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Abstract 

In this research, two agro-hydrological models: AquaCrop and FAO were evaluated and compared to predict of 

winter wheat grain yield under water and salt environmental stresses. A field experimental was conducted under 

factorial split plot design with three salinity levels of irrigation water include: S1, S2 and S3 corresponding to 1.4, 

4.5 and 9.6 dS/m and four irrigation levels include: I1, I2, I3 and I4 corresponding to 50, 75, 100 and 125% of crop 

water requirement based on the FAO Penman-Monteith method. Experimental was conducted for two varieties of 

winter wheat: Roshan and Ghods, with three replications in an experimental field of Birjand University during 

2005-2006. Based on results, the average mean relative error (MRE) of the AquaCrop and FAO models in grain 

yield prediction for Roshan were obtained 2.96 and 9.20%, respectively and for Ghods were obtained 6.79 and 

26.11%, respectively. The average normalized root mean square error (NRMSE) of the AquaCrop and FAO models 

were calculated 3.44 and 9.94% for Roshan and 6.02 and 22.10% for  Ghods, respectively. The AquaCrop model 

predicted yield prediction with an appropriate precision in entire range of water and salt Stresses. The FAO 

model in grain yield prediction of winter wheat showed significant error under high water stress (S1I1, S2I1 and 

S3I1 treatments) but in other treatments simulated with a high accuracy. 
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Introduction 

Agro-hydrological models can be considered an 

economic and simple tool for optimizing irrigation 

water use in regions where water represents a limiting 

factor for crop yield. In the last two decades, 

physically based agro-hydrological models have been 

developed to simulate mass and energy exchange 

processes in the soil-plant atmosphere (SPA) system 

(Feddes et al., 1978; Bastiaanssen et al., 2007). One 

of most appropriate ways to reduce water use in 

agriculture is by supplying the exact amount of 

irrigation water to crops when it is required, so that 

water use efficiency can be maximized. Despite the 

usual farmer`s experience, irrigation scheduling on 

the basis of visual observation of a few plants and on 

the soil often leads to water overuse, a consequence of 

the low effectiveness of empirical evaluations. 

However, a precise assessment of irrigation depth and 

irrigation timing can allow for the optimization of 

water use (Rallo et al., 2012). The original objective of 

agricultural producers to maximize yield has been 

changed to protect environmental quality. Farmers 

must consider environmental issues; therefore, they 

have more constraints on their management 

decisions. In this regard, scientists should provide 

technical information to guide farmers and policy 

makers in making decisions that optimize the dual 

goal of high crop yield and low environmental 

degradation (Sepaskhah et al., 2006). The acquired 

parameters in the areas may not be suitable for 

application in other regions where the salt stress is 

not existing or weak. In western Canada, although the 

AquaCrop model may simulate the spring wheat yield 

and soil water content well, the simulation results 

were still unknown for winter wheat. In the southern 

Loess Plateau of China, winter wheat is one of the 

major crops, and the distinctive soil type and climatic 

characteristics make it different from most 

agricultural production areas in China (Zhang et al., 

2013). Winter wheat is the main crop on the North 

China Plain (NCP), and in this region the most 

limiting factor for the crop is water. The overall 

results based on extensive validation and revalidation 

showed that AquaCrop is a valid model and can be 

used with a reliable degree of accuracy for optimizing 

winter wheat grain yield production and water 

requirement on the NCP (Iqbal et al., 2014). 

Simulation models that clarify the effects of water on 

crop yield are useful tools for improving farm level 

water management and optimizing water use 

efficiency. The main purpose of deficit irrigation is 

high water productivity with fewer water supplies to 

plants (Salemi et al., 2011a). Simulation models have 

proven to be useful. The AquaCrop model, which has 

been expanded by FAO, simulates crop yield based on 

the applied water under conditions of full and deficit 

irrigation levels (Salemi et al., 2011b). It uses a 

relatively small number of explicit and mostly 

intuitive parameters and input variables, requiring 

simple methods for their derivation (FAO, 2009). 

AquaCrop model, now one of the newest used plant 

growth models that were considered in this research. 

