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In many Asian countries, rice production represents the most significant activity of the 
agricultural sector and also constitutes a sizable portion of the national greenhouse gas 
budget. Although some ‘generic’ mitigation technologies have been identified in recent years, 
the immense variability of environmental factors in the 144 million ha of annually harvested 
rice fields defies blanket strategies to reduce emissions.  
 
Moreover, technological options in rice production have to remain economically viable under 
a rapidly changing environment – both in terms socio-economic development as well as 
environmental changes. In this synopsis, we compile examples of ‘robust’ approaches that 
have a promising potential to reduce greenhouse gas (GHG) emissions and at the same time, 
maintain – or even increase --rice production under climate change.  
 
Approach #1: Improving rice plants 
Rising global temperatures may pose major threats to rice production in Asia due to yield 
losses that may result from heat-induced spikelet sterility or increased crop respiration losses 
during grain filling. Such reductions in the grain filling capability (termed as crop ‘sinks’) 
also have feedbacks on GHG emissions from rice paddies and the utilization efficiency of 
fossil fuel-based nitrogen fertilizer. Preliminary studies conducted at IRRI have demonstrated 
that removing or reducing the crop sink mechanism for assimilates results in enhanced 
methane (CH4) emissions.  

Wetland rice agriculture is a major source of atmospheric CH4 due to extended 
flooding periods resulting in anaerobic decay of organic material. The composition of the 
organic material in the soil depends on residue management and manure application, but – in 
most rice systems -- the most important carbon source for CH4 production is the rice plant 
actually growing in the field which supplies carbon for methanogenesis through root exudates 
and debris. For the rice plants, however, release of carbon represents a loss of valuable 
assimilates that would have otherwise been incorporated into plant tissue or grain. High-
yielding plants use assimilates more efficiently and thus, supply less organic material for 
microbial methane production.  

Plant breeding aiming at new rice cultivars that can maintain spikelet development 
under higher temperatures and have less wasteful maintenance respiration losses is likely to 
have mutual benefits for sustaining food production and reducing GHG emissions from rice 
paddies. Specific potential impacts may include (i) increased and more stable yield potential 
and better response to current atmospheric CO2 levels, (ii) increased net removal of 
atmospheric CO2 due to increased net assimilation, (iii) reduced methane emissions due to 
increased sink size and reduced below-ground C release for methanogenesis, and (iv) reduced 
fossil fuel use due to increased N use efficiency (see below). To achieve this, research needs 
to identify the genetic controls and physiological processes involved in rice adaptation to heat.  

 
Approach #2: Improving fertilizer management 
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Nitrogen fertilizers are a significant direct source of greenhouse gases through N2O emissions 
in the field and an indirect source through fossil fuel energy consumption associated with 
manufacturing and transport of fertilizers. Rice accounts for nearly 20% of the global N 
fertilizer consumption. In terms of GHG emissions, the annual amount of N applied to rice 
represents about 100 million tons CO2 equivalents, with roughly one half embedded in fossil 
fuels used to manufacture and distribute the N fertilizer and another half in the form of N2O 
emissions from field-applied fertilizer. Well-tailored fertilization – both in space and time – 
ensures high yields and a rapid take-up of N by the plants. Subsequently, less external N input 
is required to achieve the same crop yield, the amount and residence time of N in the soil is 
reduced and less N2O or other reactive nitrogen compounds are released to the atmosphere or 
water.  

Recent research conducted by IRRI and its partners in various countries of Asia has 
resulted in a new approach for site-specific nutrient management (SSNM). Demonstrated 
benefits include (i) increase in rice yields and thereby increased CO2 net assimilation and (2) 
30-40% increase in nitrogen use efficiency. This offers significant potential for decreasing 
GHG emissions associated with N fertilizer use in rice systems. Moreover, higher CO2 
concentrations in the future will result in temperature stress for many rice production systems 
(see above), but will also offer a chance to obtain higher yield levels in environments where 
temperatures are not reaching critical levels. The so-called ‘CO2 fertilization’ effect, however, 
can only be tapped under sufficient nutrient supply. Phosphorus (P) deficiency, for example, 
not only decreases yields, but also triggers high root exudation and increases CH4 emissions. 
Balanced fertilizer application, as developed in the new SSNM approach, may thus have a 
dual benefit, i.e. reducing greenhouse gas emissions as well as improving yields under future 
CO2 levels. Future research needs to be conducted to fully develop and disseminate such new 
management concepts widely in Asia and elsewhere, including rainfed lowland rice areas, 
which are particularly prone to large nitrogen losses, including N2O emissions.  
 
Approach #3: Improving water management 
Several field studies conducted by IRRI and other research institutions have shown that CH4 
can substantially be reduced by modified water management such as mid-season drainage or 
alternate wetting and drying. There is also a potential to combine the aims of (i) reducing CH4 
emission and (ii) saving irrigation water – in line with the expected shortages of available 
irrigation water in many rice growing regions. Likewise, significant potential exists for 
diversifying rice-based cropping systems in Asia, i.e., replacing lowland rice monoculture 
with rice – upland crop systems that can better meet emerging demands for food and feed and 
offer new opportunities to reduce water and/or nitrogen fertilizer consumption. 

