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Abstract

With water shortage and scarcity especially in arid and semi-arid
regions, surface drip irrigation is one of the most efficient irrigation
methods because the water is applied to a specific spot in the soil and not
over the entire irrigated area, so losses due to deep percolation and
evaporation are reduced. To optimally design a drip irrigation system, the
dimensions of the wetting front must be known, which is affected by many
factors such as soil texture, application rate, and soil infiltration rate. The
study aims to determine the two-dimensional wetting pattern under two
linear drip sources experimentally in the laboratory and numerically using
the Hydrus-2D program. Twelve laboratory experiments were conducted
on a soil column packed in a metal container with dimensions (5.5 x 70 x
140) cm to monitor the progress of the wetting front during certain times
during the wetting phase and the moisture redistribution phase. Water was
added from two linear drip sources with three spacings between the
drippers (30, 40, 50) cm for a layered soil profile consisting of two soils,
(clay over sandy loam) and (sandy loam over clay), and at two emitter
application rates (0.956 and 1.515 ¢cm?/min/cm). The data resulting from
laboratory experiments were represented by empirical relationships to
estimate the wetting pattern in the horizontal and vertical directions under
the emitter and midway between the two emitters, considering the emitter
as the origin. These empirical equations were of high coefficient of
determination (R2 = 0.97, 0.98, 0.96), respectively. The program
(AutoCAD 2020) was used to draw the resulting wetting patterns. In
addition, soil moisture was measured at appropriate intervals after stopping
water application (wetting phase) and 48 hours after starting water
application (moisture redistribution phase), as the moisture contour was
drawn using the Surfer 15 program. Furthermore, numerical simulations
were performed of all wetting patterns using the Hydrus-2D model.

The study showed that there is a good agreement between the
estimated values resulting from empirical equations for the wetting phase
and moisture redistribution phase and the laboratory-measured values of
the horizontal advance, the vertical advance under the emitter, and the
vertical advance midway between the two emitters. It was concluded that
the wetting pattern increases with a decrease in the spacing between the
emitters, and this increase is uniform along the wetted perimeter and is
greater in the vertical direction than in the horizontal direction for both soil
profiles. It was noted that increasing the rate of water application resulted
in increasing the vertical advance, as it is larger in the case of the soil
profile (sandy loam over clay), while for soil profile (clay over sandy
loam), the horizontal advance is higher. It was also found that the moisture
distribution is more homogeneous and less gradient in the redistribution
phase.



