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Abstract

Aim of study: To evaluate the performance of DSSAT and AquaCrop models in the estimation of soybean and grain
maize yield under water stress conditions in a semi-arid region.

Area of study: Kermanshah, Iran.

Material and methods: AquaCrop and DSSAT were assessed to simulate soybean and maize. Both models were cal-
ibrated using field data. Field experiments were performed in a randomized complete block design with eight and four
irrigation treatments for soybeans and maize, respectively with three replications. Measures of Normalized Root Mean
Square Error (nRMSE) and Nash-Sutcliffe Model Efficiency were used to evaluate the accuracy of the models. For this
purpose, simulated values of leaf area index / green crop canopy, grain yield, biomass, and soil moisture were compared
with measured data.

Main results: Results indicated that the CROPGRO-Soybean in DSSAT software simulated more accurate crop
growth of soybean than AquaCrop. The average nRMSE of the DSSAT model for estimating soil moisture, leaf area
index, grain yield, and biomass were 6%, 14%, 16% and 20%, respectively. For maize, AquaCrop simulated crop growth
more reliably than CERES-maize. The average nRMSE of 3%, 10%, 13% and 27% of the Aquacrop model in simulating
the parameters of soil moisture, green crop canopy, biomass, and grain yield.

Research highlights: Considering the better performance of AquaCrop for maize and DSSAT for soybean in the study
area, it is not possible to propose a specific model to simulate the growth of all crops in a region.

Additional key words: CERES-Maize; CROPGRO-Soybean; crop growth models; crop yield; Kermanshah; soil
moisture.

Abbreviation used: DSSAT (Decision Support System for Agrotechnology Transfer); DW (dry weight); EF
(Nash-Sutcliffe Model Efficiency); ETa (actual crop evapotranspiration); ETc (potential crop evapotranspiration); ETo
(reference crop evapotranspiration); HI (harvest index); LAI (leaf area index); nRMSE (normalized root mean square
erTor).
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Introduction

Water is one of the most important crop growth require-
ments, which is limited in many parts of the world. In con-
ditions of water scarcity, crop water use efficiency must be
increased to increase food production. Deficit irrigation is
one of the irrigation management methods, especially in the
situation of water scarcity, which is also associated with the
reduction of crop yield. The incidence of water stress at any
stage of crop growth can decrease crop yield, but the severi-
ty and magnitude of yield loss depend on the time and sever-
ity of the water stress (Brevedan & Egli, 2003). Therefore,
it is necessary to study crop yield and water requirements
under water stress conditions. These can be studied through
field experiments. Since investigating the effects of limiting
factors (such as water) on crop growth requires many ex-
pensive experiments in different regions, providing a solu-
tion to reduce the number of these tests is very important.
With advances in modeling science, several crop growth
simulation models (e.g., WOFOST, DSSAT, CropSyst, Aq-
uaCrop, ...) have been developed. Considering the varie-
ty of existing models, choosing the most appropriate crop
growth simulation model for each crop in each region is
essential. Evaluation of irrigation management, especially
in water scarcity conditions, is one of the issues that have
been studied using crop growth simulation models. Since
in this study, the CERES-Maize (Jones & Kiniry, 1986) and
CROPGRO (Boote et al., 2018) models in the DSSAT soft-
ware package (Jones et al., 2003) and the AquaCrop (Raes
et al., 2009) have been used, the literature review has been
limited to these models.

Decision Support System for Agrotechnology Trans-
fer (DSSAT) is a software package, which was developed
as the result of an international effort to facilitate the use
of models in agricultural research. Crop growth simula-
tion models such as CERES-Maize, CERES-Wheat, and
CROPGRO are at the center of this collection (Jones et
al., 2003). DSSAT has been used worldwide for different
purposes (e.g., determination of optimum crop manage-
ment practices, irrigation management, precision agricul-
ture, the impact of climate change on crop yield, etc.) at
different spatial and temporal scales (Soltani & Hoogen-
boom, 2007). Many studies have shown that the CERES-
Maize model can reliably simulate phenological develop-
ment, biomass accumulation, crop yield, nitrate leaching,
and nitrogen uptake (Abedinpour & Sarangi, 2018; Malik
et al., 2019). Abedinpour & Sarangi (2018) assessed the
CERES-Maize model in estimating maize yield using dif-
ferent levels of water and nitrogen. Their results showed
that although this model simulated corn yield with accept-
able accuracy, it was less accurate in higher water stress
treatments. Hammad et al. (2018) studied the accuracy
of CERES-Maize in Faisalabad, Pakistan, and concluded
that this model accurately simulated phenological devel-
opment, grain yield, and final biomass production of maize
under various water regimes and nitrogen rates.
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The acceptable accuracy of the CROPGRO-Soybean
model in the simulation of soybean phenological stages and
yield has been confirmed in various studies (Kumar et al.,
2008; Ovando et al., 2018; Teixeira et al., 2019). CROP-
GRO-Soybean also was used to assess the impacts of water
stress on soybean yield. Sharda et al. (2019), after calibra-
tion and validation of CROPGRO-Soybean in their study
area, have used the calibrated model to investigate the effect
of irrigation depth on crop yield and water productivity. Al-
though several studies show satisfactory results of CROP-
GRO-Soybean under water stress conditions, examples of
model inefficiencies in these conditions have also been re-
ported (Dogan et al., 2007).

AquaCrop is a crop-water productivity model to simulate
yield response to water developed by FAO (Food and Agricul-
ture Organization of the United Nations). Concepts and basic
principles of the AquaCrop model were described by Steduto
et al. (2009), and its main algorithms and software description
were presented by Raes et al. (2009). This model is derived
from the equation of Doorenbos & Kassam (1979). The ease
of use of the AquaCrop model due to the need for low input
parameters and sufficient simulation accuracy has made this
model a valuable tool for simulating crop growth under dif-
ferent irrigation scenarios (Heng et al., 2009). AquaCrop was
developed in 2009 and since then it has been used worldwide
in different agro-ecological conditions to simulate the yield
response of various crops to water such as wheat (Andarzian
et al., 2011; Mkhabela & Bullock, 2012), barley (Hellal et
al., 2019), cotton (Garcia-Vila et al., 2009), sugar beet (Ma-
lik et al., 2017), saffron (Mirsafi et al., 2016) and many other
crops (Araya et al., 2010). This model is also used for the
simulation of soybean and maize. The use of AquaCrop in the
simulation of maize growth and yield in Uganda (Mibulo &
Kiggundu, 2018) and maize responses to different nitrogen
stresses under the semi-arid climate in Iran (Ranjbar et al.,
2019) have also been reported. Paredes et al. (2015) used the
AquaCrop model to simulate soybean growth in North China.
Based on the results, they claimed that the model would pre-
dict yield and biomass well if adequately parameterized. Ade-
boye et al. (2019), based on their study, concluded that the
AquaCrop model is adequate in simulating canopy cover, dry
above-ground biomass, and grain yield of rainfed soybean in
Ile-Ife, Nigeria. Heng et al. (2009) used the AquaCrop mod-
el to simulate maize growth in three regions with different
conditions (Spain, Texas, and Florida). Their results showed
that the AquaCrop model could satisfactorily simulate crop
water consumption under high evapotranspiration and wind
speed. Although the accuracy of this model has been reported
to be adequate in many cases, there are examples of inade-
quate accuracy of this model in the literature, especially in
moderate to severe water stress conditions. Sandhu & Irmak
(2019) used the AquaCrop model to simulate maize evapo-
transpiration, growth, yield, and also water use efficiency, on
different planting dates under irrigated, and rainfed conditions
in Nebraska, USA. Based on their results, the accuracy of the
model was lower under arid climate conditions; the model
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DSSAT and AquaCrop models to simulate soybean and maize yield under water stress conditions 3

overestimated crop yield and underestimated potential evap-
otranspiration; as a result, water use efficiency was overesti-
mated. Ahmadi et al. (2015) reported that the accuracy of Ag-
uaCrop is insufficient to simulate maize yield under moderate
to severe water stress conditions.

