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ABSTRACT 

  
Effective crop development modelling is essential for crop management, water resource planning, assessing 

climate change's influence on agricultural production, and yield prediction. Validation and simulation of the 

measured data indicated that AquaCrop software is an effective and reliable program for designing 

pressurized irrigation systems to increase water application efficiency, system performance and the future 

prediction. The AquaCrop model was evaluated through a solid-set sprinkler and surface drip irrigation 

systems at 100%, 80%, and 60% of evapotranspiration (ETo) for the potato crop. The AquaCrop model has 

shown better performance to simulate potato growth and predicting crop variables under various water 

systems. The surface drip-irrigation system's at 80% of ETo (48.00, 8.05 ton ha-1) Yield had a substantial 

impact on the yield of potato and water productivity (WP), matching the yield of potatoes that was irrigated 

with solid-set sprinklers at 100% of ETo (37.39, 7.19 ton ha-1), with 20% water savings. Attributes of potatoes 

(canopy cover, biomass, potato crop factor (Kc), and water productivity) were affected by increasing water 

deficit. The simulated of AquaCrop model was a little higher than observed at 80% of ETo treatment, but 

still has a similar deviation, and it was slightly lower than seen for 60% of ETo treatment at the mid-season. 

The AquaCrop model predicted the yield of potatoes and biomass correctly when irrigation is adequate. The 

results indicated that there may be some changes in AquaCrop model simulation operations over future 

years based on the climate and irrigation method. 
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INTRODUCTION  

 

The impact of current agricultural climate change depends on climatic and weather 

conditions, as well as crop production and agricultural production are affected by 

climatic conditions. Precipitation and carbon dioxide concentration both have a direct 

effect on the production of potatoes. The environment is impacted by climate change, 

either directly or indirectly. According to Malhi et al. (2021), climate change will have 

an effect on agriculture and mitigation strategies. Because of the climate change 

effect caused by greenhouses, which is actually rising, food security is a global 

concern. It has been reported that about 1.5-1.8 ppm of carbon dioxide is added to 

the atmosphere every year. It is crucial to point out that precipitation will fall by 

0.7% and 3.0% in 2050, by 5.0% and 7.6% in 2100, and that temperatures will 

increase by 3-4°C by the end of the 21st century. Crop response to water deficit 

remains to be one of the most reactions to be described by crop models since the water 

deficit varies in duration, timing, and intensity (Molden et al., 2001). The competitive 

demand for the limited supply of water is now becoming critically important. The 

agricultural sector is facing a major difficulty in using less water and produce more 

food because there are limited opportunities to increase the availability of high water 

quality. Developing methods to increase the effectiveness of water application in 

agriculture is therefore required. One of the most effective irrigation techniques for 

use in agriculture with advanced water-saving technology is pressurised irrigation 

(Kemanian et al., 2007). Simulation models of crop growth are essential tools for 

analyzing the consequences of water shortages and for optimizing water use in 

constrained situations to increase crop production. There is a need to take into 

consideration about the effectiveness of the use of the available water given the 

undesirable climate change's effects on current agricultural practices followed by 

reducing water availability. This is especially important for high-value plants that 

can be grown in irrigation conditions (Hsiao, 2000; Hsiao, 2007). The potato crop's 

yield and biomass were simulated using the AquaCrop model in response to different 

water application rates. It is also required to calibrate the Aquacrop model for 

potatoes under limited climatic conditions, as doing so would make it simpler to 

simulate and predict crop's performance and yield using all of the AquaCrop model's 

input data parameters (Steduto, 2003). In recent years, the potato has taken on a 

significant role in Egypt's crop rotation as a winter crop in both rich and poor fertile 

soils, alkaline, saline, and calcareous soils. Farmers could then make prior plans for 

their returns based on every parameter supplied for the model's input data. 

