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Best Management Practices (BMPs)

Definition:

• Research proven practices that have been tested 
through farmer implementation to optimize 
production potential, input efficiency, and 
environmental protection (Griffith and Murphy 1991)



BMPs related to nutrients …

• Fertilizer best management practices, integrated 
plant nutrient management, integrated soil fertility 
management, code of best agricultural practices, site-
specific nutrient management, etc. are components 
of plant nutrient management

• Goal — ensure plant nutrients are use efficiently and 
effectively in ways that are beneficial to society 
without adversely impacting our environment



IFA initiative on fertilizer BMPs

• International workshop in 
Brussels (2007) to define 
principles of fertilizer BMPs 
and a strategy for wider 
adoption … 2 outcomes:

1. The 4Rs are the foundation 
and guiding principles of 
fertilizer BMPs (Roberts 2007)

2. A concept of a global 
framework for fertilizer BMPs 
was introduced (Fixen 2007)



Recognizing the role fertilizer BMPs in 
sustainability is new …

•Stakeholders have different expectations of 
nutrient management which revolves around the 
pillars of sustainability. 

• Many stakeholders are interested in nutrient 
management

– Farmers, crop advisers and consultants, policymakers, 
consumers, and general public



Ideally … pillars of sustainability would be 
equally balanced, but in reality this does not 
occur

• Balance between economic, 
social, and environmental goals 
for nutrient management 
depend on the issue, its 
context, and the stakeholders 
(IFA Task Force 2009)



The concept was 

further developed 

by IPNI scientists 
(Bruulsema et al. 2008)



4R Nutrient Stewardship –
Endorsed by American Society of Agronomy 2009

Crops & Soils 42(2): Mar-Apr 2009

Crops & Soils 42(3): May-Jun 2009

Crops & Soils 42(4): Jul-Aug 2009

Crops & Soils 42(5): Sep-Oct 2009
Crops & Soils 42(6): Nov-Dec 2009

Know Your Fertilizer Rights: Right Place 
by T.S. Murrell (IPNI), G.P. Lafond (AAFC), and T.J. Vyn (Purdue U.)



The framework is 
intended to aid the 
development and 
adoption of nutrient 
BMPs that meet the 
goals of sustainable 
development.



Source, rate, time, and place describe any 
nutrient application 



Right means Sustainable 

• Right source, rate, 

time, and place

• Outcomes valued 

by stakeholders 



Examples of key scientific principles

Source Rate Time Place

 Ensure 
balanced 
supply of 
nutrients

 Suite soil 
properties

 Assess 
nutrient 
supply from all 
sources

 Assess plant 
demand

 Assess 
dynamics of 
crop uptake 
and soil supply

 Determine 
timing of loss 
risk

 Recognize
crop rooting 
patterns

 Manage 
spatial 
variability



Examples of practical choices

Source Rate Time Place

 Commercial
fertilizer

 Livestock 
manure

 Compost

 Crop Residue

 Test soils for 
nutrients

 Calculate 
economics

 Balance crop 
removal

 Pre-plant

 At planting

 At flowering

 At fruiting

 Broadcast

 Band/drill/inje
ct

 Variable-rate 
application



Equal attention to all 4Rs

• Balance attention to all 4Rs

• Rate: easily overemphasized

• Source, Time, Place: often require 
major changes and investments



The 4Rs interconnect

• with each other

• with local soil and climate factors 

• with management of soils and crops

• other factors can limit productivity 
even when levels of plant nutrients 
are adequate 



The 4Rs connect to the cropping system 

• genetic yield 

potential

• weeds

• insects

• diseases

• mycorrhizae

• soil texture & 

structure

• drainage

• compaction

• salinity

• temperature

• precipitation

• solar radiation 

• Soil water, air, and temperature influence nutrient 

availability.



The 4Rs influence many performance indicators 

• Social, Economic and Environmental performance

Net profit

Resource use
efficiencies:   

Energy, Labor,
Nutrient, Water 

Return on 
investment Yield 

stability

Water &
air quality

Farm 
income

Working 
conditions

Nutrient
balance

Nutrient loss

Yield

Quality

Soil erosion

Biodiversity

Ecosystem 
services

Affordable
& accessible 

food

• Influenced by crop 

and soil management 

as well

• Whole system 

outcomes 



Stakeholders have a say on performance 
indicators and sustainability goals

• Stakeholders define goals

• Indicators relate to goals



Producers choose management practices

• Practices selected to suit local site-specific 
soil, weather, and crop conditions

• Conditions may change even on the day of 
application

• Local decisions preferred 



Adaptive management at the farm level

Farm Level
Producers,
Crop advisers

DECISION
Accept, revise, or reject

EVALUATION of OUTCOME
Cropping System Sustainability 

Performance

LOCAL SITE FACTORS
• Climate
• Policies
• Land Tenure
• Technologies
• Financing
• Prices
• Logistics
• Management
• Weather
• Soil
• Crop demand
• Potential losses
• Ecosystem

vulnerability

ACTION
Change in practice



Adaptive management at the regional level

Regional Level
Agronomic Scientists,
Agri-service Providers

DECISION SUPPORT based on 
scientific principles

OUTPUT
Recommendation of right source, 

rate, time, and place (BMPs)

