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INTRODUCTION

Water is the limiting factor for agricultural 
production in many regions of the world that suf-
fer from the scarcity of water resources. There is 
an increasing interest in its sources in the future 
as its limitations call for a focus on the optimal 
use of water. Water management and its proper 
use represent a priority in arid and semi-arid 
regions or in the regions with low rainfall. The 
methods of good management include controlling 
the amount of water given in each irrigation, the 
number of irrigations (irrigation scheduling), the 
ability of the soil to store water, and the need of 
the plant in its different growth stages to reach the 
highest productivity (Spellman, 2018).

Maize (Zea mays L.) is a member of the 
Maydeae family and is a monoecious annual her-
baceous plant, the most important of which is the 
Zea genus, which includes the Maize species (Sa-
huki, 1990). Globally, Maize is ranked as the first 
largest crop in terms of production and the second 
crop  after wheat in terms of cultivated area as 
the total cultivated area with Maize in the whole 
world in 2008 amounted to nearly 161 million 
hectares, producing approximately 823 million 
tons, with an average of 3.5 tons h-1 (FAO, 2009). 
In the Arab countries, Maize received  the second 
rank after wheat in terms of production and the 
third one after wheat and barley in terms of culti-
vated area as the total cultivated area with Maize 
in the these countries reached 1640.42 thousand 

Calibration and Evaluation of Aquacrop for Maize (Zea Mays L.) 
under Different Irrigation and Cultivation Methods

Diaa Fliah Hassan1,2*, Alaa Salih Ati1, AbdulKhalik Saleh Neima3

1 College of Agricultural Engineering Sciences, University of Baghdad, Baghdad, Iraq
2 Water Resources Engineering College, Al-Qasim Green University, Babylon, Iraq
3 Ministry of Agriculture, Baghdad, Iraq
* Corresponding author’s e-mail: diaafliah@wrec.uoqasim.edu.iq

ABSTRACT
Crop models of simulation are utilised  effectively to evaluate the management of irrigation strategies which help 
in managing  the water use. The aim of this study was to verify the validity of the Aquacrop model of maize under 
the surface and sprinkler irrigation systems, and a cultivation system, borders and furrows, and for two varieties 
of Maze (Fajr and Drakma) at two different sites in Iraq, i.e. the Babylon and Al-Qadisiyah governorates. The cur-
rent study conducted an experiment to evaluate the Aquacrop model capacity in simulating canopy cover (CC), 
biomass (B), dry yield, harvest index (HI), and water productivity (WP). The results of RMSE, R2, MAE, d, NSE, 
CC, Pe indicated good results and high compatibility between the measured and simulated values. The highest 
achieved results were identical to the method of sprinkler irrigation due to the decrease in the amount of water 
consumed and the furrows cultivation method as the aerial roots were covered and the cultivar was Drakma. The 
highest values for the statistical data were R2 (90 and 96%), RMSE (0.60, 0.73), MAE (0.5, 0.67), d (0.97, 0.97), 
NSE (0.87, 0.90), for the Babylon and Al-Qadisiyah sites, respectively. As for the CC values, they were very 
compatible with the values of R2 and ranged between (92–99)%. The prediction error was Pe and minor errors 
were found. Thus, the Aquacrop model can be used reliably to evaluate the effectiveness of proposed irrigation 
management strategies for maize.

Keywords: Aquacrop, sprinkler irrigation, canopy cover, maize

Journal of Ecological Engineering
Received: 2021.08.15
Accepted: 2021.09.14
Published: 2021.10.01

Journal of Ecological Engineering 2021, 22(10), 192–204
https://doi.org/10.12911/22998993/142123
ISSN 2299–8993, License CC-BY 4.0



193

Journal of Ecological Engineering 2021, 22(10), 192–204

hectares to produce about 7533.10 thousand 
tons at a rate of 4.6 tons h-1 (Arab Organization 
for Agricultural Development, 2008; Al-Khaled 
et al., 2008). The crop can be exposed to water 
stress during the growing season or during spe-
cific growth stages that are more tolerant to these 
stresses. This makes it possible to save irriga-
tion water even though it reduces the yield to a 
specific degree, which leads to the introduction 
of additional agricultural areas without the need 
to provide new sources of water (Merriam, 1995; 
Soe, 2019). One of the goals of deficit irrigation 
is to increase the efficiency of water use by elimi-
nating the irrigation that has less impact on the 
final yield. It can be practiced in the agricultural 
areas where the water supply is limited, and the 
unit water cost is high.

