Towards a 4R-consistent fertiliser industry
T. Bruulsema
The concept of 4R Nutrient Stewardship has been embraced by a wide segment of the fertilizer industry, and many
of its associated partners in agriculture, government, and the environmental movement. The 4Rs communicate
the essentials of responsible management of plant nutrition to a wide range of stakeholders, technical and nontechnical. The specific nutrient application practices being encouraged vary from one region to another, because
the implementation of 4R Nutrient Stewardship is site-specific. The core concept is that the right source of plant
nutrient be applied at the right rate, right time, and right place to obtain improved sustainability outcomes.
Industry needs to support an adaptive management approach at all levels. Segments of the industry including agriservice providers, retail, wholesale, manufacturing, and investors, working together, can ensure that producers are
empowered and enabled to make the right choices to improve the performance of their cropping systems.

A

bout 25 years ago, the United Nation’s World
Commission on Environment and Development
produced a report titled “Our Common Future”.
This report provided the basis for the concept of
sustainable development, and in particular, sustainable
agriculture. Over the past few years, sustainability has
become an important topic for corporations, including
those in the agriculture and food sectors. Major
food retailers are developing programs to assess and
improve their own performance, along with that of
their supply chain, extending all the way to the farm
level and to the inputs used by farmers. These food
retailers are engaging agri-business by participating in
organizations like the Sustainability Consortium and
the Keystone Alliance.

performs, how it produces, how it affects the air they
breathe, the water they drink, etc.

Scientific principles apply to the 4Rs
The sciences of physics, chemistry, and biology
provide fundamental principles for the mineral nutrition
of plants growing in soils. The application of these
sciences to practical management of plant nutrition
has led to the development of the scientific disciplines
of soil fertility and plant nutrition. The management
components source, rate, time and place each have unique
science which describes the processes related to plant
nutrition, and can be condensed into principles (Table
1). Understanding the sciences underpinning these key
principles is critical for those advising crop producers on
plant nutrition.
SOURCE, RATE, TIME, AND PLACE are completely
interconnected in the management of plant nutrition.
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. 4R
Nutrient Stewardship emphasizes the impact of these
combinations of management choices on outcomes,
or performance, toward improved sustainability. For
example, when potassium limits yield, application of
potash fertilizer improves recovery and use efficiency of
nitrogen and phosphorus.

The 4Rs connect to sustainability
4R Nutrient Stewardship encourages more sustainable
choices for the source, rate, time and place of application
of crop nutrients. The Keystone Alliance, for example,
has developed a “Fieldprint Calculator” which includes
elements of 4R Nutrient Stewardship in its greenhouse
gas component, and a Water Quality Index currently
under development is likely to be linked to 4R Nutrient
Stewardship as well.
Definitions of sustainable agriculture abound, but
most emphasize a need to accommodate growing
demands for production without compromising natural
resources. This entails a balance among economic, social
and environmental impacts of management choices.
The fertilizer rights – source, rate, time, and place –
are connected to the goals of sustainable agriculture
through the cropping system, as shown in Figure 1.
Fertilizer management, to be considered “right,” must
support stakeholders’ goals for how that cropping system

Adaptive Management
Adaptive management for plant nutrition includes
cycles of decision, implementation and evaluation (Figure

Table 1. Key scientifc principles associated with the 4Rs (IPNI, 2012).
Source

Rate

Time

Place

Provide essential elements

Assess plant demand

Assess timing of uptake

Consider where roots grow

Supply plant-available forms

Assess soil supply

Identify sensitive growth stages

Consider soil chemical reactions

Suit soil properties

Use all available sources

Assess dynamics of soil supply

Suit the tillage system

Recognise synergisms

Predict uptake efficiency

Recognise dynamics of losses from
soil

Manage variability among felds

Respect blend compatibility

Maintain soil fertility

Evaluate logistics of feld operations

Manage variability within felds

Recognize associated elements

Consider economics
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Figure 1.The 4R Nutrient Stewardship concept considers the
right source, rate, time, and place for fertiliser application capable of producing the stakeholders’ desired
economic, social, and environmental outcomes for the
ecosystem.

2). These cycles operate at several levels, including the
farm, the regional and the policy levels. There is a role for
industry at each level.
Agri-service providers—including retail dealers—
often advise producers at the farm level. Producers review
options for each crop, choosing recommendations for
source, rate, time, and place of application which suit their

local site factors. These site-specific factors start with soil
and landscape and extend to a wide range of considerations
including local regulations and land tenure.
At the regional level, agri-service providers make
decisions on the nutrient sources (products) they will
offer and on the logistics of how they can be delivered
at the right time to the farm or to the field. Industry
agronomists interact with producers and crop advisers
to implement and interpret on-farm trials that aid in the
evaluation of selected practices.
At the policy level (often a national or global level),
manufacturers, investors and governments make
decisions on product development, and investments in
production facilities and transportation infrastructure.
These decisions influence the range of source and time
options available to producers.
All three levels need to be consistent in the goals
against which they evaluate outcome. Source, rate, time
and place are central to all, but it’s the full framework that
we mean when we talk about 4R Nutrient Stewardship,
or the 4Rs.

