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Abstract 
 
Increased prices of manufactured fertilizers and concerns about the sustainability of intensive cropping 
systems have led some countries to promote organic materials as a source of nutrients for crops and as an 
amendment to improve soil properties. The effects of organic materials on crop production and soil 
properties are quite different for lowland rice grown on submerged soil than for other crops grown on 
well-drained, aerobic soil. The submergence and management of rice soils results in biological and 
chemical processes leading to uniquely different nutrient cycling, nutrient supply to crops, and 
decomposition of organic materials than in well-drained, aerobic soils.  
 
Organic materials are derived from animal or plant materials. They include crop residues, plant biomass, 
green manures, farmyard manures, composts, household wastes, industrial and urban wastes, and 
commercial products produced from plant and/or animal materials. They typically have less benefit on the 
physical, biological, and chemical properties of submerged rice soils than on well-drained, aerobic soils. 
The most probable benefit of organic materials for rice on submerged soil is as a source of essential 
nutrients. The ratio of nitrogen (N), phosphorus (P), and potassium (K) in organic materials seldom 
matches the ratio of these nutrients needed by rice. Organic materials including crop residues applied in 
sufficient quantities can often meet much or all the K and even P needs of a rice crop, but they seldom 
meet the N needs of a rice crop. Synthetic manufactured fertilizers can then be applied to meet the 
additional needs of the crop for nutrients, especially N, which is seldom applied in sufficient quantities 
with organic materials without excessive application of P and K. 
 
Organic fertilizers refer to a specific group of organic materials produced from decomposed plant or 
animal materials and used as a source of nutrients for crops. The decision on whether to use organic 
fertilizers for rice should be based on the financial return from organic fertilizer relative to the financial 
return from synthetic manufactured fertilizer as a source of an equivalent quantity of essential nutrient for 
the rice crop. When organic fertilizer is financially attractive, the most effective way to supply a balanced 
amount of N, P, and K exactly matching the needs of the rice crop for each nutrient is to include the use 
of some synthetic manufactured fertilizer. 
 
Unique features of lowland rice soils 
 

Irrigated and rainfed lowland rice, unlike other major crops and vegetables, are typically grown 
on soils with prolonged submergence from land preparation through the period of crop growth. This soil 
submergence results in unique biological and chemical processes that influence nutrient cycling, nutrient 
supply to crops, and decomposition of organic materials. The management of nutrients and the effects of 
organic materials on soil physical, biological, and chemical processes consequently differ between 
submerged rice soils and well-drained soils on which other crops are grown. 
 

The cultivated layer of soil, which serves as a natural medium for growing plants, is composed of 
mineral matter, organic matter, and pore space (Brady and Weil, 2008). The mineral fraction of soil is 
made up of sand, silt, and clay particles, which occupy about half the total volume of topsoil (Fig. 1). 
Mineral matter serves as a natural reservoir of nutrients required for plant growth.  
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The organic fraction of soil originates from decomposing plant and animal materials, and it 

typically occupies about 5% or less of the total volume of agricultural soil. Soil organic matter (SOM) 
serves as a source of some essential nutrients for plant growth, particularly N and sulfur (S). The pore 
space filled with water or air occupies about 50% of the total soil volume. Soil water regulates chemical 
processes affecting the release of nutrients from the mineral fraction and biological processes affecting 
the decomposition and release of nutrients from organic materials.  
 

In well-drained soils, on which crops other than lowland rice are grown, the pore space is 
occupied by both air and water (Fig. 1). This pore space is filled about equally with air and water within 
2-3 days after soils are wetted with water and free drainage becomes negligible. The microorganisms in 
these soils are aerobes, surviving on the oxygen contained in soil air. The microbial decomposition of 
organic materials in aerobic soil is accomplished by a wide range of microorganisms including fungi, 
heterotrophic bacteria, and actinomycetes. Decomposition progresses rather rapidly with evolution of 
carbon dioxide. 
 