As a result, the increased temperature of 
global warming and changes in climate have ma-
jor implications for agriculture, affecting ecosys-
tems and the benefits they provide to societies. 
This increasingly affects crop productivity, agri-
cultural resources of soil, water and food secu-
rity. Crop models have been used as a decision 
support tools guide worldwide for many years 
to analyse and  the effects of weather and cli-
mate change on the growth and production of the 
crop. AquaCrop applications are usually utilised 
in assessing the management system and climate 
change strategies, more particularly, in drylands 
as the  soil moisture is vital for the growth and 
production of the crop. According to Kowalik et 
al. (2014)  and Kefale (2018), this model has been 
widely adopted to cover  various purposes such 
as assessing the growth and production of crops, 
moisturizing, watering, and transpiration in addi-
tion to assessing the effect of climate changes in 
low moisturized areas. 

Crop growth simulation programs and models 
have advanced along with computer technology 
since the late 1960s with the aim of supporting 
simulation of plant physiological processes as 
well as describing the growth and development 
of the crop. This development coincided with the 
efforts exerted to model crop growth by chang-
ing the objectives, group of users, or the results 
of agricultural policies ranging from explanatory 
models with accurate scientific vision at the pa-
per level to those that focus on scientific appli-
cations and the impact of management practices 
on a single crop or a complex agricultural sys-
tem (AbiSaab et al., 2015; Andreoli et al., 2000). 

This progress has imposed different systems of 
models regarding the levels of complexity, pro-
cesses to be addressed, their functions, selection 
of algorithms, measures of typical growth units, 
and the quality of inputs required (Bouman et al., 
1996; Hammer et al., 2003; Fischer et al., 2014). 
Sinclaire and Soltani (2012) showed that all crop 
simulation models agree that they are mathemati-
cal representations of the plant growth processes 
that are affected by the interactions between gen-
otype and factors surrounding the crop, and that 
the use of crop simulation models can be an effec-
tive complement to experimental research, as they 
are used to understand the response of crops. For 
potential changes in crop traits, traditional man-
agement processes, and climate variables. Smith 
and Steduto, (2012) showed that in the nucleus of 
any model of crop growth, there is a set of equa-
tions that estimate the rate of biomass production 
from at least one of the resources that form the 
main engine for plants to produce biomass, which 
is either carbon dioxide, solar radiation, or water.

AquaCrop is a program that simulates the in-
terrelationship between plant and soil as the plant 
extracts water and nutrients from the root zone 
of the soil. The program takes into account the 
field management factors (such as soil fertility) 
and irrigation management, as these factors af-
fect the mutual relationship between plant and 
soil. The program also takes the relationship with 
the atmosphere through the upper boundaries of 
the studied mass where evaporation-transpiration 
(ETo), carbon dioxide (CO2), and the energy 
needed for plant growth are calculated. The water 
is discharged from the studied mass through its 
lower boundaries to the deep soil or underground 
water reservoir in case the groundwater level is 
high. Water can ascend to the studied mass with 
capillary action (FAO, 2017; He et al., 2021).

The investment of arable land is worthless 
over the long term, if the crop practices are not 
appropriate, although these arable lands are the 
principal means in which the farmers invest nat-
ural resources, due to the limited availability of 
both arable land and water and the suitable bio-
physical constraints to the production of crops, 
which can reduce crops as a result of a global cli-
mate change (IPCC, 2001; Pachauri et al., 2014). 

