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ABSTRACT 

 
Different three maize field experiments represent the main agro ecological zones (Sakha, Giza and Qena), including full 

and deficit irrigation, were conducted in Egypt along the river Nile. The last updated version of AquaCrop model was evaluated 
with maize yield and water productivity under different irrigation water treatments (1.2, 1, 0.8 and 0.6 from actual 

evapotranspiration ETc). The model was evaluated after parameterization using field observations relative to canopy cover (CC), 

total biomass and yield data as well as using conservative parameters. The treatments show highly agreement between measured 

and simulated values of CC except the highest severe irrigat ion treatment (I4). The determination coefficients are higher (R2>60), 

thus indicating that the CC model explains significantly the variance of observed CC values. Also, estimated errors are then 
small, with RMSE ranging between (0.3 to 13%), and d varying between 0.6 and 0.98. Also, the agreement between simulated 

and observed maize grain yield, final biomass and water productivity were good with R2, RMSE and d. Results cleared that the 

model is considered a good decision support tool for exploring irrigation management and maize production in Egypt. 

Nevertheless, the model showed slightly uncertainty specially under sever deficit irrigation. It is supposed that, AquaCrop would 

be useful if it included some calibrated parameters about root distribution system in soil, because it is a water driven model and 
relies mainly on soil water balance and uptake.  
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INTRODUCTION 

      
Actually, maize (Zea Mays, L.) is considered the 

world’s third most important crop especially with rapid 

population increase, as it can integrate with wheat in 

decreasing the world decline of food security.  Maize is 

a summer crop in Egypt, it is important to natural 

economy because it is using as a source of human food 

and feed as well. In Egypt maize production has 

significantly increased over the past three decades. The 

cultivated area of maize in 2015 was about 800.000 ha 

with an average productivity equal 7.5 ton ha
-1

 (Sameha, 

2016). Selecting the best irrigation water scheduling is 

necessary to improve crop yield and water productivity, 

that approach implies appropriate prediction of yield 

relating to water.  

Recently, demand for maize is increasing because 

its importance in producing ethanol as biofuel, being a 

stable food in many countries as well as its using as a 

feed for livestock in the form of forage, silage or grain. 

The strong demand is putting high pressure on 

production, hence, competition for available water. 

Improving the WP for maize production is therefore of 

paramount importance to obtain ―more crop per drop‖ 

specially with limited worldwide water resources and 

impacts of temperature due to climate change (Heng et 

al.2009). 

Simulation models that quantify the effects of 

irrigation deficit on yield production at the farm level 

could be used as a valuable tool in agriculture and water 

management, (Homayoun far et al.,2014 and Singh 

2014). In case of maize, many models were tested in 

this regard, for example, CERES-Maize model (Jones 

and Kiniry,1986), the Muchow-Sindair-Bennett 

(MSB)model (Muchow et al.,1990),EPIC phase model 

(Cavero et al.,2000), CROPSYST (Stockle et al., 2003), 

and the Hybrid-Maize model (Yang et al.,2004). 

However, most of these models are quite sophisticated, 

demanding advanced skills for their calibration and 

mode of operation, as well as requiring large number of 

parameters; some are so cultivar-specific they are not 

easily measured or allowed to the end users. 

The recent version of FAO AquaCrop model 

(Raes et al.,2012; Steduto et al., 2012) is a user friendly 

and easy to use in high accuracy and robustness , in 

addition it requires a relatively small number of 

parameters. AquaCrop has been tested well in different 

locations on the world (Hsiao et al., 2009) and showed a 

good fitness on simulating CC, biomass development, 

and grain yield of different cultivars of maize. Also, 

respecting irrigation management and crop response to 

deficit irrigation, AquaCrop has been evaluated and 

parameterized globally (Heng et al., 2009; Todorovic et 

al.,2009; Araya et al.,2010 a,b; Garcia-Vila and Fereres. 

2012; Khoshravesh et al., 2013), to enhance the 

scheduling of deficit irrigation (Andarzian et al., 2011; 

Parades et al.,2014), to assess increasing of crop 

production responding to agricultural field management 

(Shrestha et al., 2013; Mhizha et al.2014), to evaluate 

and assess the impacts of climate change on crop yield 

production ( Vanuytrecht et al.,2014b) as well as 

evaluating the water quality on crop yield ( Kumar et 

al.,2014).   

There are three main factors that distinguish 

AquaCrop from other models such as the crop water use 

emphasis, using CC instead of LAI, and separation of 

evapotranspiration into soil evaporation and plant 

transpiration in the frame work of soil water balance in 

root zone and normalized water productivity ( Steduto et 

al., 2009). 

However, AquaCrop model is recommended for 

modeling adaptive agriculture water management for 

simulating maize production in most semi- arid areas of 

the world (Nyakudyaa and Stroonsnijder, 2014; Ahmadi 

et al., 2015). Nevertheless, AquaCrop has limited study 

on crop production in Egypt. Therefore, the main goal 
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of this study is to evaluate the latest updated version of 

Aqua Crop model ( v.5.0) to improve maize yield via 

irrigation levels along the river Nile of Egypt. The 

detailed objectives were : (1) to calibrate and validate 

the model in different agroecological sites in Egypy.,(2) 

investigate the model fitness with yield, water 

productivity under different quantities of irrigation 

levels. 

