Journal of Water and Soil
Vol. 35, No. 5, Dec.-Jan. 2021, p. 627-643

(55791 @ilio 3 pale) S g O @ i

FGErRT

FYV-FFY .o NFee 60— 13T o lois F'O b

o Jayl i e (Lycopersicon esculentum Mill.) K pas o8 sas 5 Ad ) (65 lwaneds

3 50es 5 03 5 Cma) (ol (690 (Solwand Y 1 S

F i Lo e e T S S L e T e (g e e = S ool
WAY/ V747 il 5o 4o )b

VRSOV oy b

daSe

2 el 1Bl sl sl dgame o tod BB T a8 (ol pogad 4 )bl Gl e 0055 At Ban b e 3 Sles gt

Conj ool (690580 (5ilodend jobate 4y sl 0 0313 dugs B Lawgs a5 Ol SlgssT jooe T Jio dalllas ol )3 ol ol Bl jln W55
oSl (65y9lS a8l SLiiog ae o 50 (lalojl A (riwcono g (rwly lel il o)y oo (S5 jpansS 5 Sles g 035
sleodly jloslitwl Uy Joo ovwwconus ¢ WWAD Jlo laodls jloolaiwl b Jao (owly a Tyal WWAO=IYAF ol)5 Jlo 90 )0 dguiio (auwgd )y
2o hal (W 5b a3 B0 5 V8) bl o5 5 (o o o Veo) ol oyl Laulys cos ol SlgsST Juto aalllan ol 53 s ploil VYRS L
oS Loy sllad Slaye (5S0Lee jlosliiwl Ly Jao (L5 48 (i oo 5 (il (584005 Jpame sl (il 5 (iugy Ao 9
(il ot a I S13g ST Jaa 85 )5 b5 3,90 (RP) s o 5 (0) ogebg 3815 (a3ls (EF) Jao 2,5 (NRMSE)
SHbol slaasls palie L e bl lojloss dod sl (55,845 55 o900 Sid 3 Slas 5 S aw (Vb o395 ol (59000
R?=-/A5 d=-/a5 NRMSE=/3/aY 4 -/AY<R?<./a4 -/Af<d<) JY/f<NRMSE<yY/ R?=./av d=-/A0 NRMSE=/\¥/A\
- [AV<RZ<- [AA +/20<d<\ /FO<NRMSE</Y\/¥ R?=-/¥¥ d=-/2+ NRMSE=/\Y/S¥ ( swcons als o Job 55 05 oxily
ol sy (K594 95 g0 s 5Slos 9 S pdaw (Y 035 Canj il (6 y90 00 (sl iy R2=+/20 (d=+/20 NRMSE=/\o/5¥ 4
2l o sl 015 sanlie 3Slae 5 1o s 5Vl 235t el (39000 ol (s3ltand 53 S STygST Jao U5 IS 4o

2,8y ials OF as (allL Jse o) 3534

Gl x50 e giloJde silel o5 csiali 5 sugy Al yo il SToeST 1 5 IS Ga031g

NF) o)l (8465 (YL b asgi b (YY) 295 axlge o
e Joloe oyt 51 (S ol Al s 4y 5 (VA5 VY
Sl bl s5mpaeli il oo olS a5 5 43, 0 ISl
28y (YF) Conl oo Sl (S5 84255 (&S 5 (08 3, Mes Sl
S (slosnpy (2l G5 Il )3 s (SpensS olS sal
solio sl oo (gjlwdnd gladse nlply osl oty
9 0AZi e (62 )UB) qud9l 9 (gt O U WS e dbx
iyl slaylnl plgis 4 A8 (oo oy ) olS AD) &5 by
(M) 858 Jos
SRS gly) 5y Shas 45 AL s cul e Sy
P Soieden s 5 pdee i bl 5 o ) ALy <l
S)SlggSTUYY ¢ ¥+) 08 o (silodnds Ol Codgame 4y STy

doddo

Ol Byme (ialS (6550l Gisu 0 (Bly sl 5 (S

Ol by 4 g) Cmen L 390 4035 (el Sl e 3 4
3980 st (2 dere Cae Sie slaplil el ASl o
b li8l aspd Ve 290 ¥Vebr o U (g5,0liS” G B puas &S
o Feo2g S LYY Jlo b lea ;500 o)l 40 b (YA)