A study of the maize crop was conducted 
in 2012–2013 at Kashmir institute of Medical 
Sciences and Technology, titrimetric “volumet-
ric analysis” has been conducted by using the 
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climate data in 2012. Root Mean Square Error 
(RMSE) has been calculated and the result was 
low, as opposed to the results of the AquaCrop 
model which yielded  good efficiency of (0.99 
and 0.71). The performance of the AquaCrop 
model was very satisfactory and very similar to 
the reality of different seed rates of Zea mays in-
dentata (Raja et al., 2018).

There are many studies about frequency of ir-
rigation of different types of crops in order to in-
crease the productivity of irrigation water by using 
the Aquacrop model, which was conducted and 
confirmed by using the experimental data in 2009–
2010, the value of Root Mean Square Error (RMSE) 
was 15.54% of biomass (Sandhu et al., 2015).

Another study aimed at improving the irriga-
tion schedule to increase the water use efficiency 
using the AquaCrop model and the β NSGS algo-
rithm. It used four models of climate data models, 
which are dynamic climate data with and without 
adaptation, and constant climate data with and 
without adaptation to maize production in sum-
mer. The fourth approach The fourth approach 
gave the best results when the climatic data were 
stable for all irrigation methodsdepths of 400, 325 
and 200 mm for a dry, natural and wet year, re-
spectively (Mwiya et al., 2020).

A study was conducted in the Great South-
ern Plains in the United States in calibrating the 
AquaCrop model for two sites, after which a 
study was conducted for the remaining years and 
the simulation of the canopy cover showed that 
there was an increase in the yield with an increase 
in the amount of water (Masasi et al., 2020). In 
addition, many studies have been conducted on 
the possibility of using the Aquacrop program in 
simulating the maize crop by testing the calibra-
tion and validity of the model using statistical 
standards such as (RMSE, R2, d, E, MAE), and it 
was found that the model has a high potential in 
predicting yield and water characteristics. (Mar-
kovic et al., 2020; Abedinpour, 2016; Zhang et 
al., 2019; Sandhu and Irmak, 2019).

MATERIALS AND METHODS 

Study site 

Two field experiments were carried out to 
cultivate the Zea mays L., during the 2019 fall 
agricultural season in two sites with different 

textures, the first site is loamy soil in one of the 
fields of the Agriculture Division of Medha-
tia, Babylon Governorate. The site is located at 
latitude (44° 36’32.N) north and longitude (32° 
28’22.E) east and at an altitude of 28 m above sea 
level. The second was an alluvial silty loam soil 
in one of the fields of Al-Nouriyah Research Sta-
tion, Ministry of Agriculture located in Al-Nouri-
yah sub-district, Al-Qadisiyah Governorate. The 
site is located within latitude (44 ° 47’59.N) north 
and longitude (44° 56’31.E) east and at an alti-
tude of 25 m above sea level. The field soils were 
classified as sedimentary levels classified into a 
level under the great groups Typic Torrifluvent 
according to the classification (Soil Survey Staff, 
2016; Mohammed,2018). Representative soil 
samples were taken from the soil at two depths 
of 0–0.30 m and 0.30–0.60 m. The soil samples 
were dried by air, then milled and passed through 
a sieve with a hole diameter of 2 mm, then some 
physical and chemical characteristics were deter-
mined in Tables (1) and (2).

Climate Condition

The climate of the study sites is classified into 
arid and semi-arid regions with an average tem-
perature ranging between (15–49)m and rainfalls 
(1.7–40) mm for Babylon governorate, as well 
as an average temperature (15–52 m) and rainy 
intermediate (0.1–35) mm for Al-Qadisiyah gov-
ernorate, as shown in (Figure 27). The two gov-
ernorates are witnessing a significant decrease in 
the rates of rainfall during the agricultural season, 
which coincides with the hottest months in central 
and southern Iraq, as the heat begins in the month 
of May-November. (Figures 1 and 2) also show 
the monthly average of rainfall and wind speed 
rates for the two study sites for the year 2019.

