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Countries in Southeast Asia for the purposes of this case study include Cambodia, In-
donesia, Lao PDR, Malaysia, Myanmar, Philippines, Th ailand, and Vietnam. Rice, oil 
palm, and maize are the three most important agricultural crops in the region (Figure 
1) (FAO, 2007). Th ese three crops account for 75-80% of the fertilizer consumption in 
Southeast Asia.

Rice production increased slightly from 162 million metric tonnes (Mt) in 2004 to 
167 Mt in 2005. Maize production increased slightly from 25.7 Mt in 2004 to 26.2 Mt in 
2005. Maize is also expected to gain further importance because of a high demand for 
animal feeds in the region and beyond. Oil palm fruit bunch production has increased 
sharply with an average growth rate of 13% during the 10-year period 1996-2005. Th e 
total oil palm fruit bunch production increased from 136 Mt in 2004 to 145 Mt in 2005. 
Indonesia is the top producer of maize and rice among the eight Southeast Asian coun-
tries (FAO, 2007). In 2005, rice production was 54 Mt and maize production was 12 Mt 
in Indonesia. Malaysia and Indonesia dominated the oil palm sector with a production 
in 2005 of 76 Mt in Malaysia and 64 Mt in Indonesia (FAO, 2007).

Figure 1.  Total production of rice and maize (Cambodia, Indonesia, Laos, 
Malaysia, Myanmar, Philippines, Thailand and Vietnam) and oil palm fruits 
(Indonesia, Malaysia, Philippines and Thailand) in Southeast Asia from 1990 to 
2005 (FAO, 2007). 
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Relatively greater use of fertilizer N compared to P and K continues in Southeast Asia 
(Figure 2), but fertilizer P and K demand is expected to rise in the future due to yield 
increases and area expansion, particularly for oil palm. Fertilizer K consumption in Ma-
laysia and Indonesia, for example, continues to increase. In 2005, fertilizer K consump-
tion in both Malaysia and Indonesia increased by 50,000 tonnes.

Of the eight Southeast Asian countries, Indonesia is the largest consumer of fertilizer 
N and the second largest consumer of fertilizer P and K. Most fertilizer in Indonesia 
is consumed by rice and oil palm. Overuse of fertilizer N in rice is common so that 
consumption is expected to slightly decrease in coming years. Indonesian farmers have 
used substantial amounts of fertilizer P in rice since the green revolution days, and re-
commended fertilizer P rates were lowered in the 1990s followed by a decline in P use in 
the mid 1990s. Fertilizer K consumption has substantially increased since 2000 because 
of a strong demand in oil palm plantations.

Vietnam is the second largest consumer of fertilizer N and the largest consumer of 
fertilizer P. Fertilizer consumption in Vietnam increased markedly in the 1990s driven 
by a substantial intensifi cation in rice production. Vietnam is today the second largest 
rice exporter aft er Th ailand. Crop diversifi cation is increasing substantially. Other im-
portant crops include coff ee, maize, vegetables and sugarcane. 

Malaysia is the largest consumer of fertilizer K. Most fertilizer in Malaysia is consu-
med by oil palm. Further expansion of oil palm is limited due to a lack of suitable land, 
and further increases in fertilizer consumption will be associated with increased inten-
sifi cation of oil palm production. 

Most fertilizer in the Philippines is consumed by rice, maize, fruits and vegetables. 
Fertilizer consumption has remained largely unchanged since 1990. Unbalanced ferti-
lizer application is common. 

Figure 2.  Fertilizer N, P and K consumption in Southeast Asia (IFA, 2006). 
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Fertilizer consumption in Th ailand is quite stable. Rice is by far the greatest fertilizer 
consumer followed by maize, sugarcane, fruits and vegetables. 

Fertilizer consumption in Cambodia, Lao PDR and Myanmar is small. 

