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The greatest challenge facing mankind in the coming decades is to produce the basic
necessities of food, feed, fuel and raw materials from limited land area. Increasing food
demand from limited land resources in the coming decades would require increased use
of fertilisers. This will require application of proven scientific principles of nutrient
management that ensures improved productivity of crops per unit area without adding
to environmental concerns. The Fertiliser Best Management Practices (FBMPs), defined
as practices which have been proven in research and tested through farmer implementation
to give optimum production potential, input efficiency and environmental protection,
provides a set of guidelines of overall crop nutrient management that addresses the
sustainability issues. The recently developed “4R Nutrient Stewardship” concept has been
proposed as definite scientific principles based on FBMPs that can help towards an
inclusive social, economic and environmental sustainability of production systems.

A

griculture is facing a
global challenge of
increasing
food
production
as
the
world’s population increases in
the coming decades. At the same
time, competition for scarce land
resources between agriculture and
urban interests are leading to a
decline in per capita land
availability. Unfortunately, it is
often the best agricultural land
that is used for urban expansion.
All these factors contribute to the
need for an increasing intensity of
agricultural production.
In spite of the fact that agriculture
plays an important role in
producing plentiful, affordable and
healthy food, society seems to be
unaware of these important
benefits. There is often little
recognition of the essential role of
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agriculture in preventing a severe
food security crisis. Other
considerations such as the
conservation of wildlife and
biodiversity, or the protection of
water and air from emissions are
being given higher priority. As a
result, agriculture has increasingly
found itself in a position where it
needs to defend itself from the
negative portrayal in the popular
press (25).
Fertiliser plays a major role in
intensification of agriculture that
ensured past and current food
security, and is expected to do the
same in future. However, one of the
challenges faced in the fertiliser
industry is that much of society
does not trust it. Many believe that
fertilisers
are
applied
indiscriminately, that the industry
is only interested in increased

profits through unwarranted
fertiliser sales and that farmers are
willing
recipients
who
unnecessarily
over-apply
nutrients to ensure high yield crops
resulting in excessive levels of
plant nutrients to the detriment of
the environment. This, of course, is
not true, but the perception is there
and that drives policymakers
towards
regulating
nutrient
management,
water
quality
guidelines, total daily load limits
and other policies or practices
aimed at restricting or eliminating
the use of fertiliser (29).
Part of the solution in gaining the
public’s confidence in our ability to
manage nutrients responsibly is
through
encouraging
the
widespread adoption of fertiliser
Best
Management
Practices
(FBMPs). The fertiliser industry
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needs to be unified in the
promotion of BMPs designed to
improve nutrient use efficiency
and therefore environmental
protection, without sacrificing
farmer profitability. Both the
fertiliser industry and industry
associations
are
continually
advocating management practices
that foster the effective and
responsible use of fertiliser
nutrients with a goal to match
nutrient supply with crop
requirements
and
minimize
nutrient losses from fields.
However, a lack of widespread
extension and adoption of BMPs
has meant that little change in
public
perception
towards
fertiliser use has been observed.
The impact of this is a challenge
when the agricultural industry
tries to explain that agricultural
production has to be even more
intensive in the future, which will
only come about with increased
use of fertilisers.
The present paper assesses the
historical development of FBMPs,
development of definite fertiliser
management principles based on
FBMPs and their implementation
towards an inclusive social,
economic and environmental
sustainability of production
systems.
DEVELOPMENT OF CONCEPT
AND
HISTORICAL
PERSPECTIVE
The concept of agricultural best
management practices (BMPs) is
not a new one. First introduced
almost 20 years ago, scientists at
the Potash & Phosphate Institute
(PPI) defined BMPs as those practices
which have been proven in research
and tested through farmer implementation
to give optimum production potential,
input efficiency and environmental
protection (16, 28). In the 1990s, a
commitment at the national level
for agricultural non-point source
(NPS) pollution control came into
effect in the United States. This has
been occasioned by a growing
awareness that greater attention
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need to be paid to NPS pollution
control, a large percentage of which
is agricultural. The 1985 Farm
Security Act mandated several
national erosion control programs
to make impact on water quality,
but there was opportunity to
supplement these programs with
best management practices (BMPs)
specifically designed to address
agricultural water pollutants,
primarily nitrate, phosphorus and
modern pesticides (27). Fertiliser
best
management
practices
(FBMPs)
are
agricultural
production
techniques
and
practices developed through
scientific researches and verified in
farmers fields to maximize
economic,
social
and
environmental benefits (18). FBMP
is aimed at managing the flow of
nutrients in the course of
producing affordable and healthy
food in a sustainable manner that
protect the environment and
conserve natural resources at the
same time profitable to producers.
With FBMPs, farmers implement,
under specific site, crop and soil
conditions, the concepts and
elements of balanced fertilisation,
site-specific nutrient management
(SSNM), integrated plant nutrient
management (IPNM), among
others. On a broader scale, FBMPs
are components of product
stewardship
and
integrated
farming. Through FBMPs, the
benefits that can be derived from
fertilisers are maximized while the
losses and negative effects of over/
under/or misuse of fertilisers are
minimized. The basic principle
behind fertiliser best management
practices is simple, that is the
“4R”- using the right fertiliser
source, at the right rate, right time
and right place which conveys
how fertiliser applications can be
managed to achieve economic,
social and environmental goals. A
global framework has been
developed to serve as a guide in the
development of a country or
region, by crop or by nutrient
specific FBMPs (18). Which FBMP
to adopt would also depend on the
main objectives of the farmers and