The performance of crop growth simulation models was
compared in several studies. Battisti et al. (2017) assessed the
accuracy of five crop growth simulation models (including
AquaCrop and DSSAT) in the simulation of soybean. Their
results showed that most of the models still have difficulties in
simulating soybean yield accurately under severe water deficit
conditions. Babel et al. (2019) evaluated the performance
of AquaCrop and DSSAT-CERES for maize in the higher
Himalayan region of India. Although their results showed that
both models were suitable, they recommended the AquaCrop
model because of its low data requirement. Castafieda-Vera
et al. (2015) assessed the usefulness of Aquacrop, CERES-
Wheat, CropSyst, and WOFOST in wheat simulation. They
concluded that CERES-Wheat and CropSyst are preferable
for growing wheat in semi-arid conditions.

In this study, the crops of soybean (Glycine max L.) and
grain maize (Zea mays L.) were studied. According to the
statistics published on the Information and Communica-
tion Technology Center website of the Iranian Ministry of
Agriculture Jahad (2016-2022), corn and soybeans rank
first to third among Iran’s agricultural products (https://
amar.maj.ir/page-amar/FA/65/form/pld28832). More than
90% of edible oil consumed is imported into Iran. Soy-
bean, which is one of the primary sources of high-quality
oil and protein, is commonly used in human food con-
sumption (Sinclair et al., 1991). Maize is one of the most
widely used agricultural products in Iran. Its production
does not meet the domestic demand. Maize is a lucrative
and favorite crop for farmers in the study area, which of
course has high crop water consumption. Due to the water
shortage in recent years, the area underplanting of maize
has decreased. In some areas of Kermanshah province,
farmers have been directed to plant soybean instead of
maize. Although AquaCrop and DSSAT models have been
used in different parts of the world to estimate the yield of
corn and soybean under water stress, the performance of
these models has not been evaluated in the studied area.
This study aimed to evaluate the performance of a specific
model (packages of CERES-Maize and CROPGRO-Soy-
bean in DSSAT) and a generic model (AquaCrop) in the
estimation of soybean and grain maize yield under water
stress conditions in a semi-arid region in the west of Iran.

Material and methods

Crop growth simulation models

Crop growth simulation models differ in terms of data
requirements, the type of plants that can be simulated, and
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the level of complexity. Some models are developed to
simulate a specific crop, while others can be used for a
variety of crops. In this study, a specific model (DSSAT)
and a generic model (AquaCrop) were used to simulate the
growth of soybean and maize under water-limited condi-
tions. Although these models have been successfully used
in different parts of the world to study the crop yield re-
sponse to water stress (Adeboye et al., 2017; Malik et al.,
2017; Babel et al., 2019; Hellal et al., 2019; Sandhu &
Irmak, 2019), they have not yet been investigated in the
study area. The basic principles and manual of these mod-
els are available on the website of these software develop-
ers as well as in the literature (Jones et al., 2003; Steduto
et al., 2009; Hoogenboom et al., 2019). Therefore, in this
article, only a brief explanation of these models has been
given.

AquaCrop model

AquaCrop is a crop growth simulation model which
simulates crop biomass and harvest regarding water avail-
ability (Steduto et al., 2009). The basic equation of this
model is based on Doorenbos & Kassam’s (1979) approach

in the FAO 33 report (Eq. 1).
ET
K|1- :
7 < ETC>

-

where ET,: actual crop evapotranspiration (mm), ET,: po-
tential crop evapotranspiration (mm), Y,: actual crop yield
(corresponding to ET,) (kg/ha), Y,: maximum (theoreti-
cal) crop yield (corresponding to ET.) (kg/ha) and K,: crop
yield response factor to water deficit (-). AquaCrop esti-
mates daily biomass production using Eq. 2:

Tr.
B = WP* z 1——
' EToi

where B; is the daily aboveground biomass, Tr; is the daily
crop transpiration, ET,; is the daily reference evapotran-
spiration, and WP* is the water productivity of the crop
species normalized for both evaporative demand and at-
mospheric CO..

Crop yield was obtained by multiplying aboveground
biomass and specified harvest index (HI) using Eq. 3
(Steduto et al., 2009):

(M

)

Y=HI-B 3)
where Y is the main yield (kg/ha), B is aboveground bio-
mass (kg/ha), and HI is the harvest index (%). The main
components of the AquaCrop model and their relationships
are presented in Steduto et al. (2009).
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Table 1. Specifications of field experiments used for calibration and validation of models.

Year of No. of Application
Crop experiment treatments Measured parameters Reference in this study
Maize 2011 3 DW of leaves, stems, and storage organ and LAI Mirzaee (2013) Calibration
2012 4 DW of leaves, stems, and storage organs, LAI, =~ Ahmadpour (2013) Validation
crop canopy cover, and soil moisture
Soybean 2012 4 DW of leaves, stems, and storage organs, LAI and Esmaili (2014) Calibration
Crop canopy cover
2015 8 DW of leaves, stems, and storage organs, LAI, Dehghan Validation
crop canopy cover, and soil moisture Moroozeh (2019)

DW: dry weight. LAI: leaf area index.

DSSAT model

DSSAT is a software application program that can be
used for the simulation of more than 40 crops, including
maize and soybean. The DSSAT is a collection of inde-
pendent programs that operate together; crop simulation
models are at its center. In this software package, there
is a specialized model for each crop. CERES-Maize and
CROPGRO-Soybean are examples of these models, re-
spectively, for growth simulation of maize and soybean.
The crop simulation models simulate growth, develop-
ment, and yield as a function of the soil-plant-atmosphere
dynamics on a daily basis. The tools include database
management programs for soil, weather, crop management
and experimental data, utilities, and application programs
(Jones et al., 2003).

Study area

The field experiments were conducted in two research
farms. The study of 2011 was conducted at the research
farm of the Agricultural Organization in Mahidasht, and
the studies of 2012 and 2015 were conducted at the re-
search farm of Razi University in Kermanshah, Iran (Fig.
1). The geographical location of the research fields and the
average annual rainfall and temperature of Kermanshah
and Mahidasht are presented in Table S1. Average monthly
weather parameters during the implementation of research
projects are presented in Table S2.

The physical characteristics of the soil of the research
fields are presented in Table S3. The texture of the soil on
the farm of Razi University was finer than that of the Mahi-
dasht Agricultural Organization. The water holding capacity
in the research farm of Razi University and the Agricultural
Organization was 144 and 104 mm/m, respectively.

Field and laboratory experiments

For each crop, two years of field data were used to
calibrate and validate the crop growth simulation models
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(Table 1). The models were calibrated based on field data
from two M.Sc. research projects (Mirzaee, 2013; Esmai-
li, 2014) and validated based on field data from an M.Sc.
(Ahmadpour, 2013) and a Ph.D. research project (Dehghan
Moroozeh, 2019), which all were carried out under the su-
pervision of the corresponding author of this paper. The
four studies were conducted in the form of a randomized
complete block design with a certain number of irrigation
treatments and replications. To eliminate marginal effects,
a distance of 3 m was considered between the plots. Ex-
cept for Mirzaee’s study, which was conducted in Mabhi-
dasht, 25 km away from Razi’s research farm, three other
experiments were conducted on the research farm of Razi
University, Kermanshah, Iran. In the following, the studies
of Mirzaee (2013) and Esmaili (2014) will be described
briefly, and the studies of Ahmadpour (2013) and Dehghan
Moroozeh (2019) will be described in detail.

