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Abstract—In oases, the surface water resources are becoming
increasingly scarce and groundwater resources, which generally have
a poor quality due to the high levels of salinity, are often
overexploited. Water saving have therefore become imperative for
better oases sustainability. If drip irrigation is currently recommended
in Morocco for saving water and valuing, its use in the sub-desert
areas does not keep water safe from high evaporation rates. An
alternative to this system would be the use of subsurface drip
irrigation. This technique is defined as an application of water under
the soil surface through drippers, which deliver water at rates
generally similar to surface drip irrigation. As subsurface drip
irrigation is a recently introduced in Morocco, a better understanding
of the infiltration process around a buried source, in local conditions,
and its impact on plant growth is necessarily required. This study
aims to contribute to improving the water use efficiency by testing
the performance of subsurface irrigation system, especially in areas
where water is a limited source. The objectives of this research are
performance evaluation in arid conditions of the subsurface drip
irrigation system for young date palms compared to the surface drip.
In this context, an experimental test is installed at a farmer’s field in
the area of Erfoud (Errachidia Province, southeastern Morocco),
using the subsurface drip irrigation system in comparison with the
classic drip system for young date palms. Flow measurement to
calculate the uniformity of the application of water was done through
two methods: a flow measurement of drippers above the surface and
another one underground. The latter method has also helped us to
estimate losses through evaporation for both irrigation techniques. In
order to compare the effect of two irrigation modes, plants were
identified for each type of irrigation to monitor certain agronomic
parameters (cumulative numbers of palms and roots development).
Experimentation referred to a distribution uniformity of about 88%;
considered acceptable for subsurface drip irrigation while it is around
80% for the surface drip irrigation. The results also show an increase
in root development and in the number of palm, as well as a
substantial water savings due to lower evaporation losses compared
to the classic drip irrigation.

The results of this study showed that subsurface drip irrigation is
an efficient technique, which allows sustainable irrigation in arid
areas.
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[. INTRODUCTION

N oases, the surface water resources are becoming

increasingly scarce and groundwater resources, which
generally have a poor quality due to the high levels of salinity,
are often overexploited. Water saving have therefore become
imperative for better oases sustainability. If drip irrigation is
currently recommended in Morocco for saving water and
valuing, its use in the sub-desert areas is becoming debatable,
as it does not keep water safe from high evaporation rates. An
alternative to this system would be the use of subsurface drip
irrigation. This technique is defined as an application of water
under the soil surface through drippers which deliver water at
rates generally similar to the surface drip irrigation [1].

On one hand, a comparison of the water use efficiency
between different irrigation methods of date palm (drip,
flooding and micro-jet) showed that drip irrigation system is
the most efficient, followed by flood irrigation system and
micro-jet [2]. Indeed, the optimal response of date palm on
drip irrigation is due to the system operation in which water is
delivered by drippers in slow process for a relatively long
period. This process enables better water control and
distribution through the soil profile, therefore, the losses due
to evaporation and deep percolation are reduced and, the date
palm can use almost all of the delivered water.

On the other hand, subsurface drip irrigation represents the
recent improvement of irrigation, because it prevents, or in
most cases, significantly reduces losses of direct evaporation,
runoff and deep percolation [3], [4]. The precise application of
water and fertilizers resulted in the increased water use
efficiency, application uniformity of water and consequently
the improvement in crop yield [5]. In addition, it prevents the
growth of weeds around the crop [6]. Thus, subsurface drip
irrigation is considered as the most effective way to provide
water and nutrients directly to the plants and to increase
productivity of crops [7]-[10]. A well-designed subsurface
drip irrigation system provides values of the water use
efficiency greater than 95% [11]; therefore, more than 95% of
the supplied and maintained water in the root zone, is
beneficial for crops.

The yield response of several corps under different climatic
and soil conditions across the world showed a similar or
superior performance under subsurface drip irrigation
compared to other irrigation systems; as shown in the results
of tomatoes studies [3], onion [12], corn [13], [14] soybeans,
wheat and alfalfa [13], date palm [15], and other [16].

Many studies suggest the use of surface drip irrigation as a
water saving technology in arid areas, but it is necessary to
study the efficiency of the subsurface drip irrigation in these
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areas. The main objective of this study is to examine the
efficiency of subsurface drip irrigation system for young palm
trees in arid conditions. Our results will help to identify the
most efficient technique for water conservation and the most
efficient as well for young date palm in oases.

II. MATERIALS AND METHODS

A. Experimental Test and Measurement
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Fig. 1 Localization of the Field Experiments

Field experiments were conducted on a loamy soil
containing an average of 52% silt, 27% sand and 20% clay in
a profile of 1 m deep, with an average bulk density of 1.76
g/em’®. The experimental and demonstrative field is located in
south-eastern Morocco (Fig. 1), where is a fully equipped
weather station to measure rainfall, temperature, wind speed,
wind direction, humidity and solar radiation.