Land preparation for lowland rice typically consists of soaking the soil followed by plowing or 
rotovation and harrowing of saturated soil. The tillage of saturated soil — referred to as puddling — 
destroys soil structure, creates a soft muddy layer about 10–15 cm deep, and reduces subsequent 
downward movement and loss of water during rice cropping. Rice soils are typically kept saturated with 
water through the growing season until just prior to harvest. Water completely replaces air in a submerged 
or saturated soil (Fig.1) leading to depletion of soil oxygen and death of aerobic organisms, which are 
replaced by organisms surviving without oxygen — referred to as anaerobes. The decomposition of 
organic materials in submerged soils relies heavily on anaerobic bacteria and is typically slower than in 
aerobic soil (Buresh et al., 2008). 
 
Benefits of organic materials 
 

Organic materials are derived from plants and animals. They include crop residues, plant 
biomass, green manures, farmyard manures, composts, household wastes, industrial and urban wastes, 
and commercial products produced from plant and/or animal materials. Organic fertilizers refer to a 
specific group of organic materials produced from decomposed plant or animal materials and used as a 
source of nutrients for crops. The increased prices of manufactured fertilizers in recent years have led 
some countries to promote and subsidize organic fertilizers as an alternative to synthetic manufactured 
fertilizers.  
 

Organic fertilizers are narrower in scope than organic farming. Organic farming is a form of 
agriculture that deliberately follows a set of management practices. One of these management practices 
excludes the use of synthetic fertilizers and instead uses crop rotations, approved mineral-bearing rocks, 
and organic fertilizers to supply plant nutrients. 
 

Some organic materials such as undecomposed crop residues and plant biomass are not classified 
as organic fertilizers. We consequently use organic materials as a general term referring to products 
derived from plants and animals, and we use organic fertilizers to refer only to decomposed plant or 
animal materials used as a source of nutrients for crops. 

 
 Organic materials are often promoted for improving the physical, biological, and chemical 

properties of soils. The claimed improvements in soil physical properties include better soil structure and 
aggregation, improved water holding capacity, and better drainage. Such changes in physical properties of 
well-drained, aerobic soil can improve the medium for plant growth. But such changes are usually not 
relevant for submerged rice soils in Asia, which during land preparation are typically flooded before 
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plowing or rotovation and then tilled at soil saturation, through a process referred to as puddling, which 
deliberately destroys soil structure (Mamaril et al., 2009). 

 
 Incorporated or surface-applied organic materials could potentially improve physical properties 

of rice soils in the cases where the soil is prepared without puddling such as with direct dry seeding. In 
such cases, the potential effects on soil physical properties would depend upon tillage practices and the 
decomposition rate of the added organic material. 
 

Organic materials are often claimed to improve soil biological and microbial activity, but 
microbial populations and the effects of organic materials on biological activity can differ between 
submerged rice soils and well-drained, aerobic soils on which other crops are grown. Aerobic soils 
typically have a diversity of microorganisms surviving on the oxygen contained in soil air. But 
submerged soils because of the absence of soil oxygen are populated with different organisms, which are 
predominantly anaerobic bacteria. Added organic materials are generally more likely to stimulate the 
activity of aerobes in well-drained soils than anaerobes in submerged soil. The stimulation of biological 
activity is most likely for sandy soil low in SOM. 

 
Aerobic organisms in microbial amendments are adapted for growth in well-drained, aerobic soils 

on which crops other than rice are grown, but they are not adapted for growth in the absence of oxygen. 
Aerobic organisms such as the Azospirillum, a bacterium promoted as an amendment to stimulate 
biological nitrogen (N2) fixation, and Trichoderma, a fungus promoted to hasten decomposition of 
organic materials, could potentially grow on the aerobic surface layer of submerged soils, in the aerated 
root zone of rice, and in the rice nursery. They will not thrive in the anaerobic environment predominant 
in submerged soils. 
 
 Purported benefits of organic materials on soil chemical properties include higher nutrient-
holding capacity, such as through increased cation exchange capacity, and increased ability to resist 
changes in soil pH. Such benefits are more likely to occur in aerobic soils than submerged soils, and for 
submerged soils the benefits are more likely for sandy than for loamy or clayey soils. The submergence of 
soil tends to buffer pH near neutrality and reduces the decomposition of native soil organic matter as 
compared to aerobic soils (Ponnamperuma, 1972). In addition, the puddling of rice soils reduces 
downward movement of water thereby reducing the need for greater nutrient-holding capacity of soil to 
reduce loss of nutrients by leaching. 
 