 
MATERIALS AND METHODS 

 
Study locations: 

Three field locations were established along the 

River Nile from North delta to upper Egypt in order to 

include different agro ecological conditions in Egypt. 

The field experiments were conducted in 2014 and 2    

growing summer seasons in  a ha                     N, 

6 m above sea level    i a                     N, 22.5 m 

above sea level   and  ena at south           E,           

N, 72.6 m above sea level),Fig.1. The sites are 

representative of the various soil and climate conditions 

in Egypt, where the first location in North delta and near 

to Mediterranean Sea climate, the second location in 

Middle Egypt, while the last location in the south of 

Egypt where high temperature and low relative 

humidity. 

Layout and management practices: 

The experimental layout at each site was a 

randomized complete block design (RCD) with four 

replications. Maize cultivar single cross (c.v. SC.10), 

developed by maize research sector in Egypt and 

planted on May,15, 2014 and 2015 in different sites. 

Four irrigation treatments by furrow method were 

conducted. Seeds were sown in plots having 8 rows 

each 20 m long, and on furrows 0.75 m apart at a depth 

of 0.07 m. The crop density of 70.000 plant ha
-1

 was 

achieved after thinning in both years, which is 

considered the common and standard density in the 

region according to the recommendations of Ministry of 

Agriculture and Land Reclamation in Egypt. Maize 

plants were harvested at different dates due to the 

temperature variation from North to South for different 

locations. So, the harvested days noticed on October 15, 

October,10 and September,25 for Sakha, Giza and Qena 

respectively. Maize total biomass and grain yield were 

harvested over on 10 m long length from the middle of 

the fourth row (middle row) of each plot. Plots received 

about 300 kg ha
-1

 nitrogen as ammonia gas injection, 

and 45 kg ha
-1

 phosphorus as calcium phosphate before 

planting based on the recommended dose for the region 

(FAO, 2005). Observed values of CC were derived from 

LAI as reported by Hsiao et al. (2009) as follows: 

 

 
 

 

Fig 1. The selected study locations along the River Nile. 
 

Four irrigation treatments were used as a part of 

actual evapotranspiration ( ETc) in each site as I1,I2,I3 

and I4 in both years. Such symbols represent irrigation 

with 1.2, 1.0, 0.8, and 0.6 from ETc respectively. 

Irrigation scheduling was controlled and governed by 

measuring (SWC) of the root zone by Time Domain 

Reflectometry (TDR), (Scott et al.,2002). Irrigation 

timing was fixed as irrigation at 50 % depletion from 

soil available water, while irrigation water quantities for 

each treatment were added under control according to 

previous treatments using cutthroat flume (20 × 90 cm), 

(Early, 1975). 

Meteorological and soil data: 

At each location, automated weather stations 

were installed to monitor and record daily data of air 

temperature, wind speed, relative humidity and solar 

radiation through the growing season (from sowing to 

maturity). Data in Fig. 2 show the daily maximum 

temperature, minimum temperature, and solar radiation 

for both 2014 and 2015 growing seasons under different 

studied locations. Reference evapotranspiration (ETo) 

was calculated using the FAO Penman-Monteith 

equation as described by (Allen et al., 1998), Fig.3. 

 
 Fig 2. Daily weather data of maximum, minimum 

temperature (C°) and solar radiation  (MJ m-

2day-1) for different locations during the growing 

seasons a) 2014 and b)2015. 

 
Fig 3. Daily values of potential evapotranspiration for 

maize in Sakha, Giza and Qena during a) 2014 and 

b) 2015 growing seasons. 
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  Table 1. Selected soil hydraulic properties for the selected studied locations  
Soil layer(m) ᶿ fc(m3m-3) ᶿ wp(m3m-3) ᶿ sat(m3m-3) Ksat(cm d-1) 
 Sakha Giza Qena Sakha Giza Qena Sakha Giza Qena Sakha Giza Qena 
0.00-0.10 0.42 0.39 0.37 0.22 0.18 0.16 0.61 0.51 0.44 9.5 10.5 11.7 
0.10-0.20 0.42 0.39 0.36 0.21 0.18 0.15 0.61 0.52 0.43 9.3 10.8 11.6 
0.20-0.40 0.41 0.38 0.35 0.22 0.17 0.14 0.62 0.50 0.42 9.1 10.0 11.5 
0.40-0.60 0.43 0.37 0.35 0.21 0.16 0.14 0.62 0.49 0.41 9.0 9.80 11.2 
0.60-0.80 0.43 0.37 0.34 0.21 0.16 0.13 0.60 0.49 0.40 8.8 9.90 11.0 
0.80-100 0.42 0.38 0.35 0.22 0.17 0.14 0.60 0.50 0.42 8.7 9.70 10.8 

 Soil water content was measured to a depth of 

100 cm using profile TDR model PICO-T3P, it can 

measure accurately and quickly as well. In AquaCrop, 

the soil profile can be divided into five different 

horizons, each of them with their own physical 

properties such as, moisture at saturation, field capacity, 

permanent wilting point and saturated hydraulic 

conductivity, (Raes et al., 2009). In this study, soil 

profile (0-100 cm) data for each site and depth are 

shown in Table 1. Water applied quantities with 

irrigation intervals are detailed in the scheduling 

irrigation Table 2. 

