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Abstract. In Algeria, vegetable crops are dependent on irrigation. In this context, the present 

study is oriented towards the efficient management of agricultural water that contributes to the 

improvement of crop production. The approach is based on the calculation of the water 

requirements of the potato in order to control the efficiency of the water supply in relation to 

the crop water requirements. This efficiency of use is imperative for a better yield and a 

healthy agricultural environment. In this study, we used two agronomic models CropWat 

(v8.0) and AquaCrop (v6.1), which were developed by FAO, to evaluate the water use 

efficiency (WUE) in a semi-arid climate (Wilaya of Tiaret) over a 31-year period (1990-2021). 

And this, by estimating the irrigation water requirements (IWR) and crop water requirements 

(CWR). The results obtained showed that there is a very close relationship between the 

estimates produced by the two models CropWat and AquaCrop. These estimates are for IWR, 

CWR and WUE, which are in the order of 395.91 mm, 517.24 mm, 6.47 kg m
-3

 using CropWat 

and 385.46 mm; 507.38 mm, 6.37 kg m
-3

 using AquaCrop. Crop growth simulation models 

have become important tools for evaluating and developing deficit irrigation strategies, 

especially in arid and semi-arid regions. 

Keywords. Potato, AquaCrop, CropWat, Crop water requirment, Water use efficiency. 

1. Introduction  
 

The scarcity of water resources and the increasing global demand for water, particularly in the 

agricultural sector which accounts for 70% of global water consumption [1], is fuelling the debate on 

how to improve water use efficiency and productivity [2]. Irrigation managers need indicators on 

irrigation efficiency and water productivity in order to develop appropriate strategies for sustainable 

water resources management.  

Agriculture requires a large amount of water, and in the future, the volumes of water needed for 

irrigation will increase dramatically due to growing food demand. Best practice agriculture, defined as 
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agriculture that optimizes water use, is a key to overcoming this problem by improving water use 

efficiency (WUE).  

In Algeria, water consumption in the agricultural sector is about 7 billion m
3
 on average per year, 

knowing that the overall national consumption (consumption of the population in drinking water, the 

needs of the industrial and agricultural sectors) is 10.6 billion m
3
 year

-1
 [3]. Therefore, a more efficient 

use of water in agriculture must be the top priority. It is estimated that in semi-arid and arid regions, 

water remains a major constraint for improving agricultural production. Despite the scarcity of water, 

the observation made on the management of irrigation water highlights a lack of simple water 

management methods accessible to farmers to guide the programming of irrigation. Indeed, in the face 

of the total absence of decision support tools (steering tools and irrigation warning bulletins) mastered 

by farmers.  

Irrigation timing and rates are usually decided based on visual observation. For this reason, it is 

important that the water needs of crops are known at different levels of management in these regions 

to achieve an efficient management of irrigation. The market garden crops which represent strategic 

crops in the country, know an important development, notably, the 'Potato' which represents the 

second sole, in Algeria. The surfaces which are reserved to him annually, approach the 150 000 

hectares, that is to say 30% of the market gardening surface [4]. The potato is cultivated in most 

regions of the country, and at any season of the year. It is a staple product for the Algerian consumer, 

the availability per capita and per year, is 100 to 110 kg [4]. The production estimated at nearly one 

billion dollars [5], and benefiting from the support of the state, has experienced a record of 5 million 

tons in the last decade. The potato growing season coincides with the dry season for which irrigation is 

necessary. In this context, FAO has developed crop models, CropWat and AquaCrop, to better manage 

irrigation water.  

Both models have been widely and successfully used by several researchers around the world under 

various environmental conditions. For vegetable crops, have been tested for potato [6-8], also have 

been used for tomato [9-11], for pepper [12,13]. For cereal crops, wheat [14,15], barley [16,17]. The 

main objective of this study is to evaluate the water use efficiency, based on the calculation of 

irrigation water requirements, using the CropWat and AquaCrop model with a comparative analysis of 

the results of the different models that will allow the selection of the appropriate crop model for the 

climatic context of the study area.  

2. Materials and Methods  
 

2.1. Description of the Study Area  
 

The study area covers an area of approximately 20 673 km
2
. It is located between 35°22' North of 

Latitude and 1°19' East of Longitude and at an altitude ranging from 970 m to 1143 m. It is bounded to 

the north by the wilayas Tissemsilt and Relizane, to the east by the wilaya of Djelfa, to the west by the 

wilayas of Mascara and Saida and to the south by the wilayas of Laghouat and El Bayadh (Fig. 1).  

 
Figure 1. Location of the study area. 
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2.2. Climatic and Pedological Context  

The region of Tiaret is characterized by a continental climate with harsh winters and hot, dry summers. 

Rainfall is low and irregular, it is about 387 mm year
-1

 over a period of 31 (1990-2021). The average 

monthly temperatures over the same period are between 5.92 °C and 26.45 °C and the average 

monthly relative humidity over the same period is between 36.49% and 76.44%. High average 

monthly insolation values are observed during the dry season with a maximum of (11.67 hours) in 

June, while during the rainy season, insolation reaches a minimum of 6.20 hours in December.  