The most probable benefit of organic materials for rice on submerged soil is as a source of 
essential nutrients (Table 1). Slow-decomposing organic materials because of their long residence time in 
soil are preferred for improving physical properties of soils. But organic materials resistant to 
decomposition, such as materials with a high carbon-to-nitrogen (C:N) ratio or high content of recalcitrant 
components like lignin, would be less desirable as sources of nutrients for crops. The organic materials 
most effective as a source of nutrients for crops would have high concentrations of essential nutrients and 
relatively rapid rates of decomposition leading to release of plant-available nutrients synchronized with 
the needs of the crop for the nutrients. 
 
Sources of nutrients for rice 
 

Much of the nutrients required by a rice crop come from sources other than fertilizers (Fig. 2). 
Much of the N taken up by rice for example originates from the breakdown, referred to as mineralization, 
of native SOM and from the biological fixation of atmospheric N2 by organisms in the soil and aerobic 
organisms in the floodwater and on the soil surface, such as cyanobacteria (blue-green algae) (Roger, 
1996). Soil submergence promotes biological N2 fixation (Buresh et al., 2008). Only a small or negligible 
amount of N originates from irrigation water and crop residues retained in the field. Much of the P and K 
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taken up by rice is released from soil minerals. Substantial and variable quantities of the K can also 
originate from irrigation water and crop residues retained in the field (Buresh et al., 2010). Nutrient taken 
up by a crop from naturally occurring sources other than added fertilizers is referred to as the indigenous 
nutrient supply. 

 
A low-yielding rice crop can obtain nearly all its essential nutrients from the indigenous nutrient 

supply. As yield increases, the crop must progressively take up increasing quantities of nutrient, which 
can exceed the indigenous nutrient supply of the soil. Fertilizers are essential to fill the deficit between the 
total quantity of a nutrient required by a crop for a target yield and the indigenous supply of the nutrient 
(Fig. 2). 

 
Plants take up nutrients through their roots in the form of ions, regardless whether the nutrient 

originates from soil, synthetic manufactured fertilizer, or organic material. These ions include ammonium 
(NH4

+) and nitrate (NO3
-) for N, phosphate (HPO4

2- and H2PO4
-) for P, and K+ for K. Organic materials 

and organic fertilizers must therefore first under undergo biological decomposition, referred to as 
mineralization, to convert organic forms of nutrients into inorganic forms that can be taken up by plants. 
Relatively fast-decomposing organic materials high in concentration of essential plant nutrients are 
preferred as a source of nutrients for rice.  
 

Rice plants normally take up about 30% to 40% of the N added as synthetic manufactured 
fertilizer. The remaining 60% to 70% of the applied N is typically either lost as gases or tied up by soil 
organisms through a process referred to as immobilization. The N released from organic materials is 
potentially less prone to gaseous loss and immobilization than the N applied as synthetic manufactured 
fertilizer. Assuming two-thirds of the N released as ammonium from organic material is taken up by a rice 
crop and the organic material is applied immediately before establishment of the rice crop, then about 
50% to 60% of the total N in an organic material should be released as ammonium within about two 
months after application in order for N applied as organic material to match the effectiveness of N from 
synthetic manufactured fertilizer. 
 

Rice can take up near 30% of the P applied as synthetic manufactured fertilizer using 
recommended management practices (Buresh et al., 2010). Phosphorus fertilizer is normally applied near 
the time of crop establishment because P is important for early plant growth and root development. The 
sorption of P by soil reduces the efficiency of fertilizer P use. Based on the need of rice for early P and 
the sorption of some added P, an estimated 50% or more of the P in an organic material would likely need 
to be released as phosphate ion within a month after application in order for P applied as organic material 
to match the effectiveness of P from well-managed synthetic manufactured fertilizer.  