However, little is know how such changes will affect the sustainability of rice systems 
and their overall global warming potential. A key problem is that modifications of the water 
management also affect the emission of N2O, an even more potent greenhouse gas than CH4. 
There is an inverse relationship between CH4 and N2O emission rates; while drainage and 
wetting-drying cycles reduce CH4 emissions they increase N2O emissions. This intricate 
relationship requires a site-specific analysis of the baseline emissions as well as the impact of 
water management or crop diversification options – a task that cannot be accomplished by 
field studies for a wider range of locations. Likewise, such management changes will also 
affect soil biological processes, the population dynamics of weeds, insects and pathogens in 
ways that are little understood at present. 

Simulation models may help to achieve reliable a priori assessments of management 
impacts on greenhouse gas emissions. These modelling tools will be especially powerful for 
future decision making as long as they supply – in addition to emissions – yield forecasts and 
regional water balances, so that the diverse impacts of rice production can be juxtaposed 
under different management scenarios.  
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Approach #4: Utilizing crop residues for renewable energy and carbon sequestration 
More than 600 million tons of rice straw are produced worldwide and large amounts of the 
CO2 fixed in these crop residues are currently re-released into the atmosphere through burning 
and other inadequate residue management practices. The residues of rice production offer an 
enormous potential as a source of renewable energy and could play a major role to substitute 
fossil fuel consumption in several Asian countries. Technological options in rice-growing 
areas include (i) biogas and recycling of biosolids to rice fields, (ii) co-generation of heat and 
electricity from rice husks at milling facilities, (iii) bio-char technology and (iv) conversion of 
rice and wheat straw to ethanol. In addition to offsetting fossil fuel consumption, most of 
these technologies may also recycle large portions of carbon and nutrients to the rice soils and 
may improve soil fertility alongside with energy generation and the associated reduction in 
net global warming potential 

The traditional option to utilize crop residues for energy generation is biogas 
technology in which plant biomass is typically combined with animal excrements. The 
abundance of biogas plants has been declining in some countries, e.g. China, but higher fuel 
prices may re-stimulate biogas programs in the near future. When fermented biogas slurries 
are used as manure in wetland rice fields, emissions of CH4 are lower than under application 
of fresh organic material. 

Bio-char can be produced by controlled pyrolysis (smoldering) of farm residues and 
can be applied to soils with long-term benefits on soil fertility. Char soils (‘terra preta’ soils) 
show better water and nutrient retention improving the resilience of the cropping systems 
towards droughts. As compared to conventional crop management, char techniques reduce net 
greenhouse gas emissions because of (i) potential energy generation through the combustion 
process and (ii) carbon sequestration in the soil. However, this technique has only recently 
been discussed as mitigation technology. At present, there is no solid field data available 
allowing a complete accounting of greenhouse gas savings – neither a definite assessment of 
agronomical benefits of char soils under climate change scenarios. Nevertheless, this 
technique can be seen a promising mitigation/ adaptation technology for some cropping 
systems, e.g. rainfed lowland and upland rice which comprise nearly half of the global rice 
area and are primarily found on carbon-poor soils. 
 Efficient technologies to produce cellulosic ethanol from bulk crop biomass are not yet 
commercially available, but they will ultimately offer great potential for offsetting fossil fuel 
use. Potentially, 250 to 350 liters ethanol can be produced from each metric ton of dry crop 
biomass. If only 20% of the world’s rice straw could be used in this process, the resulting 
annual ethanol production would amount to about 40 billion liters, sufficient to replace about 
25 billion liters of fossil fuel based gasoline. This would result in an annual net GHG 
reduction of about 70 million tons CO2 equivalents. Use of rice residues for ethanol 
production may be of particular interest at village scales to provide fuel for households, 
transportation and farm machinery as well as byproducts for other uses. Affordable small-
scale technologies need to be developed for this. 
 All of the discussed approaches have in common that their real impact is currently 
difficult to predict with existing models because of the complexity of the induced changes. 
Likewise, there is a lack of research on integrated food production - renewable energy 
systems for rice environments, particularly those in which attempts are made to close the C 
and N cycles. Complete life cycle analyses and greenhouse gas accounting at field, landscape 
and regional scales is required and suitable metrics need to be developed for this. 
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Addendum2 to the Report  

 
“Climate Change and Rice Cropping Systems:  
Potential adaptation and mitigation strategies” 

 
by the International Rice Research Institute 

 
 
The previously identified adaptation and mitigation strategies in rice production, namely the 
approaches #1 (improving rice plants) and #2 (improving fertilizer management), are now 
assessed regarding costs for implementation. 
 
For both approaches, the required costs can only be assessed within very broad ranges of 
uncertainty. In either case, we can here only provide budget figures for a project stage, i.e. 
research and development projects designed to provide suitable germplasm (approach #1) and 
new fertilization technologies (approach #2). This one-time investment could be seen as ‘seed 
money’ to stimulate the dissemination of mitigation/ adaptation technologies in close 
cooperation with national partners. Any attempt to estimate the implementation costs as a 
whole would require a thorough assessment of a multitude of factors (e.g. current baseline 
technologies, country-specific settings of extension services etc.) which has not been done so 
far and which is beyond the scope of such a report. 
 
