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Table 1- Soil physical and chemical properties of field studied

ol se oo ok se oos
Parameter Depth of soil (cm) Parameter Depth of soil (cm)
0-30 30-60 60-90 0-30 30-60 60-90
SB sl . .
; Clayloam Silty clay loam Silty clay loam K (mg/kg) 261 278 195
Texture
Bre (1) 334 P (mg/kg) 92 115 103
Bpwp (/) 19.7 o oS 053 042 -
Organic carbon (%)
Osat (%) 41.84 44.83 45.93 pH 761 7.72 7.78
o EC (dS/m) 21 27 29
gl Sopsdl ceba g 65.3 95.2 @l omsasarr e 145 19
Ksat (mm/day) A (g/mg) . . .
PS5 ey gyl (55154005 - Jgo
Table 2- Irrigation scheduling of wheat basins
el e 29 ‘5’L"“"_ &_’b ) S = Is(mm) ls(mm) Iz(mm) I1(mm)
Day after sowing  Date of irrigation Number of irrigation
2 2005/16/11 1 30 30 30 30
103 2006/24/02 2 35 53 53 87
117 2006/10/03 3 38 57 57 95
131 2006/24/03 4 45 68 68 114
154 2006/16/04 5 49 73 73 121
165 2006/27/04 6 45 67 67 113
175 2006/07/05 7 40 60 60 100
Sum (mm) 282 408 408 660
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Table 3- Non-conservative cropt parameters for growth periods of two winter wheat varieties

- PO - RETIRS D)
Sl L) w9 ) Salyb v 2 Roshan
Parameter Ghods Roshan Parameter Ghods variety
variety variety variety
adgl s c .- )
Initial canopy cover Start senescence (day)
(CCo,%) Y.
S S 4000000 4000000 SI55 ey 185 186
Plant density (plant/ha) Maturity (day)
5 235 09 b
g™
o 10 11 Length of flowering stage 16 18
Emergence (day)
(day)
o 120 121 Reference harvest index 36 40
Flowering (day) (Hlo,%)
5 3l slad plplin )l (o Colus (S5 5 ylol O
Joe b pioman g0 aalgs (olasl b LT (g pSojll Coy g gl
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Table 4- Non-conservative cropt parameters for growth periods of two winter wheat varieties

Oyt sl 15<5, 0.3< Se<L5 0< Se<0.3 Se=0
Range of Sc
ol b 5L Comlie Lusgie Comliue oS Camlue ol 9

Sensitivity level

High sensitivity Moderate sensitivity ~ Low sensitivity

unsensitive
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Table 5- Sensitivity coefficient (Sc) of selected imput parameters of AquaCrop model

Je (5399 512 ool Se (+25%) (-2?33 oy Sl 2,3
Imput parametersof model % Sensitivity level
O 8B B 2y 1.03 1.04 Moderate
Crop coefficient for transpiration (Kctr)
S of 0.05 0.05 Low
planting date
OS5 D) 2y 0.2 0.1 Low
Canopy growth coefficient (CGC)
ol Jloy ol 90 4
o ’ . . 1 1.02 Moderate
Water productivity normalized (WP”)
L el b . 1.02 0.92 Moderate
G0 SRS Reference harvest index (Hlo)
Agronomic parameters by s s s
RO o) -0.04 -0.03 Low
Time to reach emergence
g oSl & e, 0lej 017 -0.05 Low
Time to reach maximum canopy cover
2 & ) oo 0.02 0.01 Low
Time to reach flowering
35 b ",
P o) 4’19 0 0 Unsensitive
Length of flowering stage
> Y il 2> 0 001  Low- unsensitive
Upper temperature
Orc -1.16 0.54 Moderate
SB gl iy Osat -0.04 0 Low- Unsensitive
Soil parameters Opwp 0 4.43 ngh- Unsensitive
Ksat 0 0 Unsensitive
] I3 0 -0.01 Low- Unsensitive
bl Gas l4 0 0 Unsensitive
Depth of irrigation I2 0.06 0.11 Low
I1 0.22 0.36 Low-Moderate
o I3 -0.04 -0.07 Low
el ol 98 I4 -0.04 -0.06 Low
Irrigation water salinity 2 -0.09 -0.16 Low
I1 -0.13 -0.21 Low
el o> 0.02 056  Low-Moderate
. Maximum temperature
Climate parameters il
S 0.01 0.12 Low
Rainfall