Fertilizer best management practices for irrigated rice

Rice is the most important crop in terms of fertilizer use, especially N, in Southeast Asia. 
Rice farmers oft en apply fertilizer N at rates and times not well matched to the needs of 
the crop for supplemental N. For example, the application of fertilizer N by farmers du-
ring early vegetative growth soon aft er transplanting or direct seeding oft en exceeds the 
needs of rice for N, whereas the application of N at the critical growth stage of panicle 
initiation (about 60 days before rice harvest) is oft en insuffi  cient to match crop needs. 
Balanced fertilization — particularly with K, S and Zn — to ensure nutrients other than 
N are not limiting yield is becoming increasingly important to achieving increased pro-
fi t for farmers and higher effi  ciency for fertilizer N use. 

Site-specifi c nutrient management (SSNM) as a plant-based approach for supplying 
rice with essential nutrients to optimally match the needs of the crop is fortunately be-
coming increasingly known to research and extension workers and increasingly being 
disseminated to farmers across Southeast Asia (IRRI, 2007). Th e SSNM approach pro-
vides the principles and practices for:
• Estimating the total amount of fertilizer N, P and K required by a rice crop;
• Prescribing an amount of fertilizer N in the fi rst N application near crop establish-

ment;
• Dynamically adjusting the within-season rates of fertilizer N to match the spatial and 

temporal needs of the crop for N;
• Farmer-participatory tailoring of fertilizer management to fi eld-specifi c conditions.

Estimating crop need for fertilizer 
Th e SSNM approach is based on the direct relationship between crop yield and the need 
of the crop for a nutrient, as determined from the total amount of the nutrient in the 
crop at maturity. A yield target provides an estimate of the total nutrient needed by the 
crop. Th e portion of this requirement that can be obtained from non-fertilizer sources 
such as soil, crop residues, organic inputs, atmospheric deposition and irrigation water 
is referred to as the indigenous nutrient supply. Because rice grain yield is directly re-
lated to the total amount of nutrient taken up by rice, indigenous nutrient supply can 
be determined from the nutrient-limited yield, which is the grain yield for a crop not 
fertilized with the nutrient of interest, but fertilized with the other nutrients to ensure 
they do not limit yield.

Th e fertilizer N needed by a rice crop can be estimated from the expected increase 
or response in grain yield due to fertilizer N application and the expected effi  ciency of 
fertilizer N use by the crop as shown in Table 1. Th e grain yield response with fertilizer 
N application is the diff erence between the yield target and yield without fertilizer N 
(N-limited yield). Th e yield target is the yield attainable by farmers with good crop and 
nutrient management and average climatic conditions. Th e agronomic effi  ciency of fer-
tilizer N (AEN), which is the increase in yield per unit of fertilizer N applied, is used as 
the measure of the effi  ciency of fertilizer N use. 
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Table 1. Guidelines for estimating total fertilizer N required for rice, based on yield res-
ponse to fertilizer N and effi ciency of fertilizer N use.

Effi ciency of fertilizer N use 
(kg grain increase/kg applied N) 

15 18 20 25

Expected yield response (t/ha) Fertilizer N rate (kg/ha)

1 65 55 50 40 

2 130 110 100 80 

3 195 165 150 120 

4  220 200 160 

5   250 200 

Experiences in Asia indicate that an AEN of 25 kg grain increase/kg N applied is oft en 
achievable in the tropics with good crop management in high-yielding seasons, and an 
AEN of 18 to 20 kg grain increase/kg N is achievable in the tropics with good manage-
ment in low-yielding seasons. An AEN of 15 kg grain increase/kg N is a realistic target 
for environments where existing fertilizer N management practices are very ineffi  cient 
with AEN in farmers’ fi elds of about 10 kg grain increase/kg N or less.

As a general rule for modern rice varieties with harvest indices of 0.45 to 0.55, apply 
about 4 kg P2O5/ha per tonne of grain harvested to match the export of P2O5 with har-
vested grain when most of the crop residue is retained in fi elds aft er harvest and little 
or no manure is applied to fi elds. For example, apply about 20 kg P2O5/ha for a grain 
yield of 5 t/ha. When all crop residues are removed from fi elds aft er harvest and P input 
from organic amendments is negligible, apply about 6 kg P2O5/ha per tonne of grain 
harvested to match the export of P2O5 with harvested grain and straw and maintain soil 
P fertility. For example, apply about 30 kg P2O5/ha for a grain yield of 5 t/ha.