the
society
e.g.
increase
profitability, improve yields, and/
or protect the environment, etc.
Therefore, there is no “one-size-fits
all” best management practices.
Definition
Many definitions over the last two
decades have been offered for
FBMPs, with emphasis varying
depending on the primary interest
of the definer. Examples across a
range of interests follow:
1. USDA-ARS (31) – Best
management practices include soil
and water conservation practices,
other management techniques, and
social actions that are developed
for a particular region as effective
and
practical
tools
for
environmental protection.
2. FDCO and FAO (37) – A set of
agronomic and other soil-crop
management practices, which lead
to the best possible use of applied
inputs for crop production,
resulting in minimal adverse effect
on the environment. A prerequisite
for
efficient
and
environment-friendly fertiliser
use. Important for all soils, crops
and fertilisers.
3. BMP Challenge (2) – BMPs are
designed to save you money by
using your field history and soil
test results to cut fertiliser costs
and maintain yield.
4. North Carolina State University (26)
– Farming methods that assure
optimum plant growth and
minimize adverse environmental
effects.
5. PPI (16) – Practices which have
been proven in research and tested
through farmer implementation to
give
optimum
production
potential, input efficiency and
environmental protection.
The first definition clearly
emphasizes
environmental
protection without mentioning
production or profitability. The
second one refers to “best possible
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use of inputs” but the specific
meaning of such an expression is
unclear. The third definition is part
of an incentive program designed
to reduce fertiliser use and this
definition certainly reflects that
focus, while admitting that the best
you could hope for by following
these
practices
is
yield
maintenance, an objective likely
falling far short of future demands
agriculture must meet. The fourth
explicitly mentions the need for the
practice to provide optimum
nutrition to the crop along with
environmental protection. The last
definition was offered by fertiliser
industry representatives and has
a stronger emphasis on practicality
and productivity while including
efficiency and environmental
protection.
The
latter
two
definitions are more inclusive as
they incorporate a primary
objective
of
fertiliser
use
economically optimum crop
production
built
on
wellresearched principles (12).
Nutrient Use Efficiency as a Driver
of FBMP
In his book titled “Feeding the World”,
Smil (34) concluded that the “effect
of improved fertiliser use should be
impressive with careful agronomic
practices it should be possible to
raise the average N use efficiency
by at least 25 to 30 % during the
next two generations.”
This
efficiency gain will benefit society
by “moderation of environmental
stresses from reduced nutrient loss,
and lower demand for energy
needed to synthesize and apply
fertilisers.” This was recently
reiterated in 2013 in the publication
Our Nutrient World (36), stating in
the reports executive summary,
“Nutrient use efficiency represents
a key indicator to assess progress
towards
better
nutrient
management. An aspirational goal
for a 20% relative improvement in
full-chain NUE by 2020 would lead
to an annual saving of around 20
million tonnes of nitrogen (‘20:20
by 2020’), and equate to an initial
estimate of improvements on
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human health, climate and
biodiversity worth around $170
billion per year”. Mineral fertilisers
have made it possible to sustain the
world’s growing population,
sparing millions of acres of natural
and ecologically sensitive systems
that otherwise would have been
converted to agriculture (8).
Although it is reasonable to
assume that, on a global scale, at
least 50% of the fertiliser-N applied
is lost from agricultural systems
and most of these losses occur
during the year of fertiliser
application; it has also been
demonstrated through research,
the best farmers and commercial
implementation
of
new
N
management technologies can
increase up to 50% of N use
efficiency in many crops (9, 10, 15).
Similarly, in the case of P, fertiliser
applications typically result in
cereal yield increases of 20 to more
than 50 kg grain/kg P applied.
Under
favourable
growth
conditions, most agricultural
crops recover 20 to 30% depending
upon the growth stage of P
applications. A large portion of the
unused P accumulates in the soil
and is eventually recovered by
subsequent crops over time; a
much smaller fraction of P losses
as runoff (both particulate and
dissolved P) or through leaching
that can cause secondary off-site
impacts (9). On the contrary, it has
been reported that in developing
countries, K input-output budgets
in agriculture are highly negative
(32). Estimates for India and
Indonesia suggest annual K losses
of about 20 to 40 kg K/ha and those
have been increasing steadily
during the past 40 years (35).
Therefore, it is expected that, there
will be high NUE for the K in these
areas and large application of K
will not be a concern for the
FBMP.
Today, economic and
environmental challenges are
driving increased interest in
nutrient use efficiency. Higher
prices for both crops and fertilisers
have heightened interest in
efficiency-improving technologies
and practices that also improve

productivity. In addition, nutrient
losses that harm air and water
quality can be reduced by
improving use efficiencies of
nutrients, particularly for nitrogen
(N) and phosphorus (P).
Agricultural cropping systems
contain complex combinations of
components including: soils, soil
microbes, roots, plants, and crop
rotations. Improvements in the
efficiency of one component may or
may not be effective in improving
the efficiency of the cropping
system. Efficiency gains in the
short term may sometimes be at the
expense of those in the long term.
Nutrient inputs may include
fertiliser alone, or other sources
including manures, deposition
from the air, breakdown of stable
nutrients in the soil, and biological
activities (e.g. N fixation). Outputs
may consider either the specific
nutrient in question, the whole
harvested product, or the entire
above-ground biomass of the crop.
Best management practices (BMPs)
focus on the effectiveness of
fertilisers in adapting cropping
systems to the economic and
environmental challenges noted
above. Effectiveness is maximized
when the most appropriate
nutrient sources are applied at the
right rate, time and place within
intensively managed cropping
systems that achieve both
increasing yields and diminishing
nutrient losses (13). This approach
ensures that improvements to the
nutrient use efficiency of the
components contribute toward
improving the efficiency of the
system.
Because a cropping system
includes multiple inputs and
outputs, its overall efficiency
depends on the science of
economics. To maximize profit is
to obtain the maximum value of
outputs per unit value of all inputs.
At the rate where the net return to
the use of one input peaks, the input
is
making
its
maximum
contribution to increasing the
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efficiency of all other inputs
involved.
Rates of nutrient
application optimal for economic
yields often minimize nutrient
losses (17). Therefore, nutrient use
efficiency is a major performance
indicator for the fertiliser BMP
with nutrients such as N and P as
with higher NUE values chances of
loss of major nutrient in the
environment reduces a lot. At the
same time, we will observe a high
NUE value of K as the soil is in
continuous depletion of this
nutrient. However, it needs to be
understood that we can not apply
only a fraction (say 30%) of the
present dose to meet only the NUE
values as in that case only 30% of
the applied fertiliser will be used
by the crop and will lead to
decrease in yield.
Global Framework of FBMP
Fixen (12) suggested that a global
framework would likely be built
with the science-based principles
that lead to the best practices. The
principles would serve as a guide
to practices with the highest
probability of accomplishing the
objectives of fertiliser management,
application of the right product, at
the right rate, at the right time and
in the right place. It is essential that
these practices be presented as
offering the highest probability of
accomplishing the objectives
rather than guaranteeing that the
objectives will be accomplished.
Many of the factors markedly
influencing
plant
growth,
metabolism and nutrient needs are
uncontrollable,
resulting
in
considerable uncertainty as to
what the right form, rate,
placement or timing will be at a
specific site in a specific growing
season. The best a practitioner can
do is to adopt those available
practices that have the highest
probability of leading to the right
fertiliser management decisions.
Science allows us to define those
practices. However, science-based
knowledge offers only part of the
foundation for the fertiliser BMP
framework. Science can lead at
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times to practices which simply are
not workable on real farms. For
example, the time or labor
requirement may be too high, or
one apparent BMP may be in
conflict with another BMP.
Therefore,
an
element
of
practicability must be part of the
foundation; the most assured
evaluation of practicability is
testing on real farms.
Fixen (12) defined a potential global
framework of FBMPs that has five
parts – goals, objectives, principles,
practices and assessment. The first
three parts were considered global
while the fourth and fifth were
considered local. The author
included a fourth fertiliser
stewardship goal, the agronomic
goal, beyond the commonly cited
three categories of goals, economic,
environmental and social, to allow
emphasis on the interaction of
fertilisers with other factors of crop
production. It is expected that a
global framework of FBMPs, that
connect the global and local
practices, would justify significant
investment in state-of-the-art and
state-of-the science educational
tools based on that framework and
a mechanism for maintaining
them. Improving the expertise
required to adapt FBMPs to local
circumstances
rather
than
attempting to teach generalized
FBMPs may have a more positive
impact on nutrient management.
The recent extension of electronic
technologies such as cell phones to
nearly every corner of the globe has
opened the door for sweeping
impacts of such educational tools.
This same framework should be
useful in the marketing efforts for
specific products or services by the
fertiliser industry, by showing
how the specific item fits into the
generally accepted principles
leading to FBMPs and provides the
necessary incentives in defining,
promoting
and
evaluating
fertiliser BMPs by the global
fertiliser industry.
Goals of Sustainable Agriculture
The challenge to increase food