9 Orc 40 S5 ()58 5 Cugb) (Jpame 3 Shos (gilwdnd
sl yiol)ly o wly Cowd o cplpls ! (wlaws Osat
9 Cusb) (Jgame 3o polie el 93 (pl e b (Sgyden
e 90,8 (oo yiS lejen 0ab (gilwand SLS ()95
o0l ppolie s s oy a8 oS Sloj b Ot g O (sl yzal L

AquaCrop Jss caiwoas g il g s kel galis
S £, s yed g b,

ool LT s § SB (gm0 (oxisly sla il
F ol ey 4 SB gy 699 5 Cughy gilwand sl
Jae ol L Cuwlus JJUT 457 ) @ dn g5 b el o 03,91 Y



Yo

i puan 115 g 0 S hos (3 lwdanis yslkie 4 AQUACTOP Juo (szxiuw Hlis!

Jhdie) 8Bl go w4 SO slon (Jde (Priwcions g (oxily
RwCons o (Priwly dls o )3 i 4 Cusb) sl RMSE
VYAV o YYIAF (s 4y 6y9m sl g 2uoyd VW/PF 5 VVNR
Gl 0dd (ouiwly (095 4 Jdo a0 oyl &S (Wbl o Juoyd
5y Slos (giluwdud jl oy (V) SV 9 MLS dbayly e )
250,835 1L 5 AquaCrop Jas 1 eslaiwl b S cogbs,
sl e SUs by (il cely ammbio 5 Jao &S
Eomess ey 55tz (sl d RMSE R joli (5 ks
O oo ol kel oy +/A% 9 FAFMM /A CS 5 4 S
YL et b cul diuilys Jae aS ol lis 35 (V) o, o
RMSE j:3lde o5 (g)sbo & 08" (giloand 1) S 2 )ns Cugh,
il g 2oyd VALV 5l S gas & Cugby 35900 <l

pwaS 3 Slas
A Jgi 3 paiS o3) 93 (sl oad oxily (LS sl yiel )l
Uiy gdaw ey Sl yuolie odgdote A Joda 53wl ol 451,
Uiigy il oy (CGC) by Aby cu po (CCX) LS
ol y o 035 a3l Cunvg jl odlatwl b ayy 3ee ,iSlis 4 (CDC)
2LS oo i WU Sriwly e 5 e AQUACTOP e
e Glen (WP¥) ous Jlo i ol (55900 9 (Keer) 35 sl

W 43 )3 a5 0 Jde Cuwgy ) ol &5l

So9=b 9 Consb) (Jgmame 3y Slas) 0dd (gjluodud g 00d (55
aS) Kaat 9 Opwp yzolys 93 s sl aalsl ] oy (S
ilwans 1 Lal g5l Ll 4y 5 Shas (g5bods )3 o
o3y (udld o8 Copwlun Ll ) Connd SB (5)95 5 Cugh,
5 0Mb (5503l (6)98 5 Cagby plie (568 sld b wus
355 uols 00 (g jluodpsds
YO N0 D slasl )3 SB (5)58 5 Cusb) &5 (pl 4 a2g5 L
aly) o b) yio slo VFD 5 1YY VY QY AY 52 .00 O X0
Jbo 5 Xt S S8 3 Blacl ) 5352 008 (sl (oS
P SE G)ed g Cugh) aly) Gos a5 b 28 i psb 4
Cugby bwgio 3855 (pl 3 cplply (wledie (Silodend Gos VY
(Bl YO 5 ¥0) o yio 5l V0 9 ) (3losl 0 (gjlwdend (5)5 4
4 (e 8lo A 9 AY) g (yia g5le £2) o o Lo B0 5 ¥O) (2o
A FeoFe Voo Ve Gloel ()95 9 Cagb bawgie (lgis
Y Jsir 3 9 bplon A 48,5 55 5 e il Ao 55
S99 Cugby (auwlio CBd b sl didlys Jao 294 oo oaliio
50 ME RMSE Lusgio (6 yplie iylod (gilodns |, SB & e
BN 9o VA o> YEIAY o 0 WIVE (s 4 Cagby (sl R?
o 1OV 9o IVY o 3 OYIAR o d VEIY iy & (5905 sy
Jho 0> S lgiee s ] slom jasls yolio 4 drg L il
el 0390 SIS Ey0a5 (6958 1 by Csby (gilodnd 5
o yo s by o o)lol clopasls # Jpix 4 4295 b izman