A drip irrigation system uses less water than a sprinkler irrigation system. For 

total and marketable yield, surface drip and subsurface drip were among the most 

effective techniques. In addition, nitrate leaching under potatoes was reduced by drip 

irrigation or sprinkler irrigation (at fairly dry soil criteria). Potato yield was 

unaffected by reducing nitrogen rates when irrigated with a subsurface drip system 

(Kaur et al., 2022). Ibrahim et al. (2018) explored the impact of tape depth and 

emitter spacing on Texas potato (Norgold Russet) yield and quality. Potato yield was 

unaffected by tape depth or emitter spacing, Nevertheless, when the tape was buried 

at 0.2 m as opposed to shallower placement, the percentage of tubers that were 

misshaped was greater. The soil temperature was higher at the tape of 0.2 m, than 

at 0.1 m or 0.025 m. In comparison to intermediate and greater depths, the drip tape 
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performed best at depths of 0.08 m (above tubers) and 0.46 m (below tubers), 

according to DeTar et al. (1996)'s study. Ten drip irrigation treatments were used by 

Fabeiro et al. (2001) to investigate the effect of irrigation deficit timing on tuber 

productivity and water use efficiency in Spain. Deficits in irrigation that occurred 

during the mid and late season bulking of tubers were mostly harmful to tuber yield. 

When irrigation shortfalls are limited to early in the season, good yields are 

associated with high water usage efficiency. The growth of "Umatilla Russet" in silt 

loam with drip irrigation. The variables that were investigated included four levels 

of soil water tension and tape placement (1 tape/ single row or 1 tape/ double row) for 

automatically beginning irrigation (15, 30 45, and 60 kPa) (King et al., 2020); 

(Mansour et al., 2015a; Mansour et al., 2015b; Mansour et al., 2019a;                           

Mansour et al., 2019b). They found that drip tape placement significantly affected 

every measure, with the exception of total yield and bud-end fry colour, where 

associations between irrigation criterion and tape quantity were significant. Total 

yield, total marketable yield, and US No. 2 yield were all influenced by the 

interaction between the tape placement and irrigation criterion. The results revealed 

that set the silt loam soil and 2.5 mm water applied during each irrigation episode, 

potatoes should be irrigated at 30.0 kPa. The whole US No. 1 and over 340.0 g tuber 

size categories were the only ones affected by the irrigation criterion taken into 

account alone. Different potato cultivars performed considerably differently when 

subjected to drip irrigation (Eldredge et al., 2002); (Mansour et al., 2016). The 

AquaCrop model uses a semi-quantitative method to characterize the impact of 

biomass production but does not predict nutrient cycles and balances                 

(Rahimikhoob et al., 2021). Mengistu et al. (2021) discovered that the AquaCrop 

model accurately simulates all observed crop variables. The performance of the 

AquaCrop model for the potato crop's canopy cover, biomass from dried aboveground 

and tubers, as well as soil moisture levels. 

This study was envisaged to estimate the yield response factor under deficit 

irrigation in various stressed irrigation systems and validate the AquaCrop model 

using irrigated potatoes under full and deficit irrigation levels for future prediction. 

 

MATERIALS and METHODS 

 

Area of Study and Crop Management  

The potato Spunta variety was planted in an area of 2000 m2 with split-plot design 

at the Experimental Farm of National Research Centre, El Nubaria, Egypt, (latitude 

30.87 N, longitude 30.17 E) with an altitude of 20 m above sea level. All plots received 

the normal and recommended care steps for potato growing indicated in the 

instructions of the official agricultural bulletins. The potato was planted manually 

to each line at a 15 cm distance between tuber seeds. The potato was cultivated for 

the growing season on 15th Oct. 2021 and harvested on 31st Jan 2022. Before 

cultivation, the soil was plowed three perpendicular times at 20 cm depth, and 

leveled 100 cm distance apart to extend the lateral tubes of surface irrigation in each 

experimental plot. 
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Table 1. Some physical properties of the soil. 

 

Particle Size Distribution according to (Gee and Bauder, 1986) and Moisture 

retention according to (Klute, 1986), F.C.: Field Capacity, W.P.: Wilting Point, AW: 

Available Water, HC: Hydraulic conductivity (cm h-1), BD: Bulck density (g  cm-3) and 

P: Porosity (cm³ voids/cm³ soil).  

 
Table 2. Some chemical properties of the soil. 

Depth,  

cm 

pH 

 

1:2.5 

EC 

dS/m 

Soluble Cations, meq/L Soluble Anions, meq/L 

Ca++ Mg++ Na+ K+ CO3-- HCO3- SO4-- Cl- 

0-15 8.3 0.35 0.50 0.39 1.02 0.23 0 0.11 0.82 1.27 

15-30 8.2 0.36 0.51 0.44 1.04 0.24 0 0.13 0.86 1.23 

30-45 8.3 0.34 0.56 0.41 1.05 0.23 0 0.12 0.81 1.23 

45-60 8.4 0.73 0.67 1.46 1.06 0.25 0 0.14 0.86 1.22 

Chemical properties according to Rebecca (2004). 

