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ABSTRACT  
 
 This study was designed to clarify the effect of Geotextile material under the soil surface on water 
distribution in the soil profile in two steps: 1. Laboratory experiment and 2. Field experiment to apply the best 
results which were obtained from the first step for Navel orange trees. Geotextile is made by the use of the 
method of polyester filament netting and consolidating with fiber array of three dimensional structure. It has 
clear mechanical properties, excellent longitudinal and transverse drainage properties as well as excellent 
resistance against ageing, acids, alkalis and biological attacks. This work aims to detect the effect of this 
material for the use under soil surface on the water distribution resulted by drip irrigation system. Results 
indicated that the using of the Geotextile sheets at 25 cm depth from the soil surface was more effective than 
using at 37.5 cm or deeper. In such case, the deep percolation could be reduced, and the moisture content was 
higher above the Geotextile sheet at 25 cm depth than under it. Using the Geotextile sheet deeper than 25 cm is 
not effective to save water which could be lost by the deep percolation. Therefore, fixing of the Geotextile sheet 
at 25 cm depth was the suitable suggestion for saving water and the horizontal water movement in the upper 
layer of the soil which could be used for plant growth. Using the Geotextile sheets at 25 cm depth from the soil 
surface under navel orange trees improve the moisture distribution in the sandy soil by decreasing the deep 
percolation, decrease the fruit fall per tree by 30 %, and increase the productivity by 16.13 % comparing with 
the control treatment. 
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Introduction 
 
 Egypt is located in the semi arid region which is characterized by evaporation rate (3000 mm/year) and 
precipitation rate does not exceed 15.3 mm/year (AOAD, 2002). Therefore, Water resources are a limiting factor 
for the country’s agricultural production. Hence, saving water becomes clearly a necessary prerequisite. In this 
logic, irrigation technologies appear to play a major role for supporting Egypt's agro-economy. El-Gindy (1984) 
found that drip irrigation method increased the green pepper yield by 64% over traditional furrow irrigation 
method beside its higher water use efficiency. On sugar cane, Shrestha and Gopalakrishnan (1991) reported that 
drip irrigation was found to be a preferred alternative, resulting in yield increase of about 15% and increase in 
water use efficiency of almost 12%. This superior performance of drip irrigation system was largely due to the 
land improvement characteristics of drip technology.    Hapase et al. (1992) demonstrated that drip irrigation 
increased sugarcane yield of 12 up to 37%, and a higher water use efficiency of 2.7 times compared to furrow 
irrigation. On cotton, Anthony and Namoi (1996) reported that the average yield advantage of surface drip 
irrigation was just 8.5 kg lint/ha but buried drip irrigation gave an additional 60 kg/ha.  
 First, we have to define the Geotextile sheets. The Geosynthetic material product manufactured by Dalian 
Hengda high technology material development company, it is a new type of building material applied to 
geotechnical engineering and civil engineering. Such Geotextile is made by the use of the method of polyester 
filament netting and consolidating with fiber array of three dimensional structure under subsurface. There are 
important properties for using this material as leakage-proof material under the subsurface of the soil to prevent 
or reduce the leakage by deep percolation under different irrigation systems which are used in the new reclaimed 
lands which has shortage of irrigation water such as sandy soil to keep the irrigation and fertigation processes 
more efficient.  This material has good mechanical properties to do this action. Therefore, this polyester filament 
spunbonded needle-punched Geotextiles are mainly used in national projects (including express way, railway, 
water conservancy…etc.) as well as water proof materials. Geotextiles also have many functions such as 
protection, partition, filtration, reinforcement, anti-seepage and drainage functions. El-Gamal and El-Shafey 
(2000) found that drainage, filtration and reinforcement are the principle functions of Geotextile products. For 
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the drainage application, filtration occurs when a liquid passes through the plane of a Geotextile while retaining 
soil particles on the upstream side of the fabric, providing a soil filter system similar to traditional graded 
aggregate structure. One of the uses of the Geotextile material is the geotube, the geotube technology reduces 
total suspended solids concentrations, allowing filtrated water to travel through a T-Tape drip irrigation system 
without clogging the emitters. Jason (2008) indicated that the geotube retained solids contained a higher NPK 
value than either the pond sludge or geotube filtrate (the analysis of the retained solids showed that it was 
composed of 59.3% organic matter with 86.4% moisture content after four weeks of dewatering). Therefore, 
Geotextile material has another characteristic which can retain a percentage of NPK which falls down with deep 
percolation.  
 Najafi and Tabatabaei (2010) illustrated that application of sand and Geotextile envelope in subsurface drip 
irrigation is a new suggestion for controlling the clog of emitter openings. Sand envelope around the emitter has 
been recommended for deeper root zone and long term. The application of this system (Geotextile envelope) is 
suitable for seasonal crops with shallow root. In addition, the above mentioned filters can provide better 
hydraulic conductivity around the outside of the emitter. Lanjabi Sharahi (2009) detected that contact between 
soil and the Geotextile envelope may push soil moisture pattern to distribute more horizontally in a sand loam 
soil and high density Geotextile. This study aims to investigate the advantage of using the Geotextile material as 
a semi permeable layer under the drippers in the drip irrigation system. 
 