Agriculture practice

The experiment was carried out on a plot 
of 2,500 square meters of 57 m * 44 m in both 
study sites (Babylon Governorate and Al-Qadis-
iyah Governorate). The land was plowed with 
a moldboard plows at multiple times. The laser 
adjustment operations were performed. The cul-
tivation was done by checking the distance from 
one plant to another 0.75 m after the plant reached 
approximately 20 cm. The field was divided into 
three plots. The experiment was carried out with 
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panels of dimensions 7.5 m x 9 m. The field was 
divided into experimental units and with three 
replications, leaving a separation distance of 5 m 
between the two irrigation methods, a distance of 
4 m between varieties, 1 m between the experi-
mental units, and 2 m between plots for surface 
irrigation. It was lesser than for sprinkler irriga-
tion for the purpose of controlling irrigation and 
pipelining operations.

The conducted treatments were:

Statistical Comparison 

In this study, five statistical parameters were 
applied to test the performance of the model and 
compare the simulated and measured results: 
1. Root mean square error (RMSE) (Jacovides 

and Kontoyiannis, 1995): 

RMSE = √1
n ∑(Si − Mi

n

i=1
)²   (1)

where: Si and Mi are simulated and measured 
values, respectively, and n is the number 
of observations. 

2. Determination Coefficient (R2) (Moksony and 
Heged, 1990): 

R² = ∑Si Mi − ∑ Si+∑ Mi
 √∑Si2−(∑Si)2x√∑Mi²−(∑Mi)2       (2)

3. Mean Absolute error (MAE) (Jacovides and 
Kontoyiannis, 1995):

MAE = 1
n ∑|mi − si|                                      

n

i=1
 (3)

4. Index of agreement (d) of (Willmott, 1982):

   d = 1 − ∑ (Si−Mi)2n
i=1

∑ (Si−M̅│+ Mi− M̅│)
2n

i=1
      (4)

where: M ̅̅ ̅  is the mean of the n measured values. 
The value of d range from -∞ to 1.0.

Table 1. Some physical properties of field soil before planting.

Characteristic
Babylon Al-Qadisiyah

Soil depth
0–30 cm

Soil depth
30–60 cm

Soil depth
0–30 cm

Soil depth
30–60 cm

Sand
g kg-1

318.5 299.4 332.1 301.8
Silt 489.4 494.3 540.6 559.1
Clay 212.1 226.3 127.3 141.1
Texture type L L SiL SiL
Bulk Density

mg.M-3
1.28 1.33 1.38 1.40

Particle Density 2.65 2.65 2.65 2.65
Porosity % 0.48 0.50 0.52 0.53
Water Content at 33 kPa

cm3cm-3

00.34 00.31
Water Content at 1500 kPa 0.150 0.130
Available Water 0.190 0.180

Table 2. Some chemical properties of field soil before planting

Characteristic
Babylon Al-Qadisiyah

Soil depth
0–30 cm

Soil depth
30–60 cm

Soil depth
0–30 cm

Soil depth
30–60 cm

ECe ds m-1 1.6 2.0 2.3 3.7
pH 7.45 7.38 7.55 7.50

Organic Matter g kg-1 10.7 8.2 8.8 6.3
CaCO3 g kg-1 298 263 278 252
CaSO4 g kg-1 12 15 28 32

Available N mg kg-1 soil 38.1 37.9 36.6 32.5
Available p mg kg-1 soil 15.5 13.8 14.1 13.0
Available k mg kg-1 soil 190 178 165 150
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5. Coefficient of Efficiency (E) (Hanushek, 1974): 

E = 1 −
∑ (Si − Mi)2n

i=1
∑ ( Mi −  M̅)2n

i=1
   (5)

6. Prediction errors (PE)

pe = (si − oi)
oi ∗ 100 (6)

where: si and oi are simulated and measured val-
ues, respectively

Canopy cover

The leaf evolution is expressed in the AquaC-
rop Model program using vegetation instead of 
the leaf area index (LAI), as the formula proposed 
by Heng et al. (2009) was used.