 
Rice can take up near 60% of the K applied as synthetic manufactured fertilizer using 

recommended management practices (Buresh et al., 2010). A supply of plant-available K is important 
throughout the crop-growing season. Assuming nearly all the K released as K+ from organic material is 
taken up by a rice crop and the organic material is applied immediately before establishment of the rice 
crop, then more than 60% of the total K in an organic material should be released as K+ within about two 
months after application in order for K applied as organic material to match the effectiveness of K from 
well-managed synthetic manufactured fertilizer. 

 
 Computer-based decision tools are now available for providing field-based guidelines on best 
management practices for fertilizing rice (IRRI, 2010a). These decision tools, entitled Nutrient Manager 
for Rice, consist of 10–15 questions about a specific rice field, which are readily answered by an 
extension worker or farmer. The responses to the questions are used with the scientific principles of site-
specific nutrient management (SSNM) to determine the amounts of fertilizer N, P, and K required for the 
field (Witt et al., 2007; Buresh et al., 2010; IRRI, 2010b). These tools adjust rates and timing of synthetic 
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manufactured fertilizers for amounts of crop residues, green manure, farmyard manure, and commercial 
organic fertilizer a farmer elects to use. 
 
 Fig. 3 illustrates an example of fertilizer needs determined with Nutrient Manager for Rice for a 
field with a target grain yield of 6 t/ha, standard soil fertility status, retention of rice stubbles (i.e., 
anchored rice biomass) after harvest, and removal of rice residue harvested with grain. The estimated 
nutrient requirement from synthetic manufactured fertilizer is 110 kg N/ha, 12 kg P/ha (28 kg P2O5/ha), 
and 25 kg K/ha (30 kg K2O/ha). The application of organic fertilizer composed of composted cattle 
manure containing 1.5% N, 1.2% P, and 2.1% K (Witt et al., 2007) at 2 t/ha would supply 30 kg N/ha, 24 
kg P/ha (56 kg P2O5/ha), and 42 kg K/ha (50 kg K2O/ha). 
 

As a general principle it is unlikely that the N, P, and K supplied to rice from organic fertilizer 
can replace more than an equal amount of the nutrient added as synthetic manufactured fertilizer because 
organics must first decompose to release nutrients in a form available for uptake by rice. Assuming the N 
supplied from organic fertilizer in the example in Fig. 3 optimistically replaces an equivalent amount of 
30 kg N/ha from synthetic manufactured fertilizer, the organic fertilizer meets less than half the crop 
requirements for supplemental N.  

 
The amount of P and K supplied with the organic fertilizer, on the other hand, exceeds the 

amount of P and K needed from synthetic manufactured fertilizer (Fig. 3). The added organic fertilizer 
would be sufficient meet the crop needs for supplemental P even if the P from the organic fertilizer was 
only half as available for plant uptake as P from synthetic manufactured fertilizer due to slow release of 
plant-available P from the organic fertilizer during the early stage of rice growth when supply of P is 
critical. Similarly, the K added from organic fertilizer would be sufficient to meet the crop needs for 
supplemental K even if the K from the organic fertilizer was less plant available than K from synthetic 
manufactured fertilizer. 
 

The ability of organic fertilizers to replace nutrients from synthetic manufactured fertilizer can 
vary among organic fertilizers because of their diversity in composition, release of plant-available 
nutrients, and effectiveness as sources of nutrients. Organic materials such as green manures with a 
relatively high N concentration and low C:N ratio decompose rapidly in submerged soil and readily 
release plant-available forms of N and other nutrients. Residues from cereal crops such as rice straw, on 
the other hand, have a high C:N ratio. Microorganisms decomposing such residues must initially take up 
available soil N for their growth, leading to a decreased supply of available soil N for crop growth during 
the initial stage of decomposition. The application of crop residues with high C:N ratio can therefore 
increase rather than decrease the initial need of rice for N from synthetic manufactured fertilizer, but they 
might subsequently during later stages for rice growth slightly decrease the need for N from synthetic 
manufactured fertilizer (Thuy et al., 2008). 
 