Table 2. Irrigation water scheduling as an average of the two growing seasons for different locations. 

Irrigation 
Treatments 

Sakha Giza Qena 

Date Intervals 
(days) 

Applied 
water mm Date Intervals 

(days) 
Applied 

water mm Date Intervals 
(days) 

Applied 
water mm 

I1 

May,15 - 120 May,15 - 130 May,15 - 140 
May,31 16 105 May,28 13 115 May,26 11 120 
June,17 17 108 June,15 18 120 June,12 17 135 
June,30 13 110 June,27 12 115 June,25 13 125 
July,18 18 105 July,15 18 110 July,18 23 120 
Aug,18 31 100 Aug,16 32 105   110 

Total applied water  648   695   750 

I2 

May,15 - 120 May,15 - 130 May,15 - 140 
May,31 15 85 May,29 14 105 May,25 10 120 
June,15 15 90 June,13 15 110 June,10 15 115 
June,30 15 95 June,28 15 108 June,18 8 100 
July,15 15 85 July,13 15 107 July,5 27 115 
July,30 15 80 July,28 15 60 July,16 11 100 
Aug,15 16 70 Aug,13 15 55    

Total applied water  625   675   690 

I3 

May,15 - 120 May,15 - 130 May,15 - 140 
May,31 15 60 May,28 13 85 May,25 10 105 
June,10 10 65 June,8 11 80 June,3 9 105 
June,25 15 70 June,22 10 90 June,15 13 85 
July,8 13 67 July,5 13 95 June,20 5 80 
July,15 7 60 July,12 7 60 June,30 10 85 
July,30 15 55 July,25 13 54 July,15 15 80 
Aug,10 11 45 Aug,7 12 50    

Total applied water  542   644   680 

I4 

May,15 - 120 May,15 - 130 May,15 - 140 
May,28 13 55 May,25 10 80 May,22 7 85 
June,10 13 50 June,5 11 75 June,2 11 98 
June,18 8 59 June,12 7 85 June,8 6 90 
June,28 10 54 June,22 10 90 June,14 6 80 
July,10 12 60 July,5 13 60 June,20 6 65 
July,20 10 50 July,15 10 50 June,30 10 55 
July,30 10 45 July,28 13 40 July,12 12 50 
Aug,8 8 40       

Total applied water  533   610   663 
Total of total applied water, mm  2348   2634   2783 

FAO AquaCrop description: 

The general background and concepts of the 

model was detailed by (Steduto et al., 2012 and Raes et 

al., 2012). The last updated version of AquaCrop model 

(version 5.0, October 2015) has been used and evaluated 

in the current study. AquaCrop has four sub-model 

components: (i) Soil moisture balance; (ii) The crop 

production enhancement; (iii) The required climatic 

data(e.g T, Rainfall, ETo and CO2) and (iv) The 

management option (Raes et al.,2012). The model 

inputs as described by (Raes et al.,2012) includes: 

(1) Daily weather data for T (C°), rainfall, mm, ETo, 

mm, and annual CO2,ppm. 

(2) Crop data regarding to : (i) Emergency dates, time 

to reach maximum canopy cover, the attained 

maximum root depth, time for starting senescence, 

time to maturity and dates of flowering starts and 

ends; (ii)The maximum value of transpiration crop 

coefficient( KcTr,x); (iii) Minimum and maximum 

root depths and root expansion shape factor; (iv) 

The initial and maximum canopy cover(CCo, CCx), 

canopy growth coefficient(CGC), and canopy 

decline coefficient (CDC); (v) adjustment biomass 

water productivity (BWP*); (vi) reference harvest 

index (HIo); (vii) water stress coefficients related to 

canopy expansion. 

(3) Soil data including different layers  

(4) Scheduling of irrigation water, both dates and 

depths of observed irrigation events. 

(5) Field management practices referring to salinity, 

fertility, mulching and run off reduction practices. 

Model assessment “goodness – of – fit”: 

AquaCrop model uses a big number of 

parameters with several conservative, ones that are 

expected to change little with time, location or 

management and were described  by Raes et al.,(2012). 

The dates of 2014 and 2015 were used for calibration 

and validation, respectively. Because crop yield is 

affected directly by actual evapotranspiration ( 

Doorenbos and Kassam,1979), the model calibration 
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using crop yields provide more confidence in dividing 

water between actual evapotranspiration and soil storage 

(Faramarzi et al.,2009). The calibrated parameters were 

primarily adjusted against grain yield and biomass and 

finally were fine-tuned against soil water content. 