0uSild ¢ 65919109 ,51 09,5 ¢ ybliwl § (6,8 (goziily iy =Y 4 ¥ o)

M (w95 oSl «g5y5liS

(Email: mnassiri@um.ac.ir (s o g — )

905 Qlolid (b @lie 5 505liS Shisel 9 Slados S5 oy -F
DOI: 10.22067/JSW.2021.15035.0



http://dx.doi.org/10.22067/JSW.2021.15035.0

VEoo 65— 13T 8 ojlod ¥ alo (S g o 4,55 FYA

548y b Saomy s 4 (Syhar s sg00ub A3 o)

Sl cewlass )3 )1, 8 giludas liie ds gl 3y90 yieS ¢(So0d
3j9=0 2 Ol 2 (NPaa S () = 485 plodl ldlas
Lo pte (Shg &5 28boe 918 pogaste Sl (S5 paxgS
Sy iy 05K 0w b o o Hb G s 48 sl oyl
503 9 b (il polaie &y (gladllae (15ST (S)b 5l 35S o
aslllas | Bua plpls sl 8,55 g olpl 3 (S5,84065
Silwdad o 55505 Ly ()55 903 9 A5 (Silwdnd p5l
AST555T Jae 5l o3litl b 51 5,Sles 5 0355cums ol 6302

W yg; 9 dlge

21581 958T Juo
oS (S auS13 )5 (o Lygo 35 & e plon
Gl oS bawg i 3980 Joad b uig: S 4 g 5,k
9 V) Sl cunlite 03g5Cunn M5 b 335 (e 9yl jl 9o
- Ja_.w95 XV 9 uT 9 04 J..Jy 0395 ) (gt aayly .(Y&
a pesde gly g Ol ol lulyd gl (LS o1 WS
ilwdnis jolaie amy Ul ySTge ST gl 5l el ad &ygi0
Sis odla) oui Jloy olS o 690k BU £9 5l 0355 Cum ;
Ol 43ly 22 L e daw S5l 53 (305 gaw (VL 03 A5
Jie an walaly oyl S e odlil (e o) 4l gy o
S 1o 1) ClS19g8T &8 gl 1 g amo oo S5 1y ol STgesT
() adasly 5l o35 (siloasd yolate & cplplly Aol oo yoe

Z(Ya 9 YY) .)9wu.o oalaiwl
B=WP-XTr () o,
(@ye yio 33 p)SS) SB g (YL o3gicunn; B )] 5 o
(rtocshee) TP 5 (@ye 5o 3 p)59kS) o loys (590 500 WP
bl e olS (55
(HI) ccislbyy (adls il o Slas dnlo jglate 4 ol S1g65T
Job ) (Jgae JoSuli 98 53 G5 (loj ) dogi b oad oo
A o ol |y STy gy 5 Slos apuslors
Y =fu HI,B (\”) 4]4.3])
DLt o e o33 p,55k8) 3,Kkoe Y e ol
o yd f)fﬁ_LS) S (":Ja_w d\fl_i 03¢5 Sy B >y &uﬁ]bﬁ
9 423 e yl) 8 e |y La i 1 &S sl (o p5 Tt g (@)
WSS o BT 095z e jlife 4y Cand Iy Cudld gy e ld
lon slod g Ol e i Codd g oy 4 cudlyyy (adls qulass
by asls o i 8l o) (S a3 0y90 Job

ol oS 0329 ¢ oo (Slo i ) (onsg i sl il
auSleed elale 151 g aS o dulne olS ) ) olod
Sl pshams o 8 ety (ol Ol go e 2 32 S
b o 0 S )5 g e polis (U et
glite blyd )3 0355 Mg lp Jao (Heiwly b padtns
() 950 48)5 Jlai )3 oy 3)90 adlaie (5155 9 (il

ASlgeST Jace o a8 g oy Jpamo 3,Skas oy dlai
2 A4S 395 0 Capogs (slodkw dlayly dwss F) Cul oad ool
G 5 e 50 ol (g S L (i 3 Shos ialS
) dasly) ol b po
(1-3) =5 (1-5) \ by,

