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4R Nutrient Stewardship

* The foundation of fertilizer
BMPs and efficient nutrient
management can be aptly
described as following the
“4Rs” ...

Applying the Right Source
at the Right Rate at the
Right Time

and in the Right Place
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Steve to add info…

An innovative approach to best management practices (BMPs) for fertilizer is the Right Source, Right Rate, Right Time, Right Place concept. It is also known as 4R nutrient stewardship. It can be applied to managing either crop nutrients in general (including organic sources) or fertilizers in specific. This concept can help farmers and the public understand how the right management practices for fertilizer contribute to sustainability goals for agriculture. In a nutshell, the 4R nutrient stewardship concept involves crop producers and their advisers selecting the right source-rate-time-place combination from practices validated by research conducted by agronomic scientists. Goals for economic, environmental and social progress are set by—and are reflected in performance indicators chosen by—the stakeholders to crop production systems. 


Source, rate, time, and place describe any
nutrient application
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Equal attention to all 4Rs

« Balance attention to all 4Rs
- Rate: easily overemphasized

« Source, Time, Place: often require major
changes and investments
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The 4Rs Interconnect

- M

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
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PLANT
NUTRITION



Presenter
Presentation Notes
Pg. 2-3


r:I. trient V7
nutrie
stewardship

Right means Sustainable

IPNI

Accommodating the
growing demand for
production without
compromising the natural
resources upon which
agriculture depends.

* The concept of
sustainability is multi-
dimensional ... applies
to social, economic, and
environmental
simultaneously.
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Various crop
production
systems in Florida

Hochmuth, 2015




“When it comes to fertlllzer regulatlons Florida
is in a league of its own.”

Rep. Clay Ingram, R-Pensacola
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Over Spray

Hochmuth, 2015



What do we do?

Hochmuth, 2015




- 4R
Stakeholders have a say on NOTRITION
performance indicators |

- Stakeholders define goals
* Producers choose practices

 Indicators relate to goals
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The 4Rs influence many performance indicators

« social, economic and environmental performance

 Influenced by crop
and soil management
as well

« whole system
outcomes

ality Working
old conditions
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BMP adoption and evaluation — farm level

« Adaptive management
LOCAL SITE

FACTORS
Climate
Policies
Land Tenure
Technologies

* Financing
* Prices
/ e Logistics
« Management
Farm Level ———  Weather
DEC!SION | — o,
Producers, Accept, revise, or reject o
Crop advisers ¥ ° Crop demana
ACTION » Potential losses
Change in practice ’ Ecosystem
¥ vulnerability

= EVALUATION of OUTCOME
o Cropping System
Sustainability Performance
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BMP adoption and evaluation — regional level

 Logistics and science
LOCAL SITE

FACTORS
: « Climate
Regional Level == | DECISION SUPPORT based |« Policies

Agr_onom_ic Scien_tists, on scientific principles « Land Tenure
Agri-service Providers ¥ « Technologies
OUTPUT « Financing
Recommendation of right source, * Prices
/ I l rate, time, and place (BMPs) * Logistics
* * Management
Farm Level s—— DECISION « Weather
— .
Producers, Accept, revise, or reject * Soll
Crop advisers ¥ © Cliefp eyl
ACTION » Potential losses
Change in practice ’ Ecosyste_r_n
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EVALUATION of OUTCOME
Cropping System
Sustainability Performance
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BMP adoption and evaluation — policy level

* Infrastructure and incentive

Regional Level =
Agronomic Scientists,

Agri-service Providers

Policy Level — Regulatory,
/ Infrastructure, Product Development i

DECISION SUPPORT based | g
on scientific principles

v

Co Y

OUTPUT
Recommendation of right source,
rate, time, and place (BMPs)

v
Farm Leve| —— DECISION
Producers, Accept, revise, or reject
Crop advisers ¥
ACTION
Change in practice
v

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

EVALUATION of OUTCOME

Cropping System

Sustainability Performance
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SOURCE, RATE, TIME, AND PLACE