Mirzaee (2013) conducted a field experiment in 2011 to
calibrate crop parameters of the WOFOST (de Wit et al.,
2019) model for grain maize. In this experiment, maize
was cultivated in three irrigation treatments (100%, 80%
and 60% of irrigation requirement) with three replications.
This experiment was conducted in the research farm of
the agricultural organization in Mahidasht, Kermanshah,

Figure 1. Location of the experimental fields at Kerman-
shah province, Iran.
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Table 2. Specifications of the irrigation treatments in the studies of Ahmadpour (2013) and Dehghan Moorozeh (2019).

Irrigation depth

Period of deficit

Total depth of

o,
Crop Treatment (% of c.rop water irrigation applied water (mm) Reference
requirement)
Soybean T1 100 --- 842 Dehghan Moorozeh
(2019)

T2 120 --- 960
T3 80 Whole period 724
T4 60 Whole period 605
T5 80 Vegetative phase 827
T6 60 Vegetative phase 797
T7 80 Reproductive phase 746
T8 60 Reproductive phase 650

Maize Tl 100 - 828 Ahmadpour (2013)
T2 120 --- 946
T3 80 Whole period 710
T4 60 Whole period 593

Iran, located 25 km away from the Faculty of Agriculture,
where other studies were conducted. The altitude of this
station is 1365 masl. The weather parameters in this study
were given from a weather station which was located in the
region. During the growth period, the dry weight (DW) of
leaves, stems, and storage organs and leaf area index (LAI)
were measured weekly in each plot. The average biomass,
grain, and LAI in each irrigation treatment were used for
model calibration.

Esmaeili (2014) conducted a field experiment in 2012
to calibrate the crop parameters of AquaCrop for soybean.
This experiment was conducted in four irrigation treat-
ments (120%, 100%, 80%, and 60% of irrigation require-
ment) with four replications. In this experiment, the DW
of leaves, stems, and storage organs, LAI, and green can-
opy cover were measured every ten days. The average of
crop parameters in each irrigation treatment was used for
calibration of crop models of AquaCrop and DSSAT for
soybean.

The experiment conducted in Ahmedpour’s study (Ah-
madpour, 2013) was performed in four irrigation treat-
ments with three replications for maize (Table 2). In this
experiment, 12 plots with a size of 5 x 6 m were cultivated
with a row distance of 75 cm (Fig. 2a).

Dehghan Moorozeh (2019) studied the impacts of defi-
cit irrigation on soybean yield and crop water productiv-
ity based on his field experiments in 2015. In this study,
soybean was cultivated in 24 plots with the size of 4 x 4
m with a row spacing of 50 cm. The number of irrigation
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treatments and replications was 8 and 3, respectively (Ta-
ble 2 and Fig. 2b).

During the growth period, crop parameters required
for calibration and validation of crop growth simulation
models were measured. Green canopy cover, LAI, DW of
above-ground biomass, and grain were measured every
seven (only in Mirzaee’s study) or ten days. In each sam-
pling, three plants from each plot were harvested at pre-
determined locations and transported to the laboratory.
In the laboratory, different parts of the plant (leaf, stem,
and grain) were separated to measure each part separately.
The leaves were scanned using a scanner (Epson Perfec-
tion V39 Scanner) with a resolution of 4800 dpi. The area
of green leaves was calculated using image analysis. The
LAI was calculated as the ratio of green leaf area per area
allocated to each plant. Leaves, stems, and grains of the
harvested plants were dried in the oven at 70 °C for 48 h
and then weighed. The sum of the DW of leaves, stems and
grain was considered as total above-ground biomass. In
this paper, the measured and simulated crop yield (biomass
and grain) are reported in terms of DW. The percentage of
green canopy cover was estimated based on the analysis of
photos taken over the top of the crop canopy.

Soil moisture is a key output of water-related crop
growth simulation models. Unfortunately, this parameter
was not measured in the studies of Mirzace and Esmaeili.
But, this parameter was measured in the studies of Ahmad-
pour and Dehghan Moorozeh which were used for valida-
tion of models. The soil moisture was measured one day
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()

(b)

Figure 2. Schematic map of experimental treatments for a)
maize and b) soybean.

before irrigation using the gravimetric method (Johnson,
1962) at depths of 15 and 45 cm for maize (Ahmadpour,
2013) and at depths of 15, 45, and 60 cm for soybean (De-
hghan Moroozeh, 2019). Due to laboratory limitations,
soil moisture was measured only in T1, T2, T3, and T4
treatments for soybean and T1, T3, and T4 for maize.
Moreover, phenological growth stages (e.g., dates of crop
emergence, flowering, the start of seed filling, the start of
senescence, and maturity) were determined based on daily
observations.

Irrigation treatments

Irrigation treatments were defined as a certain percent-
age of crop water requirement. For this purpose, first refer-
ence crop evapotranspiration (ETo) was calculated based
on the FAO Penman-Monteith equation (Allen et al., 1998)

(Eq. 4).

900
0408AR +Y ————- U,(e—e¢
" T +273 2(e—e)

A+y(1+034U,)

r )

where ETo is the reference crop evapotranspiration (mm/d);
A is the slope of saturation vapor pressure (kPa/°C); R, is
the daily net radiation (MJ/m?-d); G is the soil heat flux
(MJ/m?-d); v is the psychometric constant (kPa/°C); T, is
the mean air temperature at 2 m height (°C); U, is the daily
mean of wind speed at 2 m height (m/s); e is the saturation
vapor pressure (kPa); and e, is the actual vapor pressure
(kPa).

All the weather parameters needed to calculate ETo
were obtained from nearby weather stations. Crop evapo-
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transpiration (ETc) was calculated by multiplying ETo by
the crop coefficient (Kc) provided in the National Water
Document (Agri-PERI, 2017) for the study area.

Since there was no rainfall during the period of appli-
cation of the treatments, the crop water requirement was
considered equal to ETc. Considering the soil physical pa-
rameters of the research farm and crop water requirement,
the irrigation interval was considered seven days for both
crops. In all four studies, deficit irrigation was not applied
in the early stages of crop growth to ensure crop establish-
ment. For this purpose, in the first four irrigations, the irri-
gation interval was considered three days, and the amount
of applied water was equal for all treatments. So, the plots
were irrigated weekly except in the crop establishment pe-
riod, in which the irrigation interval was three days. The
volume of required water in the control treatment (T1) was
calculated based on accumulated crop water requirements
since the last irrigation and plot size. The irrigation vol-
ume of other treatments was calculated based on the con-
trol treatment. The applied water in the treatments of T1,
T2, T3, and T4 was 100%, 120%, 80% and 60% of the
crop water requirement, respectively. In treatments of TS
and T6, which were applied for soybean, 20% and 40%
deficit irrigation was implemented only in the vegetative
phase (no water stress was applied in the reproductive
stage). In treatments of T7 and T8, deficit irrigation was
implemented only in the reproductive stage (Table 2). The
reason for choosing T2 treatment (120% of crop water re-
quirement) was the uncertainty of the estimated ETo by
the Penman-Monteith formula in the study area (Esmaeili
etal., 2015; Ahmadpour et al., 2017). The required amount
of water was applied using a hose connected to a flowme-
ter with an accuracy of 0.1 liters (Furrow irrigation). The
crop management (e.g., land preparation, fertilizer, weed
& pest management) was implemented under the supervi-
sion of an agronomist.

