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ABSTRACT

Agricultural subsurface drainage is a common practice designed to maintain
the water table depth in order to prevent waterlogging, increase agricultural
crop yield and provides leaching capability to control salinity build-up in the
root zone. Egypt adopted a strategy to cover all the arable lands with artificial
drainage systems. However, loss of excess water through free drainage
system is a major cause of low irrigation efficiency at field level in Egypt.
The drainage water is left to flow continuously where water is quickly
removed from the soil profile before the plants have enough chance to benefit
from the shallow water table and the applied nutrients after irrigation (over
drainage).

Egypt’s major challenge is to close the rapidly growing gap between the
limited water supply and the increasing water demands by various economic
sectors. Agriculture sector alone utilizes about 76 percent of Egypt’s fresh
water resources. Policies, strategies and measures aiming to increase water
efficiency through improved irrigation and drainage systems have been
implemented with the objective to save irrigation water and increase water
productivity.

This research aims to develop a decision support tool to evaluate the effects
of controlled drainage -the system which physically restricts drainage water
volumes through controlling the outlet of the subsurface drains- associated
with irrigation scheduling on; applied irrigation water volumes, soil salinity
and crop yield to determine the best promising measures that increase water
productivity. Actual field measurements have been collected for conventional
and controlled drainage systems during the growing seasons 2015 and 2016
in El-Baradi area in Western Nile Delta. The field data were used to setup
and validate the DRAINMOD-S field-scale simulation model. The validated

Vi



model was used as a tool to simulate three drainage systems; free subsurface
drains (FD) at depth of 1.2 m, controlled drainage system with changeable
depths (CDch) at 0.8, 1.00, and 1.20 m depending on the crop stage,
controlled drainage system (CDO0.8) at fixed depth of 0.8 m. Short-term and
long-term simulations runs have been carried out for wheat and maize crops
to predict the effects of stresses caused by extreme soil water conditions (wet
stress), soil water dry stress, and salinity on crop yields. The Model was used
also to predict the effect of changing control depth, control period and
irrigation schedule on crop yield and soil salinity, where 2 irrigation
strategies were used for 9 years simulation period combined with both
conventional and controlled drainage systems.

The simulation results showed that, the shallow groundwater resulting from
using controlled Drainage (CD) eliminates crop water stress under water
shortage condition. Controlled drainage system increases the average relative
yield for maize crop by 6.0 % compared to free drainage system, even with
14% reduction in irrigation water volumes. Using evenly irrigation gifts
(irrigation strategy 2) with a reduction of 14% in applied irrigation water;
increase the relative yield of wheat by 2.0% and 9.4 % in conventional and
controlled drainage systems respectively compared to traditional irrigation
strategy (irrigation strategy 1). While the average relative yield for the
summer crop (maize) has been reduced by 12.6% in controlled drainage
system compared to free drainage system when using irrigation strategy 2.

This loss yield was attributed mainly to salinity stress.

Key words; Subsurface drainage, controlled drainage, DRIANMOD-S,

irrigation scheduling, crop yield
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