SB & omtd S99 Cugby (Sl (510 S (Sg i o (oiawly (s kel )b —F Jgs
Table 6- The calibrated soil hydraulic parameters for simulation of soil water content and salinity

SE Gos Orc (%)  Opwp (%)  Osac (%)  Ksae (Mm/day)
Depth of soil (cm)
0-30 30.7 165 356 42
30-60 31.0 17.0 36.0 60
60-90 31.0 18.0 42.0 79

SB E o S99 9 Cugby (5lwdand 3 Jio B3 (s gl (g )lo] (S pas LS 23lie Y Jgoa
Table 7- Statistical parameters for determination of model accuracy for simulation of soil water content and salinity

Pl 0" NRMSE (%) ME®%) d CRM R?
Parameter Method
ly 11.19 2753 081 006 0.62
SB g, calibration
soil water content  _xwwcons 12.34 26.16 0.78 0.05 0.60
Validation
ely 23.94 5115 074 0.8 058
SB gy98 calibration
soil salinity TS 24.87 5463 071 021 055

Validation
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Table 8- Calibrated crop parameters for simulation grain yield of two winter wheat varieties

Roshan Ghods

Roshan Ghods

Parameter . . Parameter - )
variety variety variety variety
ox3 Jloy ol (6590 %
Water productivity 15 15 Ll )3 ndijy b dim capid S1 1 1
normalized (WP")
Sgd
Ay Bos Sl stress coefficient for stomatal
Maximum effective rooting 15 15 closure in salinity conditions Sz 0.65 0.64
depth (Zrx, m) (Ksto,satt)
ity g oo Sle St 90 89 Ss 0.55 0.53
Maximum canopy S2 86 85 51,52,S3 0.55 0.53
cover Ss 83 72 o St 10.1 11.85
(CCx, %) $1,52,53 83 72 L’““(’f T“"’ “'”"’jﬁfl - S 10.16 11.9
. . . canopy decline coerncien
b Ay oy St 6.1 5.5 (CDC. %) Ss 10.23 11.85
Canopy growth S 5.91 5.4 S1,52,S3 10.23 11.85
coefficient S 5.83 5.25 85 sl (U5 s 1.1 1.1
(CGC, %) S1,52,33 5.83 5.25 Crop coefficient for transpiration (Kcrr)
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Table 9- Calibrated water stress coefficients for simulation of grain yield of two winter wheat varieties