Given that in most arid and semi-arid regions, water 

deficit is associated with declining water quality in 

terms of salinity and vegetation in the region in terms 

of water quality and quantity, may be affected salinity 

and drought stress are coincident. AquaCrop model 

version 4 was used for this purpose in 2012 and was 

presented to quantify the effect of salinity (Raes et al., 

2012). The objective of this study was evaluation and 

comparison of two hydrological models: AquaCrop 

and FAO, which describes the soil water and salt 

effects on yield of winter wheat in an arid region of 

Iran by using experimental data. This paper also 

presents the calibration results of AquaCrop and FAO 

agro-hydrological models for the simulation of crop 

parameters. 

 

Materials and methods 

Field experiments were conducted to investigate the 

effects of the interaction of salinity and deficit 

irrigation on yield and yield components of winter 

wheat, at the agricultural research station of Birjand 

University in Iran during 2005-2006. Research 

station is located in latitude and longitude 32° 88′ 

north, 55° 22′ east and elevation 1480 m. Before 

planting, from the soil different depths to determine 

the physical and chemical properties of soil profile, 
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sampling was performed. Surface soil texture was clay 

loam (CL) and in the lower depths (30 to 90 cm) was 

silt clay loam (SCL). Other physical and chemical 

parameters of soil profile are given in Table 1. 

 

Table 1. Physical and chemical properties of soil profile before the experiment. 

PWP 
 (cm3cm-3) 

FC 
(cm3cm-3) 

Initial 
Water 

Content 
(cm3cm-3) 

Initial 
ECe 

(dSm-1) 

Hydraulic 
conductivity 

(mmday-1) 

Bulk 
density 
(gcm−3) 

Texture 

Soil 
depth 
(cm) 

19.3 35.2 0.14 2.1 58.4 1.5  CL 0-30 

18.2 32.3 0.16 2.7 65.3 1.45 SCL 30-60 

21.3 33.3 0.16 2.9 95.2 1.39 SCL 60-90 

 

The soil samples after air drying were beaten and 

passed through 2 mm sieve and saturation mud were 

made and after 24 hours, extracts were taken. Soil 

water content was determined by direct method. 

Table 2 shows summary of the data collected or 

measured for calibration of the AquaCrop and FAO 

models at the winter wheat field.  

 

 

Table 2. Data measured or collected for the winter wheat to simulate by AquaCrop and FAO models. 

Frequency 
Measurement or collection 

Method 
Parameter 

Once USDA Method Soil Texture 

Once Core Sampler Bulk Density of Soil 

Each Irrigation EC Meter Saturated Extract Salinity (σe) 

Each Irrigation Weight Method Soil Water Content  

Each Irrigation Volumetric Counter Gauge Irrigation Water Volume (Depth) 

Each Irrigation EC Meter Irrigation Water salinity 

Once Pressure Plates PWP and FC Water Content 

Daily Meteorological station 
 

Meteorological data 
 

- FAO 56 Crop coefficients 

- FAO 56 Crop yield reduction factor 

- FAO 56 Parameters of the plant sensitivity to 
salinity 

Once Saturation Mud Method Saturated water content 
 

4-5 times Field Measurement Root Depth (zr) 

Daily FAO Penman-Monteith Reference Evapotranspiration (ETo) 

Once Field Measurement Crop grain yield 

Each Irrigation Field Measurement Soil Water Depletion (Dr) 

 

There are three wells with different salinity in the 

experimental field with electrical conductivity: 1.4, 4.5 

and 9.6 dSm-1. Table 3 presents the chemical analysis 

results of wells water. Experimental was conducted 

with factorial split plot design with three levels of 

saline irrigation water including: S1, S2 and S3 

corresponding to 1.4, 4.5 and 9.6 dSm-1 and four 

levels of irrigation depth including: I1, I2, I3 and I4 

corresponding to 50, 75, 100 and 125 percent of crop 

water requirement with three replications in Birjand 

region during 2005-2006. Surface irrigation methods 

with plot dimensions 4×3 (m×m) and 10 rows 

cultivation in each plot, with row spacing about 20 cm 

and length of 3 m were planted by typical density of 

400 plants per square meter. Evapotranspiration is 

one of the upper boundary conditions in both models. 
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Daily meteorological data to estimate of 

evapotranspiration were collected from Birjand 

synoptic meteorology station.  

