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Summary of Recommendations

1 Introduction

Nutrient Management Plans (NMPs) are implemented on millions of acres of agricultural lands across the Chesapeake Bay
Watershed (CBW). It is one of the oldest best management practices (BMPS) in agriculture and is the cornerstone of
stewardship efforts by conservation groups, producers and jurisdictions. This document summarizes the Phase 6 Nutrient
Management Expert Panel’s recommendations for revised definitions and credits for nutrient management (NM). The
Phase 6 NM Expert Panel (the Panel), whose members are identified in Table 1, proposes that the Chesapeake Bay
Program’s (CBP) existing definitions and credits associated with implementation of NM be replaced by independent sets
of elements for nitrogen (N) and phosphorus (P) management due to the marked difference in the use, fate, and
transport of these nutrients in agricultural systems. The structures for both N and P nutrient management are
similar, however, with supplemental management elements stacked onto a required core set of management
elements.

Table 1. CBP Phase 6.0 Nutrient Management Expert Panel Membership

Name Jurisdiction Affiliation Role

Frank Coale Maryland University of Maryland Panel Chair

Deanna Osmond North Carolina North Carolina State University | Panel Member

Doug Beegle Pennsylvania Penn State University Panel Member

Jack Meisinger Maryland USDA-Agriculture Research Panel Member
Service

Tom Fisher Maryland University of Maryland Center Panel Member
for Environmental Science

Quirine Ketterings New York Cornell University Panel Member

Chris Brosch Delaware Delaware Department of Watershed Technical Workgroup
Agriculture representative

Matt Johnston Maryland University of Maryland, CBPO | Modeling Team representative

Technical support provided by Mark Dubin (University of Maryland, CBPQ), Lindsey Gordon (CRC Staffer), and Steve Dressing
(Tetra Tech).
CBPO - Chesapeake Bay Program Office; CRC — Chesapeake Research Consortium; USDA — U.S. Department of Agriculture

2 Practice Definitions

Nutrient management has four basic components: the nutrient source, rate, timing, and placement. Each of these four
components of NM are managed at the field or sub-field scale in a manner to support crop productivity, achieve high
nutrient use efficiency by the growing crop, and to minimize nutrient loss to the environment. The four components of NM
planning interact with each other on a site-specific basis and are modified by site-specific field management, soil
properties, and weather conditions. Thus, the Panel defines Nutrient Management as the implementation of a site-specific
combination of nutrient source, rate, timing, and placement into a strategy that seeks to optimize agronomic and
environmentally efficient utilization N and P. Improvement in nutrient-use efficiency necessitates documentation of NM
implementation strategies that are suitable for independent verification.

Nutrient management also provides other important benefits to the agricultural and the environmental communities. These
benefits include long-standing educational opportunities conducted in various venues for a wide variety of audiences that
convey the fundamentals of NM and state-of-the-science practices and assessment tools. It is essential that an initial
baseline for NM implementation is established that allows estimation of progress over time. Application of NM BMPs will
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interrelate with other agricultural nonpoint source BMPs and communication with other BMP Expert Panels is essential to
define appropriate implementation and crediting.

Nutrient management for Phase 6.0 of the Chesapeake Bay Program Watershed Model (the Phase 6 model) is separated
into independent sets of elements for nitrogen (N) and phosphorus (P) management due to the marked difference in the use,
fate, and transport of these nutrients in agricultural systems. The structures for both N and P nutrient management are
similar, however, with supplemental management elements stacked onto a required core set of management elements.

Practice Name(s)

e Nitrogen (N) Core Nutrient Management BMP

Phosphorus (P) Core Nutrient Management BMP

Nitrogen (N) Rate Supplemental Nutrient Management BMP
Nitrogen (N) Placement Supplemental Nutrient Management BMP
Nitrogen (N) Timing Supplemental Nutrient Management BMP
Phosphorus (P) Rate Supplemental Nutrient Management BMP
Phosphorus (P) Placement Supplemental Nutrient Management BMP
Phosphorus (P) Timing Supplemental Nutrient Management BMP

Core Nutrient Management BMPs

The elements of the N Core Nutrient Management BMP are found in Table 2. Application of a N Core NM BMP efficiency
modifies the crop- and land-use-specific N application rate goal, which is based on Land-Grant University (LGU) crop
fertilization recommendations, as modified by the CBP partnership. In an effort to determine the most practicable
methodology for allocating fertilizer N to satisfy crop- and land-use-specific N application rate goals, the Agriculture
Workgroup compared the modified LGU recommendations for application of supplemental inorganic N fertilizer to an
alternative approach based on county-level redistribution of AAPFCO N fertilizer sales data. This methodological
comparison indicated that there were relatively small differences between the two methods for estimating supplemental N
fertilizer applications, leading the Agriculture Workgroup to approve use of the redistributed AAPFCO fertilizer sales
methodology in the Phase 6 Model. The Panel recommends that similar comparative analyses be conducted in the future to
evaluate newly available fertilizer sales data and to further evaluate the redistributed fertilizer sales methodology’s
forecasting ability. Inconsistencies between estimates generated by the two methods should be investigated and rectified
based on data source quality and consistency using contiguous or regional county-level data.

