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benefi ts

T he nutrients a rice plant 
 requires for growth and 
 sustenance come mainly 
 from soil, crop residues 

and irrigation water. However, these 
naturally occurring, indigenous 
nutrients are typically insuffi cient 
to meet the needs of rice grown 
for high yield, which must receive 
additional nutrients to fi ll the defi cit. 
Site-specifi c nutrient management 
(SSNM) provides farmers with an 
effective approach for “feeding” 
these supplements to rice. 

Nitrogen (N), phos-
phorus (P) and potassium 
(K) are the nutrients rice 
requires in the largest 
quantities. The SSNM 
approach enables farmers 
to apply these nutrients 
optimally, as and when the 
crop needs them. It does not 
specifi cally aim to either reduce 
or increase fertilizer use. Rather, 
applying supplemental nutrients at 
optimal rates and times achieves 
maximum use of the nutrients by the 
rice, and so maximizes the cash value 
of the harvest per unit of fertilizer 
invested.

Because the supply of N from 
soil and organic sources is seldom 
suffi cient for high yield, supplemental 
N is typically essential for higher 
profi t from irrigated rice fi elds. For 
the best effect, farmers should apply 
N in several doses to ensure that the 
supply of N matches the crop need at 
critical growth stages. Effective and 
profi table N use requires the supply of 
N to be suffi cient to meet crop needs 
at early and mid-tillering (branching) 
stages to maximize the number of 

panicles (grain bunches), at panicle 
initiation stage to increase spikelet 
(fl ower) number per panicle, and 
during the ripening phase to enhance 
grain fi lling.

SSNM provides two approaches 
for improved N management using 
a leaf color chart (see Chart Hit for 
N Sync opposite). In the “real-time” 

approach, farmers monitor the rice 
leaves and apply N fertilizer whenever 
they become more yellowish green 
than the critical value indicated on the 
chart. In the “fi xed-time/adjustable-
dose” approach, the time for N fertil-
ization is pre-set at a critical growth 
stage, and farmers adjust the dose of 
N up or down based on leaf color. 

Farmers earn more from their rice crop 
by scientifi cally optimizing fertilizer use

by Roland J. Buresh
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Rice yields and the effectiveness 
of N use are often comparable for 
the two approaches. The fi xed-time/
adjustable-dose approach saves time 
and so is preferred by farmers who 
have gainful alternative activities, as 
often is the case in China and southern 
Vietnam. The real-time approach is 
generally preferred when farmers 
lack suffi cient understanding of the 
critical stages for optimal timing 
of N fertilizer. In Bangladesh, net 
return with real-time N management, 
compared to that of farmers’ practice, 
was on average US$41-65/ha better 
per season across fi ve seasons. 
This approach is being promoted 
through the planned distribution 
of about 60,000 leaf color charts to 
Bangladeshi farmers in 2004. 

Optimal rate
Researchers, extension workers 
and farmers determine the P and K 
fertilizer requirements for a given soil 
type or rice-growing area with the 
nutrient-omission technique. They 
grow one plot of rice with abundant 
fertilizer supplements and use the 
yield thus achieved to calculate the 
full demand of rice for P and K. They 
simultaneously grow two other plots, 
one without added P fertilizer and the 
other without added K, and use those 
rice yields to estimate the indigenous 
supply of each nutrient. Subtract 
the indigenous supply of a nutrient 
from the total crop demand, and the 
remainder is the site-specifi c defi cit. 
The optimal rate of supplementation 
fi lls this defi cit and includes suffi cient 
P and K to prevent depletion of soil 
fertility arising from their long-term 
removal in grain and straw.

With SSNM, farmers apply 
all P fertilizer within 14 days after 
transplanting, or 21 days after sowing, 
because P is vital for early rice growth. 
Potassium, on the other hand, is 
needed later to improve grain fi lling 
and resistance to diseases and lodging. 
Therefore, with SSNM, farmers often 
apply K fertilizer in two doses, the 
fi rst half, like P, within 14 days after 
transplanting and the other half 
delayed until early panicle initiation.

Researchers developed the SSNM 
approach in the mid-1990s and 

Chart hit for N sync
by V. Balasubramanian

Farmers have long used leaf color as a 
subjective indicator of their rice crops’ 

nitrogen (N) status. In 1994-95, IRRI and 
the Philippine Rice Research Institute 
developed, from a Japanese prototype, a 
leaf color chart (LCC) to help farmers in 
tropical and subtropical Asia monitor crop N 
status objectively, and so better synchronize 
N applications to fi eld-to-fi eld variation in N need. Simple, easy to use and, at less than 
US$1 per chart, inexpensive, the LCC is an excellent tool for crop N management in 
remote areas where no facilities are available for soil analysis.

The robustness and utility of the LCC technology is now well established, with many 
national universities and government departments of agriculture promoting it in Asia. 
As of June 2004, more than half a million charts had been distributed to farmers in six 
key Asian countries, with a smaller number distributed in 21 other countries in Asia, 
Africa and Latin America.

Two types of LCC circulate among farmers. The six-panel LCC depicts six shades 
from yellowish green to dark green; the four-panel version, introduced this year, drops 
the two panels at either extreme. In both versions, the color panels are textured with 
veins to refl ect light as rice leaves do, and the background is a neutral gray. Pasted on 
the back is a simple instruction sheet in the local language. 

Dr. Balasubramanian is a senior agronomist in IRRI’s International Programs Management Offi ce.

evaluated it from 1997 to 2000 on 
about 200 irrigated rice farms at eight 
sites in Asia. Since 2001, the on-farm 
evaluation and promotion of SSNM 
have markedly increased. In 2003-04, 
SSNM was evaluated and promoted 
with farmers at about 20 locations in 
tropical and subtropical Asia, each 
representing an area of intensive 
rice farming on more than 100,000 
ha with similar soils and cropping 
systems. The countries involved were 
Bangladesh, China, India, Indonesia, 
Myanmar, Thailand, Philippines and 
Vietnam. 

Benefi ts multiply
The benefi ts of SSNM multiply when 
improved management of several 
nutrients is considered. On light-
textured soils in the New Cauvery 
Delta of southern India, the approach 
results in increased K fertilizer use, 
and corresponding increases in rice 
yield and profi tability, compared to 
both farmers’ fertilizer practice and 
the fertilizer recommendation of the 
local extension service. In the Red 
River Delta of northern Vietnam, 
SSNM guided the development of 
specifi c P and K fertilizer manage-
ment practices for each of the major 

soil types, and these are now 
undergoing on-farm evaluation and 
demonstration across the delta. In 
China, SSNM research demonstrated 
that hybrid rice needs more K 
fertilizer than conventional inbred 
rice to achieve its higher attainable 
yields.

Experiences from on-farm 
evaluation of SSNM across Asia 
indicate that many farmers of 
irrigated rice apply excess N during 
early crop growth, when crop 
demand for N is small, and then 
insuffi cient N at later growth stages 
such as panicle initiation, when crop 
demand for N is large. In addition, 
some rice farmers do not supply 
suffi cient K fertilizer. Excess early 
N and insuffi cient K fertilizer can 
worsen the susceptibility of rice to 
diseases and insect pests. More and 
more, improved management of N 
and K fertilizer through SSNM is now 
reducing disease and insect damage 
in Asia, thereby reducing the need for 
pesticide. 

Dr. Buresh is a senior soil scientist in 
IRRI’s Crop, Soil and Water Sciences 
Division and the institute’s program 
leader for favorable environments.
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