S g Blg 0y Slas iy 4 Yx g Ya dlaly copl 0 &S
iy 4 ETx 9 ETa ¢ oo 3, Shos il (1-Ya/Y) (ton/ha)
o (opms (15 (L-ETAET) (mMm) yiSlas g (osBly 5,5 5 e
3k JalS Gy el o) T3 Shes Gl oo Ky
Gl oyt Ml (B35 9 35 )3 (o I 5 (oo
Sl Byae 5 15 e oty bailg) 5l (slasgezme (Ky) 5,8kes
5 i Seissm Seatald 5l (gl 48 Cusl oS Lawsgs
() dzen S35 o obewd

il o st 4 SlSTossT Juo b (talesl iz
il cla i Jlael & guoly )3 Jgaseo 3,Skes 5 ()bl o5
(V) Ohbsor 5 LT ol 00 plosl o 51 (ixpmsg oo 5> (o
i 3l 5,5 50 Jgmaomo Ol CByae S50 pelato 4y Ol STysT |
S Ol g g olS 43y gy slaie 4 (V) S 5 0]
Sly g g8 ol wgiz o e ol oy pse cov
sgte B Ly o)Ll o e claslital b)) e (1)
sl (V) ohlSon 5515k 5 ol gtz )3 (55,5liS Ol G pas
ey (bl il slacspliul Ol (5500 9 o2
25,8 ealawl

st a e slatalafl posd 5 Slallles 5l gk
(=) (SLE (ool gt bilyd 3 gudS sl il )y ominly
(OVF 9 YY e ) aledls sl (slde o slaco pie g (k]
il A S15e 8T i 48 5ol i (V) olylSat g oo 1S
Sl Ghs g lulyd 3 1) (Sjpanss 5 Slas 5 oS 035
45 Sl Jls 3 ol S ilodnnd 098 4 o bawgie 5
by s IS chend O b 15 bl 53 0 )Sles (gl
wrsas 4 (W) Cosl odzmy Sl slodsdy (5,84255 olS 50
25 )8 55 2 G5 odzy i 56 Cos o e

1- Yield response factor
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Figure 1- Daily meteorological data for Mashhad, Iran, during crop growing season in the two years of the experiment

(2016 and 2017; Mashhad Weather Station)
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Table 1- Physical and chemical characteristics of the soil
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Depth (cm) Texture K (mg/kg) (mgljkg) Total N (%) EC (dS/m) 0OC (%) OM(%) pH
0-30 Silty clay loam 289 135 0.076 6.75 0.65 1.12 8.15
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Table 2- Description of experimental treatments

(! sope)) slow
Treatment (irrigation regimes)

Jloni o gl
Description

100V-100R

(Lo o) 13y Jolye (ooles p> (ol s 2umpd Voo ()bl Jlos

Irrigation applied 100% water requirement at the all growth stages (full irrigation)

100V-75R

el Ay )3 ol 5L 2o VO g g dlsye y3 T Ve bl Lol

Irrigation applied 100% water requirement at the vegetative stage and 75% water requirement at

100V-50R

the reproductive stage

el Al g )3 ol 5l a3 B g g dlsye p3 (s ko) Ver o)l Jlesl

Irrigation applied 100% water requirement at the vegetative stage and 50% water requirement at

75V-100R

the reproductive stage

ol Al po )3 A Sl Vee g ptagy s ye 53 (T 5o 003 VO lol Jlec!

Irrigation applied 75% water requirement at the vegetative stage and 100% water requirement at

75V-75R

the reproductive stage

el dloye )3 (ol Sl 203 Y0 g (oygy aloye )3 55 203 VB (gl Jles]

Irrigation applied 75% water requirement at the vegetative stage and 75% water requirement at

75V-50R

the reproductive stage

el oo )3 ol Sl 203 B0 g (g aloye )3 ol 55 203 VB (gl Jles]

Irrigation applied 75% water requirement at the vegetative stage and 50% water requirement at

50V-100R

the reproductive stage

el Al po )3 (ol 5l do 3 Ve g gy Alspe )3 s o3 00 o)l Jles!