 

Table 3. Chemical analysis results of wells water 

research field. 

EC 
 (dSm-1) 

P
H 

SAR 
(meq0.5lit-0.5) 

Well 
number 

1.4 8 7.4 1 
4.5 7.

8 
8.6 2 

9.6 7.7 9.7 3 

 

Plant parameters have used in the FAO model is 

shown in Table 4 that had extracted for winter wheat 

based on FAO 56 (FAO, 1998). based on During the 

period four stages of growth and with curve draw the 

crop coefficient according to three points, including 

the crop coefficient initial stage (Kcini), middle stage 

(Kcmid) and end-stage (Kcend), daily crop coefficient 

had extracted. Figures plant coefficients Table 4, 

default values had been related of semi-humid 

regions that the average daily minimum relative 

humidity 45% and wind speed about 2 m/s. when that 

the average minimum relative humidity 45% or the 

average daily wind speed of 2 m/s, more or less were, 

in Middle and end coefficients, these reforms were 

carried out (FAO, 1977; FAO, 1979; FAO, 1998). 

  30

2
3

4500402040 .

minmid(tab)c midc )
h

()RH(.)u(.KK                                                               

(1) 

  30

2
3

4500402040 .

minend(Tab)c endc )
h

()RH(.)u(.KK                                           

(2)  

 

Where the  Kcend (tab) and Kcmid (tab), are middle and 

end coefficients (Presented in Table 4), u2 is average 

daily wind speed in two meters (ms-1), RHmin is 

average daily minimum relative humidity (%) and 

average plant height h (m) is the middle and end 

stages (FAO, 1998).  

 

 

 

 

 

 

Table 4. Crop parameters for the winter wheat to 

simulate by FAO model. 

value Crop parameter 

14/11/2005 Planting date 

18/05/2006 harvesting date 

0.55 Coefficient of readily available water, 

p (-) 

0.65 - 0.75 Maximum rooting depth, Zrm (m) 

0.95 Maximum crop height (m) 

1.05 Yield reduction factor, Ky 

20 During the initial growth period (day) 

65 During the development stage (day) 

70 During the middle growth period 

(day) 

31 During the reaching period (day) 

0.4 The first stage of growth Crop 

coefficient 

1.15 The development stage Crop 

coefficient 

0.4 The reaching stage Crop coefficient 

6 Threshold salinity, σe,th (dSm-1) 

7.1 Yield reduction coefficient, b (dSm-1) 

1 Constant coefficient a 

 

The AquaCrop model description 

AquaCrop uses six input files for simulation: climate 

file, crop file (time to emergence, maximum canopy 

cover, start of senescence, maturity), soil file, 

management file, irrigation file, and initial soil water 

conditions; all these are user specific. The climate file 

consists of three sub-files: i: minimum and maximum 

air temperature, ii: ETo, and iii: rainfall, all with daily 

values (Raes et al., 2009). The crop file contains both 

conservative parameters (that do not change with 

location) and user-specific parameters (non-

conservative) (Iqbal et al., 2014). Yield response to 

water describes the relationship between crop yield 

and water stress as a result from insufficient supply of 

water by rainfall or irrigation during the growing 

period. In the FAO Irrigation and Drainage Paper 
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(Doorenbos and Kassam, 1979) an empirical 

production function is used to assess the yield 

response to water: 




















X

y

X ET

ET
K

Y

Y
11

                              

 (3)  

 

Where: Yx and Y are the maximum and actual yield, 

(1-Y/Yx) is the relative yield decline, ETx and ET are 

the maximum and actual evapotranspiration, (1- 

ET/ETx) is the relative water stress, and Ky the 

proportionality factor between relative yield decline 

and relative reduction in evapotranspiration. 

