Effect of reservoir tillage on rainwater harvesting and soil erosion
control under a developed rainfall simulator
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1. Introduction
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ABSTRACT

Soil erosion is a serious environmental threat in the Mediterranean region due to torrential rainfalls, and it con-
tributes to the degradation of agricultural land. Techniques such as rainwater harvesting may improve soil water
storage and increase agricultural productivity, which could result in more effective land usage. Reservoir tillage is
an effective system of harvesting rainwater, but it has not been scientifically evaluated like other tillage systems.
Its suitability for the conditions in Spain has not been determined. To investigate and quantify water storage from
reservoir tillage and how it could be adapted to improve infiltration of harvested rainwater, a laboratory-scale
rainfall simulator was developed. Rainfall characteristics, including rainfall intensity, spatial uniformity and rain-
drop size, confirm that natural rainfall conditions are simulated with sufficient accuracy. The simulator was auto-
controlled by a solenoid valve and three pressure nozzles were used to spray water corresponding to five rainfall
intensities ranging from 36 to 112 mm h™ ! for 3 to 101-year return period with uniformity coefficients between
83 and 94%. In order to assess the reservoir tillage method under surface slopes of 0, 5, and 10%, three soil
scooping devices with identical volume were used to make depressions in the following forms: a) truncated
square pyramid, b) triangular prism, and ¢) truncated cone. These depressions were compared to a control soil
surface with no depression. For the loam soil used in this study, results show that reservoir tillage was able to re-
duce soil erosion and surface runoff and significantly increase infiltration. There was significant difference be-
tween the depressions and the control. Compared to the control, depression (a) reduced surface runoff by
about 61% and the sediment yield concentration by about 79%.

“In situ” systems are the simplest and cheapest rainwater harvesting
approaches and can be practiced in many farming systems. Also called

Soil erosion is a major environmental threat in the Mediterranean
region due to torrential rainfalls and the arid and semi-arid conditions,
and it contributes to the degradation of agricultural land (Cerda, 2002;
Cerda et al., 2009; Jordan et al.,, 2010; Lal, 1999). Rainwater harvesting
has the potential to reduce soil erosion and improve the productivity
of these areas. Rainwater harvesting is a general term used to describe
the collection and concentration of runoff for many uses, including agri-
cultural and domestic use (FAO, 1993; Oweis and Hachum, 2006). The
rainwater harvesting strategy is based on discontinuities. And those
discontinuities are found in nature (stones, plants, microtopography)
(Kakembo et al,, 2013).

soil and water conservation systems, they involve the use of methods
to increase the amount of water stored in the soil profile by trapping
or holding the rain where it falls (Brhane et al., 2006; Fleskens et al.,
2005; Stott et al.,, 2001). Soil water conservation is main concern in
semiarid land, and this is why harvesting rainwater is so important
(Gao et al,, 2013). Rainwater harvesting is being also, used by the plants
and stones under natural conditions (Cerda, 1997a,b, 2001). It may be
close to the definition of micro-catchments techniques, but in any
case, it becomes an alternative in arid and semi-arid regions, where pre-
cipitation is low or infrequent during the dry season, and there is a need
to store the maximum amount of rainwater during the wet season for
use at a later time.

Another concept related to “in situ” rainwater harvesting that in-
volves different techniques is known as “Reservoir Tillage.” This ap-
proach was developed under the consideration that tillage can provide
increased levels of surface storage, and it may represent one of the
most effective means of controlling both runoff and soil erosion. Reser-
voir tillage creates basins or pits to hold water in place, allowing it to






