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Abstract 

 

Irrigated rice systems are among the world’s most enduring, environmentally sound, and productive 

agroecosystems. They impact poverty alleviation, human nutrition and health, economic development, 

political stability, and a wide range of other ecosystem services. Depending on the changes in 

irrigated rice area and the yield advances achieved in rainfed rice environments, average yields of 

irrigated rice must continue to rise at an annual rate of at least 1% to reach 6.5 to 7 t ha
-1
 by 2030. 

Yield growth needs to be revitalized and the unit cost of production needs to be lowered to benefit 

rice producers and consumers, while vital ecosystem services must be recognized, valued, and 

protected. This can only be achieved through an ecological intensification of rice systems that is based 

on scientific principles. Many new technologies for this exist, but they need to be applied in a systems 

management context and with clearly defined targets for critical performance indicators.  

 

Media summary 

Future increases in rice production require an agro-ecological intensification of rice-based cropping 

systems. Principles and performance indicators for this are known, but bringing new technologies to 

rice farmers will require more investments in research and efficient public-private partnerships. 

 

Key words 

Rice, ecological intensification, crop management  

 

 

Agro-ecological intensification of cereal cropping systems 

 

Agriculture is practiced on one third of the earth’s surface and it utilizes a majority of the world’s 

available freshwater and nitrogen of anthropogenic origin (Cassman et al., 2003). The irreplaceable 

positive contributions of agriculture to humanity are well known, but intensive agriculture is often 

also equated with consuming too much freshwater, polluting the environment, and causing loss of 

natural ecosystems, biodiversity, and other ecosystem services. Global demand for cereals is projected 

to increase by 1.2-1.4% annually for the next 25 years and meeting this demand must be largely 

achieved through yield increases. Because progress in increasing the theoretical yield potential of 

cereals is uncertain, existing yield gaps must be closed and average crop yields may have to approach 

80% of the yield potential or more in areas with good quality soils and favorable rainfall or irrigation 

(Cassman et al., 2003). Intensification of cereal production systems to satisfy the anticipated increase 

in food demand while meeting acceptable standards of environmental quality will require an 

ecological intensification and, where appropriate and sustainable, diversification of agriculture. 

 

A central hypothesis for an ecological intensification of agriculture is thus that an optimal balance of 

high productivity, profitability, sustainability, and environmental protection can be achieved by fine-

tuning of management towards better exploitation of crop yield potential (Cassman, 1999). Ecological 

intensification is an evidence-based process of identifying options for best management practices 

through scientific research and participatory evaluation. Genetic improvements targeting better crop 

adaptation to biotic and abiotic stresses and better crop and soil management practices are of equal 

importance for optimizing crop performance within the context of cropping systems. Ecological 

intensification focuses on key scientific principles within a decision making or problem solving 

process. Major steps include: (1) socio-economic and biophysical characterization to identify 

principal opportunities for responding to drivers of change in agricultural systems, (2) designing 



principal cropping systems management options to address main constraints, (3) identifying suitable 

performance indicators and setting quantitative targets for those, (4) using scientific principles to 

identify Best Management Practices (BMP) for reaching these targets, (5) implementing optimized 

management solutions in a participatory manner, with high scientific standards and with dynamic 

adjustments, and (6) conducting post ante analysis to distill practical guidelines and learn for the 

future.  

 

Ecological intensification thus provides science-based strategies for integrating advanced germplasm, 

crop and resource management technologies to secure food production at high economic and 

environmental standards. Examples of performance indicators and their target values include: 

• Stable yields within 70-90% of the genetic-climatic site yield potential, including resilience to 

climatic extremes and global climate change 

• Agronomic N use efficiency of >20 kg grain yield increase per kg N applied, >50-60% 

fertilizer-N uptake efficiency and low residual soil nitrate levels (low leaching risk) 

• >80% water use efficiency in irrigated systems 

• Minimum use of harmful pesticides through a combination of plant resistance to biotic 

stresses and integrated pest management (low A.I. applied per ha or per kg harvest product). 

• Ecological resilience at field, landscape, and regional levels, including sufficient biodiversity 

for maintaining natural pest control mechanisms and other ecosystem services 

• Improved/maintained soil quality (nutrient stocks, soil organic matter, soil physical properties, 

…) 

• Positive energy balance, low global warming potential, or even a net reduction in atmospheric 

greenhouse gas emissions 

• Nearly closed C and N cycles through multiple products and recycling in integrated crop-

livestock-(bioenergy) systems 

 

Ecological Intensification of Irrigated Rice Systems 

 

Worldwide, about 80 million ha of rice are grown under irrigated conditions. These systems account 

for 75% of rice production and provide the staple food for about 2 billion people as well as the basic 

livelihood of some 50 million farm families. Producing cheap rice for the domestic market is a goal of 

strategic importance in developing countries with high rice consumption and it largely depends on the 

productivity of irrigated rice systems. Irrigated rice systems also provide many ecosystem services 

that are not directly valued (Bouman et al., 2007). Paddies are important for flood control. Water 

retained in bunds increases groundwater recharge. Rice can be grown as a desalinization crop. Soil 

degradation and erosion are negligible. Irrigated areas cool air temperature in peri-urban areas. Risks 

of water pollution caused by inorganic fertilizer are minimized by the particular conditions in the 

floodwater-soil system. Atmospheric CO2 and N2 fixation by aquatic flora and fauna contribute to 

maintaining yields and increase soil organic matter. Fish and ducks are raised in rice fields, ponds, or 

irrigation canals. Irrigated rice landscapes sustain rich biodiversity. Rice cultivation in Asia involves 

aesthetic, spiritual, religious, educational, cultural, and recreational values. 