 

Table 3. Potato crop factor (Kc) in the semi-arid area. 

 

Irrigation Systems and Experimental Layout 

Standard methods were used to analyze the irrigation water to identify its chemical 

characteristics. To evaluate the chemical and physical properties of soil, as shown in 

(Tables 1 and 2) the samples were withdrawn from the soil profile at various layer 

thicknesses (0, 15, 30, 45, and 60 cm). Every main plot was split into three subplots, 

each of which contained three treatments and represented three water treatments 

used to calculate the crop's evapotranspiration (ETo) (100, 80, and 60%). The 

irrigation plan was designed on a two-day interval and applied using pressurized 

irrigation methods to meet crop water requirements (WR) (solid-set sprinkler and 

surface drip irrigation). The rotation depends on a shocking stick (kind of sprinkler 

that can control its rotation and it has a nail to deflect the rush of the water path).  

The following equation provided by Wu and Gitlin (1975) was used to determine how 

much irrigation water was used. 

  Particle Size distribution, %   θS % on weight basis  
 

 
 

 

 

 

Depth,  

cm 

 

C.  

Sand 

F.  

Sand 
Silt Clay 

Texture  

class 
F.C. W.P. AW 

 

HC 

(cmh-1) 

 

BD 

(g/cm³) 

 

“P 

(cm³ 

voids /cm³ 

soil) 

0-15 8.4 77.6 8.5 5.5 Sandy 14.0 6.0 8.0 6.68 1.69 0.36 

15-30 8.6 77.7 8.3 5.4 Sandy 14.0 6.0 8.0 6.84 1.69 0.36 

30-45 8.5 77.5 8.8 5.2 Sandy 14.0 6.0 8.0 6.91 1.69 0.36 

45-60 8.8 76.7 8.6 5.9 Sandy 14.0 6.0 8.0 6.17 1.67 0.37 

Stage of 

growth  
Initial 

Crop 

development 
Mid-season Late-season 

Periods 1 - 20 21-55 56.0-70 71-110 

Total days 35 60 70 45 

Kc 0.35 1.2 1.2 ˃ Kc ˃ 0.7 0.5 
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ETc=ETo×Kc.ETc is evapotranspiration (mm/day), ETo is reference 

evapotranspiration (mm day-1) and Kc is a crop factor. 

 

Agronomic Data 

All agronomic measurements were started after one month from the date of potato 

planting. Every month, three representative plants were randomly chosen from 

every plot and measured for height (cm), leaf length (cm), number of leaf plant-1, 

tuber diameter (cm), fresh weight of the top (leaves) /plant (g), dry weight of the top 

(leaves) /plant (g), total fresh tuber weight (g plant-1) and total fresh dry weight           

(g plant-1). At 70°C, plant samples were over-dried until their weight remained 

constant. A random sample was selected (5 plants) from each plot at harvest to assess 

the productivity and quality characteristics of the potatoes.  

 

Leaf area index (LAI)=Total area of leaf / Occupied land area (Fang et al., 2019) (1) 

 

By the CC-LAI relationship for canopy cover (CC) of potato was calculated using LAI 

(García-Vila and Fereres, 2012). 

 

CC=1.005 × [1−exp (−1.2LAI)]1.7×100                                                                 (2)                           

                           

WP= Yield/ Total applied water amount                                                              (3) 

 

Where: WP is productivity of water, (kg m-3); Y is total tuber yield, (kg ha-1); and total 

applied by (m3 ha-1), (Howell, 2001).                                                                                               

Models of the potato plant's reaction to water stress take into account changes in 

harvest index, canopy cover, and leaf expansion. The model then simulates the yield 

and biomass using the values of the daily transpiration (Equations 4 and 5). 

 

Y=HI× B                                                                        (4) 

 

B=WP×∑ Tr                                                                                       (5) 

 

Where: B = biomass (g m-2), Tr = potato plant transpiration (m3 ha-1), and                                   

HI = harvest index. 