Calibration process was started with I1 (1.2 ETc) in the 

first location ( Sakha), then with the other treatments 

and sites in order to match well parameters applicable 

for full and deficit irrigation treatments. After finishing 

the calibration, validation parameters were used without 

changing the calibrated features. Table 3 describe the 

summary of the final parameters set in the model. The 

―goodness-of-fit‖ of the model was assessed using 

different statistical indicators as detailed in previous 

studies (Raes et al.,2012; Paredes et al.,2014) based on 

R
2
, RMSE, NRMSE, EF and d. Among of these 

indicators are a determination coefficient ( R
2
),RMSE 

and d which could be calculated as follow: 
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Table 3. List of calibrated parameters of AquaCrop model for maize in Egypt 

Calibrated parameters 
Values under different locations 

Sakha Giza Qena 
2014 2015 2014 2015 2014 2015 

Reference harvest index,% 0.57 0.57 0.52 0.52 0.49 0.48 
Plant density, plants ha-1 66000 66000 70000 70000 73000 72000 
Time to maximum canopy cover, day 65 66 62 61 58 57 
Time to flowering, day 65 66 62 60 57 56 
Length of the flowering stage, day  12 11 9 8 7 6 
Time to senescence, day 111 110 109 108 103 102 
Time to maturity, day 145 145 140 139 130 129 
Maximum effective rooting depth, m 1.0 0.98 1.1 1.0 1.3 1.3 
Minimum effective rooting depth, m 0.3 0.3 0.4 0.4 0.5 0.5 
Shape factor for effective rooting depth 1.2 1.3 1.2 1.1 1.2 1.0 
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Where n, S, O, O  and S  are the number of 

measurements, simulated, observed, mean observed and 

mean simulated respectively.  R
2
 is the relationship 

measure between both datasets and describes the 

proportion of the total variance in the observed data that 

can be explained by the model. It ranges between 0 and 

1, with higher values referring to better simulations. 

Nevertheless, (Loague and Green,1991) reported that 

these statistics are sensitive to a few errors especially in 

case of small data sets. RMSE gives the weighted 

variations in residual error between observed and 

simulated values. The degree of agreement (Willmott 

index,d) is a descriptive indicator and has values 

ranging between 0 and 1, Willmott,(1982). The higher 

the d value the better the model performance. The d 

statistic is better than R
2
 for testing and evaluating the 

simulation of soil water, Lgates and McCabe(1999). 
 

 

RESULTS AND DISCUSSION 
 

 

Canopy Cover: 

As well-known previously, that the most suitable 

parameterization of CC curve is a major requisite for the 

model to lead to good estimates of soil evaporation, 

crop transpiration and biomass , hence good predictions 

for yield. However, this need is not known by model 

developers (Hsiao et al.,2009; Heng et al.,2009; Raes et 

al.,2012) or other authors. The average observed CC 

plotted against AquaCrop simulations under different 

levels of irrigation water for both two growing seasons 

and three locations are shown in Figs 4, 5 and 6.  

AquaCrop was able to simulate accurately the CC 

development in different locations and with different 

irrigation water treatments. However, the good 

agreement between observed and simulated CC, there is 

slightly underestimation was noticed in the three 

locations with deficit irrigation, I4 (0.6 ETc).  

The ―goodness-of-fit‖ indicators for CC curves 

are presented in Table 4. Except the highest severe 

irrigation treatment (I4), the other treatments show 

highly agreement between measured and simulated 

values of CC. The determination coefficients are higher 

(R
2
>60), thus indicating that the CC model explains 

significantly the variance of observed CC values. Also, 

estimated errors are then small, with RMSE ranging 

between (0.3 to 13%), and d varying between 0.6 and 

0.98. The RMSE values obtained with calibration are in 

the range or lower than those described by ( Hsiao et 

al.,2009), with RMSE ranging from 4.8 to 13.6. These 

results, Table 4 show the necessary for a good 

calibration of CC curve in order to reach the accurate 

results. 

 
Fig 4. Simulated and observed values of maize canopy 

cover under different treatments of irrigation 

levels during a) the first growing season 2014 
and b) the second growing season 2015 in Sakha 

location (DAP, days after planting ,days). 
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Fig 5. Simulated and observed values of maize canopy 

cover under different treatments of irrigation 
levels during a) the first growing season 2014 

and b) the second growing season 2015 in Giza 
location. 

 

 
Fig 6. Simulated and observed values of maize canopy 

cover under different treatments of irrigation 
levels during a) the first growing season 2014 

and b) the second growing season 2015 in Qena 
location. 

 

Table 4. Statistical indicators relative to canopy cover for maize under different locations, growing seasons 

and irrigation treatments. 