production in an economically
viable way, while retaining the
ecological integrity of food systems,
is the underlying aim of sustainable
agriculture. There are numerous
characterizations of sustainable
agriculture, but most emphasize a
driving need to accommodate
growing demands for production
without compromising the natural
resources upon which agriculture
depends. Despite the multiplicity
in definitions of sustainability,
there is a generally agreed upon
common denominator in the
attributes that characterize it. One
of those important traits is that of
its multi-dimensionality. The
concept of sustainability does not
apply only to one dimension (e.g.
social,
economical,
or
environmental) in isolation, but
rather
to
all
of
them
simultaneously.
The sustainability of agricultural
systems can be assessed by their
impact on the social, economical
and environmental components of
production systems. The 4R
Nutrient Stewardship approach,
evolving from the conceptual
framework of FBMPs, is an
essential tool in the development
of sustainable agricultural systems
because its application can have
multiple positive impacts in the
components mentioned above.
There is an immediate connection
between applying the right
nutrient source, at the right rate,
right timing, and right placement,
and beneficial impacts on natural
components of production systems
evidenced through better crop
performance, improved soil health,
decreased
environmental
pollution, and the protection of
wildlife.
Similarly,
positive
financial impacts are expected as
farmer profits improve, bring-ing
about improvement in their
quality of life and increased
economic
activity
in
their
communities. The implementation
of 4R Nutrient Stewardship has
other advantages also. For
instance, the development of sitespecific nutrient management
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practices implies research work in
farmer fields, requir-ing their
active involvement. This normally
results in better communication
among stakeholders (farmers,
researchers, and business and
government
representatives).
Furthermore, the educational level
of the participants also increases
through both formal and nonformal activities. There are numerous examples of successful
organizations run by farmers that
generate
and
disseminate
agricultural technologies.
When viewed in a wide and
integrated way, 4R Nutrient
Stewardship can have potentially
far-reaching effects on the
sustainability of agricultural
systems that extend beyond the
immediate benefits in terms of crop
nutrition.

economic,
social,
and
environmental dimensions of
nutrient management and is
essential to sustainability of
agricultural systems. The concept
is simple-apply the right source of
nutrient, at the right rate, at the
right time, and in the right placebut the implementation is
knowledge-intensive and sitespecific.
The following sections explain the
concept
of
4R
Nutrient
Stewardship and outline the
scientific principles that define the
four “rights” (21). It is not intended
to educate the reader on the basics
of soil fertility and plant nutrition,
but rather to help the reader adapt
and integrate those fundamental
principles into a comprehensive
method of nutrient management
that meets the criteria of
sustainability.

Current State of the Knowledge
4R Nutrient Stewardship is a new
innovative approach for fertiliser
best
management
practices
adopted by the world’s fertiliser
industry. This approach considers

The 4R Nutrient Stewardship
Concept
All plants require at least 17
essential elements to complete
their
life
cycle.
Nutri-ent

Figure 1 – The 4R Nutrient Stewardship concept defines the right source,
rate, time, and place for fertiliser application as those producing the
economic, social, and environmental outcomes desired by all stakeholders
to the plant ecosystem.
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availability in many native soils is
too low in at least one or more of
the essential nutrients to allow
crops to express their genetic
potential for growth. Each plant
nutrient has specific functions
within the plant; some are
relatively simple while others take
part in extremely complicated
biochemical reactions. Once within
the plant, the original source of the
mineral nutrient is no longer
important.
Right Source at the Right Rate, Time,
and Place
Applying the right source of plant
nutrients at the right rate, at the
right time, and in the right place is
the core concept of 4R Nutrient
Stewardship. These four “rights”
are all necessary for sustainable
management of plant nutrition:
management that sustainably
increases the productivity of
plants and crops.
The fertiliser rights—source; rate,
time, and place—are con-nected to
the
goals
of
sustainable
development (Figure 1). For any
given system, stakeholders need to
define the general goals, but
managers are best equipped to
choose the practices. In order to
define goals, stakeholders need to
understand how the management
of plant nutrition affects the
performance of the plant system.
Stakeholders include not only
managers and their advisers, but
also those who purchase the
products and live in the
environment of the system.
Because plant-based production
systems are widespread—and
people rely on them for food, fuel,
fiber, and aesthetics—essentially
everyone is a stakeholder to some
degree. Thus, their definition of
performance will include the
productivity and profitability of
the
system
(the
economic
dimension), its impacts on soil,
water, air, and biodiversity (the
environmental dimension), and its
impacts on quality of life and
employment opportunities (the

Indian Journal of Fertilisers, April 2013

Table 1 – Examples of key scientific principles and associated practices
The Four Rights (4Rs)
Examples
Examples of Key
Scientific Principles

Source
* Ensure balanced
supply of nutrients
* Suit soil properties

Rate
Time
Place
* Assess nutrient supply * Assess dynamics of * Recognize crop
from all sources
crop uptake and soil
rooting patterns
* Assess plant demand
supply
* Determine timing
* Manage spatial
of loss risk
variability

Examples of Practical
Choices

*
*
*
*

* Test soils for
nutrients
* Calculate economics
* Balance crop
removal

Commercial fertiliser
Livestock manure
Compost
Crop residue

social dimension).
Fertiliser management, to be
considered “right,” must support
stakeholder-centric goals for
performance. However, the farmer,
the manager of the land, is the final
decision maker in selecting the
practices—suited to local sitespecific soil, weather, and crop
production conditions, and local
regulations—that have the highest
probability of meeting the goals.
Because these local conditions can
influence the decision on the
practice selected, right up to and
including
the
day
of

* Pre-plant

* Broadcast

* At planting
* At flowering
* At fruiting

* Band/drill/inject
* Variable-rate
application

implementation, local decisionmaking with the right decision
support
information
would
perform better than a centralized
regulatory approach.

climate, weather, economic, and
social conditions. Farmers and crop
advisers make sure the practices
they select and apply locally are in
accord with these principles.

Principles Supporting Practices

The four “rights” provide a simple
checklist to assess whether a given
crop has been fertilised properly.
Asking “Was the crop given the
right source of nutrients at the
right rate, time, and place?” helps
farmers and advisers to identify
opportunities for improvement in
fertilising each specific crop in
each specific field, that are
expected outcomes associated
with applying FBMPs.

Specific scientific principles guide
the development of practices
determining right source, rate,
time, and place. A few examples of
the key principles and practices are
shown in Table 1. The principles
are the same globally, but how they
are put into practice varies locally
depending on specific soil, crop,

Figure 2 – Performance indicators reflect the social, economic, and
environmental aspects of the performance of the plant-soil-climate system.
Their selection and priority depends on stakeholder values
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Plant nutrition practices interact
with the surrounding plant-soilclimate system (Figure 2). The
performance indicators shown in
Figure 2 illustrate the complexity
of the interactions in the plant-soilclimate system. The plant-soilclimate system includes factors
such as genetic yield potential,
weeds,
insects,
diseases,
mycorrhizae, soil texture and
structure, drainage, compaction,
salinity,
temperature,
precipitation, and solar radiation.
For fertiliser use to be sustainable,
it must enhance the performance
of the plant system. The
performance of the system is
influenced not only by the 4Rs, but
also by how they interact with
other manage-ment practices such
as tillage, drainage, cultivar
19

selection, plant protection, weed
control, etc. Many aspects of
performance are influenced as
much
by
crop
and
soil
management as they are by
management of the nutrients
applied. For example, nutrient use
efficiency is increased when a
higher-yielding crop cultivar is
grown.

flooded soils, surface applications
of urea on high pH soils, etc.

