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Abstract: Knowing the water needs of the date palm is essential, not only for its optimal production,
but also for the management of water resources. This study aims to evaluate the irrigation perfor-
mance of the date palm production system in the region of Biskra, Algeria. Date palm water require-
ments were estimated using CROPWAT software and data. The results obtained show that in the
study area, the water requirement estimated at 1,672 mm/year. Considering the efficiency of irriga-
tion, water losses of up to 6,150 Mm3/ha in the same season could be avoided. The water produc-
tivity is about 0.40 kg/m3, for a yield of 70%. With the current scarcity of water resources, research
should focus on the use of modern irrigation systems in agriculture to significantly improve water
productivity and, more generally, the living conditions of farmers.

Keywords: crop water requirement; CROPWAT; water use efficiency; water productivity; Biskra

1. Introduction

The date palm (Phoenix dactylifera L.) originates from the Middle East, Western India
or Iraq, according to several authors [1-3]. It is a thermophilic species. Despite its regional
and international importance and its dependence on irrigation or shallow groundwater
for its survival, relatively little research has been published on the relationship between
water and the irrigation requirements of date palm [4].

The annual water requirements of date palm trees in Algeria are between 1,500 and
3,500 mm [1]. In other regions of the world, the annual water requirements of date palm
are estimated between 2,700 and 3,600 mm in the United States, around 2,230 mm in Egypt
and between 2,500 and 3,200 mm in Iraq. In terms of water consumption, date palm is
considered to be a relatively water-consuming crop, with annual consumption in
California (United States of America) estimated at between 200 and 250 m? of water/tree
[5], and between 59 and 80 m?3 of water/tree in Saudi Arabia [6].

The Algerian palm grove has about 18 million date palms, of which nearly 81.9% are
productive. This heritage is spread over 16 regions mainly located in the south-eastern
regions of the country. One of the most important regions is Biskra, with nearly 4,286,350
date palms, including 3,980,278 productive date palms, with a production of 4,077,881
quintals [7], representing 40.3% of the national date production. The palm grove
represented about 33% of the total irrigated area in Biskra for the 2014-2015 season [8].
Between 2000 and 2015, the policy of developing date palm cultivation in Algeria led to

an increase in the area occupied by this crop, from 24,745 to 42,911 ha. However, this
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increase in area is accompanied by an increase in the demand for irrigation water. Since
the early 2000s, the Algerian government has provided considerable support and
encouragement to farmers through subsidies to use localized irrigation methods that are
more economical in the quantities of water used [9,10]. Increasing the efficiency of
irrigation water is one of the economically viable solutions to overcome water scarcity [11].

However, surface irrigation (by submersion and by plank), which consumes more
water, remains the most widespread. In Algeria, FAO statistics indicated a rate of 9% for
drip and sprinkler irrigation methods, and 82% for the submersion method [12]. Therefore,
it is important to know how to use irrigation to optimize yields, water use efficiency and,
ultimately, to improve the benefits that producers can obtain from it [13].

Several techniques have been used to assess the water requirements of date palm in
different countries. Abdul Salam and Al Mazrooei (2007), using FAO's CROPWAT
software. They estimated the values for the potential annual evapotranspiration, actual
evapotranspiration and net water requirements of date palm in Kuwait; these values were
2,883 mm/year, 2,685 mm/year and 2,553 mm/year respectively [14]. According to the
study by Othman and Dahim (2016) on the irrigation water requirements of the main
perennial crops (dates, citrus fruits and alfalfa) for 13 regions in Saudi Arabia, the
reference evapotranspiration (ETo) calculated using the Penman-Monteith equation [15],
it is on average 2,255.5 mm/year, while the evapotranspiration of date palm (ETc) is 1,650
mmy/year, and net irrigation requirements value is 1,562 mm/year [16]. Considering
Djibouti's soil and climate conditions for the cool period (October to April), Said Ahmed
(2015) estimated by the neutron probe method, the volumetric water requirements of the
date palm at 0.130 m3/day, with an irrigation frequency of once every 2 weeks [16].
Dewidar et al. (2015) estimated the volumetric water requirements of date palm using a
non-automatic weighing lysimeter, between 0.087 and 0.297 m?/day, with a daily average
of 0.182 m?[17]. Delli and Mouhouche (2017) calculated virtual water by determining the
water requirements of date palm cultivation in Algeria, using the FAO CROPWAT
software [18].