Every application has all 4
Get all 4 right!
Completely interconnected

4R Nutrient Stewardship emphasizes impact on
outcomes

Ensure practices are in accord with scientific
principles
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Examples of Key Scientific Principles

_ The Four Rights (4Rs)

Source Rate Time Place
Key  Ensure e Assess e Assess  Recognize
Scientific balanced nutrient dynamics of crop rooting
Principles supply of supply from crop uptake patterns

nutrients all sources and soil supply

o Suit soll « Assess plant < Determine « Manage
properties demand timing of loss spatial
risk variability

4R
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Scientific Principles for Right Rate

« Consider source, time and place

* Assess plant nutrient demand

» Assess soil nutrient supply

» Assess all available nutrient sources
* Predict fertilizer use efficiency

« Consider soil resource impacts

« Consider economics




Nutrient uptake per unit of yield: U.S.

Crop Harvested lb uptake/harvested unit

unit N P,O. K,O
Bermudagrass ton 46 12 50
Corn bu 1 0.54 1.4
Rice bu 0.71 0.38 1.1
Soybean bu 4.9 1.1 2.3
Wheat, spring bu 2.2 0.76 1::5
Wheat, winter bu 1.9 0.68 2

4R

PLANT
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Assessing solil nutrient supply

Right rate is a function of nutrient contribution from indigenous sources

Factor N P K S Caand Mg | Micros
Soil pH X X X X X X
Moisture X X X X X X
Temperature X X X X X X
Aeration X X X X X X
Soil organic matter X X X X X
Amount of clay X X X X X X
Type of clay X X X X
Crop residues X X X X X X
Soil compaction X X

Nutrient status of soil X X X

Other nutrients X X X X
Crop type X X X X
Cation exchange capacity (CEC) X X X
% CEC saturaton X

* Availability of nutrients are governed by soil physico-chemical environment

4R
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Mechanisms influencing soil supply

* Mineralization/immobilization

* Adsorption/desorption

* Precipitation/dissolution

* Reduction/oxidation

* Root interception, mass flow, diffusion

- M
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Right Rate — Drip-irrigated Tomato Yield
Response to N

Tomato response to N, Live Oak, S2004
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Hochmuth, 2015



Consider all available nutrient sources

Adjust rates of externally applied nutrients for:

* Native soil supply

Organic manure
« Irrigation water

« Crop residues

* Biological N fixation

4{{‘*'\11 q‘:utrienl
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Principles Supporting Right Time

Consider source, rate, and place of application
Assess timing of plant uptake
Assess dynamics of soil nutrient supply

Recognize dynamics of soil nutrient loss

Evaluate logistics of field operations
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Source, rate, time and place of application are all interconnected.  None of the four can be right without consideration of all.  
Nutrients should be applied to match the seasonal crop nutrient demand, which depend on planting date, plant growth characteristics,, sensitivity to deficiencies, etc. 
Mineralization of soil organic matter may supply a large quantity of some nutrients, but if the crop’s uptake needs does not coincide with mineralization, deficiencies may limit production.
In some areas the potential for nutrient losses (especially N) can be an important timing consideration.
Nutrient applications should not delay particularly time sensitive operations such as planting.




Crop Uptake
Dynamics and
Fertilizer Timing

Nutrient uptake
and dry matter
accumulation
follow S shaped
or sigmoid
pattern for most
crops.
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The uptake of major nutrients and dry matter accumulation patterns are similar for most crops, and generally follow a sigmoid or “S” shaped curve. This is characterized by rather slow early uptake, increase to a maximum during the rapid growth phase, and decline as the crop matures. The examples above illustrate this for N uptake for maize and rice.  

Cumulative maize N uptake divided by plant organ (top), and cumulative N uptake with times of peak demand (green columns) and recommended time of application (red arrows) for rice (bottom).  (Sources: Adapted from: How a Corn Plant Develops, Iowa State University Special Report No. 48, November 2008; and Bertsch F. Estudios de absorción de nutrientes como apoyo a las recomendaciones de fertilización. Informaciones Agronómicas 57:1-10. 2005).