 
Approach #1: Improving rice plants 
 

This mitigation approach #1 is based on the assumption that new rice cultivars with 
increased tolerance to heat can be developed so that net uptake of CO2 from the atmosphere is 
increased and less substrate is available for methane production. Impact assessment studies 
consistently show that the benefits generated by plant breeding are large, positive and widely 
distributed. High yielding rice varieties with improved resistance and superior grain quality 
developed by IRRI and its collaborators are grown on 60% of the world’s rice land. One 
variety alone, IR36 released in 1976, was planted on 11 million hectares in Asia in the 1980s, 
yielding an additional five million tons of rice a year, boosting rice farmers’ incomes by US$1 
billion, and, because of its resistance to pests, saving an estimated $500 million a year in 
insecticide costs. 

The plant breeding effort for a new rice variety can be thought of as a two stage 
process. The first stage will involve basic research, primarily at IRRI and other advanced 
research centres, with an emphasis on molecular biology, plant physiology and screening of 
promising germplasm with regard to heat tolerance and associated traits. During the second 
stage, the locus of the research will shift to national agricultural research centres and the focus 
will shift to adaptive breeding. The costs for the second stage are especially difficult to 
estimate, but in previous cases the national systems have considerably contributed to this 
process through substantial in-kind contribution limiting the externally required costs. 
 
Cost estimate for a research project: 
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In IRRI’s Rice and Climate Change Consortium, we have identified a project titled 
“Securing rice yield potential and grain quality under high temperatures resulting from global 
warming” which is estimated to require 5 million US$ over a 5-year period. The expected 
output will be germplasm with stable yield and grain quality under high temperatures together 
with a molecular marker system to be distributed to IRRI’s partners in the national systems. 
Additional lab research and field testing of CH4 emissions from new varieties is required to 
include it as an additional criterion for selection. Incorporating the new heat tolerance traits 
into national breeding programs would entail additional costs, so that the total costs are likely 
to be about US$ 10 million for an overall period of 7-8 years. 
 
Approach #2: Improving fertilizer management 
 

Fertilizers are direct and indirect sources of greenhouse gases, so that an increase in 
fertilizer use efficiency would translate into reduced emissions of both CO2 (fossil fuel 
embedded in the fertilizer) and N2O. The most advanced approach to optimize fertilizer 
application in high yielding rice production systems is termed ‘site-specific nutrient 
management’ (SSNM) which includes a range of field-specific management options and 
simple tools needed for implementing them. SSNM is a technology that can be tailored to 
local needs and requires no significant upfront investments by farmers. At farm level, SSNM 
only implies low extra costs, mainly in the form of slightly increased time requirements for 
decision making and fine-tuned crop management, but it also entails significant cost savings 
(less fertilizers) and higher returns (more rice produced). Most of the research on developing 
and evaluating SSNM has already been done by IRRI and its national partners. Long-term 
evaluations in a large number of farmers’ fields around Asia have demonstrated high 
profitability of SSNM over a wide range of rice and fertilizer prices and significant 
environmental benefits.  

Moreover, many rice growing countries subsidize fertilizers at present, so that 
successful campaigns to increase efficiency will also yield financial benefits at the national 
level. One example for this is Indonesia, where the government currently spends 
approximately US$300 million for fertilizer subsidies. The minister of agriculture requested a 
roll-out of best practices for fertilizer use, and the subsidy will be reviewed on the basis of 
subsequent usage patterns. SSNM is now being rolled-out in all major rice areas of Indonesia. 

Broad adoption of SSNM is primarily impeded by lack of information. It will be 
important to conduct information campaigns to educate farmers in the principles of SSNM 
and disseminate the required tools through public and private sector chains. Production-scale 
demonstrations that are well-publicized and encourage active participation by farmers will be 
an important part of such information dissemination. The costs required for such information 
campaigns will vary from country to country. 
 
Cost estimate for a research and extension project: 

Through the Irrigated Rice Research Consortium (http://www.irri.org/irrc/default.asp), 
IRRI and its partners have conducted ground-breaking research on SSNM and are currently 
disseminating this technology in various regions of Asia. To have significant and lasting 
impact, these efforts will require further investments of about US$ 5 million for the next five 
years to (1) spread the SSNM technologies into all major rice areas of Asia, (2) continue fine-
tuning and evaluating them as part of an overall new approach for rice management, and (3) 
conduct a full impact assessment with regard to mitigation of greenhouse gas emissions. An 
additional US$5 million will be required to expand the previous research on SSNM towards 
developing integrated technologies for an agro-ecological intensification of rice cropping 
systems, with an emphasis on integrated food and bioenergy production systems that optimize 
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the use of resources such as fertilizer, water and energy and could represent even greater 
greenhouse gas mitigation potential.  
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