Materials and Methods 
 
1- Laboratory experiment: 
 
 The experimental site (El-Nagah village, El-Bustan region, El-Beheira Governorate, Egypt) was sandy soil 
textured. The top vegetative cover of the soil was scraped away and the soil from the top 50 cm was removed 
with a shovel. The soil was placed in heavy duty polyethylene bags for each layer. The bags were transported 
from the collection site to the laboratory. Table (1) presents some physical properties of the experimental soil 
according to Black et al. (1982). 
 
Table 1: Some physical properties at different depths of the soil site.  

Depth, cm Gravel, % Sand, % Silt, % Clay, % Bulk density, 
g/cm3 

Porosity, % F.C., % Soil 
texture 

0.0 – 25.0 3.61 78.44 10.31 7.64 1.40 46.15 14.00 Sandy 
25.0 - 37.5 0.80 86.12 8.29 4.79 1.52 41.54 13.31 Sandy 
37.5 – 50.0 0.65 89.22 6.07 4.06 1.56 40.00 12.05 Sandy 

Soil samples were taken from 3 cores in each soil layer for bulk density determination. Five samples were taken (every 10 cm soil depth up 
to 50 cm) from each core.  
 
• The experimental apparatus: 
 
 Experiments were conducted on a wooden rectangle soil box (50 length, 27 width, and 70 cm depth) which 
was painted with water prove paint to avoid water filtration. The front side of this box was transparent glass 
allowing to observe the water movement behind the wetting front (Zin El-Abedin, 2006). In this laboratory 
experiment, 3 boxes were used, with soil layers in the same order as in the site environment. The drip line was 
put on the soil surface in the middle of the experimental box.  
 The specifications of the Geotextile material are presented in Table (2). This material was used under the 
surface of the soil which was placed at two depths (25 and 37.5 cm). 
 
Table 2: The technical prosperities of the Geotextiles material: 

Technical properties Value 
Width, m 4 
Mass g/m2 150     ± 10% 

Thickness, mm 1.7 
Tensile strength, kN/m 7.5 
Tensile elongation, % 30 - 80 

 
• The experimental procedure: 
 
 The soil was air dried. The large clods were removed by passing the soil through 2 mm mesh size sieve. 
The soil was placed into the soil box in 5 cm layers to achieve the same bulk densities as measured in the field 
and leveled until the targeted depth (25 cm and 37.5 cm from the box surface) to add the thin layer of the 
Geotextile material which was supposed to sever the soil layers at 25 or 37.5 cm depth (Malik et al., 1991).  
 The water was supplied from a water tank by using pump connected to it with 0.008 m3/hr flow rate through 
GR dripper line. The wetting front contour was observed through the transparent glass wall and projected on the 
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transparent paper sheet. Soil samples were taken at 5 cm apart along the depth of the soil layers (24 and 48 hr 
after each irrigation) at the vertical direction parallel to the transparent glass wall to represent the moisture 
distribution where the dripper line was exactly put on the soil surface. 
 Surfer program Version 7 (surface mapping system, 1999) was used to draw both of water and salt 
distributions in the soil profile.  
 
2- Field experiment: 
 
 The experimental field located in El-Nagah village, El-Bustan region, El-Beheira Governorate, Egypt. The 
farm was planted by Navel orange since one years. The distance between trees is 4 m and 5 m between tree 
lines. Irrigation water was calculated from the meteorological data as an average of the last five years. Data 
were collected at 2012 growing season. 
 
Results and Discussion 
 
1- Laboratory experiment: 
 
 The soil texture effect on the moisture distribution contour lines recorded under surface drip irrigation line 
was shown in Figures (1, 2 and 3) for the first, second and third irrigations without using of the Geotextile 
material sheets, respectively, once after 24 and 48 hours from irrigation process. It was clear from Figure (1) 
that the contour lines were closed to each other at 24 hr after the first irrigation (one hour operating or 8 liters). 
Also, the maximum moisture content was directly under the dripper. Figure (1-a) shows that by increasing the 
soil depth the moisture content decreased, as well as increasing the horizontal distance from the dripper. It was 
observed that the moisture distribution was very symmetrical. Figure (1-b) shows that the moisture contour lines 
moved downward after 48 hours from the irrigation process. Therefore, the moisture contour lines were far from 
each other more than obtained after 24 hours from the irrigation. This action of water was expected, but the 
moisture content decreased in the first 10 cm of the soil surface. 
 

