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Abstract 

 

Irrigated rice systems in Asia are among the world’s most intensively cultivated and productive agro-

ecosystems. Long-term experiments with two or three rice crops per year enable an assessment of the 

effectiveness of best crop and nutrient management practices to close yield gaps and sustain yields at levels 

near the genetic and climatic yield potential, as estimated with crop simulation models. Trends in rice yield 

without the application of fertilizer nitrogen (N) enable an assessment of the sustainability of N supply from 

indigenous, non-fertilizer sources. In a long-term experiment with three irrigated rice crops per year in the 

Philippines, the highest yielding cultivar during the past 15 years in the dry season typically attained 80% of 

the yield potential estimated with the ORYZA2000 model. Attained yields in the low-yielding late wet 

season, however, were consistently <80% of the estimated yield potential. From 1980 to 2006, rice yields 

without application of fertilizer N were sustained at about 3 to 3.5 t/ha per crop. Inputs of N through 

biological N2 fixation and N mineralization in the submerged soil contributed to sustained indigenous N 

supply. Alternative fertilizer N management practices were examined for effectiveness in closing the yield 

gap by better matching the addition of N with crop needs for N. In some years and seasons the gap between 

yield potential and attained yield was reduced through use of dynamic within-season N management with 

variable rates of N rather than the standard practice of applying N at preset rates and times. 

 

Media summary 

 

Yield of continuous irrigated rice can be sustained at near 80% of genetic and climatic yield potential 

through use of best crop and nutrient management practices. 
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Introduction 

 

Irrigated cropping systems with two and three crops of rice per year occupy about 24 million hectares in 

tropical and subtropical Asia, accounting for about 40% of global rice production. One and a half billion rice 

farmers and consumers depend on these systems. Average yield in these systems must increase from 5.3 to 

about 7.0 t/ha by 2020 to meet demand without increases in prices that would adversely affect the poor.  

 

Continuous cropping with up to three rice crops per year was made possible by short-duration, high-yielding 

cultivars and irrigation. In 1963, the
 
International Rice Research Institute (IRRI) in the Philippines 

established an experiment to study the feasibility of rice monoculture with three crops per year. By 

December 2007, 131 crops of continuous rice were harvested in this long-term continuous cropping 

experiment (LTCCE). The LTCCE serves as a valuable resource for examining the long-term productivity 

and sustainability of intensive rice systems, thereby helping to ensure the permanency of production on the 

24 million hectares with intensive rice cropping. 

 

Methods 

 

The LTCCE, with three crops of rice per year, has a split plot design with four fertilizer N rates (including a 

no added N treatment) as main plots, three to six rice cultivars as subplots, and four replications. All plots 

receive sufficient phosphorus, potassium, and zinc fertilizers to prevent limitations of these nutrients. 

Daily climate data were collected from 1979 onward, enabling the use of rice simulation models to estimate 

the genetic and climatic yield potential for rice cultivars in each cropping season and year. The yield of rice 



in the treatment without added fertilizer N was used to approximate the supply of N from indigenous, non-

fertilizer sources. Grain yields from the three rice crops in each year were summed to obtain annual rice yield, 

and we used the trend in yield of the highest yielding rice cultivar without fertilizer N to assess the 

sustainability of indigenous N supply. 

 

The highest measured yield among the combination of fertilizer N rate and cultivar treatments in each season 

was used to assess yield trends with best management practices. The yield potential in each season and year 

from 1979 to 2006 was determined with the ORYZA2000 model (Bouman et al. 2001) using actual climate 

data and plant traits of IR72, which approximated the growth duration of cultivars in the LTCCE. The yield 

gap was the difference between yield potential and measured yield. 

 

The LTCCE in 2005 and 2006 contained additional embedded treatments to examine whether yields of IR72 

could be further increased through dynamic within-season adjustments in fertilizer N to match crop needs for 

supplement N, as determined with a leaf color chart (LCC) (Witt et al. 2007; IRRI 2008). Dynamic N 

management with variable within-season rates of N was compared to the existing practice in the LTCCE of 

applying N at preset rates—distributed three or four times in the season. 