CC = 1.005 ∗ (1 − [EXP](−0.60∗LAI))1.2 (7)

RESULT AND DISCUSSION 

Canopy cover

Leaf evolution is expressed in the AquaCrop 
program using the Canopy cover (CC) rather than 
the leaf area index (LAI). Canopy cover (CC) is 
the portion of the soil surface that is covered by 
vegetation. It ranges from a value of 0 when sow-
ing seeds with 0% of the soil surface covered and 
a maximum value at mid-season, which can reach 
up to a value of 1 in the event that full Canopy 
cover is reached (100% of the soil surface is cov-
ered). Through the daily calculation of soil mois-
ture, AquaCrop tracks the stresses that can occur 
in the root zone, which may affect leaf growth 
and consequently the development of vegetation. 
If these stresses are severe, they can cause yel-
lowing of plant leaves.

An accurate estimation of this variable is nec-
essary for the model to produce good or accept-
able estimates that reflect both ETa and Biomass 
as well as the outcome in the current study. A CC 

Figure 1. Distribution of temperature and evapotranspiration for the 2019 study year
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indicator that was compared between the mea-
sured values   and the Aquacrop model simulation 
values   was used for the irrigation parameters. The 
results of the simulated CC and measured CC val-
ues, shown in Figures (3-A and 3-B) indicated a 
good agreement between them. It was found that 
the RMSE values   ranged between (2.16–6.27) 
for the two treatments L1S2BV1 and L1S2FV2, 
respectively, for the Babylon Governorate. In 
turn, it ranged between (2.16–3.24) for the L2S-
2BV1 and L2S1BV1 parameters, respectively, 
for the Al-Qadisiyah Governorate. The R2 values   
ranged between (0.929–0.996) for the L1S2FV2 
and L1S2BV1 parameters, respectively, for the 
Babylon Governorate. In contrast, the R2 values   
were between (0.984–0.996) for the Al-Qadisiyah 
Governorate for the L2S2FV2 and L2S1BV1 pa-
rameters, respectively. The compatibility d be-
tween the simulated and field values   was also 
measured as ranging between (0.979–0.997) for 
the L1S2FV2 and L1S2FV1 parameters, while it 
ranged between (0.994–0.998) for the L2S1BV2 

and L2S2BV1 parameters for the Babylon and 
Al-Qadisiyah governorates, respectively.

In order to identify the E efficiency of the 
program in its simulation of Canopy cover, it was 
found that the E values ranged between (0.91–
0.989) for the two L1S2FV2 and L1S2BV1 pa-
rameters for the Babylon Governorate, while the 
E values ranged between (0.975–0.99) for the 
two parameters L2S1BV2 and L2S2BV1 for the 
Al-Qadisiyah Governorate. The MAE values for 
the Babylon governorate were between (2–4.33) 
for the two parameters L1S2BV1 and L1S2FV2, 
respectively, while MAE for the the Al-Qadis-
iyah governorate ranged between (1.66–2.83) 
for the L2S2BV1 and L2S1BV1 parameters, 
respectively.

One of the reasons for the compatibility is 
that the phenology of maize responds well to 
different climatic conditions. Among the factors 
influencing a great deal is the temperature, solar 
brightness and growth period, so the inputs of the 
vegetation must be adjusted to suit the growing 

Figure 2. The distribution of rain and wind speed for the year 2019
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environment (Liu and Xie, 2013 ; Jaafar et al., 
2021 and Zwain et al., 2021).

The canopy cover was measured and simu-
lated for different periods of time (15, 30, 50, 70, 
90, and 110) days, and it was found in general 
that there was an increase for all parameters of the 
values of with the passage of time until it reached 
its highest at 70 days, which is the stage of flow-
ering and then decreased at 90 and 110 days. So 

is the case for the values simulated by the Aquac-
rop model. The highest values of canopy cover 
at 70 days ranged between (83–95) for the L1S-
1BV1 and L1S2FV2 parameters, respectively, for 
the Babylon Governorate, while the values were 
between (80–91) for the L2S1BV1 and L2SFV2 
parameters. The reason for the high values of the 
canopy is due to the increase in the absorption of 
nutrients when the aerial roots were covered and 

Figure 3. Simulated and measured canopy cover (CC) for all treatments in Babylon
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thus helped to increase the growth and the canopy 
(Vanuytrecht et al., 2014 ; Jin et al., 2020)

Calibration and Validation 

The capacity of the AquaCrop model was as-
sessed through using statistical parameters which 
are RMSE, MAE, R2, E, and d. The results are 
presented for biomass, dry yield, harvest in-
dex and water productivity, and their results are 
shown in Tables 4 and 5.