Calibration and validation

Crop, weather/climate, soil, and management files are
required as model inputs for both models. Soil files were
created based on the soil physical properties of the re-
search farm (Table S3). Daily weather data in the study
area was used to prepare the weather/climate files. For
each treatment, a management file that contains the time
and depth of irrigation was also created. Crop files/param-
eters are required to run the models. Some of the crop
parameters are variety-specific and should be determined
or calibrated.

In the calibration process, first, the phenological dates
were set based on the full irrigation treatment. Then the
crop parameters were changed by trial and error so that
there was a slight difference between the simulated param-
eters and the measured average in all treatments. Three
parameters were used to calibrate the models. The average
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Table 3. Calibrated crop parameters of soybean and maize (AquaCrop model).

Parameter Unit Soybean Maize Comments
Percentage of canopy cover decline rate % per day 4 7 Calibrated
Percentage of canopy cover growth rate % per day 9.4 13.4 Experimental
Upper threshold of soil available water that stresses canopy cover - 0.65 0.45 Calibrated
development
Lower threshold of soil available water that stops canopy cover - 0.15 0.15 Calibrated
development
Shape factor of stress on leaf development - 1.5 3 Calibrated
Upper threshold of soil available water that stresses the crop by closing the - 0.27 0.20 Calibrated
stomata
Shape factor of stress after stomata closure - 1.9 2 Calibrated
Upper threshold of soil available water that leads to stress or early - 0.35 0.28 Calibrated
senescence
Shape factor of stress after early senescence - 1.77 6 Calibrated
Upper threshold of soil available water that leads to stress in flowering - 0.78 0.76 Calibrated
stage
Maximum crop coefficient - 1 1.1 Calibrated
Base temperature below which crop development does not progress °C 5.0 8.0 Default
Duration from cultivation to emergence degree-day 90 112 Experimental
Duration from cultivation to flowering degree-day 530 970 Experimental
Duration from cultivation to start of senescence degree-day 870 1436 Experimental
Duration from cultivation to physiological maturity degree-day 1160 1844 Experimental
Duration from cultivation to maximum canopy cover degree-day 770 988 Experimental
Duration from cultivation to maximum root depth degree-day 920 1436 Experimental
Duration of flowering stage degree-day 480 421 Experimental
Maximum harvest index % 24 38 Experimental

grain yield, biomass, and crop canopy cover in each treat-
ment and sampling day were used for AquaCrop calibra-
tion. For DSSAT, the LAI was used instead of crop canopy
cover.

Field data collected by Ahmadpour (2013) and Deh-
ghan Moroozeh (2019) were used to validate the calibrated
models. According to the measurement of soil moisture in
the latest studies, soil moisture was used in addition to the
mentioned parameters in the validation process. The sim-
ulated biomass, grain yield, and LAl/green canopy cov-
er at sampling dates were compared with measured data
graphically and statistically. Although graphical compari-
sons were made for the three crop parameters, only graphs
related to biomass are presented in the paper. Usually, sta-
tistical indices are used for the assessment of model valida-
tion. Yang et al. (2014) evaluated a group of deviation sta-
tistics that are commonly used for crop model calibration
and validation. In this study, statistical indices of Normal-

Spanish Journal of Agricultural Research

ized Root Mean Square Error (nRMSE) and Nash-Sutcliffe
Model Efficiency (EF), which are among the suggested de-
viation statistics by Yang et al. (2014), were used to model
evaluation (Eqgs. 5 and 6):

/ > (0-p)
nRMSE = 100 ( n > ©)

0
ave

EF=1- 2O (6)

¥ (0-0.)

where O; is observed data, P; is simulated data by the
model, O,,. is the mean of the observed data.

Lower values of nRMSE and higher values of EF indi-
cate better performance of the model. The range of nRMSE
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Table 4. Calibrated genotype parameters of soybean (DSSAT model).

Parameter Parameter description Value
CSDL Critical short day length below which reproductive development progresses with no daylength effect 13.4
(for shortday plants) (hour)
PPSEN Slope of the relative response of development to photoperiod with time (positive for shortday plants) 0.29
(1/hour)
EM-FL Time between plant emergence and flower appearance (R1) (photothermal days) 45
FL-SH Time between first flower and first pod (R3) (photothermal days) 7
FL-SD Time between first flower and first seed (R5) (photothermal days) 16
SD-PM Time between first seed (RS) and physiological maturity (R7) (photothermal days) 34.5
FL-LF Time between first flower (R1) and end of leaf expansion (photothermal days) 26
LFMAX Maximum leaf photosynthesis rate at 30 C, 350 vpm CO,, and high light (mg CO,/m?>-s) 1.03
SLAVR Specific leaf area of crop under standard growth conditions (cm?/g) 375
SIZLF Maximum size of full leaf (three leaflets) (cm?) 180
XFRT Maximum fraction of daily growth that is partitioned to seed + shell 1
WTPSD Maximum weight per seed (g) 0.11
SFDUR Seed filling duration for pod cohort at standard growth conditions (photothermal days) 23
SDPDV Average seed per pod under standard growing conditions (#/pod) 2.2
PODUR Time required for crop to reach final pod load under optimal conditions (photothermal days) 10
THRSH Threshing percentage. The maximum ratio of (seed/(seed+shell)) at maturity. Causes seeds to stop 77
growing as their dry weight increases until shells are filled in a cohort.
SDPRO Fraction protein in seeds (g(protein)/g(seed)) 0.41
SDLIP Fraction oil in seeds (g(oil)/g(seed)) 0.21

is between 0 and 100%. Jamieson et al. (1991) rated model Results and discussion
performance based on nRMSE as excellent (< 10%), good

(between 10% and 20%)), fair (between 20% and 30%), or DSSAT and Aquacrop models were calibrated based
poor (> 30%). on the measured grain yield, biomass, and crop canopy/

Table 5. Calibrated genotype parameters of maize (DSSAT model).

Parameter Parameter description Value

P1 Thermal time from seedling emergence to the end of the juvenile phase (expressed in degree days 280
above a base temperature of 8 °C) during which the plant is not responsive to changes in photoperiod

P2 Extent to which development (expressed as days) is delayed for each hour increase in photoperiod 0.4
above the longest photoperiod at which development proceeds at a maximum rate (which is
considered to be 12.5 h)

P5 Thermal time from silking to physiological maturity (expressed in degree days above a base 850
temperature of 8 °C)

G2 Maximum possible number of kernels on topmost ear 750

G3 Kernel filling rate during the linear grain filling stage and under optimum conditions (mg/day) 6.8

PHINT Phylochron interval; the interval in thermal time (degree days) between successive leaf tip 38.9
appearances
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Table 6. Statistical indicators in estimating soybean crop parameters by DSSAT and AquaCrop models.

Statistical Treatment Biomass Grain LAI Crop canopy
index DSSAT AquaCrop DSSAT AquaCrop DSSAT AquaCrop
nRMSE Tl 10.7 17.2 15.0 344 14.9 17.1
T2 21.1 24.8 8.5 26.2 11.9 17.5
T3 21.7 13.8 24.7 27.9 16.0 23.0
T4 253 62.3 283 459 14.4 18.4
T5 22.2 35.6 11.7 41.9 13.6 32.7
T6 17.4 243 8.4 31.5 7.7 29.6
T7 23.4 26.4 7.5 28.1 15.7 17.4
T8 19.7 38.6 23.8 35.6 17.2 22.5
Average 20.2 30.4 16.0 33.9 13.9 223
EF T1 0.97 0.89 0.97 0.48 0.94 0.75
T2 0.92 0.86 0.98 0.72 0.96 0.76
T3 0.94 0.87 0.96 0.54 0.94 0.59
T4 0.88 0.45 0.96 0.45 0.94 0.69
TS 0.92 0.83 0.98 0.68 0.95 0.55
T6 0.95 0.88 0.98 0.6 0.99 0.41
T7 0.91 0.79 0.98 0.44 0.92 0.79
T8 0.93 0.40 0.97 0.41 0.92 0.46
Average 0.93 0.75 0.97 0.54 0.95 0.63

nRMSE: normalized root mean square error. EF: Nash-Sutcliffe model efficiency. LAI: leaf area index.