As illustrated in Fig. 3, the ratio of N, P, and K in organic materials seldom matches the ratio of 
supplemental N, P, and K needed by a rice crop. Organic materials in sufficient amounts can potentially 
meet much or all the K and even P needs of rice, but they seldom meet the N needs of a high-yielding rice 
crop. Application of the quantities needed to meet the N needs of a rice crop would typically lead to 
excessive application of K and P. The most financially attractive option for using organic material could 
then entail applying organic material to meet much or all the K and P requirements of a rice crop, 
correspondingly reducing the use of synthetic manufactured fertilizers to take into account the supply of 
K and P from the organic material, and applying sufficient N from synthetic manufactured fertilizer to 
meet the needs of the crop for supplemental N. 
 
Sustainable rice production on submerged soil 
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Submerged soil is populated by anaerobic rather than aerobic microorganisms, leading to slower 
decomposition of SOM and added organic materials. The submergence of rice soil consequently helps 
maintain SOM and ensure C remains sequestered in the soil, even with intensive continuous rice cropping 
and removal of all above-ground rice residues (Pampolino et al., 2008). The input of C in submerged soil 
through the proliferation and subsequent death of aquatic organisms such as algae (Roger, 1996) and 
through rice roots can be sufficient to maintain SOM.   
 

Long-term application of green manure, rice straw, or farmyard manure can often increase SOM 
in submerged rice soils (Cassman et al., 1996), but such application of organic materials is not essential 
for sustaining SOM and N-supplying capacity in submerged soils with ample irrigation water and 
continuous rice cultivation (Pampolino et al., 2008). Moreover, rice yields are normally not higher from 
application of organic materials than from use of synthetic manufactured fertilizers with recommended 
management practices (Cassman et al., 1996; Bijay-Singh et al., 2008). 
 

Numerous long-term experiments have demonstrated that the continuous use of organic materials 
at affordable rates does not lead to significantly higher rice yields than the judicious and balanced use of 
synthetic manufactured fertilizers (Dawe et al., 2003). The application of farmyard manure or crop 
residues did not significantly alter yield trends for rice in 25 long-term experiments with rice–rice and 
rice–wheat cropping systems suggesting the use of organic materials was not essential for the 
sustainability of rice production when synthetic manufactured fertilizers provide a balanced application of 
essential nutrients to meet crop needs. 

 
Findings on the merits of organic materials for upland crops grown on well-drained soils are not 

relevant for rice grown on submerged soil because of the unique features of C and N cycling in 
submerged soils. Continuous irrigated rice grown on submerged soil is the only major cropping system 
that can sustain high yields for decades with up to three harvests annually without the need for crop 
rotation. The application of organic fertilizers and retention of crop residues have relatively less benefit 
for lowland rice than for cropping systems on well-drained, aerobic soil. 

 
Characteristics of organic fertilizers 
 

Organic fertilizers contain much lower concentrations of nutrients than synthetic manufactured 
fertilizers. A larger quantity of organic fertilizer must consequently be transported and applied to match 
the nutrient content supplied with synthetic manufactured fertilizer. This can lead to higher transportation 
and handling costs per unit of nutrient applied for organic fertilizer. Organic fertilizers are consequently 
more likely to be profitable when used near rather than far from their point of production. 

 
Organic fertilizers vary greatly in content of nutrients. The concentrations of N, P, and K vary 

among the plant and animal materials used to produce organic fertilizers. The concentrations of N, P, and 
K also vary among batches of manure from the same animal species, depending on the diet of the animals 
and the handling of the manure. Concentrations of N, P, and K can also vary among batches of plant 
materials from the same plant species, depending on the management and age of the plant. Organic 
fertilizers vary in their rate of decomposition and release of plant-available nutrients, which can result in 
uncertainty regarding the amounts of nutrients supplied by an organic fertilizer and the optimal quantity 
of organic fertilizer to apply. A subsidy scheme is more difficult to effectively implement for organic 
fertilizers than synthetic manufacturing fertilizer due to the more variable and less certain content of 
nutrients in organic fertilizers.  