In the case of K, apply about 3.5 kg K2O/ha per tonne of grain harvested to match the 
export of K2O with harvested grain when all crop residues are retained in fi elds aft er 
harvest. For example, apply about 17.5 kg K2O/ha for a grain yield of 5 t/ha. When all 
crop residues are removed from fi elds aft er harvest, apply about 12 kg K2O/ha per tonne 
of grain harvested to match the net export of K2O with harvested grain and straw and 
maintain soil K fertility. For example, apply about 60 kg K2O/ha for a grain yield of 5 
t/ha.

Disturbing nutrient inputs during the crop growing season
For best eff ect, farmers should apply fertilizer N several times during the growing season 
to ensure that the N supply matches the crop need for N at the critical growth stages of 
tillering, panicle initiation and grain fi lling. With the SSNM approach, guidelines for 
fertilizer best management practices (FBMPs) are provided by crop growth stage. 

Early vegetative phase
Th is phase covers the period from before crop establishment up to 14 days aft er trans-
planting (DAT) for transplanted rice or up to 21 days aft er sowing (DAS) for wet-seeded 
rice. During this period, apply:
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• Only a moderate amount of fertilizer N because the need of rice for supplemental N 
is small during that phase of slow initial plant growth;

• All of the required fertilizer P because P is important for early crop growth, especially 
for root development and tillering;

• At least half the required fertilizer K because it can contribute to greater canopy pho-
tosynthesis and crop growth;

• All of required zinc (Zn) and sulfur (S) fertilizer.
Use the following guidelines for the early application of N before 14 DAT or 21 

DAS: 
• Typically apply about 20 to 30 kg N/ha in seasons with yield response to N between 

1 and 3 t/ha;
• Apply about 25 to 30% of the total N in seasons with yield response to N >3 t/ha;
• Eliminate early application when yield response to N is ≤1 t/ha;
• Do not use the leaf color chart (LCC) with the early N application;
• Reduce or eliminate early N application when high-quality organic materials and 

composts are applied or the soil N-supplying capacity is high;
• Increase the N application up to 30 to 50% of the total N for transplanted rice when 

old seedlings (>24 days old) and short-duration varieties are used;
• Increase early N application in areas with low air and water temperature at transplan-

ting and for low tillering and large panicle type varieties.
Apply all fertilizer K before 14 DAT or 21 DAS, when the total fertilizer K requi-

rement is relatively low (≤30 kg K2O/ha). On sandy soils or when larger amounts of 
fertilizer K are required, apply about 50% of the required fertilizer K before 14 DAT or 
21 DAS. 

In case of S defi ciency, apply about 2.5 to 3 kg S/ha per tonne of anticipated crop 
yield before 14 DAT or 21 DAS. In case of Zn defi ciency, apply about 5 kg Zn/ha as 
zinc sulfate before 14 DAT or 21 DAS. Alternatively, for transplanted rice apply zinc 
sulfate in the nursery seedbed or dip seedlings in 2 to 4% zinc oxide suspension before 
transplanting.

Late vegetative phase
Rice plants require N during the tillering stage to ensure a suffi  cient number of panicles. 
Th e critical time at active tillering for N application is typically about midway between 
14 DAT or 21 DAS and panicle initiation. Th e need of the rice crop for fertilizer N can 
be determined by leaf N status, which is related to leaf color. Dark green leaves have 
ample N, whereas yellowish green leaves are defi cient in N. Th e LCC is a simple and 
inexpensive tool to rapidly assess leaf N status based on leaf color (Witt et al., 2005b; 
IRRI, 2007). Th e standardized LCC is 14 cm long, made of high-quality plastic, consis-
ting of four color shades from yellowish green (No. 2) to dark green (No. 5). 