This study aims to evaluate the irrigation performance of the date palm production
system in Biskra region. To do this, the water requirements of the date palm are estimated,
the efficiency of the water supply to the date palm is assessed, and finally, the water
productivity of the irrigation systems in Biskra is assessed. This study will be used as a
decision-making tool for planning activities and to effectively implement policies for the
development of more efficient irrigation. The results will provide a key contribution to
improving water resource management for the phoeniciculture sector, which is one of the

economic pillars of Biskra region.

2. Materials and Methods
2.1. Presentation of the study area

The region of Biskra covers an area of 21,671 km2 The entire region is divided into
several agro-climatic zones (plain and steppe). The study area is located between latitudes
33.0° and 35.5° north and longitudes 4.0° and 7.0° east (Figure 1).
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Figure 1. Location of the wilayah of Biskra.

Biskra region is a transition zone between several climatic phenomena, in particular
the transition from the Mediterranean climate regime to the Saharan climate characterized
by drying influences that prevail, for part of the year, over the northern Sahara [19]. The
average minimum temperature for the coldest month is 12.8°C in January. The highest
temperatures are recorded in June, July and August, with monthly averages reaching
34.7°C.

Sary (1976) created a map of annual amplitudes (degree of continentality), placing
the Biskra region in a north-south corridor between iso-amplitudes above 22°C. Rainfall
is autumn and winter, almost absent in summer. The monthly average values are low (12
mm), therefore, the annual average does not exceed 200 mm. Evaporation is high (2,734
mm) and exceeds rainfall throughout the year, hence the use of groundwater irrigation to
meet the water requirements of the date palm tree [20].

In addition, geological and hydrogeological studies have highlighted the existence
of several aquifers of very distinct importance due to their lithological composition,
geological structure and operating facilities. These groundwater resources consist of four
types of groundwater [21,22] :

e  Groundwater, located at variable depths, from a few meters to about fifty meters,
with easy and less expensive access;

e  The Mio-pliocene sands aquifer and the deeper limestone aquifer are located at
a depth of more than 50 meters and sometimes at a depth of 300 or 400 meters;
they are exploited by drilling;

e  The sandstone aquifer of the Continental interlayer where the aquifers are lo-
cated, generally at very deep depths (more than 1 km).

2.2. Methods

The methodology of the study was based on an essential first step, namely the
estimation of water requirements by calculating the evapotranspiration of date palms
cultivation. The evapotranspiration was calculated based on the FAO Penman-Monteith

equation [23] for which a reference evapotranspiration (ETo) was first calculated and then
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adjusted using crop coefficients (Kc) to obtain the evapotranspiration of the crop
concerned. Water requirements (net and gross) were estimated on the basis of
evapotranspiration, effective rainfall and water application efficiency, using equations
provided by the FAO study [24]. A second step to assess the irrigation performance of the
date palm production system in Biskra was to study the irrigation efficiency, as well as
the productivity of the irrigation water.

Data were collected at the Biskra weather station, covering a period from 1989 to
2015. The processing of meteorological data for the estimation of water requirements was
done using the CROPWAT computer program, version 8.0. CROPWAT 8.0, is a software
program promoted by FAO to calculate crop water requirements and irrigation require-
ments based on soil, climate and crop data (Figure 2). CROPWAT has been used in various

studies on crop water requirements and optimization of irrigation water supply [25].
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Figure 2. CROPWAT 8.0 flowchart (Muhammad et al., 2017).

Water application efficiency is defined as the ratio of actual evapotranspiration to
water applied to the plot [26]. In this study, the 10% efficiency choice represents
submersion irrigation, which is the most widely used in the area. Water productivity takes
into account the need to maximize production per unit of available water in a context of
increasing food demand and limited water resources [27]. It is also referred to as “water
use efficiency” (WUE in kg/m3, to be distinguished from the irrigation efficiency of water
supply) and is expressed as the ratio between production (in kg) and applied water (in m?3)
[28,29]. Water productivity depends on the irrigation system used.

Water productivity is the ratio of the net benefits from crop, forestry, fishery,
livestock and mixed agricultural systems to the amount of water used to produce those
benefits [27]. The considered water productivity indicators are crop water use efficiency
(CWUE) [30].