 

Climatic Data 

The monthly meteorological data for the area of study during the growth period was 

displayed in Table 4, based on the official data collected by the Central Laboratory 

for Agricultural Climate. Climatic elements of air temperature (°C), dew point 

temperature (°C), wind speed (m s-1), and rainfall (mm). The evapotranspiration 

(ETo) was calculated with the use of the ETo calculator program depending on the 

Penman-Monteith equation (Version 3.2, September 2012; Raes et al., 2009). 

Representative Concentration Pathways (RCPs) 8.5 were chosen for the impact 

assessment of the climate scenarios 2030, 2050, and 2100. The International Panel 

on Climate Change adopted the RCPs as greenhouse gas concentration pathways for 

future climate (Attia and Gobin, 2020).  
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Table 4. Average climate data in the study area. 

 

AquaCrop Model 

The AquaCrop flow chart for calibration and validation is shown in Figure 1. In order 

to get the most favourable understanding between the simulated and measured 

system variables, the model's input parameters must be calibrated (Shaw et al., 2002). 

 

 

Figure 1.  AquaCrop model flow chart processing. 

An essential component of model verification is model performance evaluation, 

which entails contrasting the output produced by the model with independent field 

measurements. It was calibrated for potatoes using the AquaCrop model (version 6.1). 

 

The Model Performance Criteria  

The performance of the model was then assessed by statistical tools, like Pearson 

correlation coefficient (r), normalized root mean square error (NRMSE), and root 

mean square error (RMSE). 

The Pearson correlation coefficient (r), which runs from -1 to 1, indicates strong 

agreement when values are close to 1 and are normally deemed acceptable in 

Month Tmax °C 
Tmean 

°C 

Tmin 

°C 

Tdew 

°C 

Wind speed,  

m s-1 

Rain, 

mm 

October 2021 28.35 21.88 16.44 5.72 0.45 0.00 

November 2021 23.90 17.22 12.14 0.48 0.22 1.89 

December 2021 18.45 11.49 6.25 0.64 0.35 2.12 

January 2022 17.83 11.36 6.33 0.00 0.45 2.79 
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watershed modelling when values are more than 0.5. (Moriasi et al., 2007). If the 

measured and simulated values are completely independent, ie they are not 

correlated or will be zero (Loague and Green, 1991). 

𝑟 =
∑ 𝑂𝑖𝑃𝑖−𝑛𝑂̅.𝑃̅

√∑ 𝑂𝑖
2−𝑛𝑂̅2∙√∑ 𝑃𝑖

2−𝑛𝑃̅2
                                                                                                                             (6) 

 

Where Pi is the simulated values, Oi is the observed values, 𝑂̅ is the mean of 

observed values and n is the number of observations.  

The testing of models with various scales is made easier by RMSE and NRMSE. 

RMSE has a range of zero to positive infinity, with zero signifying excellent model 

performance and positive infinity, bad model performance. Since RMSE is scale-

dependent, it should be used to compare prediction errors of several models of a 

specific set of data rather than between data sets (Pontius et al., 2008). The variable's 

observed range and the RMSE are connected by the normalised RMSE (NRMSE). The 

NRMSE can be seen as a part of the total range that the model normally resolves as 

a consequence. 

 

RMSE= √
∑ (𝑂𝑖−𝑃𝑖)2𝑛

𝑖=1

𝑛
                                                                                        (7) 

 

𝑁𝑅𝑀𝑆𝐸 =  
√

∑ (𝑂𝑖−𝑃𝑖)2𝑛
𝑖=1

𝑛

𝑂̅
                                                                                                (8) 

 

Where Pi is the simulated values, Oi is the observed values, 𝑂̅ is the mean of 

observed values and is the number of observations. 

 

RESULTS and DISCUSSION 
 

Reference Evapotranspiration (ETo) 

The data shown in Figure 2 shows the daily of (Reference evapotranspiration) ETo. 

It was calculated by the Penman-Monteith eq., for daily weather data for irrigated 

potatoes from October 15, 2021, to January 31, 2022. The average of ETo was about 

2 mm day-1 season. 