Source, Rate, Time, and Place are
completely interconnected in
nutrient management. None of the
four can be right when any one of
them is wrong. It is possible that
for a given situation there is more
than one right combination, but
when one of the four changes the
others may as well. The 4Rs must
work in synchrony with each other
and with the cropping system and
management environment. Every
nutrient application, at any time or
location scale, can be described as
a combination of source, rate, time,
and place. The underlying scientific
principles that govern the
appropriate choice of each are
specific to each category. 4R
Nutrient Stewardship emphasizes
the impact of these combinations
of management choices on
outcomes, or performance, toward
improved sustainability.

♦ Recognize blend compatibility:
Certain combina-tions of sources
attract moisture when mixed,
limiting uniformity of application
of the blended material; gran-ule
size should be similar to avoid
product segregation, etc.

The following sections separately
describe the principles specific to
each of the 4Rs.
SCIENTIFIC
PRINCIPLES
SUPPORTING RIGHT SOURCE
The core scientific principles that
define right source for a specific set
of conditions are the following:

♦ Recognize synergisms among
nutrient elements and sources:
Examples include the P-zinc
interaction,
ammonium
N
increasing P availability, role of K
in optimizing N response, fertiliser
complementing manure, etc.

♦ Recognize

benefits
and
sensitivities
to
associated
elements: Most nutrients have an
accompanying ion that may be
beneficial, neutral or detrimental
to the crop. For example, the
chloride (Cl -) accompanying K in
muri-ate of potash is beneficial to
corn, but can be detrimental to the
quality of tobacco and some fruits.
Some sources of P fertiliser may
contain plant-available Ca and S,
and small amounts of Mg and
micronutrients.

♦ Control effects of non-nutritive
elements: For example, natural
deposits of some phosphate rock
contain
non-nutritive
trace
elements. The level of addition of
these elements should be kept
within acceptable thresholds.
These core principles are integrated
into the concepts pre-sented in the
rest of this section.
Selecting the Right Source

♦

Consider rate, time, and place
of application.

♦

Supply nutrients in plantavailable forms: The nutrient
applied is plant-available, or is in
a form that converts timely into a
plant-available form in the soil.

♦ Suit soil physical and chemical
properties: Examples include
avoiding nitrate application to
20

The idea of selecting the most
appropriate nutrient source seems
simple in concept, but many
factors need to be con-sidered
when making this choice. In
addition to the six core scientific
principles mentioned earlier,
factors such as fertiliser delivery
issues, environmental concerns,
product price, and economic
constraints can all be important.

Decisions may be influenced by the
availability of various materials
within reasonable distance. The
accessibility
of
fertiliser
application equipment may also
narrow the options. It
is
tempting to rely on tradition and
experience when making these
decisions, but a periodic review of
these factors helps farmers gain the
maximum benefit from these
valuable resources and the
significant economic investment
they represent and allows
consideration of new fertiliser
materials.
Selecting the right fertiliser source
begins with determining which
nutrients are actually required to
meet production goals. Nutrients
that are limiting can be determined
through the use of soil and plant
analysis, tissue tests, nutrient
omission plots, leaf color sensors,
or visual deficiency symptoms. All
of these need to be done in advance
of the fertiliser application
decision. Merely guessing at the
needed nutrients can lead to
numerous problems associated
with under- or over-fertilisation
and can lead to ignoring specific
nutrients until shortages become
severe. Guessing at specific
nutrient requirements can also
result in poor economic return if
over-applied nutrients are already
present
in
adequate
concentrations.
It is common to focus on a single
nutrient that is in short supply to
the exclusion of other nutrients.
For example, a lack of adequate N
is easy to detect by observing
stunted growth and chlorotic
leaves. However, the maximum
benefit from applied N fertiliser
will not be obtained if other deficiencies (such as P or K) are not also
corrected. Although we often focus
on individual nutrients, all the
nutrients function together to
support healthy plant growth.
Each plant nutrient is available in
different chemical forms and they
undergo unique reactions after
entering the soil. Regardless of
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their original source and their soil
reactivity, they must be in a soluble
and plant-available form before
they can be taken up by plants.
There is no one single right source
of nutrient for all conditions. The
need of specific nutrients should be
established
in
advance
of
application whenever possible.
Factors such as fertiliser product
availability, nutrient reactions in
soil, spreading equipment, and
economic return, all need to be
considered.
These
complex
decisions should be continually reevaluated in order to make the
right fertiliser selection.
A study on banana in the south
Indian state of Tamil Nadu showed
benefits of applying right sources
through application of sulfate of
potash (K2SO4 or SOP) as compared
to muriate of potash (KCl or MOP)
in Figure 3. Potassium is an
important nutrient in banana
production, for both yield and
quality. SOP has a lower salt index
and supplies the plant nutrient S,
as compared to MOP which

The core scientific principles that
define right rate for a specific set of
conditions are the following:

♦ Assess all available nutrient
sources: For most farms, this
assessment includes quantity and
plant availability of nutrients in
manure, composts, biosolids, crop
residues, atmospheric deposition,
and irrigation water, as well as
commercial fertilisers.

♦ Consider source, time, and place

♦ Predict

supplies the plant nutrient
chloride (Cl-), in addition to K.
RIGHT RATE

of application.

♦

Assess plant nutrient demand:
Yield is directly related to the
quantity of nutrients taken up by
the crop until maturity. The
selection of a meaningful yield
target attainable with optimal crop
and nutrient management and its
variability between/within fields
and season to season thus provides
important guidance on the
estimation of total crop nutrient
demand.

♦ Use adequate methods to assess

soil nutrient supply: Practices used
may include soil and plant analysis,
response
experiments,
omission plots, etc.

fertiliser use efficiency:
Some loss of nutrients is unavoidable. The expected efficiency
of the applied fertiliser must be
factored in while calculating the
required fertiliser to meet plant
demand.

♦ Consider soil resource impacts:
If the output of nutrients from a
cropping system exceeds inputs,
soil fertility declines in the long
term.
♦

Consider
rate-specific
economics: For nutrients unlikely
to be retained in the soil, the most
economic rate of application is
where the last unit of nutrient
applied is equal in value to the
increase in crop yield it generates

Figure 3 – Banana bunch weight, brix (total soluble sugars), relative water content, and photosynthetic parameters
(chlorophyll content, catalase, and nitrate reductase activity) as affected by MOP and SOP as potassium sources
Source: (24).
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(law of diminishing returns). For
nutrients retained in the soil, their
value to future crops should be
considered. Assess probabilities of
predicting economically optimum
rates and the effect on net returns
arising from error in prediction.
Assess Plant Nutrient Demand
A key scientific principle to
selecting the right fertiliser rate is
matching nutrient supply with
plant nutrient demand. Nutrient
demand refers to the total amount
of nutrients that will need to be
taken up by the crop during the
growing season. The total nutrient
demand of a specific crop can be
estimated by multiplying the
attainable yield (yield goal) for that
crop by the appropriate uptake
coefficients. The higher the yield,
the
greater
the
nutrient
requirement will be. The challenge
lies in determining the yield goal
for fertilisation. A common
approach to setting realistic and
challenging yield goals is targeting
80% of the potential yield (with
water and nutrients non-limiting)
of a crop in a particular climatic
condition. Alternatively, a value
somewhere between an above
average yield and a maximum yield
that has been achieved recently on
that specific field, or one of similar
production and manage-ment
history, could be set as the target
yield. Setting a target of 10% above
the 3 to 5-year average of crops not
suffering a severe yield loss due to
drought, excessive rainfall, or pests
is also a commonly suggested
method.
One of the major challenges in
using a yield-based approach for
determining fertiliser rates is that
yield levels are known to vary
widely in a given environment
from year to year, as well as among
growing seasons within a year
where multiple cropping is
practiced. Crop responsiveness to
fertiliser also fluctuates as a result
of the environment, independent of
crop yield potential. Both yield
potential and crop responsiveness
affect the annual fertiliser rate
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requirement. Other factors that are
often considered along with yield
potential to estimate plant
nutrient demand are cropping
system, soil productivity, and
fertiliser to crop price ratios.
Equations, models and tools (for
example, nutrient expert for hybrid
maize and wheat; NDVI-based
equipments such as Green Seeker)
that predict crop yield and nutrient
uptake are also being utilized to
fine-tune N rate recommendations.
Assess Soil Nutrient Supply
A portion of the plant nutrient
demand is met by the soil. The soil’s
capacity to supply nutrients to a
growing crop depends on several
mechanisms. These include:

♦

mineralization and immobilization of nutrients out of and into
soil organic matter;

♦

adsorption and desorption of
nutrients to and from the soil;

♦

precipitation and dissolution
reactions that regulate nutri-ent
amounts in soil solution;

♦

reduction/oxidation reactions
that change the speciation and
solubility of multivalent nutrients;

♦ root interception, mass flow, and
diffusion of nutrients in solution to
absorbing plant roots.
All five mechanisms listed above
that influence soil nutrient supply
are affected by soil physical
characteristics like texture and
type and amount of clay, chemical
characteristics such as pH, and
climatic conditions including
temperature,
moisture,
and
aeration.
Soil organic matter contains most
nutrients required for plant
growth. Many of these nutrients
exist in very small quantities;
however, in some cropping
systems soil organic matter can be
a dominant source of nutrients,
particularly N and S. The amount
of organic matter mineralized into
plant available nutrient forms
varies according to amount and

type of organic matter and the
presence of conditions favourable
for microbial decomposition. These
factors also make it very difficult
to predict the amounts of nutrients
that will become plant-available
during the growing season.
The best tool for determining soil
contributions to plant nutrient
supply is a soil test. As effective
as soil testing can be
in
determining the right fertiliser
rate, it is not always available
or practical in many regions
around the world due to
infrastructure constraints. Soil
testing is also not always a reliable
tool for estimating the availability
of some of the more mobile
nutrients like N and S in humid
and high rainfall areas. Under such
scenarios, crop response in
omission plot experiments can be
used as
an indicator of soil
nutrient content. The yield of a plot
where a particular nutrient was
omitted (with ample application of
all other limiting nutrients)
provides an indirect estimation of
the nutrient supplying capacity of
the soil, while the difference in
yield between a fully fertilised
and an omission plot approximates the potential response to
additions of the nutrient in
question.
Assess All Available Nutrient
Sources
When selecting the right fertiliser
rate, the contribution toward
meeting
crop
nutrient
requirements coming from all
available nutrient sources needs to
be considered. Some of these
sources
include
indigenous
nutrient supplies (those not applied
to the land such as crop residues
and green manures), animal
manures, composts, bio-solids,
atmospheric deposition, and
irrigation water. The quantity and
plant availability of nutrients in
these sources can vary widely and
can be difficult to estimate;
however, efforts should be made to
account for them.
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Predict Fertiliser Use Efficiency
Fertiliser use efficiency (FUE) is a
major factor in determining the
fertiliser rate needed. All rate
recommendations either make
implicit assumptions about FUE
or have it explicitly present in the
equations used to calculate
recommendations. Even with best
management practices based on 4R
Nutrient Stewardship, the amount
of the applied fertiliser utilized by
the crop will be less than 100%.
While growers strive to minimize
losses and increase efficiencies,
some applied nutrients may also
be utilized by soil organisms,
particularly while soil organic
matter levels are being built up.
The efficiency of fertiliser nutrient
uptake is also often adversely
affected by inherent sinks and
loss mechanisms that exist in
every field.
Fertiliser use
efficiency will
also
vary
according to site-specific factors,
including weather, soil type, and
cropping system. That’s why
adjustments for efficiency should
be included when determining
fertiliser rate requirements. A
major objective of 4R Nutrient
Stewardship is to use practices that
incorporate right source, time and
place within well managed
cropping systems to produce high
FUE for estimating right rate.
One method of calculating FUE
that is useful in determin-ing
nutrient rate requirements is
agronomic
efficiency
(AE).
Agronomic efficiency is the
amount of yield increase per unit
of fertiliser applied. When the same
units are used for yield increase
and fertiliser rate, the expression
becomes a unit-less ratio and is
calculated as follows:
AE = (Y-Y0)/F
Where: 1) Y is crop yield with
fertiliser nutrient applied;
2) Y 0 is the crop yield with no
application of the nutrient in
question;
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Table 2 – Observed ranges of AEN for cereals from selected agronomic
experiments in India
Crop

N applied only N with ample
P and K

Farmers’ practice,
Punjab

Site-specific
nutrient
management

Maize
Wheat

4-7
7-12

7-14
17-24

—
—

26-28
20-28

Rice

7-12

14-23

8-10

22-34

Source : (6, 20, 23, 33).

3) F is the amount of fertiliser
nutrient applied.
Typical AE range: 10-25; >20 in well
managed systems, at low nutrient
rates relative to optimum, or at low
soil nutrient supply (Table 2).
Another method of calculating
FUE that is sometimes used in
determining
nutrient
rate
requirements is recovery efficiency
(RE). Recovery efficiency is the
increase in crop uptake of the
nutrient in aboveground parts of
the plant (for most crops) as a
proportion of the applied rate of the
nutrient. It is calculated as:
RE = (U-U0)/F
Where: 1) U is total nutrient uptake
in aboveground crop biomass with
nutrient applied;
2) U 0 is total nutrient uptake in
aboveground crop biomass with
no nutrient applied;
3) F is the amount of fertiliser
nutrient applied.
Consider Rate-Specific Economics
When fertiliser and other nutrient
sources are relatively inexpensive
compared to the value of the crop
being produced, the incentive to
make a precise nutrient recommendation is small unless the crop
responds negatively to excessive
nutrient levels (e.g. too much N
causing lodging of small grains,
reduced sugar content of beet, or
rank cotton) or a perceived

environmental consequence of the
nutrient is acknowledged and
valued (e.g. P contamination of
surface water bodies). However, in
times of higher nutrient costs and/
or lower crop prices, grower
interest in developing ef-ficient
fertilisation programs increases
considerably.
The
economic
optimum nutrient rate (EONR)
defines the nutrient rate that will
result in the greatest monetary
return to the applied nutrient from
the current crop. This rate will
usually be less than the agronomic
optimum nutrient rate (AONR),
which is the minimum rate that
results in maximum crop yield, and
will decline if input costs increase
and crop price remains stable.
Conversely, if commodity price
rises and input costs remain stable,
the EONR will approach the
AONR. Often fluctuations in crop
and fertiliser prices occur
simultaneously, the ratio between
inputs and outputs remains the
same, and the EONR is not
significantly affected.
Aiming to achieve EONR is the
approach typically used for
nutrients like N and S which are
mobile in the soil and not retained
year to year. For nutrients that are
retained in the soil, including P and
K, the benefits of nutrient
application are long-term in
nature; therefore, their costs are
usually amortized over several
years. Applications at rates to
build soil fertility are usually above
the EONR for a one-year crop
response, but may become
economical over a longer time
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period when the responses in the
following years are considered.
Benefits of building soil fertility
levels to the optimum range
include greater flexibility in choices
of source, rate, timing and
placement. The increased flexibility
allows farmers to take advantage
of
market
conditions
and
fluctuations in fertiliser prices.
Higher price ratios (high input
costs relative to crop value)
increase the value of using best
management
practices
to
determine fertiliser application
rates needed to optimize crop yield
and profitability. Lower price
ratios (low input costs relative to
crop value) often result in a lower
profitability risk; however, the
environmental risk associated
with over-application of nutrients
is greater.