AquaCrop (Steduto et al., 2007; Raes et al., 2009; 

Hsiao et al., 2009) evolves from the Ky approach by 

separating the actual evapotranspiration (ET) into 

soil evaporation (E) and crop transpiration (Tr): 

 

TrEET                                                    (4)  

 

The separation of ET into soil evaporation and crop 

transpiration avoids the confounding effect of the 

non-productive consumptive use of water (soil 

evaporation). This is important especially when 

ground cover is incomplete early in the season or as 

the result of sparse planting; (ii) the final yield (Y) 

into biomass (B) and harvest index (HI): 

 

BHIY                                            (5) 

The separation of yield into biomass and harvest 

index allows the partitioning of the corresponding 

functional relations as response to environmental 

conditions. These responses are in fact fundamentally 

different and their separation avoids the confounding 

effects of water stress on B and on HI. The changes 

described leads to the following equation at the core 

of the AquaCrop plant growth engine: 

 

 Tr.WPB                                                       (6)  

Where Tr is the crop transpiration (mm) and WP is 

the water productivity parameter (kg of biomass per 

m2 and per mm of cumulated water transpired over 

the time period in which the biomass is produced). 

This step-up from Eq. (3) to Eq. (6) has a 

fundamental implication for the robustness of the 

model due to the conservative behavior of WP 

(Steduto et al., 2007). It is worth noticing, though, 

that both equations have water as driving force for 

growth. Crop transpiration (Tr) is calculated by 

multiplying the evaporating power of the atmosphere 

with the crop coefficient (Kcb) and by considering 

water stresses (Ks): 

 

  o

*

x ETCCKcbKsTr                                      (7) 

Where the evaporating power (ETo) is expressed by 

the reference grass evapotranspiration as determined 

by the FAO Penman-Monteith equation. The crop 

transpiration coefficient (Kcb) is proportional to the 

fractional canopy cover (CC) and as such continuously 

adjusted to the simulated canopy development. The 

proportional factor (Kcbx) integrates all the effects of 

characteristics that distinguish the crop transpiration 

from the grass reference surface. As the crop 

develops, Kcbx is adjusted for ageing and senescence 

effects. In Eq. 7, CC is replaced by CC* to account for 

interrow micro advection which make extra energy 

available for crop transpiration. When canopy cover is 

not complete the contribution is substantial (Fig. 1). 

Either a shortage or an excess of water in the root 

zone might reduce crop transpiration. This is 

simulated by considering water stress coefficients 

(Ks). When water shortage in the root zone provokes 

stomatal closure a stress coefficient for stomata 

closure (Kssto) is considered. When the excess of water 

results in anaerobic conditions, the effect of stress on 

transpiration is expressed by the coefficient for water 

logging (Ksaer). According to the general rule in 

AquaCrop, the water stress coefficients range between 

1, when water stress is non-existent and 0, when the 

stress is at its full strength and crop transpiration is 

completely halted. The aboveground biomass 

production for every day of the crop cycle is obtained 

by multiplying the WP* with the ratio of crop 

transpiration to the reference evapotranspiration for 

that day (Tr/ETo). The production of biomass might 

be hampered when the air temperature is too cool 

irrespectively of the transpiration rate and ETo on 
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that day. This is simulated in AquaCrop by 

considering a temperature stress coefficient (Ksb) 

(FAO, 2012): 


i

i

o

c*

b )
ET

T
(WPKsB                             (8) 

If the growing degrees generated in a day drops below 

an upper threshold, full conversion of transpiration to 

biomass production can no longer be achieved and 

Ksb becomes smaller than 1 and might even reach 

zero when it becomes too cold to generate any 

growing degrees (FAO, 2012). 

 

 

Fig. 1. Canopy cover (CC*) adjusted for micro-

advective effects (bold line) for various fractions of 

green canopy cover (CC) 

 

Yield (Y) is obtained by multiplying the above ground 

biomass (B) with the adjusted reference Harvest 

Index: 

 

BHIfY OHI                                                    (9)  

Where: Y grain yield, B biomass, HIo Harvest index 

reference and fHI is a multiplier which considers the 

stresses that adjust the Harvest Index from its 

reference value. The adjustment of the Harvest Index 

to water deficits and air temperature depends on the 

timing and extent of stress during the crop cycle. The 

effect of stress on the Harvest Index can be positive or 

negative. Distinction is made between stresses before 

the start of the yield formation, during flowering 

which might affect pollination, and during yield 

formation (FAO, 2012). 