 

 

Figure 2. The daily reference evapotranspiration (ETo). 
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Applied Water Requirements 

The data in Table 5 show the water requirements for irrigated potatoes grown under 

surface drip and solid-set sprinkler irrigation systems at various water application 

rates (100, 80, and 60% of ETo) throughout each growth stage. These values were 

calculated using ETo and Kc. It is evident that due to the high evapotranspiration, 

the largest amount of water applied was (617 mm) under solid-set sprinkler 

irrigation and more than (11%) under surface drip irrigation. The irrigation schedule 

was timed to coincide with the WR applied via surface drip irrigation systems and 

metered solid-set sprinklers, and it was based on a two-day interval. 

 

Table 5. Applied water requirements (WR) under the surface drip and solid-set 
sprinkler irrigation. 

 

AquaCrop Calibration  

The AquaCrop calibration was performed based on measurements of the green 

canopy cover and data on observed crop growth for the irrigated potato crop under 

both irrigation systems. The data collected under 80% and 60% of ETo were used to 

validate the model, while the observed field data under the full irrigation method 

were used to calibrate the model. The meteorological information, soil properties, CC 

growth, date of sowing, planting density, CC, biomass (B), and total yield (Y) were 

used as input for each simulation run. For model calibration, plant density, 

maximum measured tuber depth, crop development period, and crop water 

productivity were used. The relationship between the biomass of potato crop, which 

was determined from samples obtained periodically throughout the growing season, 

and ETo is given in Figure 3. 

According to the data, the WP for surface drip irrigation and solid-set sprinkler 

irrigation was around 14.1 and 15.1 g m-2 respectively with an average of about           

14.6 g m-2. The simulation results for CC, biomass (B), and total yield (Y) were 

compared to the measured data to evaluate the model's performance. 

 

Days from 

planting 
Growing stage 

Applied water due to ETo 

100% 80% 60% 

  
Solid-sed 

sprinkler 

Surface 

drip 

Solid-sed 

sprinkler 

Surface 

drip 

Solid-sed 

sprinkler 

Surface 

drip 

1 
Initial 68.71 60.63 54.97 47.50 41.23 36.38 

20 

21 
Development 273.60 244.85 218.88 191.13 164.16 144.85 

55 

56 
Mid-season 176.26 155.52 141.01 124.52 105.75 93.31 

70 

71 
Late-season 98.40 86.82 78.72 68.66 59.04 52.09 

110 

Total on the season 616.97 547.82 493.58 431.81 370.18 326.63 

% of the saved water 0.00 0.00 11.21 20.00 30.01 40.00 
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Figure 3. Determination of potato crop biomass. 

 

Green Canopy Cover (CC) 

In Figure 4, with the full irrigation requirement (100% of ETo), the CC analysis 

results for both irrigation systems are shown. Although there was some variation in 

the CC between measured (observed) and simulated in the two irrigation systems, it 

was obvious that surface drip irrigation (S100) had a maximum measured CC of 

about 80%, while solid-set sprinkler irrigation (S100) had a maximum measured CC 

of about 75% (D100). 

 

    

Figure 4. Measured and simulated CC under full irrigation a) surface drip irrigation 
system b) a solid-set sprinklers irrigation system. 
 

Dry Biomass (B) and Yield (Y) 

Figure 5 shows the results of the dry biomass (B) analysis for both irrigation systems 

under the full irrigation requirement (100% of ETo). The measured dry biomass and 

the simulated dry biomass under the surface drip irrigation system differed slightly, 

as indicated, with the simulated dry biomass being higher than the measured, while 

there was no difference under the solid-set sprinkler irrigation. Additionally, the 

maximum measured and simulated dry biomass production of potatoes under surface 

drip irrigation at harvest was approximately 19.35, 19.23 ton ha-1, whereas it was 

approximately 14.56, 17.33 ton ha-1 with solid-set sprinkler irrigation. Figure 6 

shows the dry yield response to applied water during the growing season. According 

to the data, both irrigation systems' water applications increased along with the dry 
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yield. The data obtained calculated that there was no significant difference in the 

model performances, and the statistical indicators validated the good calibration and 

performance of AquaCrop in simulating the potato growth and crop water 

productivity (WP) planted under drip and solid-set sprinkler irrigation systems. The 

best simulation results were achieved for CC and biomass, with the Pearson 

correlation coefficient (r) being high above 0.99 for both irrigation systems, although 

it varied for other statistical indicators presented in Table 4. The irrigation 

treatment had an impact on the simulated values. For two irrigation treatments, the 

biomass simulation values followed the same trend. On the other hand, the simulated 

was a little higher than observed at 80% of ETo, but continues to deviate similarly, 

and it was slightly lower than seen at 60% of ETo treatment at the mid-season. These 

results agree with those of Razzaghi et al. (2017), who indicated that a variety of 

simulated biomass from the observed biomass of less than 10% is acceptable. 