LAI in the studies of Mirzaee (2013) and Esmaeili (2014).
First, the phenological parameters were determined based
on field observations and weather data. Then, by trial and
error, other crop parameters were determined to have the
minimum difference between the measured and simulated
grain yield, biomass, and crop canopy/LAI at the time of
field measurements for all treatments. The calibrated crop
parameters for both models and crops are reported in Ta-
bles 3, 4, and 5.

The results of the field experiments conducted in the
studies of Ahmadpour (2013) and Dehghan Moroozeh
(2019) were used to assess the accuracy of calibrated mod-
els under water stress conditions. Measured grain yield,

biomass, canopy/LAI, and soil moisture at two (maize)
or three (soybean) depths during the crop growth period
were compared with data estimated by crop growth sim-
ulation models. Although comparisons were made for all
the measured parameters, only graphical comparisons are
presented for biomass. Of course, statistical comparisons
are provided for all parameters.

The maximum biomass and grain yield of soybean in
the T2 treatment (120% irrigation) were 11,180 and 2,140
kg/ha, respectively (Fig. 3), which is higher than in T1
(control treatment). It seems that the crop water require-
ment of soybean is underestimated by the FAO-Penman
Monteith formula. Similar results have been reported by

Figure 3. Measured final biomass and grain yield of soybean (kg/ha).

Spanish Journal of Agricultural Research
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Table 7. Statistical indices in estimating soil moisture (cm?/cm?) at depths of 15, 45, and 60 c¢m in the soybean.

Index Treatment DSSAT AquaCrop
15 45 60 Average 15 45 60 Average

nRMSE T1 5.0 8.1 8.2 7.1 53 10.1 10.1 8.5
T2 53 5.6 8.6 6.5 5.5 5.8 9.7 7.0

T3 4.7 5.0 7.8 5.8 10.1 10.1 10.1 10.1

T4 8.0 5.0 1.0 4.7 7.9 5.1 5.1 6.0

Average 5.75 5.9 6.4 6.0 7.2 7.7 8.8 7.9

EF T1 0.72 0.61 0.64 0.66 0.69 0.21 0.46 0.45
T2 0.52 0.78 0.52 0.61 0.48 0.69 0.39 0.52

T3 0.88 0.77 0.73 0.79 0.47 0.66 0.55 0.56

T4 0.40 0.79 0.99 0.73 0.41 0.73 0.76 0.63

Average 0.63 0.74 0.72 0.70 0.51 0.57 0.54 0.54

nRMSE: normalized root mean square error. EF: Nash-Sutcliffe model efficiency.

Ahmadpour et al. (2017) and Esmaeili et al. (2015) in the
study area. Final biomass in treatments T1, T5, and T6 had
differences lower than 10%. The reason is related to small
differences between the amount of applied irrigation in
these treatments (Table 2) as irrigation treatments were not
implemented during the crop establishment period, which
is part of the vegetative stage. The lowest yield was ob-
served in treatment T4 (40% deficit irrigation in the whole
crop growth period).

The measured and simulated soybean biomass for the
studied treatments is shown in Fig. 4. Although both models
express soybean biomass production trends relatively well,
DSSAT shows a better estimation in all treatments than Aq-
uaCrop. In water stress treatments (especially in those with
stress in the reproductive phase), the deviation between
the measured soybean biomass and the simulated by the
AquaCrop model increased. Giménez et al. (2017) report-

ed poor accuracy of AquaCrop in the simulation of grain
yield of soybean. Adeboye et al. (2017) showed that the Ag-
uaCrop model performed better in simulating the dry bio-
mass of soybean for full irrigation than for deficit irrigation.

Statistical indices of nRMSE and EF were calculated
for soybean crop parameters for all treatments (Table 6).
The average of statistical indices indicated the better per-
formance of DSSAT in the simulation of soybean growth
than AquaCrop. The average of nRMSE indicates good
performance (Jamieson et al., 1991) of the DSSAT model
in the simulation of LAI, biomass, and grain (Table 6).
The same results are obtained based on the EF index. The
average EF for DSSAT and AquaCrop models were in the
range of 0.92-0.97 and 0.54-0.75, respectively. Consid-
ering statistical analysis, it can be concluded that DSSAT
performed better than AquaCrop in the simulation of soy-
bean growth. Similar results were also reported by Battis-

Table 8. Statistical indicators in estimating maize crop parameters by DSSAT and AquaCrop models.

Statistical Treatment Biomass Grain LAI Crop canopy
index DSSAT  AquaCrop DSSAT  AquaCrop  DSSAT AquaCrop
nRMSE Tl 22.4 9.3 15.8 33.8 20.8 7.8
T2 10.6 10.1 21.4 25.6 16.4 6.0
T3 373 18.4 20.0 18.7 222 12.1
T4 35.2 15.0 37.0 30.3 28.3 13.2
Average 26.4 13.2 23.6 27.1 21.9 9.8
EF Tl 0.94 0.99 0.94 0.72 0.91 0.99
T2 0.99 0.99 0.72 0.82 0.94 0.99
T3 0.76 0.94 0.88 0.90 0.88 0.96
T4 0.85 0.97 0.57 0.71 0.82 0.95
Average 0.88 0.97 0.86 0.94 0.89 0.97

nRMSE: normalized root mean square error. EF: Nash-Sutcliffe model efficiency. DW: dry weight. LAI: leaf area index.

Spanish Journal of Agricultural Research
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Figure 4. Measured and simulated soybean biomass with DSSAT and AquaCrop models.

ti et al. (2017), who found a better performance of DSSAT
than AquaCrop in terms of soybean grain estimation. The
result of this study is also in agreement with Kumar et al.
(2008) and Ovando et al. (2018), who reported acceptable
accuracy of CROPGRO in the simulation of soybean crop
growth and yield. The performance of the models was low-
er in T4, where the crop was under severe water stress.

Spanish Journal of Agricultural Research

The statistical indices of nRMSE and EF for soil mois-
ture at depths of 15, 45, and 60 cm in the soybean experi-
ment are reported in Table 7. The lower nRMSE and higher
EF in the DSSAT model indicate the better performance of
this model in soil moisture estimation than the AquaCrop
model. The results indicated a better estimate of soil mois-
ture at a depth of 45 cm.
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Table 9. Statistical indices in estimating soil moisture at depths of 15 and 45 cm in the

maize field.
DSSAT AquaCrop
Index Treatment 15 45 Average 15 45 Average

nRMSE T1 3.0 4.0 3.5 29 2.5 2.7
T3 5.1 2.1 3.6 4.7 2.0 33

T4 3.4 3.7 3.6 29 24 2.7

Average 3.8 3.2 35 3.5 2.3 2.9

EF T1 0.72 0.65 0.7 0.73 0.45 0.6
T3 0.50 0.40 0.4 0.58 0.45 0.5

T4 0.52 0.31 0.4 0.65 0.65 0.7

Average 0.58 0.45 0.50 0.65 0.52 0.60

nRMSE: normalized root mean square error. EF: Nash-Sutcliffe model efficiency.