 
 
Fig. 1: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the first irrigation without using the Geotextile sheet. 
 
 Figures (2-a and 2-b) show the moisture distribution under the dripper after 24 and 48 hours from the 
second irrigation, respectively. The moisture content was concentrated under the dripper. There was an 
excessive water which could be lost by the deep percolation (Figure, 2-a). Near 50 cm from the soil surface, the 
maximum moisture content appeared. On the contrary, Figure (2-b) show a different trend of the water 
movement, where the water moved toward the soil surface following the capillary rise theory, especially under 
the dripper, and the moisture distribution was improved more than after one day from the second irrigation 
process. These results were obtained because the exits of moisture in the soil layers before the second irrigation 
(approximately the soil was semi saturated). 
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Fig. 2: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the second irrigation without using the Geotextile sheet. 

 
 
Fig. 3: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the third irrigation without using the Geotextile sheet. 
 
 Moisture contour lines of the third irrigation were drawn in Figures (3-a) and (3-b). Figure (3-a) indicates 
that there were excessive of water content in the soil layers, the moisture content increased symmetrically under 
the dripper more than that occurred after the second irrigation or the first irrigation. Near 50 cm depth from the 
soil surface, it was clear that there was existence of deep percolation. On the contrary, from Figure (3-b) there 
was irregular shape or distribution of the moisture content in the soil profile after 48 hours from the irrigation. 
Generally, it is noted that there was a movement of the water after 48 hr toward the left side from the dripper or 
the centre of the experimental box and downward in the soil profile. From Figures (1, 2 and 3), it could be 
concluded that the soil held moisture from one irrigation to another and by increasing the irrigation water, the 
water moved downward to deep percolation. Therefore the moisture content decreased in the upper soil layer 
especially after 48 hours from the irrigation process. 
 
- The effect of adding Geotextile sheet at 25 cm depth into the soil box on the moisture distribution for soil 
layers: 
 
 Figures (4, 5 and 6) show the concerning data, where Figure (4-a and 4-b) show the moisture distribution 
for the first irrigation under the dripper into the soil box after 24 and 48 hours from the irrigation process, 
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respectively, with the Geotextile sheet at 25 cm depth from the soil surface. The moisture contour lines were 
symmetrical under the dripper and increased in the upper soil over the Geotextile sheet and decreased gradually 
under the Geotextile sheet in the soil profile into the experimental box. Because of this action, the lowest 
moisture content was observed at 25 cm under the soil surface. On the other hand, the highest moisture content 
was obtained at 20 - 25 cm from the soil surface directly over the Geotextile sheet. This occurred at 24 hr and 48 
hr after the addition of water by the dripper. Generally, the moisture contour lines distributed symmetrically 
after 24 hr and 48 hr from the irrigation process, moreover, the moisture decreased clearly under the Geotextile 
sheet. So this sheet minimized the deep percolation which occurred mainly after the following irrigations.  
 

 
 

Fig. 4: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 
the first irrigation with using the Geotextile sheet at 25 cm depth. 

 

 
 
Fig. 5: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the second irrigation with using the Geotextile sheet at 25 cm depth. 
 
 Figures (5-a and 6-a) show the moisture distribution for the second and the third irrigations. From the last 
two mentioned figures, the moisture content increased from one irrigation to another, because the soil contained 
moisture from the previous irrigation. Also, the moisture contour lines were close to each other rather than those 
obtained in the soil profile without the Geotextile sheet in the soil box (Figures, 2-a and 3-a) at 24 hr from the 
irrigation process.  
 The moisture contour lines in Figures (5-b and 6-b) were a little bit far from each other at 48 h after the 
second irrigation as well as the third irrigation. It was observed that the moisture content decreased by time 
without irrigation, and the moisture content above the Geotextile sheet (at 25 cm depth into the soil box) was 
greater than that indicated under it for the two mentioned irrigations. From Figures (6-a) and (6-b), it is worth 
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mentioning that the moisture contour lines were regular by using the Geotextile sheet at 25 cm depth in the soil 
profile rather than that obtained without the Geotextile material in the soil profile.  
 

 
 
Fig. 6: Moisture distribution contour lines at different levels of the soil box after 24 hr (a) and 48 hr (b) from the 

third irrigation with using the Geotextile sheet at 25 cm depth. 
 

 
 
Fig. 7: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the first irrigation with using the Geotextile sheet at 37.5 cm depth. 
 
