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Objective: The primary objective of this research was to investigate the
influence of dimensions and material types of geocomposite irrigation plates
on soil moisture distribution patterns.

Methods: The experiment was conducted as a two-factor factorial design
based on a completely randomized design (CRD) with three replications. The
first factor involved geocomposite plate dimensions at three levels (4x4, 88,
and 12x12 cm). The second factor compared two material types: Type 1
consisted of two geotextile layers sandwiching a geonet, and Type 2 consisted
of one geotextile layer and one geomembrane layer on either side of the
geonet. A pressure-compensating emitter (8 L/h) with a cover served as the
control treatment (CTRL).

Results: Results indicated that 12x12 c¢cm geocomposite plates with one
geotextile layer and one geomembrane layer (12TM) achieved the most
significant effect and optimal wetted bulb conditions. This treatment resulted
in a 37% reduction in the soil surface wetted area and a 28.19% increase in
the maximum wetted area of the soil moisture profile compared to the control.
The maximum wetted area was associated with the 12TM treatment
(approximately 4500 cm?), while the minimum was recorded for the control
(3250 cm?).

Conclusions: Overall, the results demonstrated that the utilization of
geocomposite irrigation plates significantly reduced the surface wetted area
while increasing the maximum wetted area within the soil profile, with
statistical significance at the 1% level.
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Introduction

Subsurface drip irrigation (SDI) is widely recognized as one of the most efficient irrigation
methods because water is delivered directly to the plant root zone. This targeted water
application improves water use efficiency, reduces evaporation losses, limits weed growth, and
can enhance crop productivity. Despite these advantages, conventional SDI systems still face
several operational challenges, including emitter clogging, intrusion of fine soil particles during
pressure fluctuations, non-uniform water distribution, and gradual deterioration of soil wetting
patterns over time. These limitations become more critical in fine-textured soils and when
irrigation water contains suspended solids or dissolved salts, conditions that may reduce system
reliability and increase maintenance requirements.

Recent developments in geosynthetic materials have introduced new opportunities to
improve irrigation system performance. Geocomposites, which are composed of combinations
of geotextiles, geonets, and geomembranes, provide controlled permeability, structural
stability, and adaptable hydraulic behavior. Previous studies have investigated the use of
geotextiles or geocomposites as protective layers around emitters to prevent clogging and soil
intrusion. However, the direct application of geocomposite water-emitting sheets as substitutes
for conventional drip emitters has rarely been investigated.

Furthermore, limited information is available regarding how the size and material
configuration of geocomposite sheets affect soil moisture distribution patterns under subsurface
irrigation conditions. Understanding these effects is essential for improving water delivery
efficiency and optimizing soil wetting patterns within the root zone. Therefore, the main
objective of this study was to evaluate the performance of geocomposite water-emitting sheets
in a subsurface irrigation system and to determine how sheet dimensions and material
composition influence soil moisture distribution characteristics.

Method

This study was conducted as a factorial experiment arranged in a completely randomized
design with three replications. Two experimental factors were considered: the dimensions of
geocomposite water-emitting sheets at three levels (4x4, 8x8, and 12x12 cm), and the material
composition of the sheets at two levels. The first material configuration consisted of geotextile
layers on both sides of a geonet, whereas the second configuration consisted of one geotextile
layer and one geomembrane layer placed on either side of the geonet. A pressure-compensating
drip emitter with a nominal discharge of 8 L h™', covered with geotextile, was used as the control
treatment.

The experiment was carried out using lysimeters filled with silty clay soil under controlled
field conditions. The geocomposite sheets were installed horizontally at a depth of 20 cm below
the soil surface and connected to spaghetti tubing. To ensure comparability among treatments,
the same irrigation water volume corresponding to the soil water-holding capacity was applied
to all experimental units.

After irrigation, soil profiles were carefully excavated and key indicators of soil moisture
distribution were measured, including wetted ground surface area, maximum wetted soil profile
area, and wetted soil volume. Statistical analysis was performed using SAS software. Analysis
of variance (ANOVA) was applied to determine the effects of experimental factors and their
interaction. Mean comparisons were conducted using the LSD test at the 5% significance level,
and the control treatment was included in all comparisons.

Results

The results indicated that the effects of geocomposite sheet dimensions, material
composition, and their interaction were highly significant (P < 0.01) for wetted ground surface
area and maximum wetted soil profile area. In contrast, treatment effects on wetted soil volume
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were not statistically significant, which is consistent with the equal volume of irrigation water
applied to all treatments. Low coefficients of variation confirmed the reliability and precision
of the experimental measurements.

Mean comparison results showed that geocomposite water-emitting sheets substantially
modified the soil moisture distribution pattern compared with the conventional drip emitter.
Treatments containing a geomembrane layer restricted horizontal water movement near the soil
surface, resulting in a deeper and more concentrated moisture distribution within the soil
profile.

The smallest wetted ground surface area was observed in the 12x12 cm geocomposite sheet
with a geotextile-geomembrane configuration, representing approximately a 37% reduction
compared with the control treatment. This reduction is beneficial because it decreases surface
evaporation and limits weed development. In contrast, the same treatment produced the largest
maximum wetted soil profile area, with an increase of approximately 28% relative to the control
treatment. This improvement suggests that larger geocomposite sheets enhance vertical water
movement and improve moisture availability in the plant root zone. The improved performance
is likely related to the larger contact area between the sheet and surrounding soil and the more
controlled release of irrigation water.

Conclusions

The findings of this study demonstrate that geocomposite water-emitting sheets can be used
as an effective alternative to conventional drip emitters in subsurface irrigation systems. By
reducing the wetted ground surface area while simultaneously increasing the maximum wetted
soil profile area, these sheets promote a more efficient soil moisture distribution and enhance
water availability within the root zone.

Among the evaluated treatments, larger sheets combined with a geomembrane layer
exhibited the best performance, indicating that both sheet dimensions and material composition
play important roles in regulating soil water movement. From a practical perspective, the
application of geocomposite water-emitting sheets may help reduce evaporation losses, restrict
weed growth, and mitigate operational problems such as emitter clogging.

Overall, the results suggest that geocomposite-based emitters have the potential to improve
the efficiency and reliability of subsurface irrigation systems, particularly in fine-textured soils
and under challenging irrigation water quality conditions. Future research should focus on long-
term field evaluations, economic feasibility, and the effects of these systems on crop growth
and yield under different soil and climatic conditions.
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