The highest and lowest maize yield was observed respec-
tively in T2 and T4. As in soybean, the maximum crop yield
of maize was observed in T2 (120% irrigation). Considering
the underestimation of crop water requirement by FAO-56
Penman Monteith equation for both studied crops (soybean
and maize), the initial assumption regarding the definition
of 120% irrigation treatment was reasonable. Therefore, it is
suggested that in cases where crop water requirement is esti-
mated using FAO-56 Penman Monteith equation, treatment
of 20% of over-irrigation is recommended.

The measured and simulated maize biomass by DSSAT
and AquaCrop is presented in Fig. 5. These graphs show
the better simulation of maize biomass by the AquaCrop
model. Although the biomass simulated by the DSSAT
model is accurate in T2 treatment, the accuracy of this
model is lower in other treatments.

The statistical analysis between measured and simulated
parameters also indicated the better overall performance of Aq-
uaCrop in the simulation of maize than CERES-Maize in the
study area (Tables 8 and 9). These results are consistent with
Ziaii et al. (2014) and Mibulo & Kiggundu (2018). The accu-
racy of both models in simulating maize grain yield was lower
than biomass and LAl/crop canopy cover (Table 8), which is
in conformity with the results of Liu et al. (2011) and is incon-
sistent with other studies such as Heng et al. (2009). The reason
could be due to the measurement error of the grain in the ear-
ly stage of the grain formation period. The comparison of EF
model efficiency in Tables 8 and 9 shows the lower efficiency
of both models in estimating soil moisture compared to bio-
mass, grain yield, and LAI Since soil moisture was not meas-
ured in the studies used for model calibration, the soil moisture
results should be considered with caution (for both crops).

Conclusions

Although crop growth simulation models are useful
tools for simulating the impact of environmental parame-

Spanish Journal of Agricultural Research

ters on crop yield and water requirements, the use of these
models is limited in developing countries such as Iran. The
need to calibrate the (crop) parameters of these models is
one of the limiting factors of their use. Due to the diversity
of available models and disagreements about the appro-
priate model, the limited studies conducted in these areas
are scattered and not very practical. In this study, crop pa-
rameters of AquaCrop and DSSAT crop growth simulation
models were calibrated and validated based on two-year
measured yield (biomass and seed), and leaf area/crop
canopy index. It is better to use these data to evaluate the
performance of other crop models (e.g. WOFOST). Two
years of data could be the minimum data to calibrate and
validate these models. Therefore, it is suggested that agri-
cultural research centers have a program for the calibration
and validation of crop growth simulation models and use
multi-year data for this purpose.

In this study, the performance of AquaCrop and DSSAT
crop growth simulation models was investigated under full
and deficit irrigation conditions. The results showed that
in the study area, the overall performance of AquaCrop
in estimating crop yield and soil moisture for maize was
better than DSSAT, while the performance of DSSAT for
soybean was better than AquaCrop. The accuracy of the
models in the condition of deficit irrigation was lower than
that of full irrigation. Therefore, it is not possible to pro-
pose a specific model to simulate the growth of all crops
in a region. Choosing the appropriate model depends on
the crop type, environmental conditions, and the purpose
of the study.

Although determining the crop water requirement has
been the focus of many studies for decades, the appropri-
ate method for estimating ETo for many regions has not yet
been identified. This issue can also be a limiting factor in
the use of crop growth simulation models. In this study, the
FAO Penman-Monteith formula, which many researchers
believe is the most appropriate method for estimating ETo,
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Figure 5. Measured and simulated biomass of maize in the validation stage for treatments T1-T4 with DSSAT

and AquaCrop models.

was used to determine crop water requirements. The results
showed that this formula underestimates the amount of ETo
in the conditions of the study area. Therefore, we recom-
mend treatments of 20% over-irrigation in similar studies.

Authors’ contributions

Conceptualization: A. Dehghan Moroozeh, B. Farhadi Ban-
souleh, M. Ghobadi

Data curation: A. Dehghan Moroozeh, A. Ahmadpour

Formal analysis: A. Dehghan Moroozeh

Funding acquisition: B. Farhadi Bansouleh

Investigation: A. Dehghan Moroozeh, A. Ahmadpour

Methodology: A. Dehghan Moroozeh, B. Farhadi Bansouleh

Project administration: B. Farhadi Bansouleh, M. Ghobadi

Resources: B. Farhadi Bansouleh, M. Ghobadi

Software: A. Dehghan Moroozeh, B. Farhadi Bansouleh, A.
Ahmadpour

Supervision: B. Farhadi Bansouleh

Validation: A. Dehghan Moroozeh

Visualization: A. Dehghan Moroozeh, B. Farhadi Bansouleh

Writing — original draft: A. Dehghan Moroozeh

Writing — review & editing: B. Farhadi Bansouleh, M. Ghobadi

Spanish Journal of Agricultural Research

References

Abedinpour M, Sarangi A, 2018. Evaluation of DS-
SAT-CERES model for maize under different water and
nitrogen levels. Pertanika J Sci Technol 26(4): 1605-1618.

Adeboye OB, Schultz B, Adekalu KO, Prasad K, 2017. Mod-
elling of response of the growth and yield of soybean to
full and deficit irrigation by using Aquacrop. Irrig Drain
66(2): 192-205. https://doi.org/10.1002/ird.2073

Adeboye OB, Schultz B, Adekalu KO, Prasad KC, 2019.
Performance evaluation of AquaCrop in simulating soil
water storage, yield, and water productivity of rainfed
soybeans (Glycine max L. Merr) in lIle-Ife, Nigeria. Agr
Water Manage 213: 1130-1146. https://doi.org/10.1016/].
agwat.2018.11.006

Agri-PERI, 2017. National Water Document. APERDRI, Teh-
ran, Iran [in Persian].

Ahmadi SH, Mosallacepour E, Kamgar-Haghighi AA, Se-
paskhah AR, 2015. Modeling maize yield and soil water
content with AquaCrop under full and deficit irrigation
managements. Water Resour Manag 29: 2837-2853. https:/
doi.org/10.1007/s11269-015-0973-3

Ahmadpour A, 2013. Estimation of maize crop yield under
various irrigation management using WOFOST and Aqua

September 2023 « Volume 21 o Issue 3 « €1201


https://doi.org/10.1002/ird.2073
https://doi.org/10.1016/j.agwat.2018.11.006
https://doi.org/10.1016/j.agwat.2018.11.006
https://doi.org/10.1007/s11269-015-0973-3
https://doi.org/10.1007/s11269-015-0973-3

14 Ali Dehghan Moroozeh, Bahman Farhadi Bansouleh, Mokhtar Ghobadi and Abdoreza Ahmadpour

Crop models in Kermanshah. MSc. Thesis, Razi University,
Kermanshah, Iran. [in Persian].

Ahmadpour A, Farhadi Bansouleh B, Ghobadi M, 2017. Ef-
fects of deficit irrigation on growth trend, quantity and qual-
ity characteristics of maize in Kermanshah. J Water Soil
Resour Conserv 6(3): 99-112. [in Persian].