 

Intensification of lowland cropping systems in Asia since the mid-1960s has increased the number of 

crops grown per year and the yield per crop cycle. This was accomplished through genetic 

improvement, changes in management, and infrastructure development (Fig. 1). Genetic 

improvements provided the “engine” while improved crop and resource management technologies 

supplied the “fuel” for growth in rice yields, income, and resource efficiency. Since the mid-1960s, 

average world rice yield has increased at an annual rate of 52.4 kg ha
-1
. However, the adoption of 

modern rice varieties has leveled off in the 1980s or 1990s in many countries. With the exception of 

hybrid rice, there has been no significant increase in rice yield potential since the release of IR8. 

Hence, the yield gains in recent decades have come from closing yield gaps through improved 

varieties that are better adapted to abiotic and biotic stresses (Peng and Khush, 2003) and improved 

crop and resource management technologies.  
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Figure 1. Trend in average world rice yield (1960 to 2007) and the key technological 

interventions associated with it. Changes in breeding objectives and release years of selected 

IRRI rice varieties are indicated in the bottom half. Major changes in management and 

emerging new management objectives are indicated above the yield trend line. 
 

Rice yield growth rates have consistently stayed below the long-term trend line during the past 6 years 

(Fig. 1). Slow yield growth resulted from a combination of lack of progress made in raising the yield 

potential of rice and yield losses due to multiple crop injuries resulting from abiotic and biotic stresses. 

In many areas, current constraints also result from inadequate management practices, not a generic 

non-sustainability of intensive systems per se. Hampering progress are lack of education, poor access 

to information and new technologies, lack of effective input supply and marketing chains, poor 

pricing and support policies, and inefficient extension systems. In irrigated rice areas, the current 

average yield of 5.4 t ha
-1
 represents about 65% of the climatic-genetic yield potential of rice in Asia, 

which averages about 8.5 t ha
-1
 across different environments and growing seasons. Depending on the 

changes in irrigated rice area and the yield advances achieved in rainfed rice environments, average 

yields of irrigated rice must continue to rise at an annual rate of at least 1% to reach 6.5 to 7 t ha
-1
 by 

2030. Assuming that target yields for well-managed rice systems are near 80% of the yield potential, 

an economically exploitable yield gap of about 1 to 2 t ha
-1
 exists in most intensive rice fields of Asia 

planted with the current generation of inbred or hybrids.  

 

Although per capita consumption of rice will decline as incomes rise, overall rice demand will 

continue to increase at an annual rate of at least 1%. Increased production that is economically viable 

and environmentally sustainable must come primarily from higher yields on existing land in the 

irrigated and favorable rainfed lowland ecosystems. Improved cultivars and management technologies 

can form the backbone of a second Green Revolution in Asia, one that focuses on ecological 

intensification principles for re-vitalizing productivity and income growth in the near future. Crop 

technologies for this must focus on increasing the use efficiency of labor, water, fertilizers and 

agrochemicals at high yield levels and through that lead to economically and ecologically sound rice 

systems.  



Many new crop and resource management technologies have been evaluated widely in recent years, 

e.g., zero/reduced tillage combined with laser leveling and direct seeding, integrated weed and pest 

management, alternate wetting and drying to increase water productivity, site-specific nutrient 

management, ecologically-based rodent management, or hermetic grain storage to reduce post-harvest 

losses and maintain grain quality. However, adoption is hampered by weak research-extension 

linkages and a lack of systems perspective and holistic approaches. Many technologies are thought to 

require more complex decision-making and hence also involve more learning. However, that potential 

disadvantage is minimized if the focus is on delivering key principles and simple tools that allow 

farmers to choose and tailor technologies to their needs. Along with this, farmers must also have 

better access to information, supply and marketing chains. This can only be achieved through much 

improved public-private sector partnerships in research and extension.   

 

Major changes in intensive cereals systems in Asia require investments in strategic breeding that must 

be made now to adapt to future scenarios and lay the foundation for continued yield growth. Rice 

systems will be affected by decreasing water availability and rising temperatures – two cross-cutting 

abiotic stresses. Diversification of cropping systems in the form of crop substitution or in the form of 

increased cropping intensity will alter rice landscapes that have been under monoculture for decades 

or much longer. Adoption of more mechanized Resource Conserving Technologies (RCT) that follow 

principles of Conservation Agriculture is likely to become a principal direction for increasing systems 

productivity and sustainability, particularly in rice-upland crop systems. Key implications arising 

from this are that modern rice cultivars need to be equipped with new traits to (i) have higher yield 

potential, (ii) grow well at high yield levels under RCTs such as reduced/partial irrigation with short 

periods of water stress, zero-till and residue retention, (iii) be resilient to high temperatures during 

flowering and grain filling, and (iv) maintain broad-spectrum resistance to existing and newly 

emerging diseases and insect pests in systems that undergo change. This will require renewed 

investments in public sector rice breeding along with establishing better linkages between the public 

and private sectors for utilizing the comparative strengths of each in germplasm improvement and 

seed delivery. More targeted breeding for cropping systems and traits for integration with modern 

RCTs will be needed, towards offering holistic germplasm x management solutions for the key rice 

growing environments in Asia and elsewhere. 

 

Conclusions 

 

Rice yield growth rates have slowed down in many rice growing regions due to resource constraints, 

poor policies, barriers to adoption of new technologies and lack of investment in rice breeding. 

Complacency may have resulted from the success of the Green Revolution, but recent trends in world 

markets have re-iterated the need for more investments in research as well as establishing better 

delivery mechanisms for new seeds and technologies to millions of rice farmers. This must include 

forming innovative, pro-poor public-private sector partnerships. Exploitable gaps in yield and 

resource efficiencies exist. They call for an ecological intensification of rice systems, one that is based 

on scientific principles for integrating germplasm with modern management solutions.  
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