 

Table 6. Statistical indicators for CC and biomass for full irrigation. 

Statistical   Indicator CC, S100 
Biomass 

S100 
CC, D100 Biomass D100 

r 0.99*** 0.99*** 0.98*** 0.99*** 

RMSE 11.70* 1.30* 11.10* 1.45* 

NRMSE 23.80* 20.20* 20.50* 20.30* 

 

     

                                (a)                                                                     (b) 

Figure 5. Measured and simulated dry biomass under full irrigation a) surface drip 

irrigation system b) a solid-set sprinklers irrigation system. 
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Figure 6. Measured and simulated dry yield under full irrigation. 

 

AquaCrop Validation 

The green yield, biomass, WP, and CC were simulated for different water regimes 

under both irrigation systems using the calibrated model. Validation of the model 

was done by contrasting the simulated vs. with measured parameters which included 

CC and biomass to evaluate the AquaCrop model against the field measured data. 

 

Comparison of Measured and Simulated CC 

 The results of the comparison between measured and simulated CC under both 

irrigation water regimes (80 and 60% of ETo) are shown in Figure 7. The results 

displayed a significant difference in the CC due to the water stress effect. The crop's 

increased water transpiration and greater vegetative growth were the causes of this 

result. The results showed that the model overstimulated CC in all the treatments, 

especially under 60% of ETo treatment, and the prediction improved with a decline 

in the water rate application. When compared to the simulated CC, the deficit-

irrigated at 60% of ETo yielded lower CC values. As the potato plants developed 

during growth, the need for water increased, but the supply was insufficient to satisfy 

crop WR, so the model did not predict properly. However, 80% of ETo treatment of 

the AquaCrop model had a good prediction of crop growth, especially in the mid and 

late season. The results of CC model validation are acceptable according to the 

statistical indicators as shown in Table 7, but the modelling of 60% of ETo treatments 

was less satisfactory compared to 80% of ETo treatments, which showed the model 

high performance. 

 

Table 7. Statistical indicators for canopy cover (CC) under deficit irrigation. 

Statistical  

Indicator 
CC S80 CC, S60 CC,D80 CC, D60 

r 0.98*** 0.86** 0.93*** 0.80* 

RMSE 9.80* 16.00*** 12.20* 20.40** 

NRMSE 18.10* 45.70*** 22.60* 58.30** 

 

y = 1.137x - 0.1416

R² = 0.982
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Figure 7. Measured and simulated CC with 80% and 60% regimes. 
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Figure 8. Measured and simulated dry biomass with 80% and 60% of Eto. 

 

Also, the data simulated and measured showed that the dry yield of drip-irrigated 

potato at 80% of ETo closely matched with the yield of solid-set sprinkler-irrigated 

potato at 100% of ETo. They was no variation between measured and simulated data 

under full and deficit irrigation for both irrigation systems. The statistical indicators 

for different water regimes (80% and 60% of ETo) are presented in Table 8 clarified 

the results obtained from the model showed that the validation of AquaCrop is 

acceptable according to the statistical indicators for 80% treatment under both 

irrigation systems as the simulated dry biomass was slightly the same of the 

measured and the r-value was about 0.97 and 0.98 for solid-set sprinkler and surface 

drip irrigation, respectively showing highly significant with the other indicators. 

The modelling of the 60% treatment was less successful; the simulated dry 

biomass was higher than the measured dry biomass in the 60% of ETo solid-set 

sprinkler irrigation treatment, while it was the opposite in the surface drip irrigation 

treatment, despite the r value for the sprinkler and surface drip irrigation 

treatments being approximately 0.99 and 0.98, respectively. This might be because 

neither 80% of the treatments experienced the acute water stress that would have 

affected biomass accumulation. Moreover, 60% of ETo experienced water stress 

through the developing season. Additionally, the AquaCrop model's estimated potato 

water productivity (WP) for dry yield was significantly higher than the actual value 

for all irrigation treatments, particularly when deficit irrigation was used, with WP 

values rising as the water deficit increased. The highest WP was obtained using 
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surface drip irrigation, particularly when 80% treatment was recorded                            

(11.02 kg m-3). In contrast, solid-set sprinkler irrigation had a lower productivity of 

7.68, 6.89, and 7.44 at 100%, 80%, and 60% of under water regimens, respectively. 