Typical plant growth curve
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Hochmuth, 2015
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Assessing Dynamics of Soll Nutrient

LossS

Loss of N and P have the most potential for
environmental impact

Mechanisms of loss for N and P are very
different

P normally lost through runoff, making
placement important in avoidance

4R _I_
PL;‘J\NT nutrient

JTRITION stewardship
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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. In some soils losses through tile drainage can be substantial, and where soils have accumulated extremely high levels of P, leaching to shallow water tables can lead to losses from the field. Placement of P fertilizer below the surface can greatly diminish the risk of loss. 


Logistics of Field Operations Affect
Timing Decisions

Application timing decisions are governed by
practicality

As farm size has increased, logistics of planting and
Input timing have changed

Fall input, where reasonable, can save valuable time
In the spring

P and K by nature lend themselves to early

application, but precautions should be taken with fall
N application

4R _I_
PL]\NT i : nutrient

JTRITION stewardship




Enhanced Efficiency Fertilizer Technology
May Ease Timing Pressure

Where logistics demand a single, one-time application,
EE fertilizer technologies may be useful

These technologies include:
Slow and controlled release fertilizer

Nitrification and urease inhibitors

4R

PLANT
NUTRITION
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See chapter 3, section 3.4 for more on enhanced efficiency fertilizer


Troubadour Watermelon, polymer-coated fertilizer 2013, Citra, FL

Season yield (cwt per acre)

1200.0

LSD 0.05 = 185
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400.0
00 T | | |

Control, no N  IFAS standard, 120Ib N/A 80% 150 Ib N/A 100%
fertigation, CRF/20% CRF (CRF =D120
150N, 150K20  soluble (CRF = NPK)
D120 NPK)
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Hochmuth, 2015
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Principles Supporting Right Place

- Consider source, rate, and time of application

Consider where plant roots are growing

Consider soil chemical reactions

Suit the goals of the tillage system

Manage spatial variability
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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 soil-retained 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.




B
Examples of Differences in Root Architecture

corn: sugarbeet:
36 days old 2 months old
] gl '?'ﬁ NN d‘.p,. 'l‘k‘m .
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f— 12 in. =
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Root architecture is the 3-dimensional, 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.

This diagram shows vertical cross sections of corn and sugarbeet. The first diagram is of a root system of corn at 36 days old. The fibrous root system has a distinctly horizontal orientation and is found in shallower soil depths. The second diagram is of a 2 month-old sugarbeet root system under irrigated conditions. The taproot system is oriented vertically and extends deeper in the soil. Different species of plants therefore have different root growth patterns, affecting their individual abilities to access nutrients in various places in the soil. 
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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”.

When plant roots encounter concentrated zones of either N or P, root proliferation occurs. This figure demonstrates how the distribution of barley roots can be changed by a concentrated zone of P. The greater proportion of roots in the zone of high P came from increased root branching. This research example 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.


The Right Placement

Fertilizer in the root zone
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Note fertilizer pafti.cles
in center of bed where
moisture and roots are.






Early Season Crop Needs

Banded nutrients near
the seed:

* Are In close proximity
to a limited root
system

* Provide concentrated
supplies when influx
rates are highest

* |ncrease the rate of
nutrient diffusion to
roots

4R
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Early in the season, young root systems are limited in extent, exploring only a small volume of soil. Additionally, influx rates can be higher at this time than at any other time in the season, leading to more rapid depletion of soil nutrients in the soil surrounding plant roots. Faster depletion of soil nutrients requires faster transport of
nutrients to the roots for replenishment, either by mass flow or diffusion. However, environmental conditions early in the season, particularly lower temperatures, can limit shoot growth as well as nutrient transport rates.

A nutrient placement strategy for addressing possible early season nutrient deficiencies is to band nutrients with or near the seed at planting. Such bands:

are strategically positioned for access by a young, limited root system;

concentrate nutrient supplies at a time when influx rates are highest;

increase rates of nutrient transport to the roots.