The FAO model description  

Daily actual crop evapotranspiration, ETc-adj, is 

estimated by the following equation (Allen et al., 

1998): 

 

ocsadjc ETKKET 
                                               (10) 

Where: ETc-adj is the daily actual crop 

evapotranspiration (mm d-1); Ks is the soil water 

stress coefficient, dimensionless; Kc is the crop 

coefficient, dimensionless; and ETo is the daily 

reference crop potential evapotranspiration (mm d-1). 

The values for crop coefficient Kc for different growth 

stages are determined by a procedure presented by 

Doorenbos and Pruitt (1977). The growing period is 

divided into four stages. Then, by using the values of 

Kc for initial, mid and late stages for crop, the values 

of Kc are estimated. Soil water stress coefficient Ks is 

defined by the following equation (Allen et al., 1998): 

 

TA

rTA
s

W)p(

DW
K






1
                                     (11)                                                                                           

Where: Ks is the soil water stress coefficient for 

regular crop and non-saline conditions ( 10  sK ); 

Dr is the soil water depletion in the root zone (mm), 

WTA is the total soil available water in the root zone 

(mm); and p is the fraction of WTA, which is readily 

available for crop use, dimensionless ( 10  p ). The 

value of p is influenced by the potential crop 

evapotranspiration by the following equation (Allen et 

al., 1998): 

 

)ET(.pp ct  5040                                (12) 

Where: pt is the standard value for p at ETc of 5 mmd-

1; and ETc is the potential crop evapotranspiration 

(mmd-1). Total soil available water is calculated by the 

following equation: 

 

rpwpfcTA z)(W                                     (13) 

Where: fc and pwp are the volumetric soil water 

contents at field capacity and permanent wilting point 



J. Bio. & Env. Sci. 2014 

 

444 | Rezaverdinejad et al 

(cm3cm-3); and zr is the root depth (mm). The root 

depth at different growth stages can be estimated by 

the following equation (Borg and Grimes, 1986): 

 









 ).

D

D
.sin(..zz

TM

AP
rmr 471033510510                                                                

(14) 

 

Where: zrm is the maximum root depth (mm); DAP is 

the time after planting (day); and DTM is the time 

from planting to reaching the maximum root depth 

(day). 

 

Salinity effect on soil water stress coefficient 

Under non-saline conditions, the effect of soil water 

stress on crop yield reduction is presented by the 

following equation (Stewart et al., 1976): 

 

)
ET

ET
(k)

y

y
(

c

adjc

y

max

a 
 11                      (15)      

Where: ya and ymax are the actual and maximum crop 

yield (kgha-1) obtained at actual crop 

evapotranspiration: ETc-adj and maximum crop 

evapotranspiration: ETc, respectively, and ky is the 

yield reduction coefficient due to water stress. Under 

no water stress conditions, soil salinity stress affects 

crop yield by the following equation modified (Maas 

and Hoffmann, 1977): 

 

th,ee

th,e

e

th

a      for     )a(
y

y





 11  (16) 

th,eeth,ee

th

a      for     
b

)(a
y

y


100
 (17) 

Where: yth is the yield at the soil salinity threshold 

(kgha-1); σe is the electrical conductivity of the soil 

saturation extract (dSm-1); σe,th is the threshold value 

of σe (dSm-1) and b is the yield reduction coefficient 

due to the salt stress in percent yield reduction per 

unit increase in soil salinity ( )dSm/(% 1
).By 

equation (16) and (17), the relative yield (ya/yth) is 

unity for σe less than σe,th, but for some crops, such as 

sugarbeet, the relative yield (ya/yth) is greater than 

unity for σe, less than σe,th; a is a coefficient greater 

than one for crops, such as sugarbeet, and equal to 

one for most of the other crops. Under water and 

salinity stress conditions together, the soil water–salt 

stress coefficient Kss presented in FAO 56 is modified 

as follows (Allen et al., 1998): 

 