Regarding the type of soil in the region of Tiaret, according to the work done in the Department of 

Pedology of the Institute of Agronomic Sciences of Tiaret from 1990 to 1996, it was found that the 

most dominant class is that of Vertisols [18]. This type of soil is a soil that is rich in clay. 

2.3. Model Requirements  

The CropWat and AquaCrop models require three major components (Table 1) to be functional: the 

climate, with its thermal regime, rainfall, evaporative demand (ET0), then the crop with its 

development, growth and yield constitution processes; finally the soil with its water balance 

Table 1. Input data for the CropWat and AquaCrop models. 

 AquaCrop CropWat 

Climat 

- Rainfall (mm) 

- Minimum and maximum temperature (C°) 

- Relative humidity (%) 

- Wind speed (m/s) 

- Insolation (hours) 

Crop 

- Planting and harvesting date 

- Phenological stages 

- Rooting depth 

- Crop coefficient (kc) 

- Height of the crop 

- Crop cycle 

- Vegetation zero 

- Duration of flowering stage 

- Plant density 

- Type of crop C3 or C4 

- Time of emergence 

- Maximum canopy coverage 

- Harvest index 

- Planting method 

 

Soil 

- Number of horizons 

- Bulk density 

- Permeability 

- Soil water contents at saturation (Ɵsat), field capacity (ƟFC), and permanent wilting point 

(ƟPF). 

Initial 

conditions 
- Initial water content 

2.4. Procedure to Evaluate Irrigation Water Requirements 

2.4.1. Reference Evapotranspiration 

The climatic data required by the AquaCrop and CropWat models are minimum, maximum 

temperatures (°C), precipitation (mm), wind speed (m s
-1

) at 2 m above ground level, solar radiation 

(W m
-
²) and relative humidity (%). These data were collected through bulletins of the National 

Meteorological Office and meteorological sites spread over a period of 31 years (1990-2021). The 

measurements taken, at a monthly time step. These climatic parameters allow the evaluation of the 

reference evapotranspiration (ET0) using the Penman-Monteith method of the FAO [19].  
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2.4.2. Effective Rainfall  

To account for losses due to reseeding, the USDA method was chosen to calculate the effective 

rainfall. It is estimated using the following formula: 

Peff = Pmonth × (125 - 0.2 × Pmonth) / 125 for Pmonth < 250 mm 

Peff = 125 + 0.1 x Pmonth for Pmonth > 250 mm 

Where: Pmonth = Monthly rainfall and Peff = Effective rainfall 

2.4.3. Crop Water Requirment (CWR) 

As far as irrigation is concerned, it is always preferable to conduct the crop at the maximum 

evapotranspiration (ETc), which is a point value linked to the ET0 that is relative to a region by a 

cultural coefficient (Kc). It is calculated by the following formula: 

ETc = Kc * ET0 

2.4.4. Irrigation Water Requirment (IWR) 

The basic formula for determining the irrigation water requirement (IWR) is derived from the water 

balance method, which is expressed as follows 

∑ Inputs = ∑ Outputs 

IWR + P eff = ETc ± ΔS 

Where: IWR = ETc – Peff ± ΔS 

2.4.5. Water use Efficiency (WUE) 

Water use efficiency (WUE) is defined as the ratio of yield to water consumed by the crop, According 

to [20] it is given by the following formula: 

Water Use Efficiency = Yield / Total water used (ETc) 

Where, Y is crop tuber yield in ton ha-1 and ETc is total actual crop evapotranspiration in mm. 

3. Results And Discussion  

3.1. Rainfall Analysis  

The analysis of interannual rainfall variability over the study period (1990-2021) resulted in the graph 

shown in Fig. 2. 

 
Figure 2. Interannual variation in rainfall (1990-2021). 
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The results obtained show a heterogeneous distribution of rainfall intensities over the study area. The 

average rainfall value over the study period (1990-2021) is about 387.75 mm, fluctuating between a 

minimum of 177. 32 mm and a maximum of 855.41 mm. The graph showed three distinct decades, 

namely: (1990-2000) with an average of 319.07 mm, followed by a decade (2001-2011) well watered 

(465.61 mm) compared to the average, and finally the last decade (2012-2021) which coincides with 

the average of the series (377.66 mm). 

3.2. Calculation of Reference Evapotranspiration 

3.2.1. Annual Scale 

The calculation of reference evapotranspiration requires as inputs: temperature (minimum and 

maximum), humidity (minimum and maximum) as well as solar radiation and wind speed at 2 meters 

above ground. 

Fig. 3 shows the interannual variation of reference evapotranspiration (ET0) over a 31-year period 

(1990-2021). It is found that the annual average ET0 is about 971.47 mm, fluctuates between a 

minimum of 791.13 mm and a maximum of 1064.80 mm.  

 
Figure 3. Interannual variation of reference evapotranspiration, period (1990-2021). 