 
Nutrients from organic materials are not free. Land, water, energy, and time are required to 

produce organic fertilizers. Organic fertilizers and plant biomass produced within the boundaries of a 
farm do not add nutrients to the farm as a whole; except for the N originating from biological N2 fixation. 
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The nutrients on the organic materials are instead transferred within the farm. The nutrients in harvested 
rice removed from the farm represent a net export of nutrients from the farmstead. Nutrients originating 
from outside the farm either through added organic materials produced elsewhere or through added 
synthetic manufactured fertilizers are needed to compensate for the removal of nutrients in harvested rice.  

 
The ratio of N, P, and K in organic materials seldom matches the ratio of supplemental N, P, and 

K needed by a rice crop. Organic fertilizers applied in large quantities can exceed the K and even P needs 
of rice while still not supplying sufficient N to meet crop needs (Fig. 3). An adequate supply of N for rice 
from organic fertilizers requires either large amounts of organic material rich in N or increased land to 
accommodate rotations with N2-fixing green manures. Diverting land to grow nonfood, N2-fixing crops 
reduces food production, which can threaten national food security and poverty reduction by leading to 
higher food prices.  

 
The use of organic fertilizers can potentially have some detrimental environmental impacts. 

Heavy doses of organic fertilizers in order to meet the N needs for the crop could result in excessive 
application of P leading to potential detrimental environmental effects such as eutrophication of surface 
waters. Emission of methane — a greenhouse gas — from rice fields is directly related to the amount of 
organic materials incorporated into submerged soil. The application of organic fertilizer could potentially 
increase the emission of methane per unit of crop production. Organic fertilizers are unlikely to increase 
the efficiency of water use in puddled rice fields because of the likely absence of improved soil physical 
properties with application of the organic material.  

  
The decision on whether to use organic fertilizers for rice should be based on the financial return 

from organic fertilizer relative to the financial return from synthetic manufactured fertilizer as a source of 
an equivalent quantity of essential nutrient for the rice crop. When crop residues and animal manures are 
already available within the farmstead at relatively low cost for application to the rice field, farmers 
should be encouraged to use them as part of their overall management strategy. When organic fertilizers 
originating from outside the farmstead are available at lower cost per unit of plant-available nutrient than 
from synthetic manufactured fertilizer, their use should be encouraged. 

 
Organic materials produced within the farmstead and originating from outside the farmstead 

rarely supply a balanced amount of N, P, and K exactly matching the needs of a high-yielding rice crop 
for each nutrient. Synthetic manufactured fertilizers should be applied to meet the additional needs of the 
crop for nutrients, especially N, which is seldom applied in sufficient quantities with organic fertilizers 
without excessive application of P and K. 
 
More effective use of synthetic manufactured fertilizers 
 

The rice yields of farmers are typically below levels attainable with existing good management 
practices for the rice variety and climatic conditions. This gap between the attainable yield with good 
management and farmers’ yield arises from multiple factors of which the inefficient use of fertilizers is 
often one of the most important. The comparison of farmers’ current fertilizer practices with best 
management practices for rice based on the scientific principles of SSNM often indicates considerable 
scope for increasing rice yields and profit in farmers’ fields through more effective application of 
fertilizers at the right time, right rates, and right amounts of N, P, and K to best meet the needs of the rice 
crop (Pampolino et al., 2007).  

 
The most financially attractive option for rice farmers even with higher prices of synthetic 

manufactured fertilizers is not to stop using fertilizers, but rather to use them more effectively for high 
yield and profit. Decision tools providing best practices for fertilizing rice fields based on the principles 
of SSNM and facilitating the integrated use of organic materials with synthetic manufactured fertilizers 
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are now available or rapidly becoming available across major rice production areas (IRRI, 2010a; IRRI, 
2010b). 

 
These decision tools based on SSNM principles use estimated yield gains from applied N and 

efficiency of fertilizer N use to determine fertilizer N rates (Witt et al., 2007), and they use an estimated 
target yield, nutrient balance, and yield gains from applied nutrient to determine fertilizer P and K rates 
(Buresh et al., 2010). The quantities of additional N, P, and K from synthetic manufactured fertilizers as 
determined with these SSNM principles to provide an additional one tonne unmilled rice per hectare on 
fields varying in soil fertility status and crop residue management are shown in Table 2. A yield increase 
of 1 t/ha is feasible with SSNM-based practices for nutrient management and good crop management, 
especially where yields with modern high-yielding varieties are only 3 to 4 t/ha in the rainy season and 
about 5 t/ha in the dry season with ample irrigation water. 

