.8 34
Decline canopy cover Average 4.2 7.6
Crop coefficient for transpiration Average 10.1 12.3
Shape factor for stomata closure Average 8.3 6.6
Shape factor for early canopy senescence Average 4.5 7.9

AquaCrop Jaw o olS sloyiel b polie -V Joo

Table 3 Values of AquaCrop input parameters

p ¢ Descrinti Value
arameter cscription KSC 302 KSC 500

Base temperature Default 8 8
Upper temperature Default 30 30
Canopy growth coefficient Calibrated 16.5 15.0
Initial canopy cover Default 6.5 6.5
Day after owing to emergence Calibrated 6 6
Day after owing to maximum canopy Calibrated 55 60
Day after owing to senescence Calibrated 105 115
Effective rooting depth Default 2.30 2.30
Normalized water productivity Calibrated 33.7 33.0
Maximum canopy cover Calibrated 95 95
Canopy expansion threshold for canopy expansion-upper Calibrated 0.17 0.17
Canopy expansion threshold for canopy expansion-lower Calibrated 0.7 0.7
Decline canopy cover Calibrated 11.5 11.0
Crop coefficient for transpiration Default 1.05 1.05
Shape factor for stomata closure Calibrated 0.65 0.65
Shape factor for early canopy senescence Default 0.69 0.69
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Table 4 Comparison of corn observed and simulated in calibration period

Parameter D EF NRMSE RMSE MBE
Yield (ton/ha) 0.99 0.99 0.06 0.51 0.22
Biomass (ton/ha) 0.99 0.99 0.11 1.05 -0.94
Water productivity (kg/m?) 0.99 0.99 0.03 0.06 0.04
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Fig. 2 Comparison results for simulated and observed water productivity using AquaCrop (V1 and V2 represent
SC500 and SC302, 11, 12, 13 represent 75, 100 and 125%, and D1, D2 and D3 present 75000, 85000, and 95000
plant/ha in SC500 and 80000, 90000 and 100000 plant/ha in SC302, respectively)
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Table 5 Minimum, maximum and average values for difference between observed and simulated yield, biomass
and water productivity using AquaCrop

Parameter Treatments Description Average Maximum Minimum
Yield
Variety V1 SC500 0.53 0.98 0.13
V2 SC302 0.50 1.23 0.08
Irrigation I 75 0.76 1.23 0.49
amount (%) 12 100 0.49 0.70 0.12
13 125 0.30 0.61 0.08
Plant density D1 75000-80000 0.65 1.23 0.20
(plan/ha) D2 85000-90000 0.48 0.73 0.12
D3 9500-100000 0.41 0.66 0.08
Biomass
Variety V1 SC500 1.66 2.60 0.46
V2 SC302 1.18 2.27 0.05
rrigation I 75 1.17 2.60 0.53
amount (%) 12 100 0.95 2.38 0.05
13 125 2.14 2.73 1.46
Plant density Dl 75000-80000 2.05 2.60 1.17
(plan/ha) D2 85000-90000 1.06 2.27 0.05
D3 9500-100000 1.16 2.73 0.53
Water Productivity

Variety V1 SC500 0.042 0.093 0.086
V2 SC302 0.028 0.061 0.022
Trrigation Il 75 0.056 0.093 0.022
amount (%) 12 100 0.039 0.099 0.002
13 125 0.010 0.046 0.022
Plant density D1 75000-80000 0.047 0.099 0.001
(plan/ha) D2 85000-90000 0.029 0.086 0.014
D3 9500-100000 0.029 0.083 0.022
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Fig. 4 Comparison results for simulated and observed water productivity using AquaCrop (V1 and V2 represent
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plant/ha in SC500 and 80000, 90000 and 100000 plant/ha in SC302, respectively)
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Table 6 Comparison of corn observed and simulated in validation period
Parameter D EF NRMSE RMSE MBE
Yield (ton/ha) 0.99 0.99 0.10 0.89 -0.83
Biomass (ton/ha) 0.99 0.99 0.14 2.47 -2.54
Water productivity (kg/m®) 0.99 0.99 0.07 0.07 -0.08
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Abstract

The importance of the corn plant has led to the widespread cultivation of different cultivars of this
crop in many parts of Iran. Since the study of environmental and managerial factors such as planting
density, irrigation amount and plant cultivar on grain yield, biomass and water use efficiency of crops
requires costly and time-consuming field experiments, it seems that the effect of various factors on the
crop yield can be stimulated using plant models. The present study was performed to evaluate the
AquaCrop plant model for two maize cultivars, mid cultivar SC500 and early cultivar SC302, under
75000, 85000 and 95000 and 80000, 90000 and 100000 plant/ha densities, respectively, with different
irrigation values of 75, 100 and 125%. The results showed that the AquaCrop model had good
accuracy (RSME = 0.89 ton/ha and NRSME = 0.10) in simulating grain yield and maize water use
efficiency (EF and d = 0.99). In simulation of corn biomass, this plant model had acceptable accuracy
(RSME = 2.47 ton/ha and NRSME: = 0.14) and good performance (EF = 0.98 and d = 0.99).
AquaCrop model also had good accuracy (RSME = 0.07 kg/m* and NRSME = 0.07) and efficiency
(EF and d = 0.99) in simulating corn water use efficiency. Based on these results, the AquaCrop
model is proposed to simulate corn cultivars under the mentioned conditions.

Keywords: Crop Growth Model; Early Cultivar; Mid Cultivar; Production Function; Water-Driven
Model.
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