Growing 
seasons 

Irrigation 
Treatments 

CC % 
Sakha Giza Qena 

Observed Simulated Observed Simulated Observed Simulated 

2014 

I1 64.7 64.4 61.8 62.2 47.5 49.4 
I2 61.7 61.2 58.7 57.8 45.1 45.4 
I3 58.7 56.9 54.5 53.5 41.7 40.7 
I4 45.3 46.5 50.2 47.8 37.6 35.9 

2015 

I1 65.6 66.5 63.5 63.8 47.7 48.6 
I2 62.8 62.8 60.9 61.8 44.9 44.7 
I3 57.0 56.0 56.2 55.0 40.3 39.2 
I4 48.4 45.6 48.5 46.5 36.2 35.6 

Statistical 
indicators 

R2 0.99 0.99 0.98 
RMSE 1.35 1.32 1.2 

d 0.99 0.98 0.98 
 

Final grain yield, total biomass and water 

productivity: 

The main strategic and economic organs of 

different crops are grain yield, total biomass and water 

productivity in which the models are aimed at achieving 

high acceptance simulations. Data in Figs 7, and 8 show 

simulated and observed values of maize grain yield, and 

total biomass for different studied locations and two 

growing seasons. It was indicated that simulated and 

observed values of maize grain yield and total biomass 

decreased with deficit irrigation. Also, Sakha location 

achieved the highest values of grain yield and total 

biomass followed by the other studied locations Giza 

and Qena respectively. This decline in yield is mainly 

due to increasing temperature accompanied with deficit 

irrigation, as well as increasing soil fertility and clay 

content in Sakha location as compared with other 

locations. Deficit irrigation of maize should be avoided 

during the different following stages in maize, the 

flowering stage (tasseling), the stage of cob formation, 

the late vegetative stage (Farre and Faci,2009; Geerts 

and Raes,2009). However, in the current study deficit 

irrigation treatments (I3 and I4) were implemented 

through the growing season, the yield and total biomass 

did not affect sharply. The lowest yield with the highest 

deficit irrigation I4 was ranging from 6200 to 7000 kg 

ha
-1

 for different locations. I attributed this to two main 

reasons. The first is soil texture (clay texture) as well as 

the level of soil water table which ranged from 0.4 to 

0.8 m below soil surface through the growing season. 

Ground water contributed to crop water requirements 

and hence decreased the drought effect of high deficit 

irrigation treatments T3 and T4. Investigating the 

potential of ground water contribution to crop water 

requirements may be helpful in reducing water demand 

from the river (Yilwo and Sophocleous,2010).  

Actually, the model achieved low uncertainity 

with grain and biological yield,Figs 7 and 8 and Table 4 

show the performance of Aquarop in simulating total 

biomass and grain yield for all locations and two 

growing seasons. The R
2
 and d values of grain yield and 

and biomass simulation periods ranged from 0.83 to 

0.99 in Sakha, and from 0.75 to 0.99 in case of Giza 

location and finally, in Qena location such values 

constrained between 0.89 to 0.99. Such values meaning 

excellent agreement of the model in predicting grain 

yield and biomass under deficit irrigation along the river 

Nile. Similar results of simulated AquaCrop for maize 

grain yield and biomass under full and deficit irrigation 

were reported by Paredes et al.,2014 ; Ahmadi et 

al.,2015. There are different modeling studies resulted 

that AquaCrop model had a good performance in 

simulating maize yield and biomass as well, Heng et 

al.,2009; Hsiao et al.,2009; Abedinpour et al.,2012; 

Garcia-Vila and Fereres 2012; Katerji et al.,2013; 

Mebane et al.,2013; Saad et al.,2014). Table 4 shows 

also that RMSE values in total biomass were lower and 

ranged between 3.4 and10.1. The RMSE values 

according to Heng et al.,2009 for low irrigation are 

larger. 
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Fig 7. Simulated and observed values of maize grain 

yield in different locations through both 2014 
and 2015 growing seasons. 

 

 
Fig 8. Simulated and observed values of above ground 

biomass in different locations through both a) 
2014 and b) 2015 growing seasons. 

 

As mentioned before in Fig. 3, that ET values 

were larger in season 2015 specially in Qena location. 

Therefore, values of WP were lower in location and also 

in the second growing season. This may be attributed to 

climate variation in this season as compared with the 

first growing season 2014. The simulated and observed 

values of water productivity for all irrigation treatments 

and two growing seasons and three study locations were 

plotted in Fig.9.  The highest value of WP was achieved 

under I2 treatment. These results were similar with those 

obtained by Di Paolo and Rinaldi.,2008. They reported 

that irrigation at about 0.75 – 0.80 of full irrigation 

maximized WP of maize in a Mediterranean 

environment.  

Statistical indicators of model evaluation were 

detailed in Table 5. Overall, it was noticed from 

R
2
,RMSE and d values that WP predictions for all 

irrigation treatments, two growing seasons and three 

locations were in line with observed data. It was also 

noticed that AquaCrop is a water driven model, and 

assessment of production simulation depends on the 

simulation of soil water dynamic. (Lynch,2011) 

reported that root characters are specific cultivars and 

are considered the key below ground traits for accurate 

root water uptake, which are currently missing in 

AquaCrop (V.5.0). Therefore, we recommend with 

including more inputs of root growth calibrations in the 

next updated version of AquaCrop. 
 

 
Fig 9. Simulated and observed values of WP in different 

locations through both a) 2014 and b) 2015 

growing seasons. 
 