Irrigation applied 50% water requirement at the vegetative stage and 100% water requirement at

50V-75R

the reproductive stage

el dloye )3 ol Sl 203 Y0 5 (oagy aloye 3 gl 55 a0y 00 (gl Jles]

Irrigation applied 50% water requirement at the vegetative stage and 75% water requirement at

50V-50R

the reproductive stage

ialy dlye )3l 55 003 00 g (g Ay 3 5l 10y 00 olel Jlas]

Irrigation applied 50% water requirement at the vegetative stage and 50% water requirement at

the reproductive stage
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Table 3- Amount of water applied in different irrigation regimes

()bl sowe3)) slow gy Al o ]y Al o Wy Juad J5
Treatment (irrigation regimes) Vegetative stage (mm) Reproductive stage (mm) Total growing season (mm)
100V-100R 253.4 951.1 1204.5
100V-75R 253.4 713.3 966.7
100V-50R 253.4 475.6 729.0
75V-100R 190.1 951.1 1141.2
75V-75R 190.1 713.3 903.4
75V-50R 190.1 475.6 665.6
50V-100R 126.7 951.1 1077.8
50V-75R 126.7 713.3 840.0
50V-50R 126.7 475.6 602.3
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Figure 2- Comparison between measured and simulated values of water productivity (kg m=) from all water
treatments for calibration and validation
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Table 4- Statistical indices derived for evaluating the performance of AquaCrop model in predicting water productivity (kg
m®) for calibration and validation
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sl dand dls
d)SimJIation’o Model evaluation indices
RMSE NRMSE(%) d R? RE ME
< a ‘? 0.09 14.81 0.85 0.93 -13.86 0.23
Calibration
Sl 0.07 13.64 0.90 0.87 -10.29 0.66
Validation
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Table 5- Comparison between measured and simulated values of water productivity (kg m-<) from all water treatments for
calibration and validation

Soly o Couo
ol e, Calibration Validation
Irrigation regimes LXWTRTW a.\g‘_;}uw RE (%) dawd s bive oqﬁéd}uw RE (%)
Measured Simulated Measured Simulated

100V-100R 0.70 0.66 -6.0 0.71 0.67 -5.6
100V-75R 0.72 0.63 -12.7 0.71 0.67 -6.0
100V-50R 0.71 0.68 -4.5 0.53 0.43 -18.6
75V-100R 0.53 0.46 -13.3 0.58 0.44 -23.6
75V-75R 0.69 0.58 -15.5 0.65 0.58 -11.1
75V-50R 0.76 0.65 -14.3 0.47 0.45 -3.9
50V-100R 0.55 0.47 -14.5 0.50 0.47 -5.1
50V-75R 0.54 0.40 -26.2 0.43 0.39 -8.5
50V-50R 0.44 0.33 -24.8 0.31 0.34 -10.0
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Figure 3- Observed (Bobs) and simulated (Bsim) values of aboveground biomass under different irrigation regimes during
growing season for calibration (2016 year)
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Table 6- Statistical indices derived for evaluating the performance of AquaCrop model in predicting above-ground biomass
in different irrigation treatments