Table 2. Elements of the Nitrogen Core Nutrient Management BMP

NITROGEN Core Nutrient Management BMP
(ALL core elements required to be implemented and verified)

N rate according to LGU recommendations at field management unit level

Manure analysis and volume - test value or book value

Spreader/applicator calibration

Yield estimates and cropping plan at field management unit level

Cropping and manure history at field management unit level

The elements of the P Core Nutrient Management BMP are found in Table 3. Application of a P Core NM BMP efficiency
modifies the crop- and land-use-specific P application rate goal, which is based on LGU crop fertilization
recommendations, as modified by the CBP partnership. In practice, LGU recommendations for P application are based on
crop- and site-specific soil-test P concentration. Currently, soil-test P concentration data are not available to the CBP. The
NM Expert Panel recommends that, in the future, crop- and site-specific soil-test P concentration data should be collected,
aggregated to the appropriate scale, summarized to eliminate disclosure of private confidential business information, and
utilized as the foundation for determining P application rate goals and the appropriate application of P Core NM BMPs. In
the absence of soil-test P based application rate goals, county-level redistribution of CBW AAPFCO P fertilizer sales data
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may serve as a surrogate.

Field management shall be considered compliant with LGU P fertilization recommendations when P application
recommendations resulting from site-specific environmental risk assessments (i.e. P Index, P Site Index, P Management
Tool, etc.) allow higher P application rates than the standard LGU soil-test based recommendations, after accounting for the
site-specific potential for P loss to streams. In another example, Virginia nutrient management planners may utilize a more
restrictive method known as the Phosphorus Environmental Threshold (PET) in lieu of soil-test P based recommendations
when evaluating application of organic nutrient sources. Using the PET method, P from organic sources may be applied to
fields that test less than a regionally-specified degree of soil P saturation, as quantified by Mehlich 1 soil-test P
concentration. By physiographic region, the PET soil-test P thresholds are: 135 ppm — Eastern Shore & Lower Coastal
Plain; 136 ppm - Middle & Upper Coastal Plain & Piedmont; and 162 ppm - Ridge and Valley. Nitrogen applications
cannot exceed crop N needs when using PET. Additional details may be found in “Virginia Nutrient Management
Standards and Criteria”, as revised July 2014. Other examples may be similarly applicable.

The P Core NM BMP requires a P soil test at the field management unit level. This required element may be waived if, as
in the case of Pennsylvania’s manure management guidelines, restrictions on manure application (rates, timing, and
placement) are imposed that limit total P application rates and management to the same degree as if there was a high P soil
test.

Table 3. Elements of the Phosphorus Core Nutrient Management BMP

PHOSPHORUS Core Nutrient Management BMP
(ALL core elements required to be implemented and verified)

P rate according to LGU recommendations at field management unit level. This may include P recommendations

resulting from assessments that allow higher P application rates where the risk of P loss is low.

P soil tests at field management unit level. The requirement for having a P soil test may be waived if restrictions on
manure application are imposed that limit total P application rates and management to the same degree as if
there was a high P soil test.

Manure analysis and volume - test value or book value

Spreader/applicator calibration

Yield estimates and cropping plan at field management unit level

Cropping and manure history at field management unit level

Nutrient Management Supplemental BMPs

The Nitrogen (N) Nutrient Management Supplemental BMPs involve applying an efficiency credit for the N NM
Supplemental BMP elements only after satisfactory implementation of the N Core NM BMP. Multiple advanced site
assessments and N management tools may be utilized to inform the application of the appropriate N adjustment practices,
but do not represent a N efficiency credit in and of themselves. A list of example N site assessments and N management
tools is given in Table 4. This list is not intended to be exhaustive. Rather, Table 4 presents examples of current
techniques and tools that the Panel deems potentially useful in supporting crediting of changes in N management and
recognizes that this listing will need to be updated over time as new tools and procedures are developed.

Advanced site assessments and application of N management tools that result in a verifiable implementation of a change in
planned N application rate, N application timing or N application placement may result in a N NM Supplemental BMP
efficiency credit. The actual crediting of the Supplemental NM BMPs requires placing a given BMP into either a N Rate, or
N Timing, or N Placement NM Supplemental BMP category (Tables 5 through 7). One single NM Supplemental BMP
efficiency may be credited for each of the N Rate, N Timing, and N Placement categories. The actual values for these NM
Supplemental BMP efficiency credits are presented later in this report (Table 14). Supplemental N NM BMP efficiency
credits for N rate, N timing, and N placement are additive.