In order to assess the efficiency of the model 
in simulating biomass, shown in Table (4), it was 
found that the Aquacrop model was able to excel-
lently simulate the productivity as the values   of 
the determination coefficient (R2) were (0.90) for 
the two sites, while the RMSE values   (0.56 and 
0.62) for the two sites were close to Babylon and 
Al-Qadisiyah, respectively. The concordance was 
also high between the true values   and the predict-
ed values   according to Willmott et al. (1982), as it 
reached (0.96 and 0.93) for the Babylon and Al-
Qadisiyah sites, respectively. The absolute value 
errors were (0.46 and 0.55) for the Babylon and 
Al-Qadisiyah governorates, respectively. The ef-
ficiency of using the model was (0.87 and 0.80) 
for the Babylon and Al-Qadisiyah governorates, 
respectively. The results were similar to simulat-
ing the Aquacrop biomass of maize, confirming 
that the program performed well in the simulation 
with respect to the difference in the environment, 
irrigation method and agriculture (Sandhu and Ir-
mak,2019; Chibarabada et al, 2020).

The results of the calibration showed that the 
simulated maize yield ranged between (18.419–
23.53) ton.ha-1 in the Babylon Governorate, while 
it ranged between (15.56–20.68) ton.ha-1  in the 
Al-Qadisiyah governorate. The simulated values 
reached between (19.38–23.42) ton.ha-1 for the 
Babylon Governorate and (16.41–19.98) ton.ha-1 
for the Al-Qadisiyah governorate, which is an 
ideal match under the different conditions of the 
two fields of the experiment.

Through the other studied factors (water pro-
ductivity, harvest index, dry yield), it can be as-
certained that there is a good agreement between 

Table 3. AquaCrop calibrated values for main 
parameters used in maize simulation.

CalibratedValues
6.7Canopy cover per seedling (cm2 plant−1)

0.60“Maximum rooting depth (m)”
1.30Crop cofficient for transpiration (Kcb)
0.13“Canopy expansion stress coefficient (Pupper)”
0.68Canopy expansion stress coefficient (Plower)
2.5“Canopy expansion curve shape”

0.33Stomatal conductance threshold (Pupper)
5“Stomatal closure shape factor”

0.41Canopy senescence stress coefficient (Pupper)
2.5“Canopy senescence shape factor”
4Aeration stress coefficient (% vol saturation)

0.69“Canopy decline coefficient (% GDD−1)”
52Reference harvest index (%)

1800“Crop growth stages (GDD)”
90Time from sowing to emergence

760“Time from sowing to max canopy cover”
1720Time from sowing to senescence
1835“Time from sowing to maturity”
910Time from sowing to flowering
193“Length of flowering stage”

Table 4. Measured and simulated values for the experiment (Babylon Location)

Parameters
Biomass Dry yeild Harvest index Water prodectivity

Measured Simulation Measured Simulation Measured Simulation Measured Simulation
L1S1BV1 18.44 19.38 11.22 11.44 44.58 45 1.22 1.29
L1S1FV1 20.73 19.89 11.44 11.84 44.8 46 1.49 1.27
L1S2BV1 19.85 20.52 10.81 11.22 45.54 46 1.62 1.62
L1S2FV1 22.63 22.69 12.53 12.5 44.62 45 1.75 1.71
L1S1BV2 19.18 19.76 10.44 10.63 45.59 46 1.3 1.46
L1S1FV2 21.03 21.22 11.32 11.28 46.19 46 1.56 1.53
L1S2BV2 20.43 20.73 10.39 10.73 49.17 50 1.8 1.85
L1S2FV2 23.53 23.42 12.04 11.47 48.84 49 1.99 2.2
R2 0.9 0.82 0.95 0.82
RMSE 0.56 0.32 0.6 0.12
MAE 0.46 0.27 0.5 0.09
D 0.96 0.93 0.97 0.94
NSE 0.87 0.78 0.87 0.72
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the measured factors and the simulation. It was 
found that the determination coefficient R2 was 
(0.82, 0.95, 0.82) and (0.96, 0.92, 0.74) for the 
dry yield, harvest index and water productivity 
for Babylon and Al-Qadisiyah, respectively. The 
RMSE values   were (0.32, 0.60, 0.12) and (0.08, 
0.73, 0.20) for the dry matter, harvest index and 

