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The irrigated rice-based cropping system is one of Asia’s most important production systems as it
provides approximately three~quarters of the world’s rice needs. Though this system is sustainable, it is
faced with several challenges in terms of increasing population to feed, water scarcity, and its
contribution to global warming through the emissions of greenhouse gases. Increasing food production
is an absolute necessity for the human population and improved resource-use efficiencies are
imperative to achieve this goal. However, research on increasing rice yields should focus on strategies
that do not harm the environment. This study was therefore conducted to evaluate the environmental
impact of different rice-based cropping systems management (continuous flooding (CF), alternate
wetting and drying (AWD), aerobic rice, dry-seeded rice, and crop diversification from rice to maize)
in terms of fluxes of heat, water vapor, and greenhouse gases.

Trrigated rice fields are the major source of methane (CHs) emissions among the rice ecosystems,
which accounts for 5-19% of the world’s total anthropogenic CH4 emissions. Methane production is
favored in irrigated rice fields by the ample water supply, intensive soil preparation and fertilization,
and improved growth of rice. However, this study has shown that CH,4 emission from submerged rice
fields can be reduced by about 40% with mid-season soil drying or intermittent irrigation (AWD)
during the rice growing season. The AWD also saves up to 15-30% irrigation water. These
water-saving techniques are all effective in reducing CH4 emissions but they may enhance nitrous
oxide (N,O) emissions as well. Results of this study also confirmed that AWD lowered the global
warming potential contribution of both CH, and N,O emissions compared to continuous flooding even
if rice straw residues were incorporated.

The aerobic rice production system can further save up to 30-50% irrigation water; however, it would
cause significant loss of soil organic carbon through increased carbon dioxide (CO,) emissions and
may also have an impact on heat fluxes. Aerobic rice production is a new cropping system in which
specially-developed varieties are directly seeded in well-drained and non-puddled soils and rice is
grown in unsaturated soil moisture conditions for most of the crop duration. As observed in this study,
the net carbon (C) uptake of aerobic rice fields was about 2.5 times lower than that of flooded rice
fields. This was evident because the GPP or photosynthetic capacity of aerobic rice is lower than that
of flooded rice. More so, the ratio of Re (plant and soil respirations) to GPP in aerobic rice fields was
higher than that in flooded fields because of faster organic matter decomposition in aerobic soils. In
turn, converting flooded rice production to an aerobic rice system to conserve water would mean less
stored organic carbon in the soil. This study has also shown that the aerobic rice fields had about 45%
higher sensible heat flux (the energy used to warm the surrounding air) and 11% lower
evapotranspiration (ET) than flooded rice fields because of the drier soil conditions. The higher CO,

_65_



emissions and more sensible heat flux in aerobic fields may contribute to global warming. In addition,
further breeding is needed to develop aerobic rice varieties that have higher yield potentials. Better
water management is also needed to prevent extreme dry soil conditions that can enhance sensible heat
transfer leading to warmer rice environments.

Another water-saving alternative is dry-seeded rice grown with the overhead sprinkler irrigation
system which can save about 55% of the typical lowland rice water consumption. This water-savings
was obtained during land preparation because minimal irrigation was required before the establishment
of dry-seeded rice as compared to flooded rice. Additional water was also saved through the use of
non-flooded but saturated soil conditions during the growing period. This water management seemed
to be fairly efficient because the net C uptake, ET, and crop water productivity (WPgr) of the
dry-seeded rice were comparable to those of conventional flooded rice. The yields of the dry-seeded
rice can be improved as crop management practices are further developed and refined for high-yielding
dry-seeded rice.

However, even with water-saving technologies for rice cultivation, the water requirements for rice
remain higher than for other cereal crops. Diminishing supplies for irrigation water and increasing
opportunities for higher income from non-rice crops can serve as drivers for diversification from rice
monoculture with soil submergence to a rotation of rice with other crops such as maize grown on
well-drained aerobic soils. The rice-maize cropping system is gaining importance on lowland soils
across tropical and subtropical Asia in response to the increasing demand of maize for feed and biofuel.
This study has shown that the maize crop had 1.4 times higher net C uptake and twice as much grain
yield as dry-seeded rice because of its greater photosynthetic capacity due to its C4 physiology. The
canopy light use efficiency (CLUE), WPgr and photosynthetic water use efficiency (WUEp) of maize
were 1.8, 1.9 and 1.6 times higher, respectively, than those of dry-seeded rice. However, even if maize
crop has a higher capacity for C uptake, most of the carbon will be respired back to the atmosphere
owing to higher soil organic matter decomposition brought about by the aerobic soil condition and thus,
leads to low storage of carbon in the soil. This study has also shown that climate variability can
significantly influence maize production because of the crop’s sensitivity to excess soil water logging
brought by erratic rainfall, which resulted in about 20% reduction in net C uptake as well as yield of
maize. This implies that a good drainage is necessary in converting paddy fields to maize cultivation.

Future research should focus on evaluating the global warming potential and carbon sequestration
capacity of these water-saving rice cultivation practices and diversified cropping systems. Therefore, it
will be a continuous effort to evaluate the short and long-term effects of such changes in cropping
management in order to establish the process-level understanding for developing pathways for a
conversion of rice-based systems in Asia towards higher yield potentials under minimized
environmental impacts.
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