TArth,ee

th,ey

e
ss W)p(D  &         for                                        

k
)a(k 




 11                 (18a)
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TA

rTA

th,ey

e
ss W)p(D  &         for              

W)p(

)D(W

k
)a(k 































1
11              (18b) 

TArth,ee

y

th,ee

y

ss W)p(D  &         for                         
k

)(b

k

)a(
k 







100

1
1                 (18c) 

TArth,ee

TA

rTA

y

th,ee

y

ss W)p(D  &       for   
W)p(

)D(W

k

)(b

k

)a(
k 
























 





1100

1
1                (18d) 

 

Where: Dr is the soil water depletion in the root zone 

(mm). It is clear that the value of electrical 

conductivity of soil saturation extract σe, is needed for 

yield estimation.  

Four statistical variables: the normalized root mean 

squared error (NRMSE), mean relative error (MRE), 

relative error (RE) and coefficient of determination 

(R2) were used to quantify the deviation in modeling 

results from the data observed. The NRMSE and 
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MRE were calculated according to the following 

equations: 

n

O

OS

MRE

n

i i

ii
100

1














 






        (19) 

100
11

1

2  


n

i

ii )OS(
nO

NRMES

   

 (20) 

100












 


i

ii

O

OS
RE                                      (21)                                                                                                                        

 

Where n is the total number of observations, 

O mean observed values, iO  and iS  are the 

observed and predicted values, respectively. The 

NRMSE value less than 10% is ideal for modeling. 

The NRMSE at the range of 10 to 20% and 20% to 

30%, respectively, indicating appropriate and 

moderate condition in model predicts and more than 

30% indicate uncertainty of the model. 

 

Results and discussion 

The NRMSE, MRE and R2 values for total treatments 

(12 treatments) are presented in table 5 for each 

variety. With regard to table 5, the average MRE of 

the AquaCrop and FAO models for total treatments, 

in yield prediction for Roshan and Ghods, were 

obtained 4.88 and 17.66 %, respectively, and the 

average NRMSE in yield prediction for AquaCrop and 

FAO models, were obtained 4.73 and 16.02 %, 

respectively. The maximum NRMSE for the 

AquaCrop and FAO models were 6.02 and 22.10 %, 

respectively. The maximum MRE for the AquaCrop 

and FAO models were 6.79 and 26.11 %, respectively. 

The AquaCrop and FAO models simulated grain yield 

of winter wheat with an appropriate precision, the 

NRMSE and MRE at the range of less than 10% and 

10% to 30% were obtained, respectively, that 

indicates the AquaCrop and FAO models in predict 

grain yield are fairly accurate.  

 

The RE values for each treatment are presented in 

table 6. Based on this table, the AquaCrop model in 

the crop yield, for Roshan variety, the maximum 

relative error of were related to treatments S1I3, S2I1 

and S3I1, that the value of this error, 3.63, 4.59 and 

12.05 % respectively, and for Ghods variety, the 

maximum relative error of were related to treatments 

S1I1, S2I1 and S3I1, that the value of this error, 3.48, 

21.82 and 39.88 % respectively. In Fig. 2, relationship 

between actual and predicted grain yield of winter 

wheat for Roshan and Ghods varieties by AquaCrop 

model has been showed. There is a good relation 

between actual and predicted grain yield by AquaCrop 

for both of the varieties. So as to more survey, the 

relative error (RE) values of treatments in grain yield 

calibration are presented for two models and two 

varieties in table 6 as detailed. Regarding table 6, the 

FAO model in the crop yield, different results 

predicted. Under conditions of extreme water stress 

(treatments 50% water requirement: I1), the predicted 

values were greater than the actual values and FAO 

model in this interval and under extreme deficit, over-

estimate showed. In conditions of irrigation more 

than water requirement (treatments 125% water 

requirement), the measured values were lower than 

predicted model. In treatments 75 and 100 % water 

requirement, the predicted and the actual values 

together matched. For Roshan variety, the maximum 

relative error of were related to treatments S1I1, S2I1 

and S3I1, that the value of this error, 20.0, 28.1 and 

26.6 % respectively, and for Ghods variety, the 

maximum relative error of were related to treatments 

S1I1, S2I1 and S3I1, that the value of this error, 61.0, 

94.5 and 99.9 % respectively.  