Allen RG, Pereira LS, Raes D, Smith M, 1998. Crop evapo-
transpiration-Guidelines for computing crop water require-
ments. FAO Irrig Drain Paper 56, FAO, Rome, p. 300

Andarzian B, Bannayan M, Steduto P, Mazrach H, Barati M,
Barati M, et al., 2011. Validation and testing of the Ag-
uaCrop model under full and deficit irrigated wheat pro-
duction in Iran. Agr Water Manage 100(1): 1-8. https://doi.
org/10.1016/j.agwat.2011.08.023

Araya A, Keesstra S, Stroosnijder L, 2010. Simulating yield
response to water of teff (Eragrostis tef) with FAO’s Ag-
uaCrop model. Field Crops Res 116(1-2): 196-204. https://
doi.org/10.1016/j.fcr.2009.12.010

Babel MS, Deb P, Soni P, 2019. Performance evaluation of Ag-
uaCrop and DSSAT-CERES for maize under different irri-
gation and manure application rates in the Himalayan region
of India. Agric Res 8(2): 207-217. https://doi.org/10.1007/
s40003-018-0366-y

Battisti R, Sentelhas PC, Boote KJ, 2017. Inter-comparison of
performance of soybean crop simulation models and their
ensemble in southern Brazil. Field Crops Res 200: 28-37.
https://doi.org/10.1016/].fcr.2016.10.004

Boote KJ, Jones JW, Hoogenboom G, 2018. Simulation of
crop growth: CROPGRO model, agricultural systems mod-
eling and simulation. CRC Press, pp: 651-692. https://doi.
org/10.1201/9781482269765-18

Brevedan R, Egli D, 2003. Short periods of water stress during
seed filling, leaf senescence, and yield of soybean. Crop Sci
43(6): 2083-2088. https://doi.org/10.2135/cropsci2003.2083

Castafieda-Vera A, Leffelaar PA, Alvaro-Fuentes J, Cante-
ro-Martinez C, Minguez M, 2015. Selecting crop models
for decision making in wheat insurance. Eur J Agron 68:
97-116. https://doi.org/10.1016/j.eja.2015.04.008

de Wit A, Boogaard H, Fumagalli D, Janssen S, Knapen R, van
Kraalingen D, et al., 2019. 25 years of the WOFOST crop-
ping systems model. Agric Syst 168: 154-167. https://doi.
org/10.1016/j.agsy.2018.06.018

Dehghan Moroozeh A, 2019. Yield estimation and water re-
quirements for soybean and maize under climate change by
using crop growth simulation models in Kermanshah. Ph.D.
Thesis, Razi University, Kermanshah, Iran. [in Persian].

Dogan E, Kirnak H, Copur O, 2007. Deficit irrigations dur-
ing soybean reproductive stages and CROPGRO-soybean
simulations under semi-arid climatic conditions. Field
Crops Res 103(2): 154-159. https://doi.org/10.1016/j.
fcr.2007.05.009

Doorenbos J, Kassam A, 1979. Yield response to water.
FAO Irrig Drain Paper No. 33, Rome, p. 257 https://doi.
org/10.1016/B978-0-08-025675-7.50021-2

Esmaili M, 2014. Estimation the effects of water deficit irriga-
tion on soybean crop yield in Kermanshah under climate

Spanish Journal of Agricultural Research

change scenarios using AquaCrop model. MSc. Thesis,
Razi University, Kermanshah, Iran. [in Persian].

Esmaeili M, Farhadi Bansouleh B, Ghobadi M, 2015. Effects
of deficit irrigation on quantity and quality of soybean
crop yield in Kermanshah region. J Water Soil 29(3): 551-
559. [in Persian].

Garcia-Vila M, Fereres E, Mateos L, Orgaz F, Stedu-
to P, 2009. Deficit irrigation optimization of cotton
with AquaCrop. Agron J 101(3): 477-487. https://doi.
org/10.2134/agronj2008.0179s

Giménez L, Paredes P, Pereira LS, 2017. Water use and yield
of soybean under various irrigation regimes and severe wa-
ter stress. Application of AquaCrop and SIMDualKc mod-
els. Water 9(6): 393. https://doi.org/10.3390/w9060393

Hammad HM, Abbas F, Ahmad A, Farhad W, Anothai J,
Hoogenboom G, 2018. Predicting water and nitrogen re-
quirements for maize under semi-arid conditions using
the CSM-CERES-Maize model. Eur J Agron 100: 56-66.
https://doi.org/10.1016/j.eja.2017.10.008

Hellal F, Mansour H, Abdel-Hady M, El-Sayed S, Abdel-
ly C, 2019. Assessment water productivity of barley
varieties under water stress by AquaCrop model. AIMS
Agric Food 4(3): 501-517. https://doi.org/10.3934/agr-
f00d.2019.3.501

Heng LK, Hsiao T, Evett S, Howell T, Steduto P, 2009. Val-
idating the FAO AquaCrop model for irrigated and water
deficient field maize. Agron J 101(3): 488-498. https://
doi.org/10.2134/agronj2008.0029xs

Hoogenboom G, Porter CH, Boote KJ, Shelia V, Wilkens
PW, Singh U, et al., 2019. The DSSAT crop modeling
ecosystem. In: Advances in crop modelling for a sustain-
able agriculture. Burleigh Dodds Sci Publ, pp: 173-216.

Jamieson P, Porter J, Wilson D, 1991. A test of the computer
simulation model ARCWHEAT1 on wheat crops grown
in New Zealand. Field Crops Res 27(4): 337-350. https://
doi.org/10.1016/0378-4290(91)90040-3

Johnson Al, 1962. Methods of measuring soil moisture in
the field. US Department of the Interior, US Geological
Survey.

Jones C, Kiniry J, 1986. A simulation model of maize
growth and development. Texas A & M University Press,
College Station.

Jones JW, Hoogenboom G, Porter CH, Boote KJ, Batchelor
WD, Hunt LA, et al., 2003. The DSSAT cropping sys-
tem model. Eur J Agron 18(3-4): 235-265. https://doi.
org/10.1016/S1161-0301(02)00107-7

Kumar A, Pandey V, Shekh A, Dixit S, Kumar M, 2008. Eval-
uation of cropgro-soybean (Glycine max. L. Merrill) mod-
el under varying environment condition. Am-Euras J Agr
1(2): 34-40.

Liu H, Yang J, Drury CA, Reynolds W, Tan C, Bai Y, et
al.,, 2011. Using the DSSAT-CERES-Maize model to
simulate crop yield and nitrogen cycling in fields under
long-term continuous maize production. Nutr Cycl Agro-
ecosyst 89: 313-328. https://doi.org/10.1007/s10705-
010-9396-y

September 2023 « Volume 21 « Issue 3 « 1201


https://doi.org/10.1016/j.agwat.2011.08.023
https://doi.org/10.1016/j.agwat.2011.08.023
https://doi.org/10.1016/j.fcr.2009.12.010
https://doi.org/10.1016/j.fcr.2009.12.010
https://doi.org/10.1007/s40003-018-0366-y
https://doi.org/10.1007/s40003-018-0366-y
https://doi.org/10.1016/j.fcr.2016.10.004
https://doi.org/10.1201/9781482269765-18
https://doi.org/10.1201/9781482269765-18
https://doi.org/10.2135/cropsci2003.2083
https://doi.org/10.1016/j.eja.2015.04.008
https://doi.org/10.1016/j.agsy.2018.06.018
https://doi.org/10.1016/j.agsy.2018.06.018
https://doi.org/10.1016/j.fcr.2007.05.009
https://doi.org/10.1016/j.fcr.2007.05.009
https://doi.org/10.1016/B978-0-08-025675-7.50021-2
https://doi.org/10.1016/B978-0-08-025675-7.50021-2
https://doi.org/10.2134/agronj2008.0179s
https://doi.org/10.2134/agronj2008.0179s
https://doi.org/10.3390/w9060393
https://doi.org/10.1016/j.eja.2017.10.008
https://doi.org/10.3934/agrfood.2019.3.501
https://doi.org/10.3934/agrfood.2019.3.501
https://doi.org/10.2134/agronj2008.0029xs
https://doi.org/10.2134/agronj2008.0029xs
https://doi.org/10.1016/0378-4290(91)90040-3
https://doi.org/10.1016/0378-4290(91)90040-3
https://doi.org/10.1016/S1161-0301(02)00107-7
https://doi.org/10.1016/S1161-0301(02)00107-7
https://doi.org/10.1007/s10705-010-9396-y
https://doi.org/10.1007/s10705-010-9396-y