Accountability
Systems for sustainability improvement and certification
generally require accountability. Accountability at the
farm level often requires a nutrient management plan. The

Figure 2. The 4Rs are included in adaptive management to take into account local site-specific factors in cycles of continuous improvement
at farm, regional and policy levels.
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general principles that make a 4R Nutrient Stewardship
plan distinct from a regulatory nutrient management plan
are: 1) asking the producer to state sustainability goals and
performance indicators for the farm, 2) allowing producers
flexibility to implement adaptive management by ensuring
that the details of practices implemented for each crop
and in each field are documented but kept private, and 3)
publicly reporting progress in using indicators or measures
of performance reflecting the economic, social and
environmental pillars of sustainability. These principles
are at the core of a management system consistent with
international principles of accountability for sustainability
performance.

Example – Managing Phosphorus Fertilizer in
the Lake Erie Watershed
Phosphorus (P) is an essential nutrient for growing
crops. But in the wrong place – in excess concentration
in streams, rivers, and lakes – it can lead to algal blooms.
In the Lake Erie watershed region in and around the state
of Ohio, USA, levels of dissolved P in rivers and algal
blooms in lakes have been trending upward from 1995
to 2011. Fertilizers applied to the predominant cornsoybean cropping system are not the only cause, but are
one possible cause among many.
Research data show that when fertilizer P is broadcast
and left on the surface, runoff resulting from rainstorms
within a few days of application is enriched in dissolved P
to levels far above those known to stimulate algal blooms,
even though the losses amount to less than 5 to 10 percent
of the fertilizer P applied. To mitigate these losses, 4R
Nutrient Stewardship implemented in this region focuses
on applying fertilizer at the “right time” and in the “right
place.” Wherever possible, fertilizer P is recommended to

be placed below the soil surface, by injecting, banding, or
by incorporating after broadcasting. Where incorporation
is difficult, for example in no-till systems, producers are
advised to pay close attention to the weather forecast, and
avoid broadcasting P fertilizer when there is more than
50% chance of intense rain within the next few days.
A group of agri-business partners, government
agencies and environmental organizations is working
together to provide educational programs and raise
awareness of how nutrient stewardship can contribute to
reducing losses of dissolved P. This group includes The
Nature Conservancy, the Ohio Agri-Business Association,
the Ohio government departments of agriculture and
natural resources, Ohio State University Extension, and
several agri-retailers and crop producers. Further work is
ongoing to develop better validated criteria for selecting
practices, based on research monitoring actual edgeof-field losses. Further information on the program is
available from The Nature Conservancy. By supporting
management that is adaptive and addressed at economic
and environmental goals at the same time, 4R Nutrient
Stewardship assures continued progress in advancing
crop yield s in this highly productive watershed.
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Visual Indicators of Potassium Deficiency in Corn
T.S. Murrell
While marginal chlorosis and necrosis are the most widely recognized symptoms of K deficiency, they are
not the only ones. Other plant manifestations can exist and may or may not be accompanied by marginal
chlorosis or necrosis. As the number of visible symptoms increases, there is greater likelihood that the plant
is experiencing a K deficiency.

T

he most widely recognized visual expression of
K deficiency is marginal chlorosis or necrosis
on older, lower leaves on the plant, such as that
shown in the accompanying photo. By the time this
symptom appears, however, grain yield may have
already been lost (Bly et al., 2002). Although this
sign is the most well known, it is not the only visual
indicator of K deficiency, as this can be also evidenced
by many other visual manifestations that can occur,
either with or without marginal necrosis, and with
severity that varies considerably within a field. As the

Abbreviations and notes for this article:
GDD = growing degree days; K = potassium;
N = nitrogen.
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number of visible symptoms increases, there is greater
likelihood that the plant is experiencing a K deficiency.
This article lists these additional evidences along with
some key references. Seeing some of these indicators
can be difficult, however, without a reference area in
the field where K is known to be sufficient. Such an area
can be created with an ample application of K that is
replenished over time to keep up with the K removed
by successive crop harvests.

Shorter Plants
It has been known for many years that K deficiency
can result in shorter plants. Younts and Musgrave
(1958) demonstrated this effect decades ago in two
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