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Extended Abstract
Introduction

Water scarcity in arid and semi-arid regions has increased the need for irrigation technologies that
improve water-use efficiency while minimizing water losses. Subsurface irrigation delivers water
directly to the root zone through buried emitters, thereby reducing surface evaporation and runoff. PVC
cylinder—based subsurface irrigation systems have attracted attention because of their simple design,
low cost, and adaptability. However, the medium surrounding the cylinder can strongly influence water
transfer into the soil and, consequently, the geometry and temporal development of the wetting bulb.
Differences in porosity, hydraulic conductivity, pore structure, and water-retention capacity among
surrounding media may alter water-flow pathways and wetting patterns. Therefore, this study
investigated the effects of eight surrounding media on wetting-bulb depth, width, area, and volume at 1,
3, and 7 days after irrigation.
Methodology

The experiment was conducted at the research station of the College of Agriculture and Natural
Resources, University of Tehran, Karaj, Iran, using a silty clay loam soil (30% clay, 56% silt, and 14%
sand), with a bulk density of 1.13 g cm™ and total porosity of 47%. The antecedent soil water content
was 0.07 cm?® cm™ for all treatments. Perforated PVC cylinders (6 cm internal diameter and 55 cm
length) were installed vertically to a depth of 50 cm, leaving 5 cm above the soil surface for connection
to a bubbler emitter. Each cylinder had eight outlet perforations distributed at four depths (10, 20, 30,
and 40 cm), with perforation diameters determined using an orifice-flow relationship to achieve uniform
discharge. Eight surrounding media—aeolian sand, agricultural pumice, local soil (control), perlite, pea
gravel, non-woven geotextile, vermicompost, and cocopeat—were evaluated, with one PVC cylinder
used for each treatment. Each treatment received a single 100-L irrigation application at an inlet pressure
of 0.1 bar. Wetting-bulb development was monitored using the trench method. The same trench was
progressively extended at 1, 3, and 7 days after irrigation to expose the advancing wetting front while
avoiding repeated backfilling and re-excavation that could disturb soil structure and preferential flow
pathways. To minimize evaporative losses from the exposed soil surface, the trench was covered with a
plastic sheet between successive observations. Wetted-zone boundaries were traced and digitized in
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AutoCAD, and two-dimensional and three-dimensional reconstructions were used to determine wetting-
bulb depth, width, area, and volume.
Results and Discussion

Because one PVC cylinder was used for each treatment, the results represent observed differences
rather than statistically tested treatment effects. Vermicompost and non-woven geotextile progressively
restricted outlet flow, causing an inflow—outflow mismatch and water overflow; consequently, both
were excluded from further analysis. Among the remaining six media, perlite produced the most
balanced wetting pattern and the greatest wetted area and volume. By day 7, its wetted area and volume
reached 5,227 cm? and 348,877 cm?3, representing increases of approximately 50% and 80%,
respectively, relative to day 1. This performance may be associated with its high porosity, low bulk
density, and favorable hydraulic properties, which could facilitate lateral and vertical water
redistribution. Agricultural pumice produced the greatest wetting depth, suggesting that its coarse and
heterogeneous pore structure may have promoted greater vertical redistribution. Thus, pore-size
distribution and pore continuity, in addition to hydraulic conductivity, may influence dominant flow
pathways. Aeolian sand and pea gravel exhibited relatively rapid initial wetting but limited subsequent
expansion. By day 7, wetted area and volume had increased by approximately 24% and 29% for sand
and 32% and 50% for gravel, respectively. The local-soil control produced a more restricted wetting
bulb than most amended media. Cocopeat showed the most limited initial wetting but the greatest
relative expansion over time, with wetted area and volume increasing by approximately 153% and
205%, respectively, by day 7. This behavior may be related to its fibrous structure and high water-
retention capacity, which can support gradual redistribution of stored water.
Conclusions

The surrounding medium strongly influences the hydraulic performance and geometric and temporal
development of wetting bulbs in PVC cylinder—based subsurface irrigation. Vermicompost and non-
woven geotextile may be unsuitable for direct placement around concentrated outlets because they
restricted discharge and caused overflow. Among the functional media, perlite produced the greatest
wetted area and volume and the most balanced wetting pattern, whereas agricultural pumice resulted in
the greatest wetting depth. Cocopeat, despite limited initial wetting, exhibited the greatest relative
expansion over time, indicating potential for gradual water redistribution. Therefore, surrounding-
medium selection should consider the intended hydraulic function—maximizing wetted volume and
spatial coverage or promoting gradual redistribution—rather than relying on a single hydraulic property
such as saturated hydraulic conductivity. These findings are limited to the tested soil texture, irrigation
volume, discharge conditions, seven-day observation period, and single-cylinder design. Further studies
using multiple replicates, different soil textures, and non-destructive moisture monitoring are
recommended.
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Table 1- Physical characteristics of the experimental soil (0—50 cm depth)
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Table 4- Geometric characteristics of the PVC
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Fig. 1- Overview of the PVC cylinder technical details, excavation procedure, and installation site preparation
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Table 5- Hydraulic performance characteristics of the bubbler under different operating pressures
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Table 6- General characteristics and ranges of physical properties of the surrounding media used in this study
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Fig. 2- PVC cylinders installed under different surrounding-media treatments (T1-T8) during the experiment
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Fig. 3- Bubbler-PVC cylinder system during irrigation, showing the ring-shaped pipe arrangement and pressure and
discharge control
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Fig. 4- Trench excavation and geometric reconstruction of the wetting bulb at three post-irrigation time intervals
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