Concerning the plant material, the date palm varieties which
are more resistant to water and soil salinity were selected. A
mixture of 112 plants per hectare of vitro-plants and low
offshoot purchased from farmers in the area are planted with a
spacing of 7 m * 7 m. A supply of sand, manure and fertilizer
background was added to the planting holes to reduce soil
density which value became 1.17 g/cm’. Finally, low offshoot
from the process of "cleaning tufts" were prepared by cutting
the fronds to half or quarter to avoid water loss through
evapotranspiration, in order to plant them directly after
weaning to avoid their dryness.

Water intake of this experimental site is done through a
pump unit giving a flow rate of 5 I/s. A pressure regulator is
used to deal with pressure fluctuations in the network. Two
experiments were conducted to compare irrigation methods.
1* experiment took place with circular laterals buried (Fig. 2)
at different depths from the surface (15 cm, 25 cm and 35 cm),

the average flow of the drippers was 2 1/h at a pressure of 1
bar with spacing between drippers of 0.4 m. The second one
was done with surface laterals (Fig. 3) with drippers of 2 I/h,
with a spacing of 0.4 m. Irrigation was applied as per crops
water requirements.

Fig. 3 Surface Irrigation System

B. Uniformity Estimation of Subsurface Irrigation System

Regarding the water application uniformity test of
subsurface drip irrigation system, we randomly choose a
number of drippers from the beginning, middle, two-third and
tail laterals. The uniformity of water application is determined
from the volume collected in boxes for a known duration. The
uniformity of application of water is calculated from the
statistical distribution of dripper flow rates in terms of
variation coefficient (CV) and distribution uniformity (DU).

To measure the DU, we chose two methods. The method of
Karmeli Keller [17], which is based on measuring the volume
of water delivered by the dripper based on time unit by using a
timer and a container placed under the dripper. These
measures focus on 4 retailers lateral on at least four laterals.

Fig. 4 Bin Used to Measure the Distribution Uniformity and
Evaporation Water Losses

The flow of the dripper is often measured in free flow
without the surrounding soil. This removes the counter-
pressure against the surrounding ground and increase the flow
throughput that it would have been in the presence of soil. The
second adopted procedure is to measure the drippers flow in
the presence of soil as described by [12] with some specifics
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of the actual study. Four bins (Fig. 4) of good quality plastic
with heights and well-defined diameters will be used. Two
holes of 16 mm diameter are made on diametrically opposite
sides of the bins at 15, 25 and 35 cm of height from the top. In
the first bin the lateral is positioned on the surface, while in
the second, third and fourth bins, lateral is respectively placed
15, 25 and 35 cm deep. All bins are filled with soil and
connected to the network with simple tubes inserted through
the holes made on bins. The initial weight of the bin, laterals
and soil are noted. The weight of the bin is taken before and
after ending the irrigation system, and the difference between
the weight of the bin before and after irrigation, gives the
weight of the accumulated water in the bin. The operating
pressure in the bin is that of exploitation.

C. Estimated Evaporation under Subsurface Drip Irrigation

The water economy in the subsurface drip irrigation system
is achieved by reducing evaporation loss from the soil surface,
which remains relatively dry. The lost part in the evaporated
volume provided by the dripper is related to the depth of the
dripper itself [18]. The procedure described above (section B)
was also used to estimate evaporation. However, some
changes were made. The weight of the bin (Fig. 4) with the
soil is taken before and after the operation of the irrigation
system. After 24 h, i.e. the day after, again the weight of the
bin with the soil is taken. The weight difference gives the
amount of water lost by evaporation.

D. Estimated Development of Young Date Palms

To compare the effect of two methods of irrigation, surface
drip irrigation and subsurface drip irrigation, we randomly
prepared plants for each type of irrigation, to follow some
agronomic parameters (cumulative palms and roots growth
numbers).

To assess root length by terms of spatial variability, we
measured the cumulative root lengths. Since this method is
destructive, we limited ourselves to three plants by laying
depths. The technique is to carefully dig a vertical profile of
the soil, where root length is measured thereafter. For the
same trees, we measured the number of palms developed
every four months.

III. RESULTS AND DISCUSSIONS

A. Distribution Uniformity of Surface and Subsurface Drip
Irrigation

During 2012, results of the demonstration test installed at
the farmer's field refer to a hydraulic performance as per
standards. Equipment used for surface dripping refers to a
distribution uniformity of around 84%, while the subsurface
dripping refers to distribution uniformity (DU) of 88%.

During 2013, the surface dripping refers to a distribution
uniformity of 80% while the subsurface dripping refers to a
distribution uniformity of 90%, 87% and 85% respectively for
equipment installed at 35 cm, 25 cm and 15 cm of laying
depth.

The results of uniformity coefficient, thus, show the good
condition of the irrigation system. Added to this, coefficient of

variation values are greater than 5% and less than 10% which
confirm the correct uniformity of water application to the plot
and the absence of any network failure.

Moreover, it should be noted that there is a clogging
tendency following a decline in DU for surface drip caused by
drippers clogging due to the high salinity in irrigation water,
which was worsened by a flood (Fig. 5) that spread over the
entire test plot. This is while the subsurface drip system was
not affected by the flood and therefore the DU did not
significantly decrease.