 
Rice residue, which includes stubbles (i.e., anchored rice biomass after harvest) and rice biomass 

harvested with grain (i.e., straw), contains about 85% of the K in the above-ground dry matter of mature 
rice (Dobermann and Fairhurst, 2000; Buresh et al., 2010). The retention of rice residue in a field 
therefore recycles K to the next rice crop and reduces the need for fertilizer K (Table 2). The retention of 
rice residue, on the other hand, typically has negligible effect on fertilizer N and P requirements because 
of the low N and P concentration in rice residue and the short-term tie up of available soil N by 
microorganisms decomposing rice residue. 

 
The standard and low soil fertility status shown in Table 2 represent extremes for the lower and 

upper amounts of additional required fertilizer based on SSNM principles (Witt et al., 2007; Buresh et al., 
2010) for production of an additional one tonne unmilled rice per hectare. The required additional 
fertilizer for most farmers’ rice fields in Asia would be nearer to those reported for standard than for low 
soil fertility status. 

 
 Assuming US$ 0.25 per kg unmilled rice at the farm-gate, the value of one tonne additional 
unmilled rice in US$ 250 per hectare. The costs for the additional synthetic manufactured fertilizer 
required to increase yield of unmilled rice by one tonne on one hectare, using fertilizer costs 
approximating unsubsidized 2010 farm-gate levels, are markedly lower than this farm-gate value of the 
additional unmilled rice (Fig. 4). The farm-gate value of unmilled rice is 2.4 to 4.3 times higher than the 
costs of the added synthetic manufactured fertilizer. The use of synthetic manufactured fertilizer at rates 
based on SSNM principles is financial attractive.  
 

The cost of synthetic manufactured fertilizer is reduced by the use of rice residues (Fig. 4), 
suggesting retention of crop residues can be financially attractive provided the added labor cost for 
handling and spreading the crop residue is less than the cost of the saved synthetic manufactured 
fertilizer. The decision on whether to use organic materials rather than synthetic manufactured fertilizer to 
supply required nutrients (e.g., Table 2) should be based on a financial analysis of the cost of organic 
material relative to the cost of synthetic manufactured fertilizer for an equivalent amount of plant-
available nutrient. 
 
Summary  
 

Submerged soil on which rice is typically grown has distinctly different properties, nutrient 
cycling, nutrient availability, and decomposition of organic materials than well-drained, aerobic soil on 
which other major crops and vegetables are grown. The benefits of organic materials on soil physical, 
biological, and chemical properties are typically greater for aerobic soil than for submerged rice soil. The 
most probable benefit of organic materials for rice on submerged soil is as a source of essential nutrients. 
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Organic materials applied in sufficient quantities can meet the K and even P requirements of a 
rice crop, but they seldom supply enough N for a high-yielding rice crop. When use of organic material is 
financially attractive, the most effective way to supply a balanced amount of N, P, and K matching the 
needs of the rice crop for each nutrient is to include the use of some synthetic manufactured fertilizer. 
Decision tools based on SSNM principles now provide best management practices for use of synthetic 
manufactured fertilizers combined with crop residues, green manure, farmyard manure, and commercial 
organic fertilizer in amounts a farmer elects to use (IRRI 2010a; 2010b). 
 

Although high fertilizer prices have placed pressure to farmers and policymakers, governments 
should limit subsidies because they might distort markets. Governments should instead invest in 
technologies that, coupled with appropriate supporting policies, enable farmers to improve yields, nutrient 
use efficiency, and profitability in their fields. SSNM, which can be put into practice through use of a 
suite of decision tools and quick guides, is one such technology. It provides extension workers, crop 
advisors, and farmers with field-specific nutrient needs for rice, and it enables farmers to integrate organic 
materials with synthetic manufactured fertilizers for highest profit. Investments in the promotion and 
subsequent uptake of such technology could increase rice yield with attractive profitability. 
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Table 1. Comparison of probable benefits from organic materials applied to either submerged rice soil or 

well-drained, aerobic soil on which crops other than rice are grown. 
 