3.2.2. Seasonal Scale 

Fig. 4 shows the interannual variation in reference evapotranspiration (ET0) at the growing season 

scale of the potato crop over a 31-year period (1990-2021). It is found that the annual average ET0 of 

potato is 397.94 mm. The reference evapotranspiration (ET0) recorded during the potato growing 

season (February - June) is less important because its vegetative cycle coincides with the period 

(spring - summer) when temperatures keep increasing and rainfall is negligible. 
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Figure 4. Interannual variation of reference evapotranspiration on a seasonal scale, period (1990-

2021). 

3.3. Effective Rainfall Calculation  

3.3.1. Annual Scale 

For agricultural production, effective precipitation refers to the fraction of precipitation that can be 

effectively used by crops. Not all of the rainfall is available for crops, as some of it is lost through 

runoff and/or deep percolation. 

Figure 5 shows the inter-annual variation of total effective rainfall during the study period (1990-

2021). It is found that the average total effective rainfall over this period is about 336.31 mm, 

fluctuating between a minimum of 168.80 mm (2001) and a maximum of 649 mm (2008). 

 
Figure 5. Interannual variation of total effective rainfall, period (1990-2021). 

3.3.2. Seasonal Scale 

The effective rainfall benefited by the potato crop is shown in Fig. 6. It is found that the average 

effective rainfall during the potato growing season is 123.85 mm, fluctuating between 19.6 mm (1994) 

and 228.9 mm (2008). 

 
Figure 6. Interannual variation in effective rainfall on a seasonal scale, period (1990-2021). 
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[21] the water requirement of potato varies from 350 to 550 mm depending on the length of the 

growing season, atmospheric demand, soil type, crop variety. 

 
 

 
Figure 7. Interannual variation in potato water requirement (CWR) estimated by the CropWat and 

AquaCrop model. 

3.5. Irrigation Water Requirement  

The total irrigation water requirements (IWR) of potato estimated by the CropWat and AquaCrop 

model are shown in Fig. 8. It is found that the average IWR values of potato estimated by both 

CropWat and AquaCrop models are respectively, in the range of 395.91 mm and 385.46 mm. From 

this figure, it is clear that both models followed the same trend. These results are consistent with those 

reported by [6] who found 379.45 mm. 

 
Figure 8. Interannual variation in irrigation water requirement (IWR) for potato estimated by the 

CropWat and AquaCrop model. 

3.6. Water Use Efficiency 

To record the yields of the potato crop in the wilaya of Tiaret, we used the "B 1 series" of the Ministry 

of Agriculture and Rural Development [22].  

Fig. 9 shows the interannual fluctuation of WUE for potato cultivation for a period of 23 years (1998-

2021). It is found that the annual average WUE values estimated over the entire period by the 

CropWat and AquaCrop models are, respectively, in the range of 6.47 and 6.37 kg m
-3

. It is found that 

the WUE value estimated by the CropWat and AquaCrop models is higher for the year 2008 and lower 

for the year 2001. This is explained by the amount of rainfall received during the growing season 

(February - June) which are, respectively, 293.50 (2008) and 52 mm (2001). Several parameters can 
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affect water use efficiency, including water availability, interaction with other factors, such as cultivar, 

agronomic management or soil characteristics, can also affect this efficiency.  

In this regard, [23] Nagaz et al. (2007) reported that WUE varied from 6 to 14 kg m
-3 

for potatoes 

planted in fall, winter, and spring. [24] Wright and Stark (1990) noted that WUE of potato crops 

ranged from 5.4 to 12.0 kg/m
3
 depending on the region, irrigation management, and the amount of 

fertilizer applied. [25] Fabeiro et al (2001) reported that WUE values of potato crops in Spain ranged 

from 6.3 to 8.6 kg m
-3

, while [26] Ünlü et al (2006) reported values between 4.8 and 7.4 kg m
-3

, 

depending on both irrigation method and nitrogen level. 

 
Figure 9. Water use efficiency for potato crops estimated by the CropWat and AquaCrop model 

 
Conclusion  

For the entire development cycle of the potato crop, the irrigation water requirements (IWR) estimated 

by CropWat and AquaCrop are, respectively, 395.91 mm and 385.46 mm. On the other hand, the crop 

water requirements of these crops (CWR), are about 517. 24 mm and 507.38 mm. The average values 

of these parameters, IWR and CWR, fluctuate throughout the development cycle of this crop 

depending on the weather conditions. These results on IWR and CWR provided a practical assessment 

for irrigation scheduling of this crop in semi-arid environments. Understanding CWR, IWR and 

irrigation scheduling during shortage months help farmers to make the right decision to avoid any 

yield reduction in their farm. This study showed that there is a very close relationship between the 

parameters estimated by the two models, CropWat and AquaCrop. Compared to the CropWat model, 

the AquaCrop model takes into account several cropping practices including fertilization and salinity 

that are related to irrigation for better water productivity. This encourages the use of the AquaCrop 

model as a decision support tool. 
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