water productivity for the Babylon and Al-Qadis-
iyah governorates, respectively. In turn, the MAE 
values   were (0.27, 0.50, 0.09) and (0.15, 0.67, 
0.09) for the dry matter, harvest index and wa-
ter productivity for the Babylon and Al-Qadisi-
yah governorates, respectively. The values   of the 
index of agreement between the measured and 

Figure 4. Simulated and measured canopy cover (CC) for all treatments in Al-Qadisiyah
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simulated values d   were (93, 94.97)% and (87, 
97, 95)% for dry matter, harvest index, and wa-
ter productivity for Babylon and Al-Qadisiyah, 
respectively.

As for the dry yield, the measured values   
ranged between 10.39–12.53 ton.ha-1 for the 
Babylon Governorate, while it ranged between 
(10.21–11.21) ton.ha-1 in the Al Diwaniyah gov-
ernorate. The simulated values amounted to 
between 10.63–12.53 ton.ha-1 for the Babylon 
Governorate and 10.36–11.25 ton.ha-1 for the Al-
Qadisiyah governorate. It is an ideal match un-
der the different conditions of the two test fields. 
As for the harvest index, its measured value was 
between 44.58–49.17% for the Babylon Gover-
norate, while it ranged between 38.65–46.62% 
in the Al Diwaniyah Governorate. The simulated 
values reached between 45–50% for the Babylon 
Governorate and 39–46% for the Al-Qadisiyah 
Governorate. As for water productivity, its mea-
sured values   reached between (1.22–1.99) for the 
Babylon Governorate, while it ranged between 
(1.03–1.56) in the Al Diwaniyah governorate. 
The simulated values  ranged between (1.27–2.2) 
for the Babylon Governorate and (1.09–1.72) for 
the Al-Qadisiyah Governorate.

The predictions of the AquaCrop model for 
grain yield, biomass, and water yield were consis-
tent with the observed data supporting the values 
of E and R2 close to one. The histogram of the 
evaluated model and the observed values for all 
treatments related to grain yield, biomass and wa-
ter productivity are shown in Tables 4 and 5.

It was found from the foregoing that the best 
treatment for estimating the value of biomass, dry 
weight, harvest index and water productivity of 
maize crop when L1S2FV2 was treated and for 
the two sites, as the use of S2 sprinkler irrigation 
with furrows irrigation treatment resulted in the 
values of the estimated calibrations resulting in 
providing irrigation water at the effective root 
depth of the plant. The addition of covering aer-
ial roots with irrigation water helped in prepar-
ing and providing nutrients near the root system, 
which gave the best values for the biomass, dry 
weight, harvest index and water productivity for 
the two sites.

Sandhu and Irmak (2019) found that the mea-
sured dry yield values ranged between (13.96–
11.98) and (13.07–6.72) and simulated values 
(14.04–11.36) and (12.72–8.21) hectares-1 for 
the 2011 and 2012 seasons, respectively. The 
measured values of water productivity were 

(2.33–2.81) and (2.64–1.66) and the simulated 
values were (3.02–2.32) and (2.56–1.92) kgm-3 
for the 2011 and 2012 seasons, respectively. The 
values of the measures of difference were (R2, 
RMSE, EF) (0.84, 0.36 and 0.81) and (0.72, 0.83 
and 0.66) for the dry yield and the water pro-
ductivity values were (0.10, 0.32 and -4.51) and 
(0.30, 0.25 and 0.0) for the 2011 and 2012 sea-
sons, respectively. These results agree with Ma-
sasi et al., 2020 and Zhu et al., 2021.