Table 5. Statistical indicators relative to grain yield, total biomass and water productivity for maize under 

different locations, growing seasons and irrigation treatments. 
Goodness of fit 
indicators 

Gy kg ha-1 Total biomass,t ha-1 WP kg m-3 
Sakha Giza Qena Sakha Giza Qena Sakha Giza Qena 

R2 0.99 0.85 0.86 0.88 0.89 0.85 0.92 0.90 0.89 
RMSE 71.1 153.6 179.1 3.5 3.6 4.1 3.5 4.1 6.3 
d 0.98 0.86 0.85 0.85 0.83 0.80 0.88 0.90 0.85 
 

In this connection, some of previous studies 

suggested to improve AquaCrop efficiency by including 

more cultivar specific information for root data. Similar 

to this statements and with respect to sensitivity 

analysis, Vanuytrecht et al., (2014) declared that, the 

parameters characterizing crop responses to water stress 

were not usually among those showing the highest 

sensitivity whereas certain and soil parameters were in 

fluently under different conditions.  

 

CONCLUSIONS 
 

Three maize field experiments were implemented 

during the two growing seasons of 2014 and 2015 to 

calibrate and evaluate the latest version of FAO 

AquaCrop model (v 5.0) along the river Nile in Egypt. 

In-season canopy cover, biological yield and water 

productivity using four levels of irrigation including 

high and low quantities from actual evapotranspiration 

showed a high agreement of model efficiency.  Overall, 

the agreement between simulated and observed maize 

canopy, grain yield, final biomass and water 

productivity were good with R
2
, RMSE and d.  

Respecting the simplicity and small number of 

parameters in AquaCrop compared to other different 

crop models, we can conclude that, the calibrated model 

(V 5.0) could be used as a decision support tool for a 

wide range of predicting maize yield, water productivity 

and water management strategies under water-saving 
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irrigation management in the arid and semi-arid regions 

of Egypt. Nevertheless, the model performance has to 

be calibrated, validated and fine-tuned under a wide 

range of crops in Egypt. Also, we recommend with 

calibrating other models in this area such as IXIM-

Maize and CERES-Maize along with Aquacrop. Multi-

models help in decreasing uncertainty specially under 

deficit irrigation conditions. 

Acknowledgments: 

The authors thank Maize Research Unit at Sakha 

Agricultural Research Station, Field Crops Research 

Institute, Agricultural Research Center, Egypt, for a 

great support of implementing the research. Thanks also 

to Dr. Samia El-Marsafawy, the previous director of 

Central Laboratory of Climate for supporting us the 

climatic data for different locations. 

 

REFERENCES 
 

Abedinpour M, Sarangi A, Rajput TBS, Singh M, Pathak H, 

Ahmad T (2012) Performance evaluation of 

AquaCrop model for maize crop in a semi-arid 

environment. Agric Water Manag 110:55–66. 

Ahmadi S H, Elnaz M, Ali A K, Ali R S (2015) Modeling 

maize yield and soil water content with AquaCrop 

under full and deficit irrigation managements. Water 

Resour Managements . 29:2837-2853. 

Saad A M, Marwa G. M, El-Sanat G A (2014) Evaluating 

AquaCrop model to improve crop water productivity 

at North Delta soils, Egypt. Advances in Applied 

Science Research, 2014, 5(5):293-304. 

Allen RG, Pereira LS, Raes D, Smith M (1998) Crop 

evapotranspiration - guidelines for computing crop 

water requirements. Irrigation and Drainage Paper 

No. 56. FAO, Rome. 

Andarzian B, Bannayan M, Steduto P, Mazraeh H, Barati 

ME, Barati MA, Rahanama A (2011) Validation and 

testing of the AquaCrop model under full and deficit 

irrigated wheat production in Iran. Agric Water 

Manag 100:1–8. 

Araya A, Habtu S, Hadgu KM, Kebede A, Dejene T (2010a) 

Test of AquaCrop model in simulating biomass and 

yield of water deficient and irrigated barley 

(Hordeum vulgare). Agric Water Manag 97:1838–

1846. 

Araya A, Kesstra DS, Stroosnijder L (2010b) Simulating yield 

response to water of Teff   ragrostis tef  with FAO’s 

AquaCrop model. Field Crop Res 116:196–204. 

Cavero J, Farré I, Debaeke P, Faci J M (2000) Simulation of 

maize yield under water stress with the EPICphase 

and CROPWAT models. Agron. J. 92, 679–690. 

Di Paolo E, Rinaldi M (2008) Yield response of corn to 

irrigation and nitrogen fertilization in a Mediterranean 

environment. Field Crops Res. 105, 202–210. 

Doorenbos J, Kassam AH (1979) Yield responses to water. 

Irrigation and Drainage Paper No. 33. FAO, Rome. 

Early A C (1975) Irrigation scheduling for wheat in Punjab. 

Centasci Prog: Optimum Use of Water in 

Agriculture, Rpt, 17, Layllpur, Pakistan, 3-5, March, 

Pages 115 – 127. 

Fao (2005). Food and agriculture organization of the united 

nations, the state of food and agriculture, fao 

agriculture series no. 36. 

Faramarzi M, Abbaspour KC, Schulin R, Yang H (2009) 

Modelling blue and green water resources availability 

in Iran. Hydrol Process 23:486–501. 

Farré I, Faci J M (2009) Deficit irrigation in maize for 

reducing agricultural water use in a Mediterranean 

environment. Agric. Water Manage. 96, 383–394. 