Reproductive phase
Panicle initiation (about 60 days before harvest of tropical rice) is a critical stage for 
ensuring the supply of N and K are adequate to match the needs of the crop. An in-
suffi  cient supply of N at panicle initiation can result in loss of yield and profi t through 
reduced number of spikelets per panicle. Th e LCC can be used to guide the application 
of fertilizer N to maintain an optimal leaf N content for achieving high rice yield with 
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eff ective N management. As a rule of thumb, the more yellowish green the leaf color, the 
greater the need of the crop for fertilizer N. Th e need for fertilizer N at active tillering 
and panicle initiation also increases in proportion to the response in grain yield to fer-
tilizer N. Table 2 provides guidelines for variable N rate management at active tillering 
and panicle initiation, based on yield targets and plant N status as determined with the 
LCC. Th e fertilizer N rates in Table 2 can be fi ne-tuned and tailored to accommodate 
location-specifi c crop-growing conditions and rice varieties. 

An insuffi  cient K supply at panicle initiation can result in loss of yield and profi t 
through reduced spikelets per panicle and reduced fi lling of grain. Apply at panicle 
initiation up to 50% of the total fertilizer K requirement when the total fertilizer K re-
quirement is >30 kg K2O/ha. In the case of sandy soils, typically apply up to 50% of the 
total fertilizer K requirement, even when the requirement, is ≤30 kg K2O/ha. 

Table 2. Guidelines for the application of fertilizer N to rice with the leaf color chart (LCC) 
at active tillering and panicle according to yield target and N-limited yield (adapted from 
Witt et al., 2007).

Approximate 
yield without 
fertilizer N– 
N-limited yield 
(t/ha) 

Yield target (t/ha) 5 6 7 8 9 

LCC reading Leaf color Fertilizer N rate (kg/ha)

4 LCC u 3 Yellowish green 35 45 45-60* 60 s

LCC = 3.5 Intermediate 25 35 35-45* 45 s

LCC v 4 Green 0 0 25 25-35* s

5 LCC u 3 Yellowish green -- 35 45 45-60* 60

LCC = 3.5 Intermediate -- 25 35 35-45* 45

LCC v 4 Green -- 0 0 25 25-35*

3 LCC u 3 Yellowish green 45 45-60* 60 60 s

LCC = 3.5 Intermediate 35 35-45* 45 45 s

LCC v 4 Green 0 25 25-35* 25-35* s

* Use the lower rate at active tillering and the higher rate at panicle initiation

Ripening phase
Nitrogen absorbed during the ripening phase, in the presence of adequate solar radia-
tion, enhances the grain fi lling process. Inbred rice normally does not require fertilizer 
N at heading or fl owering if the N application at the critical growth stage of panicle 
initiation was adequate. Hybrid rice and large panicle type (panicle weight type) rice 
in high-yielding seasons oft en require a fertilizer N application at early heading. As a 
general guideline, do not apply fertilizer N at early heading or fl owering except in the 
following cases:
• For hybrid rice, apply about 20 kg N/ha at early heading when the expected response 

to fertilizer N is ≥3 t/ha and leaf color is yellowish green (LCC value 3).
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• For large panicle type rice, apply about 25 kg N/ha at early heading when the expec-
ted response to fertilizer N is ≥3 t/ha regardless of leaf color.

Fertilizer best management practices for maize

Fertilizer best management practices for maize comparable to the SSNM approach for 
rice are in an advanced stage of development through a regional project coordinated by 
the Southeast Asia Program of IPNI-IPI. Th e SSNM approach for maize is scheduled 
for publication in 2008. As with SSNM for rice, SSNM for maize provides the principles 
and practices for:
• Estimating the total amount of fertilizer N, P and K required by a rice crop;
• Prescribing an amount of fertilizer N in the fi rst N application near crop establish-

ment;
• Dynamically adjusting the within-season rates of fertilizer N to match the spatial and 

temporal needs of the crop for N.
As with rice, the fertilizer N needed by a maize crop can be estimated from the expec-

ted response in grain yield due to fertilizer N application and the expected agronomic 
effi  ciency of fertilizer N use by the crop.