DSSAT and AquaCrop models to simulate soybean and maize yield under water stress conditions 15

Malik A, Shakir AS, Ajmal M, Khan MJ, Khan TA, 2017. As-
sessment of AquaCrop model in simulating sugar beet can-
opy cover, biomass and root yield under different irriga-
tion and field management practices in semi-arid regions
of Pakistan. Water Resour Manag 31: 4275-4292. https://
doi.org/10.1007/s11269-017-1745-z

Malik W, Isla R, Dechmi F, 2019. DSSAT-CERES-maize
modelling to improve irrigation and nitrogen manage-
ment practices under Mediterranean conditions. Agr Wa-
ter Manage 213: 298-308. https://doi.org/10.1016/j.ag-
wat.2018.10.022

Mibulo T, Kiggundu N, 2018. Evaluation of FAO AquaCrop
model for simulating rainfed maize growth and yields in
Uganda. Agronomy 8(11): 238. https://doi.org/10.3390/
agronomy8110238

Mirsafi ZS, Sepaskhah AR, Ahmadi SH, Kamgar-Haghighi
AA, 2016. Assessment of AquaCrop model for simulat-
ing growth and yield of saffron (Crocus sativus L.). Sci
Hortic 211: 343-351. https://doi.org/10.1016/j.scien-
ta.2016.09.020

Mirzaee M, 2013. Effects of deficit irrigation on maize crop yield
in Mahidasht region using crop growing simulation models.
Ms.C., Razi University, Kermansh, Iran. [in Persian].

Mkhabela MS, Bullock PR, 2012. Performance of the FAO
AquaCrop model for wheat grain yield and soil moisture
simulation in Western Canada. Agr Water Manage 110:
16-24. https://doi.org/10.1016/j.agwat.2012.03.009

Ovando G, Sayago S, Bocco M, 2018. Evaluating accuracy
of DSSAT model for soybean yield estimation using satel-
lite weather data. ISPRS J Photogramm Remote Sens 138:
208-217. https://doi.org/10.1016/j.isprsjprs.2018.02.015

Paredes P, Wei Z, Liu Y, Xu D, Xin Y, Zhang B, et al., 2015.
Performance assessment of the FAO AquaCrop model for
soil water, soil evaporation, biomass and yield of soybeans
in North China Plain. Agr Water Manage 152: 57-71.
https://doi.org/10.1016/j.agwat.2014.12.007

Raes D, Steduto P, Hsiao TC, Fereres E, 2009. AquaCrop-the
FAO crop model to simulate yield response to water: II.
Main algorithms and software description. Agron J 101(3):
438-447. https://doi.org/10.2134/agronj2008.0140s

Ranjbar A, Rahimikhoob A, Ebrahimian H, Varavipour M,
2019. Assessment of the AquaCrop model for simulating

Spanish Journal of Agricultural Research

maize response to different nitrogen stresses under semi-ar-
id climate. Commun Soil Sci Plant Anal 50(22): 2899-2912.
https://doi.org/10.1080/00103624.2019.1689254

Sandhu R, Irmak S, 2019. Assessment of AquaCrop model in
simulating maize canopy cover, soil-water, evapotranspi-
ration, yield, and water productivity for different planting
dates and densities under irrigated and rainfed conditions.
Agr Water Manage 224: 105753. https://doi.org/10.1016/j.
agwat.2019.105753

Sharda V, Gowda PH, Marek G, Kisekka I, Ray C, Adhikari
P, 2019. Simulating the impacts of irrigation levels on soy-
bean production in Texas high plains to manage diminish-
ing groundwater levels. ] Am Water Resour Assoc 55(1):
56-69. https://doi.org/10.1111/1752-1688.12720

Sinclair TR, Kitani S, Hinson K, Bruniard J, Horie T,
1991. Soybean flowering date: linear and logistic
models based on temperature and photoperiod. Crop
Sci 31(3): 786-790. https://doi.org/10.2135/crops-
¢i1991.0011183X003100030049x

Soltani A, Hoogenboom G, 2007. Assessing crop manage-
ment options with crop simulation models based on gen-
erated weather data. Field Crops Res 103(3): 198-207.
https://doi.org/10.1016/j.fcr.2007.06.003

Steduto P, Hsiao TC, Raes D, Fereres E, 2009. AquaCrop-The
FAO crop model to simulate yield response to water: 1.
Concepts and underlying principles. Agron J 101(3): 426-
437. https://doi.org/10.2134/agronj2008.0139s

Teixeira WWR, Battisti R, Sentelhas PC, de Moraes MF, de
Oliveira Junior A, 2019. Uncertainty assessment of soya
bean yield gaps using DSSAT-CSM-CROPGRO-Soy-
bean calibrated by cultivar maturity groups. J Agron
Crop Sci 205(5): 533-544. https://doi.org/10.1111/
jac.12343

Yang JM, Yang JY, Liu S, Hoogenboom G, 2014. An evalua-
tion of the statistical methods for testing the performance
of crop models with observed data. Agric Syst 127: 81-89.
https://doi.org/10.1016/j.agsy.2014.01.008

Ziaii G, Babazadeh H, Abbasi F, Kaveh F, 2014. Evaluation of
the AquaCrop and CERES-Maize models in assessment of
soil water balance and maize yield. Iran J Soil Water Res
45(4): 435-445. https://dorl.net/dor/20.1001.1.2008479.13
93.45.4.8.1 [in Persian].

September 2023 « Volume 21 o Issue 3 « €1201


https://doi.org/10.1007/s11269-017-1745-z
https://doi.org/10.1007/s11269-017-1745-z
https://doi.org/10.1016/j.agwat.2018.10.022
https://doi.org/10.1016/j.agwat.2018.10.022
https://doi.org/10.3390/agronomy8110238
https://doi.org/10.3390/agronomy8110238
https://doi.org/10.1016/j.scienta.2016.09.020
https://doi.org/10.1016/j.scienta.2016.09.020
https://doi.org/10.1016/j.agwat.2012.03.009
https://doi.org/10.1016/j.isprsjprs.2018.02.015
https://doi.org/10.1016/j.agwat.2014.12.007
https://doi.org/10.2134/agronj2008.0140s
https://doi.org/10.1080/00103624.2019.1689254
https://doi.org/10.1016/j.agwat.2019.105753
https://doi.org/10.1016/j.agwat.2019.105753
https://doi.org/10.1111/1752-1688.12720
https://doi.org/10.2135/cropsci1991.0011183X003100030049x
https://doi.org/10.2135/cropsci1991.0011183X003100030049x
https://doi.org/10.1016/j.fcr.2007.06.003
https://doi.org/10.2134/agronj2008.0139s
https://doi.org/10.1111/jac.12343
https://doi.org/10.1111/jac.12343
https://doi.org/10.1016/j.agsy.2014.01.008
https://dorl.net/dor/20.1001.1.2008479.1393.45.4.8.1
https://dorl.net/dor/20.1001.1.2008479.1393.45.4.8.1