Farm Level
Producers,
Crop advisers

DECISION
Accept, revise, or reject

EVALUATION of OUTCOME
Cropping System Sustainability 

Performance

LOCAL SITE FACTORS
• Climate
• Policies
• Land Tenure
• Technologies
• Financing
• Prices
• Logistics
• Management
• Weather
• Soil
• Crop demand
• Potential losses
• Ecosystem

vulnerability

ACTION
Change in practice



Policy Level – Regulatory,
Infrastructure, Product Development

Regional Level
Agronomic Scientists,
Agri-service Providers

Farm Level
Producers,
Crop advisers

DECISION SUPPORT based on 
scientific principles

OUTPUT
Recommendation of right source, 

rate, time, and place (BMPs)

DECISION
Accept, revise, or reject

EVALUATION of OUTCOME
Cropping System Sustainability 

Performance

LOCAL SITE FACTORS
• Climate
• Policies
• Land Tenure
• Technologies
• Financing
• Prices
• Logistics
• Management
• Weather
• Soil
• Crop demand
• Potential losses
• Ecosystem

vulnerability
ACTION

Change in practice

Adaptive management at the policy level



4R Nutrient Stewardship

• Relates management practices to sustainability 
goals

• Sustainability indicators are long-term 

– short term efficiencies can lead to long-term soil 
nutrient depletion

– nutrient balance in context of inputs and outputs 

• 4R Nutrient Stewardship emphasizes impact on 
outcomes



Source, Rate, Time, and Place 

• Every application has all four

• Get all four right!

• Completely interconnected

• 4R Nutrient Stewardship emphasizes impact on 

outcomes 



Manual available 
from IPNI

www.ipni.net/4r

QR Code



The manual provides 
scientific principles of the 4Rs



Learning modules and 
case studies are 
included in the 
manual …



Module 4.1-2 Calculating fertilizer rates in 
cereals using omission plot data.

Treatment Yield, kg/ha

1. Ample rates of N*, P and K 5,556

2. N omitted; ample rates of P and K 1,667

Agronomic efficiency (AEN) = (5,556 – 1,667)/150

AEN = 26 kg of grain per kg of N fertilizer

* Ample N rate = 150 kg/ha



Module 4.1-2 Calculating fertilizer rates in 
cereals using omission plot data.

• Assuming the similar soil N supplying capacity 
and similar level of efficiency (26 kg/kg) for other 

fields in the area … can calculate the N 

application rate for different target yields

Field 
#

Yield target, 
kg/ha

Omission 
plot 

yield, 
kg/ha

Calculated N rate, 
kg/ha

1 6,500 1,667 (6,500 - 1,667)/26 = 186

2 4,500 1,667 (4,500 - 1,667)/26 = 109



Module 4.1-2 Calculating fertilizer rates in 
cereals using omission plot data.

• Recommendations are most accurate when site-

specific local values for AEN omission plot yield 

and target yield data can be obtained

Crop
N applied

only1

N with ample 
P and K1

Site-specific nutrient 
management

Maize 4 - 7 7 - 14 26 - 282

Wheat 7 - 12 17 - 24 20 -282

Rice 7 - 12 14 - 23 22 - 343

1Buswas and Sharma. 2008. Indian J. Fert. 4(7):59-62
2IPNI unpublished data
3Singh et al. 2012. Field Crops Res. 126:63-69



Example Case 
Studies



Case Study 7.4-1. Use of Nutrient Expert, a 
decision support tool, increased profitability of 
maize production in on-farm trials in Central 
Lampung and North Sumatra, Indonesia.

• Nutrient Expert* uses information about the field’s 
nutrient supply that is derived either in omission 
plots or from site and management characteristics 
that serve as proxies for nutrient supply.

• The tool recommends rates and timings for 
application of N, P, and K that differ from the farmers’ 
fertilization practices, which are based on generalized 
one-size-fits-all regional 

*Pampolina et al. 2012. Computers and Electronics in Agric. 88:103-110



Nutrient Expert* 
recommendation:
• tailored to 

location-specific 
conditions

• consistent with 
4R approach



Case Study 7.4-1. Nutrient Expert (NE) improved 
profitability over Farmers’ fertilization practice (FFP) in 
Indonesia. 

Maize management
parameters,  values per ha FFP NE

Yield (15.5% moisture, t) 7.60 8.99

Revenue (USD) 2,085 2,480

Inorganic fertilizer cost (USD) 130 124

NPK (kg) 218-40-23 195-34-34

Organic fertilizer cost (USD) 199 86

NPK (kg) 43-24-41 20-11-18

Seed and fertilizer cost (USD) 444 322

Expected benefit (USD) 1,640 2,158

Source: Pampolino, M. et al. 2011. IPNI, Penang, Malaysia. [On-line]. 
Witt, C. et al. 2009. IPNI, Penang, Malaysia. [On-line]. 



Year Treatment n
Grain
yield
(t/ha)

Fertilizer rate (kg/ha) Profit

N P2O5 K2O (USD/ha)

2010 FP 138 8.6 225 53 33 2,155

Soil test 138 8.7 195 47 69 2,237

NE 127 8.8 138 50 52 2,219

2011 FP 185 10.0 222 64 36 2,931

Soil test 185 10.2 215 65 86 2,990

NE 90 10.6 161 49 51 3,048

Case Study 7.4-2. Nutrient Expert improved grain, 
profitability and efficiency for maize in North China

Source: He, P. et al. 2012. Plant Nutrition and Fertilizer Science, 18(2): 499-505. 



Better Crops, Better Environment … through Science

www.ipni.net