St 81t o 55 s SR O e

j 3 axwgd ¢l T i o g
Sl ‘.s;}x: Jlowi ¥ sl» s{' ‘;»w = 5 o a3, ey o039 S
3 Lows Tewly T id .- Soil water stress
Vaﬁ;ty Tre)atment Irrigation stress coefficient for canopy V\%E,e's’t(s)tr';i:tsaf%?gﬁ:%nt coefficient
treatment for expansion (Ksexpw) (Kssto) for canopy
calibration sto senescence (Kssen)
Pupper* Plower* fshape* Pupper fshape Pupper fshape
o9 S1 la, 1 0.2 0.65 5 0.42 1.8 0.50 1.9
Roshan
S2 la, 1 0.2 0.65 5 0.40 1.2 0.49 1.7
S3 la, 1 0.2 0.65 5 0.40 0.7 0.49 Linear
S1,52,S3 la, 1 0.2 0.65 5 0.41 15 0.46 2.7
U»AS
Ghods S1 la, 1 0.2 0.65 5 0.39 1.1 0.48 1.9
S2 la, 1 0.2 0.65 5 0.38 0.7 0.42 Linear
S3 la, 1 0.2 0.65 5 0.33 0.2 0.42 Linear
S1,52,S3 la, 1 0.2 0.65 5 0.38 0.6 0.40 Linear

ool 3 39 on pasiie JSB )eS L ol £ AL (xie 2T i yloges &S el bl oo JS5 5581 5 S8 Ol alsS k5 Y s (s 4 T R X
Lol (Jos bges &yao
*** and *** are upper and lower soil water depletion threshold and shape factor. If water stress curve be convex, it will determine
whit shape factor, otherwise water stress curve is linear.
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Table 10- Average of absolute relative error (RE) for simulation of grain yield for two winter wheat varieties

S1,52,53™
S]_* S, Ss Ob}m
‘_s;l-:-ri o o9 (Simultaneously)
Irrigation treatment Method : _ . RE (%) _ : _
Gw9y) e gy e gy e gy e
Roshan Ghods Roshan Ghods Roshan Ghods Roshan Ghods
12,14 _.;.wl? _
Calibration — (sSke g g 2.9 5.3 9.3 71 138 79 114
ls WW Average
Validation
I2,13 __;.wl? _.
Calibration oSk g4 3.0 5.4 82 182 147 128 129
Il WW Average
Validation
11,12 WI’ _
Calibration (3L 5.7 2.9 48 8.4 231 189 111 129
Ia.la PR ons Average
Validation
I1,14 WI’ _
Calibration ok =55, 57 37 75 66 129 68 102
12,13 TS Average
Validation
11,13 WI’ _.
Calibration — o&ke g4 30 55 81 179 163 125 119
Iy la T Average
' Validation
13,14 “.?'WI? _
Calibration (il 3.9 4.9 7.9 9.7 14.9 9.7 12.3
2 WW Average
Validation

o2 b lojen (63 slass du o opus (sllad (3llae )18 (Slie g § 225 (oo g (el wbgrye )] slales Jl odlitl b 658 oy (sl Jao
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* The model was calibrated and validated separately for each salinity treatment using the adopted irrigation treatment (column 1) and
then, the average of absolute relative error (RE) was calculated for two cases of calibration and validation.

** The model was calibrated and validated simultaneously for three salinity treatments using the irrigation treatment (column 1) and

then, average of absolute relative error (RE) was calculated for two cases of calibration and validation and three salinity treatments.
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Introduction: FAO AquaCrop model (Raes et al., 2009a; Steduto et al., 2009) is a user-friendly and
practitioner oriented type of model, because it maintains an optimal balance between accuracy, robustness, and
simplicity; and it requires a relatively small number of model input parameters. The FAO AquaCrop model
predicts crop productivity, water requirement, and water use efficiency under water-limiting and saline water
conditions. This model has been tested and validated for different crops such as maize, sunflower and wheat (T.
aestivum L.) under diverse environments. In most of arid and semi-arid regions water shortage is associated with
reduction in water quality (i.e. increasing salinity). Plants in these regions in terms of water quality and quantity
may be affected by simultaneous salinity and water stress. Therefore, in this study, the AquaCrop model was
evaluated under simultaneous salinity and water stress. In this study, AquaCrop Model (v4.0) was used. This
version was developed in 2012 to quantify the effects of salinity. Therefore, the objectives of this study were: i)
evaluation of AquaCrop model (v4.0) to simulate wheat yield and water use efficiency under simultaneous
salinity and water stress conditions in an arid region of Birjand, Iran and ii) Using different treatments for nested
calibration and validation of AquaCrop model.