applications of nutrients may or
may not com-bine with those of
crop protection products. Nutrient
ap-plications should not delay
time-sensitive operations such as
planting.
Assessing Timing of Plant Uptake
Assessing crop uptake dynamics
and patterns can be an important
component
in
determining
appropriate timing of nutrient
application. The uptake of major
nutrients
and
dry
matter
accumulation patterns are similar
for most crops and usually follow
a sigmoid or “S” shaped curve

(Figure 4). This is characterized by
rather slow early uptake, increase
to a maximum during the rapid
growth phase, and decline as the
crop matures. Rate of plant
nutrient uptake is thus not
consistent throughout the season.
Applications timed and targeted
at specific growth stages may be
beneficial to crop yield and/or
quality in some production
systems for some nutrients, most
notably N (Figure 4). Timed and
targeted applications may also
be
beneficial
to
reduce
environmental impacts of nutrient
loss from soil.

RIGHT TIME
The core scientific principles that
define right time for a specific set
of conditions are the following.

♦ Consider source, rate, and place
of application.

♦ Assess timing of plant uptake:
Nutrients should be applied to
match the seasonal crop nutrient
demand, which depends on
planting date, plant growth
character-istics, and sensitivity to
deficiencies at particular growth
stages, etc.
♦ Assess dynamics of soil nutrient

supply: Mineral-ization of soil
organic matter supplies a large
quantity of some nutrients, but if
the crop’s uptake need precedes its
release, deficiencies may limit
productivity.

♦

Recognize dynamics of soil
nutrient loss: For example, in
temperate regions, leaching losses
tend to be more frequent in the
spring and fall.

♦

Evaluate logistics of field
operations: For example, multiple
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Figure 4 – Cumulative maize N uptake divided by plant organ (A), and
cumulative N uptake with times of peak demand (green columns) and
recommended time of application (red arrows) for rice (B).
Sources: (4A, 19 B).
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Many examples of timing fertiliser
applications based on stage of crop
growth can be given, but only a few
will be offered here.

♦ N and K application to cotton:
The majority of both N and K in
cotton production are taken up
after the appearance of first flower,
or the onset of the reproduc-tive
phase. It is important to make sure
that adequate amounts of these
nutrients are available when
demand is highest.
♦

N application to small grains
such as wheat: Most wheat
recommendations calls for some N
applied at planting, with the
majority top-dress applied by
(before) jointing. By the time wheat
begins heading later in the season
the majority of N has been taken
up, and if good N management
practices were not previously
used, then yield will suffer.
Although
yield
has
been
determined by the heading stage,
late season application of N during
this stage in some wheat
production systems can increase
grain protein. This may be
beneficial where a premium is paid
for protein. Care should be taken
in these late-season applications to
avoid damage that might impact
grain fill (e.g. flag leaf burn).

♦ Fruit trees: Fruit trees are
perennial
plants
whose
characteristics of nutrient uptake
and distribution are different from
most field crops. A good example is
grape plants that have three
distinct stages for nutrient uptake:
the period between sprouting/
early foliage growth and new
shoot/fruit development, the
period between early fruit
development and fruit expansion,
and the period after fruit
expansion up to fruit maturity.
♦

Semi-perennial tropical crops:
For crops such as oil palm or
banana that have continuous
harvest, the right timing will
depend mostly on weather
patterns and opportunity for
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application. It is important
nonetheless, to take into account
anticipated peaks of productivity,
for instance when rains start after
a dry period.

♦

Ca for groundnut: Groundnuts
are especially sensitive to Ca
deficiency. High levels of available
Ca are needed in the soil zone
where Groundnuts pods are
developing and thus pre-bloom
applications of soluble Ca
materials (i.e. calcium sulfate or
calcium nitrate) are sometimes
made to Groundnuts.

♦ Mn for soybean: Early season
foliar applications of Mn are often
made to soybean in areas when
deficiency symptoms appear on the
plant tissue.
Another consideration for timing
is crop sensitivity to specific
nutrient deficiencies, often related
to soil conditions. Some crops are
more prone to certain deficiencies
than others; therefore susceptible
crops may require specific fertiliser
application timing.
Assessing Dynamics
Nutrient Supply

of

Soil

Most soils have the capacity to
supply at least some of the nutrient
requirements of a crop. Generally,
the more sandy or weathered the
soil, the lower the nutrient
supplying capacity. Soil nutrient
supplying capability is relevant to
the rate component of the 4Rs, but
it can impact timing options and
requirements as well. In general
terms, the greater the soil’s
capacity to retain and supply a
crop available nutrient and
provide it throughout the growing
season, the less need there will be
for a critical timing emphasis for
that nutrient. Two contrasting
examples:

♦ For many agricultural soils, P
and K fertilisers can be applied once
to supply the needs for one or
multiple crops. The applied P and
K are held by the soil, but remains

crop available over time.

♦ Some highly alkaline soils, or
acid soils quite common in tropical
regions, have very high P fixation
capacity. Phosphorus fertiliser
applied to these soils can be
readily converted to sparingly
soluble and unavailable forms of P.
Therefore, in these environments
it is common to annually apply
specific P fertiliser products in a
concentrated band at planting to
enhance crop supply.
A sound understanding of the
transformations of N and other
nutrients in the soil is fundamental
to assessing the dynamics of soil
nutrient supply. Nitrogen may
enter the soil from the atmosphere
via various paths or it may be
added as fertiliser, crop residue, or
manure. The N cycle is the most
complex among the nutri-ent
elements, as it is subject to more
transformations and losses than
others.
Another important factor in
assessment of the dynamics of soil
nutrient supply is soil test level.
Soil testing is not an exact science
in that it does not provide an
absolute answer to whether a
response to fertiliser application at
a given time will be seen. There are
simply too many other factors that
affect the system for a single
measure such as soil test level to
consistently predict an outcome. It
does provide, or at least gives an
idea of, the probability of response
to fertiliser application of a specific
nutrient. Generally, the higher the
soil test level, the lesser will be the
need for fertiliser application and
the greater will be the flexibility in
timing of the application.
When assessing the dynamics of
soil
nutrient
supply
the
practitioner should consider the
cycle of the particular nutrient. Key
questions include:

♦

Are there issues with immobilization or other processes that
might disrupt nutrient supply?
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♦ Does the soil have the potential
to compromise the avail-ability of
added nutrients over time (such as
P in highly acid or alkaline soils)?
Assessing Dynamics of Soil
Nutrient Loss
Nitrogen and P loss from cropping
systems are generally of the
greatest concern since the loss of
each not only has negative
economic impacts, but can create
specific environmental problems
as well. Nitrogen can be lost though
several
pathways
including
leaching of nitrate, surface runoff
from fields, and gaseous loss.
Nitrogen in soils tends to be
converted to the nitrate form.
Because of its negative charge,
nitrate is not attracted to
negatively charged particles of clay
and organic matter. Thus it is free
to leach as water moves through
the soil profile. Phosphorus is
much less susceptible to leaching,
but small losses of P can have large
impacts on water quality. Losses of
P from fields occur mainly in
surface runoff. Placement of P
fertiliser below the surface can
greatly diminish the risk of loss.
In soil and climatic environments
where there is significant potential
for loss of nutrients, application
timing will need to be more
targeted and specific.
Evaluating Logistics of Field
Operations
The
logistics
of
fertiliser
distribution, field operations, and
application
equipment
are

important factors affecting timing
decisions. As farm size in many
regions has increased, the demand
is greater than ever for growers to
fine tune logistics of planting and
input timing. Early application of
P and K fertiliser is generally
considered a reasonable practice
where the risk of runoff is small in
the time between application and
the growing season; however, as
previously mentioned caution
should be exercised in applying N
too early, especially where there is
elevated risk of loss through
leaching and/or denitrification.
In tropical areas it is important to
be prepared for the right weather
conditions. Soil and plant analysis
should be carried out well in
advance of nutrient need so as to
orientate and ensure the purchase
and stocking of proper fertilisers.
Fertiliser materials should be ready
weeks before the expected time of
application. Poor management in
this regard may lead to serious
problems in some tropical
systems. For instance, if N and K
are not applied together nutrient
imbalances may result that
predispose plants to pest attacks,
as is well documented with oil
palm leaf eaters that benefit from
high-N, low-K foliage.
Slow-release and other enhanced
efficiency fertiliser technologies
may be useful tools where logistics
demand a single application at
what might normally be an

inopportune time. The price of these
technologies has traditionally
limited their use in commercial
production agriculture; however,
with increases in the price of
nutrients
and
heightened
environmental concerns, changes
in logistics and/or product usage
have become more economically
viable as with intensive tropical
crops like banana, where the total
number of applications could be
reduced significantly saving
money and hand labour.
The conventionally recommended
practice for N fertilisation of wheat
in northwest India is for a basal
application (at sowing) of 50% of
the N needed with the remaining
50% applied at the crown root
initiation (CRI) stage (Zadoks
growth stage 13). As shown in the
Table 3 below (5), an application of
N at maximum tillering stage (MT;
Zadoks growth stage 22) increased
yields in each of 3 years when the
basal and CRI rates summed to 80
kg/ha or less, and in 2 of the 3 years
at higher rates. Yield responses to
the late-applied additional N increased as chlorophyll (SPAD)
meter values at the maximum
tillering (MT) stage declined below
44.
RIGHT PLACE
Right place means positioning
needed
nutrient
supplies
strategically so that a plant has
access to them. Proper placement
allows a plant to develop properly

Table 3 – Wheat yield response to a late application of additional N was predicted by leaf color
N fertiliser application treatment (kg N/ha)
Wheat grain yield (t/ha)
Basal
CRI
MT
Total
1996–1997
1997–1998
0
0
0
0
–
1.7a†
0
0
30
30
–
3.1b
30
30
0
60
3.3a
3.7c
30
30
30
90
4.1b
4.5d
40
40
0
80
3.9b
4.2d
40
40
30
110
4.5c
5.0e
50
50
0
100
4.1b
5.1e
50
50
30
130
4.5c
5.2e
60
60
0
120
4.6c
5.1e
60
60
30
150
4.8c
5.1e

1998–1999
1.8a
2.7b
2.9c
3.7d
3.6d
4.2e
4.4f
4.7g
4.8g
5.1h

† Within a column, means followed by the same letter are not significantly different at the 0.05 level of probability by Duncan’s
Multiple Range Test.
Source: (5)
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and realize its potential yield,
given
the
environmental
conditions in which it grows. Right
place is, in practice, continually
evolving. Plant genetics, placement
technologies, tillage practices,
plant spacing, crop rotation or
intercropping, weather variability,
and a host of other factors can all
affect
which
placement
is
appropriate. Consequently, there is
much yet to learn about what
constitutes the “right” in right
place and how well it can be
predicted when management
decisions need to be made.
The core scientific principles that
define right place for a specific
nutrient application are the
following:

♦ Consider source, rate, and time
of application.
♦ Consider where plant roots are
growing: Nutrients need to be
placed where they can be taken up
by growing roots when needed.
♦

Consider soil chemical
reactions: Concentrating soilretained nutrients like P in bands
or smaller soil volumes can
improve availability.

♦

Suit the goals of the tillage
system: Subsurface placement
techniques that maintain crop
residue cover on the soil can help
conserve nutrients and water.

♦

Manage spatial variability:
Assess soil differences within and
among fields in crop productivity,
soil nutrient supply capacity, and
vulnerability to nutrient loss.
Plant Root Growth
Root architecture is the 3dimensional, spatial configuration of a root system and refers to
the geometrical arrangement of
plant roots in the soil. Root
architecture differs strongly
among plant species and interacts
strongly with soil conditions.

Indian Journal of Fertilisers, April 2013

Figure 5 – Two-dimensional representations of root architecture for corn
and sugarbeet. Source: (39).

The fibrous root system has a
distinctly horizontal orientation
and is found in shallower soil
depths (Figure 5). The taproot
system is oriented vertically and
extends deeper in the soil (Figure
5). Different species of plants
therefore have different root
growth patterns, affecting their
individual abilities to access
nutrients in various places in the
soil. Additionally, within a species,
not all of the root system remains
active throughout the season,
further affecting access to nutrient
supplies in any one location.
Root plasticity: A plant’s root
architecture changes during the
season as the plant ages and as the
root system responds to its local
environment—a
characteristic
termed “plasticity”. Many external
conditions can change root
architecture; examples include
soil moisture content (30), soil
temperature
(38),
nutrient
concentration (40), and soil bulk
density (22).
When plant roots encounter
concentrated zones of either N or
P, root proliferation occurs. The
greater proportion of roots in the
zone of high P (Figure 6) came from
increased root branching in. This
demonstrates
that
nutrient
placement affects more than just
the location of nutrient supplies, it

also affects how much of the root
system will be in those supplies.
Root nutrient uptake: The
absorption of nutrients is one of the
primary functions of plant roots.
Nutrients enter a root cell from the
soil solution by passage through
pores in the cell wall.
There is a maximum rate at which
a root can take up a nutrient (3).
This means that as nutrient
concentration in the soil solution
increases (nutrients are added), the
rate at which roots take up
nutrients also increases, but
eventually
approaches
a
maximum. This means that no
single root can supply all of the
nutrient needs of the plant
throughout its development.
Instead, a well developed root
system is needed, with each active
root contributing to the acquisition
of the overall quantity of needed
nutrients.
Roots also lose nutrients, a process
termed “efflux.” Both influx and
efflux occur in roots across a range
of soil nutrient concentrations.
However, as the soil nutrient
supply decreases, influx and efflux
can become nearly equal. At that
point, there is no net nutrient
uptake by the root, and thus this
nutrient concentra-tion is termed
Cmin. Just how low nutrient supplies
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Figure 6 – The proliferation of barley roots in a zone of higher
P concentration. Source: (11)