 

Table 8. Statistics for dry biomass under shortage irrigation. 

Statistical   

Indicator 

Dry biomass 

S80 

Dry biomass 

S60 

Dry biomass 

D80 

Dry biomass 

D60 

r 0.97*** 0.99*** 0.98*** 0.98*** 

RMSE 1.30* 0.94* 1.50* 1.35* 

NRMSE 22.80* 22.80* 22.50* 29.10* 

 

Water Stress's Impact on a Potato Yield Component 

The results demonstrated how water shortages during the winter of 2021–2022 

affected some potato characteristics and yield under surface drip and solid-set 

sprinkler irrigation methods. Including the mean tuber weight, sucrose, impurities 

purity percentages, and white sugar yield. According to the measurements, raising 

the water deficit from 100 to 60% of ETo crop water requirement under two irrigation 

systems had a substantial impact on potato productivity and white sugar production. 

Averaged data over the season revealed at 100% of ETo produced the highest value 

of tuber yield (54.36, 47.38 ton ha-1) under surface drip and solid-set sprinkler 

irrigation, respectively. Surface drip-irrigated potato plants by 80% of ETo gave the 

highest percentages of sucrose (19.90%) and purity (84.66%). Additionally, there was 

no significant variance in the crop ETo at 60% and 80%. The highest WP for white 

potato yield obtained was under 80% of ETo with about 1.85 kg m-3 with comparing 

with all treatment irrigation as shown in Figure 9. Contrarily, when the water deficit 

grew from 100 to 60% of ETo, the WP raise under both irrigation methods with a few 

water amount. Additionally, that means there is a big chance to increase the 

production of white sugar by cultivating a larger area while using the same amount 

of water (617 mm) under solid-set sprinkle full irrigation, as shown in Table 9. Under 

surface drip and solid-set sprinkler irrigation systems, the reduction in white sugar 

yield was 37% and 42.05%, respectively. 

Our results were in agreement with those of Salemi et al. (2011), who 

recommended that the climate, variety of plants planted, and irrigation method 

might cause some variations in model simulations over dissimilar years. When 

irrigation is adequate, the AquaCrop model accurately predicts biomass and yield, 

as shown by Heng et al. (2009), and this result was supported by the results of the 

current study. Additionally, the measured biomass under various irrigation methods 

and the simulated Biomass (B) were both consistent (Tables 7 and 8). During this 

investigation, the CC results were comparable to those found in Salemi et al. (2011). 

The study found that the AquaCrop model could simulate CC of potato, B, and Tuber 

Yield (T) under various irrigation methods. 
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Figure 9. Tuber yield and WP under different irrigation systems regimes. 

 

Table 9. Total area cultivated and total tuber yield using different mean water 

amounts of solid-set sprinkle full irrigation. 

Water applied treatments S100 S80 S60 D100 D80 D60 

Water applied amounts  

(m3 ha-1) 
336.33 269.07 201.79 319.49 235.41 168.15 

Total area cultivated (ha) 1.00 1.25 1.76 1.13 1.42 1.89 

Total tuber yield (ton) 7.19 6.96 6.96 10.25 11.43 10.79 

 

The expected scenarios 2030, 2050 and 2100 for WR and WP for winter potato 

The expected scenarios for the WR of the winter potato crop in the study area are 

displayed in Table 10 and Figure 10 with values of 2544 m3 ha-1 in 2030,                       

2035 m3 ha-1 in 2050, and 1527 m3 ha-1 in 2100 at 100% of ETo. These values were 

estimated for the comparative treatment and without water stress. The potato will 

require 2597 m3 ha-1 of water in the year 2030, 2077 m3 ha-1 in the year 2050, and 

1558 m3 ha-1 in the year 2100 if the same treatment was applied in the future, which 

results in water stress using 80% of ETo. Additionally, if 60% of ETo is adopted, the 

water quantity needed in 2030, 2050, and 2100 will be 2851, 2281, and 1711 m3 ha-1, 

respectively. 