Benefit of added 
organic material 

Probable effect on production of crops on 
well-drained, aerobic soil 

Probable effect on production of rice on 
submerged soil 

Improve soil 
physical properties 

Medium - high 
Greatest benefit from slow decomposing 
materials 

Negligible - low 
Limited benefit because soil structure is 
destroyed by land preparation  

Enhance soil 
biological activity 

Medium - high 
Aerobic soil supports a greater diversity 
of organisms than submerged soil 

Negligible - low 
Limited benefit because soil submergence 
changes microorganisms to anaerobes 

Improve soil 
chemical 
properties 

Medium - high 
Greatest benefit on soil with low cation 
exchange capacity 

Negligible - low 
Limited benefit because soil submergence 
helps maintain soil pH near neutrality 

Provide a source 
of plant-available 
nutrients 

Medium - high 
Greatest benefit from fast decomposing 
materials high in nutrient content 

Medium - high 
Greatest benefit from fast decomposing 
materials high in nutrient content  
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Table 2. Effect of soil fertility status and crop residue management on quantity of additional nutrients 
needed from synthetic manufactured fertilizer to increase yield of unmilled rice by one tonne per hectare.  
 

Nutrients needed (kg/ha) Soil fertility 
status  

Crop residue 
management 

Crop residue 
retained (%) N P K P2O5 K2O 

Standard Residue removed 0 50 2.7 16 6 19 
Standard Stubble retained 50 50 2.3 9 5 11 
Standard Residue retained 100 50 1.9 2 4 3 
Low Residue removed 0 50 9.0 25 21 30 
Low Stubble retained 50 50 8.6 18 20 22 
Low Residue retained 100 50 8.2 11 19 14 

 
The determination of needed additional fertilizer N assumes an efficiency of 20 kg grain yield increase 
per kg N applied for both standard and low soil fertility status (Witt et al., 2007). 
 
The determination of needed additional fertilizer P and K uses SSNM-based principles as outlined by 
Buresh et al. (2010). At standard soil fertility, the yield gain from applied P or K is assumed to be < 0.5 
t/ha. Fertilizer P and K requirements are based on full maintenance of nutrient balances, where needed 
additional P and K = estimated removal of the nutrient with harvested grain and crop residue from 
production of 1 t/ha unmilled rice. At low soil fertility, the yield gain from applied P or K is assumed to 
be 1 t/ha. Fertilizer P and K requirements are based on a yield gain approach, where needed P = 9 kg P/ha 
and needed K = 25 kg K/ha. 
 
 
 
 
 
Fig. 1. Composition of a well-drained soil for growing crops without soil submergence and a submerged 
soil for growing rice. 
 
 
 

Well-drained or 
aerobic soil 

Submerged or 
anaerobic soil 
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Fig. 2. Approximation of the source of the nutrients required by a rice crop. 
 

Nitrogen Phosphorus Potassium 
Nutrient needed for  

target yield 

Fertilizer 

Crop residues 

Irrigation water 

Biological N2 fixation 

Soil SOM and minerals 

 
 
Fig. 3.  Comparison of quantity of nutrients needed from synthetic manufactured fertilizer to achieve 6 
t/ha of unmilled rice at standard soil fertility status with retention of rice stubbles and the amount of 
nutrient added with 2 t/ha organic fertilizer with 1.5% N, 1.2% P, and 2.1% K.  
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Fig. 4. Effect of soil fertility status and crop residue management on added cost of synthetic manufactured 
fertilizer required to increase yield of unmilled rice by one tonne on one hectare. The analysis assumes 
fertilizer prices equivalent to US$ 1.0 per kg N, US$ 2.5 per kg elemental P, and US$ 1.2 per kg 
elemental K. The farm-gate gross benefit for the added unmillled rice is US$ 250, assuming a farm-gate 
price of US$ 0.25 per kg unmilled rice. Fertilizer rates were determined as described in Table 2. 
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