Nutrient Interactions within Bands

60
QO = Phosphorus
i A — =— Phosphorus + Nitrogen Mixed
1l 0 =e===- Phosphorus + Nitrogen Separate
4
40 p-

from band

N
o

% of the plant phosphorus
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Soil phosphate level PO, added, CWT./acre

Miller and Ohlrogge,1958
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When nutrients are confined to the same volume of soil, they can interact in ways not possible when applied in different spaces. Such interactions arise not only from closer proximity but also from higher concentration. Initial reactions of fertilizers in nutrient-concentrated volumes may be little influenced by the surrounding soil. Much of the work on the unique chemical aspects of concentrated volumes of soil comes from studies of subsurface bands.

An example is the application of NH4+-N with P in the same band. Ammonium can increase P uptake by plants. The increased availability comes from the release of an acid compound from plant roots when ammonium is the N source. Acidity increases around the plant root, increasing the solubility of P in the soil, making the P more available to the plant. This effect occurs only when N and P are placed in the same band.


—actors To Consider for Seed-Placed Fertilizer

Adjust rates of externally applied nutrients for:

« Seed sensitivity

* Fertilizer salt index

« Width of seed furrow
« Soil texture
* Soll moisture

Amount of tolerable
stand loss

4R
PLANT
NUTRITION
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Placement of nutrients near the seed 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 fertilizer are:

seed sensitivity;
fertilizer salt index;
width of seed furrow opening;
soil texture;
soil moisture at planting;
amount of stand loss that is tolerable.


VR Phosphorus Map
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Product
Addition/Deduction(lbs/ac): None Entered
Percent of Original App: 100%
Minimum Application Rate: 50.0 Ibs/A
Maximum Application Rate: 130.0 Ibs/A
Field Average Rate: 97.64 Ibs/A
Total Applied Acreage: 20.50
Total Field Acreage: 32.29
Total Field Acreage(lbs): 2001.6
Total Field Acreage(tons): 1.00




Automatic Section Control

e Automatic ON / OFF of sections on application equipment
— GPS-based technology

— Sections turn OFF: previously treated areas or unwanted areas

* Reduces 1) overlap/skips and 2) application in unwanted areas
(waterways, buffer strips, etc.).

Boom sections
are automatically
actuated off as
the sprayer
enters the

Planter Row




Automatic Section Control

Manual Errors

— Overlaps (blue) —
— Skips (red)

BSC Errors

— Overlaps reduced (blue)
— Skips eliminated




Preservation of Conservation Features
Example during Herbicide Application

Automatic Section Control

- o s
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Buffer Strip % o R




Improved Field Management

Preservation while Maintaining Production
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Let’s use an example to demonstrate the benefits of this technology. This picture shows a field in which the red line indicates the grass waterways in this field.  With ASC, the operator can drive straight across the navigable waterways reducing the application time and the technology automatically turning On/Off sections.  Normally, the operator would have made one pass around the grass waterways so they do not get “sprayed out” thereby increasing the total application time.

The final image illustrates what is attainable without impacting environmental structures while maximizing field capacity (ac/hr).


l nutrient
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Steps to Develop a Nutrient Stewardship Plan
 ldentify stakeholders

Set sustainability goals
» Gather needed production information
* Formulate the plan

* Implement the chosen practices

* Monitor the effectiveness of the practices employed
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There are five simple steps in developing a sound nutrient stewardship plan. 

Setting goals while considering appropriate input from  various stakeholders: those on the farm, and those who may be impacted off the farm
Gathering and recording needed site-specific production information for each field
Formulating a plan for each field that includes specific rate, sources, time of application, and place of application (i.e. all 4Rs)
Implementing and documenting the 4Rs chosen to optimize field performance
Monitoring the system and 4R efficiency performance, and then using that information to adapt the management where needed


'q.g{n N

et IPNI

Right means Sustainable

* Applying the Right Source
at the Right Rate, at the
Right Time, and in the
Right Place can help meet
the environmental,
economic, and social goals A
of sustainable agricultural : Time
systems " T
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