CWUE =—
ETc
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Where CWUE represents the crop water use efficiency (kg/m?3), Y represents the crop yield
(kg/ha), and ETc represents the crop evapotranspiration in mm.

3. Results and discussion

3.1. Water requirements of the palm tree

Data analysis from the Biskra weather station (1989-2015) showed that the monthly
maximum average temperatures are lower in January with an average temperature of
12.8°C (Figure 3 and Table 1). On the other hand, the hottest month of the year is July,
when it reaches 34.7°C. The highest average rainfall is recorded in October with 20.6 mm
and the lowest in July (2.3 mm), the annual average is 148 mm.

For humidity, the values generally range from 25% in July to 59% in December, with
an annual average of 42%. The average monthly wind speeds show a relatively even dis-
tribution over the whole year, ranging from 4.4 to 2.6 m/s. The highest values are observed
in June (4.4 m/s). In winter, the predominance of cold and humid winds from the North

is recorded, whereas in summer the south winds are hot and dry (sirocco).
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Figure 3. Monthly temperatures data in the wilaya of Biskra (1989-2015).

Table 1. Aggregated weather data by monthly time interval (1989-2015).

Month Average Humidity Wind Insulation Radiation Precipitation
temperature °C % m/s % M]/m?/day Mm
January 12.8 57 3.5 74 11.6 19.7
February 13.2 48 3.6 75 14.7 11.3
March 17.5 42 3.6 72 18.3 14
April 21.0 38 4.0 75 22.5 15.3
May 26.4 33 3.8 77 25.3 10.9
June 31.1 28 4.4 78 26.6 10.9
July 34.7 25 4.2 81 26.6 2.3
August 34.2 30 3.7 79 24.0 3.1
September 29.0 39 2.7 70 19.0 14.7
October 234 48 2.7 73 15.5 20.6
November 17.0 54 29 70 11.7 14.6

December 14.6 59 2.6 71 10.4 10.6




Journal Algérien des Régions Arides 2023, 16 (1) : 75-84 6 0f 10

The calculation of the reference evapotranspiration (ETo) indicated that it varies
between 68.65 mm/month (December) and 339.74 mm/month (July). Annual ETo was
estimated at 2,177 mm (Table 2). The average annual evapotranspiration is between 2,000
and 3,600 mm/year in the southern Algerian regions [18]. The high values of potential
annual evapotranspiration are very much higher than precipitation, due to the arid nature
of the study area. It should be noted that evapotranspiration can account for up to 85% of
water losses from agricultural land in arid and semi-arid environments [31,32].

The average annual precipitation in the Biskra department is 148 mm. Precipitation
is fairly unevenly distributed over the year. From May to the end of September, rainfall is
scarce. Table 2 shows the effective rainfall value calculated using the U.S.D.A (United State
Department of Agriculture) method. The highest monthly value of effective rainfall is
obtained in January (19.1 mm); the lowest value is recorded in July (2.3 mm).

Results of crop evapotranspiration (ETc) revealed a total of 1,816.5 mm/year (Table
2). It was found that the monthly ETc values were 298 mm in July and 52.6 mm in
December. The highest temperatures caused the highest evapotranspiration rates. Early
work by Furr and Armstrong (1956) cited by Al-Omran, Eid and Alshammari, 2019) [33]
estimated that the annual evapotranspiration of date palm was 1,300 to 1,600 mm.
Evapotranspiration of date palm crops was theoretically estimated by Alazba (2001) using
the Penman-Monteith equation at six different locations in Saudi Arabia, at 1,500 to 5,000

mm, depending on the location and differences in irrigation water quality [34].

Table 2. Monthly water requirements of date palm tree.

