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ABSTRACT

Subsurface Drip Irrigation by using Groove Filled with Gravel

By
Ahmed Shihab Ahmed
Supervised by
Assist. Prof. Dr. Younis M. Hassan
Assist. Prof. Sabah A. Dawood Almasraf

A groove filled with gravel inside the soil surface is presented in
this study as a solution for the problems of surface drip irrigation systems
in heavy soils. Hydrus-2D software and dimensional analysis techniques
were suggested to be used for the simulation solution and for the
comparison with the experimental work. The goals of this research is to
study the effect of emitter’s discharge, soil texture and groove’s width on
the wetting front pattern and finally to predict the wetting pattern
dimensions by using the Hydrus-2D software and also by dimensional
analysis.

The results of the study work indicated that the groove’s width has
affected the dimensions of the wetting front. Increasing the groove’s
width from 10 cm to 20 cm in the clay loam soil increased the water
downward and horizontal directions by an average value of 16.85% and
6.7%, respectively. On the other hand, increasing the groove’s width
reduced the water upward direction by an average value of 16%, while in
the loam soil texture, increasing the groove’s width value ascendingly
affected the water downward direction by 6.4% and decreased the water
horizontally and upward directions by 9.5% and 39.6%, respectively.
Increasing emitter’s discharge also affected the upward, horizontal and

downward water movements by 16.0%, 5.1% and 7.8% at groove’s width
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20 cm, respectively. Water movements downward and horizontal
directions were reduced at groove’s width 10 cm by 1.7% and 7.8%,
respectively. No effect on the values of water movement upward direction
was recorded. Additionally, variation of the soil texture from clay loam
to loam soil affected the increase of water movement downward by
42.5% and 45.8% at groove’s width of 20 cm and 10 cm, respectively,
while, water movements increased a little at groove’s width of 10 cm in
the horizontal and upward directions by 6.8%, 5.1%, respectively.

Increase of water depth inside the groove was clearly observed in
clay loam soil when the groove’s width was reduced and emitter’s
discharge was increased. Increasing value was from 5.5 cm to 16.8 cm.
The density of the moisture content around the groove in clay loam soil
was more than that in the loam soil by 16.67% and 28.57% at groove’s
width 10 cm and 20 cm, respectively. This was due to the increasing of
water depth inside the groove.

The statistical analysis of the comparison between experimental
work and Hydrus-2D software showed that the values of R? ranged from
0.89 to 0.99. Moreover, the values RMSE ranged from 2.35 cm to 6.34
cm. The comparison between the predicted wetting patterns by the
dimensional analysis techniques with the experimental work showed that
RMSE from 1.18 cm to 8.98 cm and R? values ranged from 0.98 to 0.99.
Therefore, Hydrus-2D software and dimensional analysis techniques can
be used in analyzing the wetting patterns under surface or subsurface drip
irrigation-using groove’s filled with gravel, and then to select the proper
groove’s width and emitter’s discharge for the best design of drip

irrigation systems.
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