
Initial Concept of SSNM 
  
The concept of SSNM for rice was developed in the mid-1990s and then evaluated 
from 1997 to 2000 in about 200 irrigated rice farms at eight sites in six Asian 
countries. SSNM aimed at dynamic field-specific management of N, P, and K 
fertilizers to optimize the supply and crop demand for nutrients. The crop’s need for 
fertilizer N, P, or K was determined from the gap between the crop demand for 
sufficient nutrient to achieve a yield target and the nutrient supply from indigenous 
sources. A modification of the QUEFTS model (Janssen et al. 1990) was used to 
predict the amount of fertilizer N, P, and K required for a specific yield target as 
follows: 

a. Establish a yield target for average climatic conditions. 
This yield target could be based either on a percentage (for example 70–80%) of 
the potential yield estimated with a crop growth model or on yields currently 
achievable by farmers practicing good crop management. 
b. Estimate crop demand for N, P, and K for a target yield. 
Based on a large database of modern rice varieties with harvest indices of 0.45 to 
0.55, the balanced plant nutrient requirement to produce a metric ton (1,000 kg) 
of unmilled rice was estimated as 15 kg N, 2.6 kg P (6 kg P2O5), and 15 kg K (18 
kg K2O) for the linear portion of the relationship between grain yield and nutrient 
accumulation in the mature crop.  
c. Estimate field-specific indigenous supply of N, P, and K.  
The indigenous supply is the cumulative crop uptake of a nutrient from all sources 
other than fertilizer (that includes soil, crop residues, manures, irrigation water, 
rainfall, and atmospheric deposition). It is determined by the nutrient omission 
plot technique, whereby the indigenous supply of a nutrient is estimated by its 
accumulation in a crop not fertilized with the nutrient of interest but fertilized with 
sufficient amounts of other nutrients to ensure they do not limit yield. Indigenous 
K supply, for example, is determined in a K omission plot receiving no K fertilizer 
but sufficient N and P to ensure they do not limit yield. 
d. Establish recovery efficiencies for fertilizer N, P, and K. 
Crop recovery efficiencies of 0.4 to 0.6 kg kg−1 for fertilizer N, 0.2 to 0.3 kg kg−1 
for fertilizer P, and 0.4 to 0.5 kg kg−1 for fertilizer K were used as targets.  
e. Estimate optimal N, P, and K fertilizer rates. 
The estimated crop demand for N, P, and K to optimally achieve the yield target; 
the estimated indigenous supply of N, P, and K; and targeted recovery efficiencies 
for fertilizer N, P, and K were used to determine optimized fertilizer N, P, and K 
rates for filling the gap between crop demand for a yield target and indigenous 
supply.   

The achievements in the initial conceptualization and development of SSNM before 
2001 are documented in a book by Dobermann et al. (2004). 

 

 



Evolution of SSNM (2001 to present) 

From 2001 to 2004, the Reaching Toward Optimal Productivity (RTOP) workgroup of 
the Irrigated Rice Research Consortium (IRRC) collaborated with national agriculture 
research and extension systems in eight Asian countries to systematically transform 
the initial SSNM concept into an inclusive, simplified framework for the dynamic 
plant-need-based management of N, P, and K. The SSNM approach now enables: 

•         Dynamic adjustments in fertilizer N, P, and K management to accommodate 
field- and season-specific conditions. 

•         Effective use of indigenous nutrients. 
•         Efficient fertilizer N management through the use of the leaf color chart  
     (LCC), which helps ensure that N is applied at the time and in the amount 

needed by the rice crop.  
•         Use of the nutrient omission plot technique to determine the requirements for P 

and K fertilizers.  
•         Use of micronutrients based on local recommendations. 
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Current Version of the SSNM Approach 
  
Through research on the development and evaluation of SSNM, much data were 
obtained on the relationship between yield of unmilled rice and total N, P, and K in 
the mature rice crop. As a result, the uptake of N, P, and K by a mature rice crop 
with harvest indices of 0.45 to 0.55 can be estimated from grain yield with sufficient 
reliability. Measurement of N, P, and K in grain and straw is no longer required for 
determining fertilizer N, P, and K rates by the SSNM approach. Grain yield targets 
and grain yield in nutrient omission plots can now be directly used in a simplified 
manner by estimating fertilizer N, P, and K requirements as follows: 
  

a. Establish an attainable yield target for farmers’ fields. 
The yield target in the SSNM approach is directly used to calculate fertilizer rates 
for farmers’ fields. It consequently must be reasonably attainable by farmers. A 
yield target higher than one attainable by farmers would lead to 
recommendations of more fertilizer than required for high use efficiency and profit. 
A yield target below that realistically attainable by farmers could result in 
suboptimal yield and profit. Grain yield from a fully fertilized plot with no nutrient 
limitations and good management (for example, the NPK plot or NPK plus 
micronutrient plot in the nutrient omission plot technique) can be used to 
estimate the yield target. 
b. Approximate a fertilizer N rate and formulate dynamic N management.  
The difference between the yield target and N-limited yield (i.e., yield with no N 
fertilizer and no limitation of other nutrients) provides an estimate of anticipated 
crop response to fertilizer N. The estimated yield response to fertilizer N and a 
targeted efficiency for fertilizer N use are used to approximate the total 
requirement of the crop for fertilizer N, which is dynamically apportioned among 
multiple times of application to best match the crop’s need for N. For more details 
see N management. 
c. Estimate field-specific nutrient-limited yields.  
Nutrient-limited yields are determined by the nutrient omission plot technique. 
The K-limited yield is determined in a K omission plot receiving no K fertilizer but 
sufficient N and P to ensure they do not limit yield. The P-limited yield is 
determined in a plot receiving no P fertilizer but sufficient supply of other 
nutrients. 
d. Determine fertilizer P and K rate.  
The crop’s need for fertilizer P is based on a comparison of the yield target and P-
limited yield, whereas the crop’s need for fertilizer K is based on a comparison of 
the yield target and K-limited yield. The SSNM approach advocates sufficient use 
of fertilizer P and K to both overcome P and K deficiencies and maintain soil P and 
K fertility. For more details see P and K management. 

  
The evaluation and promotion of this simplified SSNM approach spread through the 
RTOP workgroup in 2003–2004 to about 20 locations in tropical and subtropical Asia, 
each representing large areas of intensive rice farming under irrigated or favorable 



rainfed conditions. The countries involved included Bangladesh, China, India, 
Indonesia, Myanmar, Thailand, Philippines, and Vietnam.  

The evaluation and promotion of SSNM for rice continues throughout Asia from 2005 
to 2008 through the Productivity and Sustainability workgroup of the IRRC. 
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