Materials and Methods: This study was carried out as split plot design (factorial form) in Birjand, east of
Iran, in order to evaluate the AquaCrop model. Treatments consisted of three levels of irrigation water salinity
(S1, Sz, Ss corresponding to 1.4, 4.5, 9.6 dS m™) as main plot, two wheat varieties (Ghods and Roshan), and four
levels of irrigation water amount (l4, |2, I3, 14 corresponding to 125, 100, 75, 50% water requirement) as sub plot.
First, AquaCrop model was run with the corresponding data of S; treatments (for all 14, 12, 13, and 14) and the
results (wheat grain yield, average of soil water content, and ECe) were considered as the “basic outputs”. After
that and in the next runs of the model, in each step, one of the inputs was changed while the other inputs were
kept constant. The interval of variation of the inputs was chosen from -25 to +25% of its median value. After
changing the values of input parameters, the model outputs were compared with the “basic outputs” using the
sensitivity coefficient (Sc) of McCuen, (1973). Since there are four irrigation treatments for each salinity
treatment, the model was calibrated using two irrigation treatments for each salinity treatment and validated
using the other two irrigation treatments. In fact, six different cases of calibration and validation for each salinity
treatment were [(Is and 14), (I2 and 14), (11 and 14), (I2 and I3), (11 and I3), and (l1 and 1) for calibration and (11 and
I2), (I and I3), (I2 and I3), (11 and l4), (I2 and 14), and (Is and 14) for validation, respectively]. The model was
calibrated by changing the coefficients of water stress (i.e. stomata conductance threshold (p-upper) stomata
stress coefficient curve shape, senescence stress coefficient (p-upper), and senescence stress coefficient curve
shape) for six different cases. Therefore, the average relative error of the measured and simulated grain yield was
minimized for each case of calibration. After calibrating the model for each salinity treatment, the model was
simultaneously calibrated using six different cases for three salinity treatments as a whole.

Results and Discussion: Results showed that the sensitivity of the model to crop coefficient for transpiration
(Kcrr), normalized water productivity (WP™), reference harvest index (Hlo), frc, 0sat, and maximum temperature
was moderate. The average value of NRMSE, CRM, d, and R? for soil water content were 11.76, 0.055, 0.79,
and 0.61, respectively and for soil salinity were 24.4, 0.195, 0.72, and 0.57, respectively. The model accuracy for
simulation of soil water content was more than for simulation of soil salinity. In general, the model accuracy for
simulation yield and WP was better than simulation of biomass. The d (index of agreement) values were very
close to one for both varieties, which means that simulated reduction in grain yield and biomass was similar to
those of measured ones. In most cases the R? values were about one, confirming a good correlation between
simulated and measured values. The NRMSE values in most cases were lower than 10% which seems to be
good. The CRM values were close to zero (under- and over-estimation were negligible). Based on higher WP
under deficit irrigation treatments (e.g. 13) compared to full irrigation treatments (e.g. 11 and 12), it seems logical
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to adopt I3 treatment, especially in Birjand as a water-short region, assigning the remaining 25% to another piece
of land. By such strategy, WP would be optimized at the regional scale.

Conclusion: The AquaCrop was separately and simultaneously nested calibrated and validated for all salinity
treatments. The model accuracy under simultaneous case was slightly lower than that for separate case.
According to the results, if the model is well calibrated for minimum and maximum irrigation treatments (full
irrigation and maximum deficit irrigation), it could simulate grain yield for any other irrigation treatment in
between these two limits. Adopting this approach may reduce the cost of field studies for calibrating the model,
since only two irrigation treatments should be conducted in the field. AquaCrop model can be a valuable tool for
modelling winter wheat grain yield, WP and biomass. The simplicity of AquaCrop, as it is less data dependent,
made it to be user-friendly. Nevertheless, the performance of the model has to be evaluated, validated and fine-
tuned under a wider range of conditions and crops.
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