Table 10 and Figure 11 showed the expected scenarios for the WP of the winter 

potato crop in the study area were estimated for the comparative treatment and 

without water stress with the value of WP 129.4 kg m-3 in the year 2030, the value 

of 102.9 kg m-3 in the year 2050, and the value of 77.64 kg m-3 in the year 2100. In 

the future, if the treatment is used, water stress 80% of ETo, the crop will be the 

value of 114.24 kg m-3 in the year 2030, the value of 91.39 kg m-3 in the year 2050, 

and the value of 68.54 kg m-3 in the year 2100. Also, if a water stress treatment of 

60% is used, the value of WP will be 79.89 kg m-3 in the year 2030, the value will be 

63.93 kg m-3 in the year 2050, and the value will be 47.93 kg m-3 in the year 2100. 

The study found that all of the study regions' potato yield is negatively impacted 

by climate change, particularly the rise in temperature, average monthly 

evapotranspiration, and CO2 rate (Nourani et al., 2020; Strıčevıć et al., 2017). The 

results of our study, which assessed how several climate change scenarios would 

affect biomass and potato yield, remain consistent with those of this study. Since the 

current potato cultivars in Egypt require a period of the chilly climate for tuber start, 
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it is necessary to change potato planting dates in order to minimize adverse 

temperature impacts on production of potato and decrease yield losses                          

(Dewedar et al., 2021). Climate change is probable to have an impact on crop yield 

and quality in relation to temperature, carbon dioxide concentrations, precipitation, 

the availability of water resources, and climate uncertainty (Luck et al., 2012). As a 

result of the physiological effects of these expected climatic changes, increasing 

temperatures during the growing season and shorter times of crop development will 

result in lower yields in this situation. Due to the detrimental effects of increasing 

temperatures, it is predicted that potato productivity, growth, and duration will 

decline (Borus, 2017). In a different study, future climate change scenarios were 

applied to evaluate the worldwide tuber yield of potatoes, and the results showed 

that, depending on Representative Concentration Pathways scenarios, the yield will 

be reduced in 2055 and 2085 by 2 to 6% and 2 to 26%, respectively                                            

(El-Shaer et al., 1997). 

 

Table 10. WR and WP under scenarios years 2030, 2050 and 2100. 

  WR  (m3 ha-1) WP (kg m-3) 

Years 

scenarios  
100 % 80 % 60 % 100 % 80 % 60 % 

2030 2544.22 2596.58 2851.24 129.38 114.24 79.89 

2050 2035.38 2077.26 2280.99 102.89 91.39 63.93 

2100 1526.53 1557.95 1710.74 77.64 68.54 47.93 

 

 

Figure 10.  WR of winter potato under climate change scenarios of years 2030, 2050 

and 2100. 

 

Figure 11. WP of winter potato under climate change scenarios of years 2030, 2050 

and 2100. 
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CONCLUSION 

 

Under conditions of water shortage, the calibrated AquaCrop model successfully 

simulated the selected potato crop. As well as, under different irrigation regimes and 

climatic changes, it is possible to simulate well potato tuber yield, water productivity 

(WP), and total biomass, but it is unsatisfactory under extreme water stress 

(intensive water stress). The effects of water management on potato yield and water 

productivity under deficit irrigation and climate change scenarios can be predicted 

using this model. Additionally, the potatoe yield cultivated with a surface drip 

irrigation system using 80% of (Reference evapotranspiration) ETo (48.00,                         

8.05 ton ha-1) was significant compared to the potato yield grown with a solid-set 

sprinkler irrigation system using 100% of ETo (37.39, 7.19 ton ha-1). The AquaCrop 

model can be dependably applied to predict crop variables and evaluate climate 

change scenarios for the effectiveness of planning irrigation management strategies 

for potato crop variables. When describing the results under extreme water stress 

conditions, the constraints should be taken into consideration. 
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APPENDIX 

Symbols and abbreviations. 

Symbol Detail  Symbol  Detail 

ETo Evapotranspiration LAI Leaf area index  

WP Water productivity  CC Canopy cover  

Kc Potato crop factor Y Total tuber yield 

WR Water requirements B Biomass 

RMSE Root mean square error HI Harvest index 

r Pearson correlation coefficient  Tr Potato plant transpiration 

NRMSE Normalized root mean square   

error  
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