Fertilizer best management practices for oil palm

Fertilizer comprises a high portion of the variable cost in intensively managed planta-
tion crops such as oil palm. Th ere is oft en considerable innovation and receptivity to 
new technologies. Th e opportunities for promotion and adoption can be quite high, and 
new technologies can be implemented at large scale. Key principles of crop and nutrient 
management include:
• Decision making based on relevant information;
• Development of management units based on soil and plant surveys;
• Best management practices for optimal economic yield;
• Plant-based determination of nutrient needs and
• ‘Need-based’ fertilizer use for eff ective and environmentally sound nutrient use (Witt 

et al., 2005a).

Ingredients to successful promotion and adoption

Farmers in Southeast Asia oft en lack suffi  cient knowledge on the most eff ective use of 
fertilizers for their fi elds. Th eir resulting ineff ective use of fertilizer can limit their profi t 
from farming and, in the case of rice, it can increase the susceptibility of their crop to 
diseases and pests. Th e SSNM approach for rice is now being widely promoted through 
partnerships with research and extension organizations, non-government organizations 
and the private sector in order to empower farmers with decision-making skills for their 
specifi c rice-growing conditions. Dissemination of a complementary SSNM approach 
for maize will soon follow, drawing upon experiences and successes with the promotion 
and dissemination of SSNM for rice.

Based on our experiences with rice, maize and oil palm, key ingredients to the suc-
cessful development, promotion and adoption of FBMPs include:
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• sound, science-based concepts,
• involvement of key stakeholders from the beginning,
• strong partners across research and extension,
• consistent, clear and unbiased messages for end users,
• participation and empowerment of farmers,
• strong institutional links,
• long-term funding.

Th e eff ective uptake by farmers of relatively knowledge-intensive technologies such 
as FBMPs requires the communication of consistent and clear messages to farmers. 
Th is necessitates that farmers receive comparable messages from all technical experts, 
extension workers and media they encounter. One of the challenges in disseminating 
SSNM for rice has been avoiding confusion to extension workers and farmers arising 
from contrasting information and recommendations from diff erent organizations and 
technical resource persons. An important ingredient to success is, therefore, to invol-
ve stakeholders and partner organizations from the onset, and to develop consensus 
among organizations on the science-based messages to be disseminated.

Because of inherent spatial and temporal variation, the ‘best fertilizer management 
practice’ can oft en vary within fi elds, among fi elds and between seasons and years. 
Technical experts or extension workers must be suffi  ciently familiar with the inherent 
scientifi c principles and concepts so that they can provide farmers with improved de-
cision making on the selection of the ‘best practice’ for their specifi c fi eld locations and 
seasons. Th e dissemination of FBMPs therefore requires eff ective training of resear-
chers, local extension workers, fertilizer retailers and farmer leaders on techniques and 
guidelines for enabling rice farmers to use the ‘best’ nutrient management practices for 
their specifi c rice-growing conditions. 

We strive through the process of disseminating SSNM to empower farmers with 
greater decision-making skills for their specifi c rice-growing conditions. Field visits and 
farmer meetings are encouraged together with the use of simple observational tools 
such as nutrient additional plots. We plan in the future to develop more eff ective ways 
for farmers to utilize knowledge of their historical use of fertilizer P and K, their straw 
management practice, yield targets, and simple fi eld observations to help them identify 
improved nutrient management practices for their specifi c rice fi elds.

Site-specifi c nutrient management for rice and maize would not exist today without 
the past strong commitment of the donors and project partners to research on deve-
loping new, science-based concepts. Such commitments to research must continue. 
Site-specifi c nutrient management for rice and maize would not exist today without 
the strong partnerships among national and international organizations across the 
Southeast Asia region. Site-specifi c nutrient management for rice and maize would also 
not exist today without the long-term commitments in funding from donors. Th e cur-
rent dissemination of SSNM of rice builds upon a decade of research and partnerships 
across Asia beginning with the development and testing of a plant-based concept fol-
lowed by on-farm evaluations, adaptive research for tailoring recommendations to local 
needs and conditions, training, building awareness at provincial and national levels, 
and developing clear and consistent messages for local extension and farmers. 
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