Garcia-Vila M, Fereres E (2012) Combining the simulation 

crop model AquaCrop with an economic model for 

the optimization of irrigation management at farm 

level. Eur J Agron 36:21–31. 

Geerts S  Raes D (2009) Deficit Irrigation as an On-Farm 

Strategy to Maximize Crop Water Productivity in Dry 

Areas. Agriultural Water Management, 96, 1275-1284. 

Heng LK, Evett SR, Howell TA, Hsiao TC (2009) 

Calibration and testing of FAO AquaCrop model for 

rainfed and irrigated maize. Agron J 101:488–498. 

Homayounfar M, Lai SH, Zomorodian M, Sepaskhah AR, 

Ganji A (2014) Optimal crop water allocation in case 

of drought occurrence, imposing deficit irrigation 

with proportional cutback constraint.Water 

ResourManag 28:3207–3225. 

Hsiao T C, Heng L, Steduto P, Rojas-Lara B, Raes D, Fereres E 

(2009) AquaCrop—the FAO crop model to simulate 

yield response to water: III. Parameterization and testing 

for maize. Agron. J. 101, 448–459. 

Jones C A Kiniry J R(1986) CERES-Maize: A simulation 

Model of Maize Growth and Development. Texas 

A&M University Press, College Station, 194pp. 

Katerji N, Campi P, Mastrorilli M (2013) Productivity, 

evapotranspiration, and water use efficiency of corn and 

tomato crops simulated by AquaCrop under contrasting 

water stress conditions in the Mediterranean region. 

Agric Water Manag 130:14–26. 

Khoshravesh M, Mostafazadeh-Fard B, Heidarpour M, 

Kiani AR (2013) AquaCrop model simulation under 

different irrigation water and nitrogen strategies. 

Water Sci Technol 67:232–238. 

Kumar P, Sarangi A, Singh DK, Parihar SS (2014) 

Evaluation of AquaCrop model in predicting wheat 

yield and water productivity under irrigated saline 

regimes. Irrig Drain 63:474–487. 

Legates D R, McCabe J R (1999) Evaluating the use of 

―goodness-of-fit‖ Measures in hydrologic and 

hydroclimatic model validation. Water Resources 

Research, 35(1): 233–241. 

Loague K, Green RE (1991) Statistical and graphical 

methods for evaluating solute transport models: 

overview and application. J Contam Hydrol 7:51–73. 

Lynch JP (2011) Root Phenes for enhanced soil exploration 

and phosphorus acquisition: tools for future crops. 

Plant Physiol 156:1041–1049. 

Mebane VJ, Day RL, Hamlett JL,Watson JE, Roth GW(2013) 

Validating the FAO AquaCrop model for rain-fed 

maize in Pennsylvania. Agron J 105:419–427. 

Mhizha T, Geerts S, Vanuytrecht E, Makarau A, Raes D (2014) 

Use of the FAO AquaCrop model in developing sowing 

guidelines for rainfed maize in Zimbabwe. Water SA 

40:233–244. 



Kheir, A. M. S. and M. A. A. Hassan 

 728 

Muchow R C, Sinclair T R, Bennett J M (1990) 

Temperature and solar radiation effects on potential 

maize yield across locations. Agron. J. 82:338–343. 

doi:10.2134/agronj 1990.00021962008200020033x. 

Nyakudyaa IW, Stroosnijder L (2014) Effect of rooting 

depth, plant density and planting date on maize(Zea 

mays L.) yield and water use efficiency in semi-arid 

Zimbabwe: modelling with AquaCrop. Agric Water 

Manag 146:280–296. 

Ouda s, farag h , taha a, noreldin t(2016) assessment of drip 

irrigation system for maize to reduce food, water and 

energy insecurity in egypt. Fourth african regional 

conference. 

Paredes P, de Melo-Abreu JP, Alves I, Pereira LS (2014) 

Assessing the performance of the FAO AquaCrop 

model to estimate maize yields and water use under 

full and deficit irrigation with focus on model 

parameterization. Agric Water Manag 144:81–97. 

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 101:438–447. 

Raes D, Steduto P, Hsiao T C, Fereres E (2012) Crop Water 

Productivity. Calculation Procedures and Calibration 

Guidance. AquaCrop version 4.0. FAO Land and 

Water Development Division, Rome. 

Scott B. Jones, Jon M. Wraith, Dani Or (2002). Time 

domain reflectometry measurement principles and 

applications. Hydrol. Process. 16, 141–153. 

Shrestha N, Raes D, Vanuytrecht E, Kumar Sah Sh (2013) 

Cereal yield stabilization in Terai (Nepal) by water 

and soil fertility management modeling. Agric Water 

Manag 122:53–62. 

Singh A (2014) Irrigation planning and management 

through optimization modelling. Water Resour 

Manag 28:1–14. 

Steduto P, Hsiao TC, Raes D, Fereres E (2009) AquaCrop-

The FAO crop model to simulate yield response to 

water: I. Concepts and underlying principles. Agron J 

101:426–437. 

Steduto P, Hsiao T C, Fereres E, Raes D (2012) Crop Yield 

Response to Water. FAO Irrigation and Drainage 

Paper 66. FAO, Rome, Italy, pp. 500. 