Jse b, sas e

Silwand dls o Sl s, S
Simulation Irrigation regimes Model evaluation indices
RMSE NRMSE(%) EF d R? RE ME
100V-100R 0.98 10.8 0.97 0.99 0.98 -0.66 0.97
100V-75R 0.42 7.4 0.98 1 0.99 -54 0.98
100V-50R 0.70 15.5 0.87 0.97 0.96 -6.01 0.87
ol 75V-100R 0.81 12.7 0.96 0.99 0.98 -2.14 0.96
Tl 75V-75R 1.00 19.7 0.89 0.97 0.95 2.44 0.89
Calibration 75V-50R 0.71 20.3 0.85 0.97 0.95 5.30 0.85
50V-100R 0.83 14.1 0.94 0.99 0.98 -5.30 0.94
50V-75R 1.07 22.9 0.79 0.96 0.94 1.09 0.80
50V-50R 0.66 23 0.71 0.94 0.92 -0.78 0.71
e 0.79 16.26 0.88 0.97 0.96 -0.73 0.88
Average
100V-100R 1.07 11.7 0.96 0.99 0.98 3.54 0.96
100V-75R 0.78 18.6 0.90 0.98 0.97 11.02 0.90
1007-50R 0.83 20.3 0.83 0.96 0.92 1.86 0.83
oo 75V-100R 0.68 10.6 0.97 0.99 0.99 2.75 0.97
TR 75V-75R 1.07 21.3 0.87 0.97 0.95 9.94 0.87
Validation 75V-50R 0.64 19.2 086 096 093 1.98 0.86
50V-100R 0.37 6.5 0.99 1 0.99 1.35 0.99
50V-75R 0.87 19 0.85 0.97 0.96 7.01 0.85
50V-50R 0.57 20.5 0.76 0.95 0.95 7.00 0.76
oSl 0.76 16.41 0.89 0.97 0.96 5.16 0.89
Average
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Figure 5- Comparison between measured and simulated values of dry yield from all water treatments for calibration
and validation
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Figure 6- Comparison between measured and simulated values of fresh yield from all water treatments for calibration
and validation
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Table 7- Statistical indices derived for evaluating the performance of AquaCrop model in predicting fresh and dry yield (ton
per ha) for calibration and validation

Jso b)) sapas L

8 5lwrdaad dls yo ogx0 3 Nhos SN
Simulation Fruit vield Model evaluation indices
y RMSE NRMSE(%) d R? RE ME
s i 28 0.39 9.97 0.96 0.86 0.75 0.86
Calibration Dry yield
7 K 7.32 12.40 0.97 0.90 -5.99 0.87
Fresh yield
S i3S 0.54 15.64 0.95 0.95 10.13 0.85
Validation Dry yield
7 K 6.27 11.80 0.98 0.96 4.2 0.94
Fresh yield
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Table 8. Comparison between measured and simulated values of dry yield (ton ha) from all water treatments for calibration
and validation

ey R Lo
bl slawss, Calibration Validation
Irrigation regimes sdosnlis b-\fid;‘bw RE (%) oddosnlia °~\_“’3«55L“‘*:<*3 RE (%)
Measured simulated measured Simulated

100V-100R 5.79 5.52 -4.6 5.89 5.57 -5.4
100V-75R 4.87 4.45 -8.7 481 5.18 7.7
100V-50R 3.74 3.06 -18.2 2.77 2.95 6.5
75V-100R 4.07 4.00 -1.6 4.42 4.20 -5.0
75V-75R 4.24 4.19 -1.1 4.03 4.17 3.5
75V-50R 3.55 4.18 17.7 2.20 3.03 37.7
50V-100R 3.91 4.29 9.8 3.52 4.10 16.5
50V-75R 3.03 2.95 -2.7 2.29 3.07 34.1
50V-50R 1.81 2.10 16.0 1.27 2.09 64.6
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Table 9- Comparison between measured and simulated values of fresh yield (ton ha) from all water treatments for
calibration and validation

Sly PP SOV v
&bl sl Calibration Validation
Irrigation regimes s liv oa.fs&;uw RE (%) oo live o.\..:;d,uw RE (%)
Measured Simulated Measured Simulated
100V-100R 99.81 92.05 -7.8 101.01 92.83 -8.1
100V-75R 71.69 63.53 -11.4 71.13 74.00 4.0
100V-50R 51.58 33.99 -34.1 34.28 32.78 -4.4
75V-100R 9.49 66.73 -4.0 75.50 70.00 -7.3
75V-75R 61.24 59.91 -2.2 58.24 59.57 2.3
75V-50R 44.02 46.43 55 27.19 67.30 23.8
50V-100R 66.73 71.55 7.2 60.13 68.33 13.7
50V-75R 44.68 4211 -5.7 35.03 43.86 25.2
50V-50R 22.22 23.32 5.0 15.66 23.22 48.3
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Introduction: Predicting yield is increasingly important to optimize irrigation under limited available water
to enhance sustainable production. Calibrated crop simulation models therefore increasingly are being used an
alternative means for rapid assessment of water-limited crop yield over a wide range of environmental and
management conditions. AquaCrop is a multi-crop model that simulates the water-limited yield of herbaceous
crop types under different biophysical and management conditions. It requires a relatively small number of
explicit and mostly-intuitive parameters to be defined compared to other crop models, and has been validated
and applied successfully for multiple crop types across a wide range of environmental and agronomic setting.
This study was conducted as a two-year field experiment with the aim of the simulation of water productivity,
above ground biomass and fresh and dry yield of tomato using AquaCrop model under different irrigation
regimes applied at two growth stages in Mashhad climate conditions.