Several tests were also carried out using 
AquaCrop in the field of simulating irrigation and 
crop yield response to different water stress ap-
plications across large areas of the world (Araya 
et al., 2021). Greaves and Wang (2016) evaluated 
the irrigation management strategies for improv-
ing agricultural water use in southern Taiwan. 
Pawar et al. (2017) used AquaCrop to improve 
water productivity for different irrigation strate-
gies in India.

The ability of the AquaCrop model to simu-
late yields in response to water has been demon-
strated by several researchers, for example Heng 
et al. (2009), Araya et al. (2010), Andarzian et al. 
(2011), Stricevic et al. (2011), and Abedinpour et 
al. (2012). The use of these models can help eval-
uate and reduce costly and time-intensive field 
testing (Whisler et al., 1986 ; Ali et al., 2021).

The Prediction error for study

Table (6) shows the prediction error for bio-
mass, dry matter, harvest index, and water pro-
ductivity. The results obtained the best calibra-
tion of the AquaCrop model using the criterion 
of prediction error. It ranged between (0.21%) as 
a minimum with the treatment of sprinkler irriga-
tion using the passage irrigation method for the 
hippocampal variety in the Babylon Governorate, 
compared to the highest value, which amounted 
to 5.69%, for the treatment of plate runoff irriga-
tion for this local variety with respect to biomass. 
The prediction error reached its lowest amount 
which amounted to 0.17% for the treatment of 
flood irrigation by using the method of plate cul-
tivation for the local variety.

When calculating the prediction error of the 
harvest index, it was found that it ranged between 
0.41% for the wet irrigation treatment of the fur-
rows for the hybrid variety, while the highest val-
ue was reached for the furrow flooding irrigation 
treatment for the local variety.
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As for the water productivity, the values 
of prediction error ranged between 1.53% for 
treating the Al-Qadisiyah site and irrigation by 
spraying for the local variety. The highest value 
amounted to 14.07% for the Babylon Governorate 
site, irrigation by spraying and furrows for the hy-
brid variety. The remaining parameters ranged in 
their values between the above-mentioned values.

The prediction error values obtained to evalu-
ate the values of the AquaCrop model, and the 
plant and water characteristics shown above 
found that the model compared to the statisti-
cal criteria that were used in its evaluation gave 
very good values.

The model inputs for the years of the study 
for irrigation methods, cultivation methods, and 
adding varying maize types are suitable for veri-
fying the validity of the AquaCrop model, and 
there is a possibility of replicating this model in 
the future by investing in climatic data and link-
ing the model to predict the yield of maize in the 
future (Abendinpour et al., 2012; Paredes and 
Torres 2017; Giménez,2019; Hassan et al.2021)

CONCLUSIONS 

In this study, an experiment was conducted 
to investigate canopy cover, biomass, dry yield, 
harvest index and water productivity, by studying 
the vegetation crop that was simulated using the 
Aquacrop program to demonstrate the validity of 
the simulations of the mentioned characteristics 
under different irrigation and cultivation systems 
and for two varieties of corn yield. The main con-
clusion is as follows (i) The results showed that 
the Aquacrop program could simulate Canopy 
Cover, biomass, dry yield, harvest index and wa-
ter productivity from simulation using the Aquac-
rop program, and it was found that the best coef-
ficients during the values of the determination co-
efficient R2 are the treatment of L1S2FV2 (0.929) 
for CC, while the biomass reached R2 (0.90) and 
the R2 values were (0.82, 0.95 and 0.96) for dry 
yield, harvest index and water productivity, re-
spectively. (ii) The results of this investigation 
demonstrated that AquaCrop is capable of simu-
lating maize responses to varied irrigated condi-
tions. Additionally, this study showed that utilis-
ing irrigation techniques can increase  Maize bio-
mass and water productivity. The parameters that 
are developed in the current research need further 
investigations to evaluate their validity under oth-
er environmental conditions.
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