ETo ET. Pest Monthly requirements
Month
mm mm mm m3/ha/an
March 143.75 130.8 13.6 1172
April 187.73 169.1 14.8 1543
May 245.92 223.4 10.8 2126
June 302.41 270.4 10.6 2598
July 339.74 298.2 24 2958
August 298.52 229.5 3.2 2262
September 192.25 146.4 14.3 1321
October 140.39 106.3 19.8 865
November 90.50 69.9 14.3 556
December 68.65 52.6 10.5 421
January 75.82 57.8 19 389
February 91.54 62.1 11.2 509
Total 2,177.22 1,816.5 145 1,6720

The estimated water requirements of date palm in Biskra showed that the total
calculated was 16,720 m3/ha/year and that the values varied between 42.1 mm/month in
December and 295.8 mm/month in July, a significant variation. Water consumption per
hectare is high in the hottest months 212.6 mm to 132.1 mm from May to September; this
represents about 1,127 mm in summer, compared to 132 mm in winter (December to

February). The months with high water requirements are June (260 mm), July (296 mm)
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and August (226 mm). A beginning of the decrease in potential evapotranspiration: 192
mm was recorded in September. The same period of high heat coincides with fruit growth
and ripening, between 150 to 200 days between pollination and fruit maturity [4].

According to Zaid and Arias-Jiménez (2002), palm water requirements in Algeria
range from 15,000 to 35,000 m3/ha/year and in Biskra region. Delli and Mouhouche (2017)
quantified these water requirements between 10,859 and 31,973 m3/ha/year in the two Sa-
haran and pre-Saharan bioclimatic levels respectively, while for Biskra, the value calcu-
lated was 19,160 m3/ha/year.

In general, the amount of water delivered to the crop is less than the amount of water
extracted from the source. Water losses in irrigation systems are related to the irrigation

techniques used.

3.2. Efficiency

During the 2014-2015 season, the area under date palm cultivation was estimated at
42,911 ha. The estimated water requirements range from 7,174.71 Mm?3/year to 1,024.95
Mm3/year for irrigation system efficiencies of 10% and 70% respectively, or water losses
of up to 6,149.75 Mm? for the same season. These water requirements, expressed by the
number of date palms recorded in Biskra region, show “virtual” quantities of water per
tree from 239 to 1,674 m3/tree.

These results, compared to those of Alazba (2004), show that it is possible to irrigate
an additional area or save water for other campaigns. The estimation of the actual annual
water use by a date palm tree to be 137 m?/tree in the eastern region to about 195 m?/tree,
in the central region of Saudi Arabia, for submersion irrigation, compared to 55 m?/tree
and 78 mbd/tree respectively for the two regions that use the drip irrigation system [34].
Mihoub et al. (2015) found that the use of the localized palm irrigation system would be
more efficient than submersion irrigation, saving up to 50% of irrigation water. Thus, new
water-saving irrigation techniques are required [35].

With an average supply cost of 0.40 euros per cubic meter of water, this corresponds
to the cost of irrigation water without drinking water treatment [36], and the financial
savings achieved over a campaign would be around 2459.9 million euros. Innovative
irrigation is initially expensive but can be more profitable in the long term and can help to

preserve water.

3.3. Water productivity

Few studies have been conducted on the water productivity of date palm. However,
Carr (2013) proposed a reference figure of about 1.3 kg/m? of irrigation water. Productivity
depends on the irrigation system applied. In Tunisia, for an efficiency of 70%, the water
productivity varies from 0.42 to 0.59 kg/m?3/palm [37]. For Biskra region, the value of water
productivity is 0.51 kg/m3 and ranks first in the country, representing more than 0.0196
m?/1 kg of water [19]. The results are in the order of 0.40 kg/m3. Productivity could be
significantly improved through innovative irrigation techniques, thus creating added

value per cubic meter of water used.

4. Conclusions

Water is essential for agricultural production and must be used to its full potential

to produce efficiently and achieve high yields. Understanding food security and the
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adequacy of water supplies to meet future global irrigation water demands depends on
the water demand by competing water users, the climatic forcing and how those are
shaped by human activities, natural variability, and socio-economic [38]. Therefore, good
water resource management for irrigation through the use of more efficient irrigation
systems is necessary.

This study aims to optimize the performance of date palm irrigation systems, a
highly strategic crop for Biskra region and for Algeria in general. The water consumption
estimated in this study shows significant water losses.

For an efficiency of irrigation systems of 10% to 70%, water requirements are around
717471 Mm?d/year and 1,024.95 Mmbd/year, respectively. Water requirements are
approaching the global availability of renewable freshwater resources. Every drop of fresh
water is becoming increasingly valuable and must be managed efficiently and intensively
[39].

It is therefore necessary to underline the need for rational irrigation of Biskra palm

groves through an efficient irrigation system, allowing optimal crop growth, but also good
quality production and the sustainability of the oases.
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