Materials and Methods: A two-year field experiment was conducted during 2016-2017 growing seasons in
the experimental field of Ferdowsi University of Mashhad located in Khorasan Razavi province, North East of
Iran. The water-driven AquaCrop model developed by FAO was calibrated and validated to simulate water
productivity, above-ground biomass and yield of tomato crop under varying irrigation regimes. AquaCrop was
calibrated and validated for tomato under full (100% of water requirements) and deficit (75 and 50% of water
requirements) irrigation regimes at vegetative (100V, 75V, and 50V) and reproductive stages (100R, 75R, and
50R). Model performance was evaluated in terms of the normalized root mean squared error (NRSME), the
Nash—Sutcliffe model efficiency coefficient (EF), Willmott’s index of agreement (d) and coefficient of
determination (R?). The drip irrigation method was used for irrigation. The tomato water requirement was
calculated using CROPWAT 8.0 software. The irrigation water was supplied based on total gross irrigation and
obtained irrigation schedule of CROPWAT. The 2016 and 2017 measured data sets were used for calibration and
validation of AquaCrop model, respectively.

Results and Discussion: Calibration results showed good agreement between simulated and observed data
for water productivity in all treatments with high R? value (0.93), good ME (0.23), low estimation errors
(RMSE=0.09 kgm?®) and high d value (0.85). The goodness of fit results showed that measured WP values were
closer to simulated WP values for the validation season (2017) than for the calibration season (2016). During
calibration, (2016), the model simulated the biomass with good accuracy. The simulated above ground biomass
values were close to the observed values during calibration (2016) for all treatments with R? ranging from 0.92
to 0.99, NRMSE in range of 7.4 to 23%, d varying from 0.94 to 1, and ME ranging from 0.71 to 0.98. Validation
results indicated good performance of model in simulating above ground biomass for most of the treatments
(0.92 < R? < 0.98, 6.5% < NRMSE < 21.3%, 0.76 < ME < 0.99). During validation (2017 growing season),
overall, the trend of biomass growth (or accumulation) was captured well by model. However, the range of
biomass of simulation errors was high, especially in treatments with higher stress. Accurate simulation of the
response of yield to water is important for agricultural production, especially in an arid region where agriculture
depends closely heavily on irrigation. During validation, the model predicted dry and fresh yield satisfactorily
(NRMSE = 15.64% and 11.80% for dry and fresh yield, respectively).

Conclusion: In general, the AquaCrop model was able to simulate the observed water productivity, above
ground biomass and yield of tomato satisfactorily in both calibration and validation stage. However, the model
performance was more accurate in non- and/or moderate stress conditions than in sever water-stress
environments. In conclusion, the AquaCrop model could be calibrated to simulate growth and yield of tomato

1, 2 and 3- Ph.D. Candidate and Professors of Agrotechnology Department, Faculty of Agriculture, Ferdowsi University
of Mashhad, Iran, respectively.

(*- Corresponding Author Email: mnassiri@um.ac.ir)

3- Associate Professor, Agriculture and Natural Resources Research Center Khorasan Razavi, Iran

DOI: 10.22067/JSW.2021.15035.0



PYY L (34005 goi g oy (g5 lwaud (o) Ke g (553

under temperate condition, reasonably well, and become a very useful tool to support decision on when and how
much irrigate. This study provides the first estimate of the soil and plant parameter values of AquaCrop for
simulation of tomato growth in Iran. Model parameterization is site specific, and thus the applicability of key
calibrated parameters must be tested under different climate, soil, variety, irrigation methods, and field
management.

Keywords: AquaCrop model, Deficit irrigation, Modelling, Vegetative and reproductive stages, Water
productivity