have to get in soils for uptake to
cease varies by plant species and
by nutrient.
Plants
also
have
feedback
mechanisms that allow them to
adjust their nutrient uptake rates
(kinetics) to soil conditions. Plants
adjust
to
low
nutrient
concentrations by altering the
transport systems found on root
cell membranes, thereby reducing
C min. For instance, maize plants
grown with P concentrations 10
times
lower
than
normal
continued taking up P to a Cmin level
more than 4 times lower than that
of normal plants.
Low nutrient concentrations in the
soil also cause the maximum rate
of nutrient influx to increase. This
increase allows each root that does
encounter a supply of nutrients in
the soil to provide a greater
proportion of nutrients to the total
content in the plant. Changes in Cmin
and influx allow a nutrientstressed plant to partially
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compensate for a low soil nutrient
supply, although total uptake is
lower than in a non-stressed plant.
Rates of nutrient uptake by plant
roots can change with plant age.
For instance the uptake rates of P
are several times greater when
both corn and soybean plants are
younger than when they are older.
When uptake rates decline over
time, as has been observed for corn
and soybean, then a greater
amount of root surface area will be
needed later in the season, along
with a corresponding increase in
accessible fertilised soil volume,
just to maintain nutrient uptake.
However, as the above-ground
portions of the plant develop,
nutrient uptake requirements
increase further, requiring more
extensive root development.
Nutrient Placement Practices
There are two primary ways to
apply nutrients on or in the soil: 1)
broadcasting or 2) banding them.
Broadcasting is the process of

applying nutrients to the soil
surface in a nearly uniform manner
(Figure 7). The objective of
broadcasting is to get a fairly even
spacing
between
individual
particles of nutrients, whether
they are granules of dry fertilisers
or droplets of liquid fertilisers.
Banding is the process of applying
nutrients to areas or volumes of
confined widths. Such applications
can be made either at the soil
surface or at some depth below it.
The bands themselves can be
different widths as well as at
different positions relative to rows.
Subsurface applications are most
often banded and possible
configurations for subsurface
bands are many. Relative to the
seed, they can be placed in direct
contact with the seed trench, or to
the side, below, or to the side and
below (often termed “side band”).
Band placement of nutrients
ensures that more of a given
nutrient will remain in soil
solution, which is particularly
important for nutrients that react
with soil minerals and with other
ions in solution to form compounds that are not readily
available to plants. Higher soil
solution concentrations in the
banded areas hasten nutrient
diffusion rates as well as provide
greater quantities of nutrients
moving by mass flow, both of
which increase the rate of
replenishment of nutrients to
plant roots. Placement of nutrients
near the seed, however, must be
done with careful consideration of
both rate and form, particularly
with placement in the seed trench.
Seed or seedling damage can result
from either ammonia toxicity or
salt injury. Factors important to
consider for maximum safe rates of
seed-placed fertiliser are (14): a)
seed sensitivity; b) fertiliser salt
index; c) width of seed furrow
opening; d) soil texture; e) soil
moisture at planting; f) amount of
stand loss that is tolerable.
Seed
treatment
with
micronutrients, such as Mo for
soybean or Zn for maize, can also
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Figure 7 – Conceptual diagrams of different placement options for nutrients

be considered as a placement
method. However, maximum safe
concentrations of such seed
treatments may vary among crop
species and even among hybrids of
maize in different maturity groups.
Many crops are sensitive to seed
coatings with micronutrients.
Foliar Fertilisation
Foliar
fertilisation
is
the
application of nutrients to plant
leaves. Although their primary
functions are photosynthesis and
respiration, plant leaves do take up
nutrients. The limitation is that the
quantities absorbed are usually
much less than those absorbed by
roots, which are the primary
organs for nutrient uptake.
Foliar fertilisation occurs with
nutrients solubilized in water.
Foliar applications create small,
localized supplies of nutrients that
have a short duration of
Indian Journal of Fertilisers, April 2013

effectiveness, typically on the order
of a few days to a couple of weeks.
For this reason, they must be well
timed with plant demand.
Depending on the situation, more
than one application or a series of
applications may be necessary.
Foliar fertiliser can be an effective
practice when soil nutri-ent
availability is limited or the plant’s
ability to acquire or translocate
nutrients becomes limited. Foliar
fertilisation can be used as a rescue
treatment for situations where it
was not possible to properly
manage soil nutrients, obtain
varieties or hybrids best suited for
soils with specific deficiencies or
conditions, or conduct field
operations in a timely manner.
Managing Spatial Variability
In addition to placement within the
soil or on the plant, “right place”
also considers the larger scale of

where to apply nutrients within an
area. This area might be a
watershed, a farm, a field or areas
within a field. Site-specific
management is an approach that
breaks a larger area up into smaller
ones and manages each one
separately in a way that is best
suited
to
it.
Site-specific
management therefore relies upon
measurements that are taken at a
higher spatial density than
conventional approaches. Higher
spatial resolution creates more
accurate delineations of problem
areas as well as highly productive
areas, enabling management to be
more targeted.
4R Nutrient Stewardship vs.
SSNM and ISFM
Site-specific nutrient management
(SSNM), integrated soil fertility
management (ISFM) and 4R
Nutrient
Stewardship
share
common goals, but should not be
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used interchangeably. SSNM is an
approach developed in Asian riceproducing
countries
that
emphasizes supplying rice with
nutrients as needed. It strives to
enable farmers to adjust fertiliser
use to meet the deficit between a
high-yield crop and the nutrient
supply from naturally occurring
indigenous sources in the soil (IRRI).
Integrated
soil
fertility
management (ISFM)
is
an
approach developed in SubSaharan Africa that incorporates
all aspects of plant nutrient uptake,
including
nutrient
demand,
through the integration of
improved genetics and the
biological and physical dimensions
of soil fertility that can improve
nutrient uptake (1). It is defined as
“the application of soil fertility
management practices, and the
knowledge to adapt these to local
conditions, which optimize fertiliser and
organic resource use efficiency and crop
productivity. These practices necessarily
include appropriate fertiliser and organic
input management in combination with
the utilization of improved germplasm.”
ISFM strives to maximize the
interactions that result from the
combination of fertiliser, organic
inputs, improved germplasm, and
farmer knowledge. SSNM and
ISFM adhere to the same principles
as 4R Nutrient Stewardship, but
the latter strives to incorporate the
principles of nutrient management
within the goals of sustainability.
The 4R Nutrient Stewardship
essentially provides the scientific
principles that are at the core of
SSNM and IFSM but also connects
the
outcome
of
nutrient
managements to social, economic
and environmental sustainability
of production systems.
CONCLUSION
Best management practices for
fertiliser use are those that support
the achievement of the four main
objectives of cropping systems
management:
productivity,
profitability, sustainability, and
environmental health. A strong set
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of scientific principles guiding the
development and implementation
of fertiliser use BMPs has evolved
from a long history of agronomic
and soil fertility research. These
scientific principles form the basis
of the globally acceptable concept
of “4R Nutrient Stewardship”,
applying the right source of
nutrients, at right rate, at the right
time and at the right place. The
concept, developed by the global
fertiliser industry, is an essential
tool
towards
sustainable
agricultural
systems.
Its
implementation can have multiple
positive impacts on sustainability
issues,
measurable
through
definite performance indicators.
Right source, right rate, right time
and
right place also offer
sufficient flexibility that these
guiding principles can be applied
to fertiliser management for rice
production in India, banana
production in Latin America,
maize production in the U.S. Corn
Belt, or any farming system used
throughout the world. And its
implementation would ensure
better
crop
performance,
improved soil health, decreased
environmental pollution, and the
protection of wildlife in the future
world.
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