 

In Fig. 3, three treatments S1I1, S2I1 and S3I1, for 

Roshan and Ghods varieties shown. The AquaCrop 

predicted yield prediction with an appropriate 

precision, and FAO model predicted yield prediction 

with a moderate precision. In terms of the results in 

tables 5 and 6, we can conclude that both models in 

combine condition salinity stress (level S3) and deficit 

irrigation (level I1), the maximum error in predicted 

wheat yield were. With respect to Tables 5 and 6, FAO 

model forecast error rate yield Ghods variety higher 

than Roshan variety that one of the reasons most of it 

can be attributed to equate the value of ky for the both 
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varieties. There for applying the deficit irrigation and 

salinity, were caused to decrease the accuracy of the 

models specially the FAO model.  

 

 

Table 5. NRMSE and MRE values of total treatments in grain yield calibration for each variety by AquaCrop and 

FAO models. 

Models  AquaCrop  FAO  

variety  
NRMSE 

(%) 
MRE 
(%) 

R2 

(-) 
 NRMSE (%) 

MRE 
(%) 

R2 

(-) 

Roshan  3.44 2.96 0.97  9.94 9.20 0.93 

Ghods  6.02 6.79 0.97  22.10 26.11 0.90 

  

Table 6. Relative error (RE) values of all treatments in grain yield calibration by AquaCrop and FAO models 

Variety  Roshan  Ghods 

Models  AquaCrop FAO  AquaCrop FAO 

Treatment  RE (%) RE (%)  RE (%) RE (%) 

S1I1  1.34 20.0  3.48 61.0 

S1I2  1.27 3.0  1.75 2.1 

S1I3  3.63 9.6  2.80 6.4 

S1I4  1.45 9.2  1.68 9.2 

S2I1  4.59 28.1  21.82 94.5 

S2I2  0.55 0.4  0.13 3.3 

S2I3  0.47 2.6  1.43 3.6 

S2I4  0.55 2.5  2.62 2.0 

S3I1  12.05 26.6  39.88 99.9 

S3I2  1.14 0.3  1.43 12.3 

S3I3  1.68 1.9  1.32 10.7 

S3I4  6.83 6.3  3.16 8.5 

Average  2.96 9.20  6.80 26.12 

 

In Figs. 2 and 3, relationship between actual and predicted grain yield of winter wheat are showed for Roshan and 

Ghods varieties by the AquaCrop and FAO agro-hydrological models. The simulated yield prediction for Roshan 

and Ghods varieties agree reasonably well with the measured values in the AquaCrop and FAO agro-hydrological 

models. Both of the models simulated with a satisfactory approximation the measured values of grain yield. 
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Fig. 2. Relationship between actual (ymeasured) and predicted (ypredicted) grain yield of winter wheat for Roshan and 

Ghods varieties by AquaCrop model. 

 

 

 

Fig. 3. Relationship between actual (ymeasured) and predicted (ypredicted) grain yield of winter wheat for Roshan and 

Ghods varieties by FAO model. 

 

Conclusions 

This paper shows the comparison between AquaCrop 

and FAO agro-hydrological models to yield 

prediction. In this study, the FAO and AquaCrop 

models to predict grain yield under water and salinity 

stresses, were evaluated for Roshan and Ghods 

varieties of winter wheat. The AquaCrop and FAO 

agro-hydrological models simulated grain yield of 

winter wheat with an appropriate precision, the 

NRMSE at the range of less than 10% and 10% to 30% 

were calculated, respectively, that indicates the 

AquaCrop and FAO agro-hydrological models in 

predict grain yield are fairly accurate. The FAO model 

in grain yield prediction of winter wheat showed 

significant error under high water stress (S1I1, S2I1 and 

S3I1 treatments) but in other treatments simulated 

with a high accuracy. Generally the AquaCrop model 

simulated grain yield of winter wheat for Roshan and 

Ghods varieties more accurately than the FAO agro-

hydrological model. These models are a valuable tool 

for farm irrigation water management in the study 

area under different levels of irrigation water salinity. 
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