 

Results 

 

Sustainability of indigenous N supply  

 

The annual grain yield of the highest yielding cultivar without fertilizer N, which serves as an estimate of 

indigenous N supply, was consistently between 8.5 to 11.5 t/ha from 1980 to 2006 (Figure 1). The 

correlation coefficient (r) for the yield trend was -0.07, indicating no significant decline in indigenous N 

supply. The yield without fertilizer N averaged about 3 to 3.5 t/ha per crop, reflecting input of N through 

biological N2 fixation and net N mineralization in submerged rice soils (Buresh et al. 2008). Pampolino et al. 

(2008) in another study found soil organic C and soil N supply, as determined from a laboratory measure of 

anaerobic N mineralization, were sustained during a 15-year period with N fertilization in the LTCCE. 
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Figure 1. Annual grain yield for three crops of the highest yielding cultivar without application of fertilizer N in 

the LTCCE. 

 

Rice monoculture with near continuous soil submergence can lead to buildup of soil organic matter fractions 

with high phenolic content, which can immobilize N abiotically (Olk et al. 1996). This finding raised 

concern of reduced soil N-supplying capacity in monocultures of irrigated rice; but the continuous supply of 

sufficient N to produce grain yield of 3 to 3.5 t/ha per crop for more than 20 years (Figure 1) highlights the 

remarkable ability of irrigated rice systems to sustain a supply of plant-available N despite possible abiotic N 

immobilization associated with soil submergence.  

 

Sustainability of yield with best management  

 

The yield potential as estimated with ORYZA2000 using actual climate data and dates of rice establishment 

ranged from 8.6 to 10.4 t/ha during 28 years in the dry season (Figure 2a).  The measured grain yield by 

comparison ranged from 6.0 to 9.5 t/ha, and it tended to be higher after 1991 than from 1979 to 1991. When 

measured yields in the dry season were expressed as a percentage of the yield potential, a yield of 80% of the 



yield potential was achieved in all but one of the 15 years from 1992 to 2006 (Figure 2b). Dobermann et al. 

(2000) attributed the increase in measured yield from 1991 to 1995 to higher fertilizer N rates, improved 

timing of fertilizer N, and increased solar radiation. The increase in yield potential from 1991 to 1995 

(Figures 2a) is associated with the increased solar radiation, whereas the closing of the yield gap from 1991 

to 1995 and onward (Figure 2b) is associated largely with improved rates and timing of fertilizer N and to a 

lesser extent with improved crop management such as improved control of sheath blight (Rhizoctonia solani). 
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Figure 2.  Comparison of measured yield and yield potential for the highest yielding cultivar in the dry season (a) 

and measured yield expressed as a percentage of yield potential for the highest yielding cultivar in the dry and 

late wet seasons (b) in the LTCCE. 

 

From 1992 to 2006, the measured grain yield of the highest yielding cultivar averaged 8.0 t/ha in the dry 

season (January to April), 5.7 t/ha in the early wet season (May to August), and 4.4 t/ha in the late wet 

season (September to December). During this period, the measured yield as a percentage of yield potential 

averaged 84% in the dry season, 77% in the early wet season, and 61% in the late wet season. Yields in late 

wet season, when rainfall is relatively high and solar radiation is relatively low, have not increased when 

expressed as a percentage of the yield potential (Figure 2b), suggesting that changes in nutrient and crop 

management did not successfully close the yield gap in this season with relatively low yield potential. 

 

Opportunity to close yield gaps 

 

Fertilizer N in the LTCCE since 1991 has been managed by a ‘best’ practice of applying preset rates of 

fertilizer N at preset times during the crop growing season. With this N management practice, grain yields 

have been sustained at relatively high levels in the dry season (Figure 2). This practice, however, does not 

enable within-season adjustment of fertilizer N, which has been recently developed to better match N 

additions with N needs of the crop as determined with an LCC (Witt et al. 2007; IRRI 2008). 
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Figure 3. Effect of N management with variable within-season rates of N on grain yield of rice in two dry seasons 

in the LTCCE. 

 



In one of two years the adjustment of within-season applications of N to better match crop needs for N as 

determined with the LCC significantly increased rice yield (Figure 3). This finding suggests opportunities 

exist to further close the yield gap by refining N management for season- and location-specific conditions. 

 

Conclusion 

 

Results for 15 years from 1992 to 2006 indicate a target yield of 80% of the genetic and climatic yield 

potential can be sustained with good nutrient and crop management in the relatively high-yielding dry season. 

Opportunities exist to further close the yield gap through improved within-season management of fertilizer N. 

Challenges still exist in increasing yield and closing the yield gap in the lowest yielding cropping season. 
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