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.deep per'colation (Ray and Pandey, 1969; Pande and Mitra, 1971; Yadav, 1972), with
percolation rates ranging from about 1 rom/day in compact, fine-textured soils to several
hundred rom/day in coarse-textured soils (Wann, 1978).

Shallow rainfed, drought-prone ricelands occupy over one-third of the Asian rainfed
lowland rice area (Garrity et al., 1986). Two countries, India (7.3 m ha) and Thailand (3.2
m ha), account for 80 % of the drought-prone subecosystem in Asia. As much as one third
of the paddy land in Northeast Thailand remains unplanted each year due to insufficient
water for maintaining seedbeds and for transplanting (Craig and Baker, 1986). Up to 20
percent of the land that is transplanted fails because of periodic drought. The upper
paddies although bunded, are planted last and may be successfully harvested in only three
or four years out of ten (Craig and Pisone, 1985). The rainfed drought-prone ecosystem is
important in most Southeast Asian countries, including Cambodia, Vietnam. Laos, and the
Philippines. When combined with the drought- and submergence-prone subecosystem,
more than one-half of the shallow rainfed area has serious problems of water stress
(Garrity et al., 1986).

Many rainfed lowland rice-growing areas actually receive a total amount of rainfall
adequate for rice cultivation, but distribution within the growing season is problematic.
Water stress could be avoided if the rainwater were more efficiently retained in the root
zone against percolation and seepage. Likewise, in irrigated areas the efficiency of water
use could be increased, and the irrigable area expanded, if the water requirement per field
were reduced through improved retention of surface water.

The efficient husbandry of natural rainwater in rice fields can be a worthy alternative to
the development of irrigation systems that attempt to deliver additional water from
elsewhere. Most rainfed areas are on landscapes that are difficult and expensive to
irrigate. Yet virtually all are located in areas that receive rainfall during the rainy season
adequate to maintain a rice crop without supplemental water, if the rain water were lost
only to evapotranspiration rather than to seepage and percolation.

Percolation can be reduced by increasing the degree of subsurface compaction,
resulting in a more effective hard pan (Patel and Singh, 1986). Puddling is an old practice
to control percolation. It decreases soil permeability and increases water retention
capacity (Adachi and Inoue, 1988). But it is laborious and often has little effect on the soil
physical properties, or consequently on yield, in sandy soils. In the ricelands of Northeast
Thailand, farmers plow their fields mainly to soften the soil for transplanting, which must
be done immediately afterwards (Herrera et al., 1989).

In Japan. percolation reduction by bulldozer compaction is popular (Tabuchi, 1988).
The field application of 400 to 600 m3/ha of impermeable soil is also used for percolation
control. Vinyl sheets are used in the sand dune district.

Percolation control by the placement of subsurface barriers presents an alternative for
improved rice production that has received little attention. Physical barriers installed in
the subsoil may be composed of a petroleum-based substance, such as bitumen (Rao et al.,
1972), polyethylene (Parashar, 1978), or other plastic materials. They are spread or
sprayed upon the subsoil surface after exposure by deep tillage, or impregnated into the
soil under pressure. Advances in the development of such materials, and the engineering
to apply them economically, indicate that such technologies may be feasible in the future.

We initiated a program of on-station and on-farm research to evaluate the effects of
percolation barriers on the surface hydrology of rainfed drought-prone rice lands, and on
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throughout the season in the plots with percolation barriers but was not retained for any
length of time in plots without barriers (Figure 1). The ~urface soil condition pemlitted
transplanting but the ground water level was below 50 cm throughout the season. Water
accumulated more rapidly in the T1 (with the barrier at 25 cm depth) than in the 1'2 plots
(with the barrier at 40 cm depth), but the plants in T1 also tended to dry faster during long
breaks in the rains. Presumably this was because of a lesser volume of confined water in
the soil proffie and the more restricted root volume with the 25-cm barriers. The soil
moisture content was lower in the shallow barrier treatment at the end of the 1989 growing
season.

The trial at IRRI followed a partial irrigation protocol: During the first crop (1989
OS), irrigation water was applied frequently during lulls in the rains to meet an average
daily evapotranspiration demand of 10 mm/day (Figure 2). During the 1989 wet season
crop only one irrigation was applied since rainfall was fairly uniform. In the third crop,
grown during the wet-dry transition period of 1989-90, irrigation was applied uniformly on
a weekly basis in all treatments to meet the actual evapotranspiration demand of the crop.
Due to the better retention of water, the total cumulative amount of irrigation water
applied during the three crops in the barrier plots was only 46% of that applied in the
plots without percolation barriers.
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Fig. 3 Ground water levels in plots with and without subsurface percolation barrier. IRRI

During each of the growing seasons the barriers resulted in nearly constant surface
flooding during most of the crop duration. valYing in depth from 0.4 cm to 9.0 cm in the
plots with percolation barriers (Figure 3). In contrast, the observation tubes were dry
during most of the crop season in the plots with no barriers, indicating that deep
percolation losses were occurring in these plots. It was only during heavy rains or
irrigation events that the presence of a perched water table was briefly observed.

BARRIER EFFECfS ON RICE PRODUCI1VITY

The crop-saving advantage of percolation barriers was striking in the fine, sandy soil at
Ubon. Rice total dry matter for the treatments with percolation barriers in 1989 (Table 1)
was nearly four times higher than that from the other treatments (6.16 t/ha for T1 and 1'2
vs 1.60 t/ha for the remaining treatments). Both the dibbled and transplanted rice crops
gave superior total dry matter (roM) and grain yields in the presence of the percolation
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-Petroleum-based substances that are potential subsurface barrier materials are
available, including asphalt and various plastics, but further research is needed to fully
explore their potential and to develop ways to apply them. One concept is to use a tillage
implement that can lift the subsoil a few centimeters, enabling the barrier material to be
sprayed. An alternative concept is to inject the material at high pressure through the soil
pores at the desired depth. Straightforward soil compaction is also an option to reduce
percolation rates on sandy soils (Bhadoria, 1986).

Second, a thorough economic analysis is needed to establish the maximum level of
investment costs in percolation barriers that would be economically viable. Development
and maintenance costs of irrigation systems often range up to several thousand US dollars
per hectare.. These costs need to be compared with the prospective costs for percolation
barrier installation. Barrier technology may become economically comparable or superior
to irrigation development in some areas, when suitable barrier installation technology is
available. The economic returns to barrier technology will also depend upon the duration
that the barriers will remain effective against leakage and decomposition after installation..
Barrier longevity will be influenced by the particular barrier material, the competence
employed in its installation, and various field environmental factors. Longer term studies
will be necessary to estimate these effects.

Increasing the productivity of drought-prone rainfed riceland by infrastructural
investments to control percolation and seepage is a compelling notion. This concept has
received little attentio~. The technology will require public support for implementation,
but this is also true of irrigation and many other large-scale types of investment that have
substantial installation costs but large social returns. The key will be whether the
technology can be made sufficiently cost-effective to reap substantial returns on
investment, public and private.. If so, we may yet see the concept of percolation barriers
implemented as a major technological advance for rainfed rice farming.
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