Stöckle C O, Donatelli M, Nelson R (2003) Crop Syst a 

cropping systems simulation model. Eur. J. Agron. 

18, 289–307. 

Todorovic M, Albrizio R, Zirotic L, Abi Saab MT, Stockle 

C, Steduto P (2009) Assessment of 

AquaCrop,Cropsyst, andWOFOST models in the 

simulation of sunflower growth under different water 

regimes. Agron J 101:509–521. 

Vanuytrecht E, Raes D, Willems P, Semenov M (2014) 

Comparing climate change impacts on cereals based 

on CMIP3 and EU-ENSEMBLES climate scenarios. 

Agric For Meteorol 195–196:12–23. 

Vanuytrecht E, Raes D,Willems P (2014) Global sensitivity 

analysis of yield output from the water productivity 

model. Environ Model Softw 51:232–332. 

Willmott C J (1982) Some Comments on the Evaluation of 

Model Performance. Center for Climatic Research 

Department of Geography University of Delaware 

Newark, Del. 19711. 

Yang H S, Dobermann A, Lindquist J L, Walters D T, 

Arkebauer T J, Cassman K G (2004) Hybrid-maize: 

a maize simulation model that combines two crop 

modeling approaches. Field Crops Research 87: 131–

154. 

Yi Luo, Marios Sophocleous (2010) Seasonal groundwater 

contribution to crop-water use assessed with 

lysimeter observations and model simulations. 

Journal of Hydrology 389 (2010) 325–335. 

 

 

تقييم اداء بزنبمج الفبو اكىاكزوة لانتبجيو محصىل الذره  والمحصىل البيىلىجى وانتبجيو وحده الميبه علىى امتىداد 

 نهز النيل بمصز

  2، محمد عزفو حسن  1 احمد محمد سعد خيز
 معهد بحىث الاراضى والميبه والبيئو ، مزكز البحىث الزراعيو  1

 بزنبمج بحىث الذره ، معهد بحىث المحبصيل الحقليو ، مزكز البحىث الزراعيو 2
  

 

مت اتتل ت اتس ادتتمتاد ايتتتت اقيمت  لات ت ارت حق يه يتتل امثتم لات ت ناتت  ز نا هيتل لحا يتل نمت اتتل   تل انتتتام  متا اتايتتم  ا تمم ن ت ن   ح  ن

 0ت8 ايضت   0ت8   2   2,1صتو  اتتهحو  كتها ا ت ييتل  يتتو اتميت و ا ت  ن ت ن   ح  نمت اتل   تل   اصتاح نن با  نج الاكواكا ق ت تابت  ب  ت ييتل ن 

 ذتت  بت يااا نن اتبما  تح اتا  ل (ت اس اهييس اتبا  نج نن هت   ادتتمتاد اتبي  ت   ات ه يتل نتن اتالت ا اتابت ال  اتم صتو  اتبيوتتويل  ن صتو  ات بتوق 

 قتت ا حتت   اتاتت لج اتتوالتز اتريتتت بتين اتهتيس ات ه يتتل  اتاتايتل  نمايت   اتبا تت نج(  ذتت  نتع اتالتت ا اتابت ال  تتتا  ن ت ياو  اهتبت ح صتت ييل اتبا ت نجت

R( ييت  ا  قيمتتل ن  نتتم اتتهتتتيا 0ت8ن  ن تل اتتتا  الاهيتتاو  
2    

%  20اتتتل  0ت8% ، يتهح نتودتتر نابتتع اتملتتت ااا يت  قيمتتل بتتين  08ك  ت  اقتتم نتتن 

ت  لل  تها اتيتي ا ايضت  ا حت    تهو اتهتيس اوالتز ييتت بتين اتهتيس ات ه يتل  اتاتايتل نتن اتبا ت نج  ذتت   0.ت8   0ت8قيمل بين  ايض  ن  نم اتتوالز ك    

 ييتل اتم صتو  لا ت ييل اتهحو  اتم صو  اتبيوتويل  كها ا ت ييل  يتو اتمي وت    تل اتتا س نتن ا   تها اتبا ت نج ي تت ل ا تتيم  ايت  تت يتين اتتابت  ب  ت

 ا   ظا ف  تحو اتمي و  الايمت م اتمت لل ات ت تل لتل اتماايتم اتمتت هاو نتن  متو اتم صتو  ، ا حت   اتاتت لج ا   تها اتبا ت نج ي تبتا اماو م تسهصوص  

ض قتااح ييتتو لتل نرت   اماحو اتميتت و  اتتا    متو ن صتو  اتتهحو لتتل نصتات ايضت  نتن اتماتتاب ا  ي تتو   تها اتبا ت نج ييتت يتتا تتتو ا تل اتس احت لل ب تت

 اتموميمت ه ييس اتم  ياو اتم صل ق اوليع اتره ح لل اتتابل لا ل با  نج ن لل  ي تمت اد د    ل انتص ص اتم ا نن اتتابل   هو اوصيتا  ار و  هااتم

 

 
 

 
 

 

 

 

 

 

 

 