The distribution uniformity of irrigation water is considered
adequate taking into consideration distribution network
cleaning operations for both systems (as per the CEMAGREF
classification).

Fig. 5 Flooded Plot
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Fig. 6 Evaporation Water Loss at Different Depths

B. Water Loss through Evaporation

The evaporation loss in percentage of the total water
applied by drippers in different placement depths in May, June
and July 2013 is given in Fig. 6. The results show that the
evaporation of water decreases along with the increase of
laterals placement depths. Evaporative losses for drip
irrigation at 0 cm, 15 cm, 25 cm and 35 cm installation depth
are respectively of 17.9, 8.0, 4.6 and 2.6% .The reduction of
water loss by evaporation for the buried laterals is caused by
the less availability of water on the soil surface during the
evaporation process. Reference [19] also concluded that the
application of water at progressively larger and larger depths
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causes consequently progressive dry surfaces; which reduces transmission of water in the soil is limited to the surface as
the hydraulic conductivity of the surface layer of the soil, and long as the surface is dry; this results in smaller losses by
preventing therefore the flow of water upward. References evaporation in case of deeper water source (i.e., laterals).

[20], [21] also reported similar findings, and explained that the
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Fig. 7 Effect of Drippers’ Burial Depth on the Maximum Horizontal Length of the Roots of Young Date Palms
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Fig. 8 Effect of Drippers’ Burial Depth on the Maximum Vertical Length of the Roots of Young Date Palms
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Fig. 9 Effect of Drippers’ Burial Depth on the Number of Palms Grown Up from Young Palm Trees
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C. Irrigation Effect on Date Palm Growth

Figs. 7 and 8 show the effect of irrigation on root dynamics
and date palm development. The extent of soil occupation in
depth increases more for the irrigation system buried at 35 cm
to reach 173.3 cm of depth against 156.7 cm, 135.7 cm and
101.3 cm respectively for systems at 25 cm, 15 cm and 0 cm
deep. In addition, the root development laterally (near the
surface) is 84 cm, 65 cm, 54 cm and 38 cm respectively for 35
cm, 25 cm, 15 cm and 0 cm laying depth. So the availability of
deep water promotes good root development either in depth or
laterally.

The irrigation system has a significantly noticeable effect
on surface palms growth as shown in Fig. 9. Certainly, the
highest values were recorded for the SDI buried at 35 cm
deep. The cumulative number of palms of three trees for each
depth is 15, 14, 12 and 10 respectively for 35 cm, 25 cm, 15
cm and 0 cm of depth.

These results show that the greater the depth location of the
laterals is, greater root development and palms increases.
References [5], [22], [23] also showed that the SDI increases
the development of agronomic parameters of crops. Root
growth is more developed in the first two years of study, since
the plant needs more to get fixed before getting developped on
the surface. Reference [24] also concluded that proper drippers
positioning can prevent the danger of trees uprooting by strong
winds; since the roots are concentrated in the moistened area,
by drip irrigation, and if the area is too small rooting may be
insufficient.

D. Comparison between Surface and Subsurface Drip
Irrigation in Saharan Areas

To improve the water use efficiency, the surface drip
irrigation is a technique recommended as necessary to adopt in
irrigated areas known of water shortage. However, the
traditional gravity irrigation remains the most common system
in oasis areas. For example, the rate of conversion to surface
drip irrigation is only 6% in the palm grove of Tafilalet, which
is considered one of the largest palm groves in Morocco. This
leads us to reflect on the use of surface drip irrigation and its
efficiency in the oasis areas.

Indeed, this irrigation system promotes optimum root
development and plant growth on the surface, which
subsequently improves both the yield and water use efficiency.
So, the farmer can profitably irrigate more land on using best
available water as the irrigation efficiency can reach more
interesting levels by the right choice of the irrigation system.
Several authors agree on the water use efficiency
improvement by the subsurface drip irrigation for tomato
crops [3], onion [12] maize [13], [14], date palm [15] and
other crops [16].

The irrigation system contribute also to water conservation
since it allows an increase of up to 15% of water compared to
the surface drip irrigation; because it prevents, or in most
cases, greatly reduces the direct evaporation losses, runoff and
deep percolation [3], [4]. This allows a better water control

and distribution through the soil profile and, accordingly, the
date palm can use almost all of the delivered water.
IV.CONCLUSION

The results of the field experiments showed that the
subsurface drip irrigation uses water more efficient compared
to the conventional surface drip system in oasis areas. In
addition, it allows a considerable development of date palms
agronomic parameters compared to surface drip irrigation. The
subsurface drip irrigation is an effective and convenient
method for irrigation of young date palms where a
considerable amount of water lost through evaporation can be
potentially saved compared to other irrigation systems,
including traditional surface drip irrigation system.

The next step in this research is to study the effect of burial
laterals depth on the transfer of water into the surrounding soil
to improve design strategies and management of subsurface
irrigation systems.
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