- The effect of adding Geotextile sheet at 37.5 cm depth into the soil box on the moisture distribution at soil 
layers: 
 
 Figures (7-a), (8-a) and (9-a) show the moisture contour lines in the soil box under the dripper after 24 hr 
from the first, second and the third irrigations, respectively, with a fixed Geotextile sheet at 37.5 cm from the 
soil surface . It was shown that there were irregular shapes of the moisture contour lines after 24 hr from the first 
and the second irrigations, but after 24 hr from the third irrigation, it was observed that there was semi 
symmetrical moisture contour lines. It was noted that the differences between the moisture content above and 
under the Geotextile sheet (at 37.5 cm depth from the soil surface) were small. There was a horizontal 
movement of the irrigation water in the soil profile. On the contrary, Figures (7-b), (8-b) and (9-b) illustrate 
asymmetrical moisture contour lines after 48 hr from the 1st, 2nd and the 3rd irrigations, respectively. The highest 
difference of moisture content above and under the sheet appeared after 48 hr from the third irrigation (Figure, 
9-b). Generally, placing the Geotextile sheet at 37.5 cm depth requires changes in the amount of water applied 
or increasing the time of irrigation in order to get the most benefit from the Geotextile sheet.  
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Fig. 8: Moisture distribution contour lines at different levels of the soil box after 24 hr (a) and 48 hr (b) from the 

second irrigation with using the Geotextile sheet at 37.5 cm depth. 
 

 
 
Fig. 9: Moisture distribution contour lines at different depths of the soil box after 24 hr (a) and 48 hr (b) from 

the third irrigation with using the Geotextile sheet at 37.5 cm depth. 
 
2- Field experiment: 
 
 The best results obtained from the laboratory experimental step indicated that using of Geotextile sheets at 
25 cm depth under the soil surface was more effective on the moisture distribution for the different irrigations 
than using them at 37.5 cm depth or deeper, so in the field experiment Geotextile sheets were buried at 25 cm 
depth under the experimental trees. The moisture distribution contour lines were draw at different depths in the 
soil profile for three followed irrigations in the productivity period of the navel orange trees. The applied 
irrigation water amounts were equaled for the experimental treatments [without Geotextile sheets (control) and 
fixed Geotextile sheets at 25 cm depth under the trees].  
 Figures (10, 11 and 12) show the moisture distribution contour lines at different levels of the soil profile 
after 24 hr from the 1st, 2nd and 3rd irrigations, respectively. Generally, using the Geotextile sheets at 25 cm 
depth from the soil surface under navel orange trees improved the moisture distribution in the sandy soil by 
decreasing the deep percolation. The moisture had been distributed symmetrically. So the irrigation water will 
be conserved by the Geotextile sheets, in other words, it will not be lost speedily by the deep percolation.   
 Figure (13) shows the effect of using Geotextile sheets at 25 cm depth under Navel orange trees on the 
number of fall fruits per tree and the yield (kg/ tree). Data illustrated that using Geotextile sheets at 25 cm depth 
decrease the fruit fall per tree by 51.22 %, and increase the productivity by 23.54 % comparing with the control 
treatment.  
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Fig. 10: Moisture distribution contour lines at different levels of the soil box after 24 hr from the first irrigation 
(a) without the Geotextile sheet (b) with using the Geotextile sheet at 25 cm depth. 

 
 

 
 

 
Fig. 11: Moisture distribution contour lines at different levels of the soil box after 24 hr from the second 

irrigation (a) without the Geotextile sheet (b) with using the Geotextile sheet at 25 cm depth. 
 
 

 
 
 
Fig. 12: Moisture distribution contour lines at different levels of the soil box after 24 hr from the third irrigation 

(a) without the Geotextile sheet (b) with using the Geotextile sheet at 25 cm depth. 
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Fig. 13: The effect of using Geotextile sheet at 25 cm depth under the Navel orange trees on the No. of fall 
fruits/tree and yield of the tree (kg/tree). 

 
Conclusion: 
 
 Using of Geotextile sheets at 25 cm depth from the soil surface was more effective than using them at 37.5 
cm or deeper, where the deep percolation could be reduced, and the moisture content was higher above the 
Geotextile sheet at 25 cm depth than under it. Generally, using of the Geotextile sheet at 37.5 cm depth from the 
soil surface needed a considered level of irrigation water to be more regular and making the used water more 
regular and the used sheets more efficient. Using of the Geotextile sheet deeper than 25 cm under the soil 
surface is not effective to save water which could be lost by the deep percolation, therefore using of it at 25 cm 
from the soil surface was suggested to save the water and the horizontal water movement in the upper layer of 
the soil needed for plant growth. Using the Geotextile sheets at 25 cm depth from the soil surface under navel 
orange trees improved the moisture distribution in the sandy soil by decreasing the deep percolation, decrease 
the fruit fall per tree by 51.22 %, and increase the productivity by 23.54 % comparing with the control treatment 
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