Table 4. Examples of advanced N site assessments and N management tools that may be used to support implementation of
changes in originally planned N application rate, N application placement, and/or N application timing. Additional
assessment techniques and tools may be utilized to support implemented changes in N management.

Advanced N Assessment Tools

PSNT

Manure analysis < 3 years old

On-farm replicated research

CSNT

N-loss risk assessments & models - Ammonia loss
Yield mapping

ISNT

On-farm strip trials

N-loss risk assessments & models - Leaching loss
FSNT
N-loss risk assessments & models - Denitrification losses

Whole farm balances

In-season sensors/remote sensing in general

Geo-spatial mapping

Example elements of the N Rate NM Supplemental BMP are listed in Table 5. Additional N management practices that
result in reductions in the rate of applied N may be applicable.

Table 5. Elements of the Nitrogen (N) Rate Nutrient Management Supplemental BMP

N Rate Adjustment Practice

(implementation of one or more BMPs required)

N rate less than LGU recommendations

Split N applications for reduced total rate

Variable rate N application

Example elements of the N Placement NM Supplemental BMP are listed in Table 6. Subsurface injection or incorporation
applies only to inorganic fertilizer N. Incorporation or injection of manure is addressed by the Phase 6 Manure Injection &
Incorporation Expert Panel report with the following practices: Manure Injection, Manure Incorporation High Disturbance,
and Manure Incorporation Low Disturbance. Additional N management practices that result in purposeful physical
placement of N sources such that that the potential for N loss to the environment is reduced and/or crop N-use efficiency is
improved may be applicable.

Table 6. Elements of the Nitrogen (N) Placement Nutrient Management Supplemental BMP

N Placement Adjustment Practice

(implementation of one or more BMPs required)

Subsurface injection or incorporation of applied Inorganic N

N application setbacks from water

Example elements of the N Timing NM Supplemental BMP are listed in Table 7. Additional N management practices that
result in the enhanced precision of the timing of application of N sources that reduces the potential for N loss to the
environment and/or improves crop N-use efficiency may be applicable.



Table 7. Elements of the Nitrogen (N) Timing Nutrient Management Supplemental BMP

N Timing Adjustment Practice

(implementation of one or more BMPs required)

Split N applications
PSNT

The Phosphorus (P) Nutrient Management Supplemental BMPs involve applying an efficiency credit for the P NM
Supplemental BMP elements only after satisfactory implementation of the P Core NM BMP. Multiple advanced site
assessments and P management tools may be utilized to inform the application of the appropriate P adjustment practices,
but do not represent a P efficiency credit in and of themselves. A list of example P site assessments and P management
tools is given in Table 8. This list is not intended to be exhaustive. Rather, Table 8 presents examples of current
techniques and tools that the Panel deems potentially useful in supporting crediting of changes in P management and will
need to be updated over time as new tools and evaluative procedures are developed.

Advanced site assessments and application of P management tools that result in a verifiable implementation of a change in
planned P application rate, P application timing or P application placement may result in a P NM Supplemental BMP
efficiency credit. The actual crediting of the Supplemental NM BMPs requires placing a given BMP into either a P Rate, or
P Timing, or P Placement NM Supplemental BMP category (Tables 9 through 11). One single P NM Supplemental BMP
efficiency may be credited for each of the P Rate, P Timing, or P Placement categories. The actual values for these NM
Supplemental BMP credits are presented later in the report (Table 15). NM Supplemental BMP efficiency credits for P
rate, P timing, and P placement are additive.

Table 8. Examples of advanced P site assessments and P management tools that may be used to support implementation of changes in
originally planned P application rate, P application placement, and/or P application timing. Additional assessment techniques and tools may
be utilized to support implemented changes in P management.

Advanced P Assessment Tools
Soil test P remediation/declining

Soil tests < 3 years old

P Index assessment

Grid soil sampling

Manure analysis < 3 years old

On-farm replicated research

Yield mapping

On-farm strip trials

Whole farm balances

Geo-spatial mapping

Example elements of the P Rate NM Supplemental BMP are listed in Table 9. Additional P management practices that
result in reductions in the rate of applied P may be applicable.
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Table 9. Elements of the Phosphorus (P) Rate Nutrient Management Supplemental BMP

P Rate Adjustment Practice
(implementation of one or more BMPs required)

P-based manure rate based on annual crop P removal

P rate less than LGU recommendations

Variable rate P

Split P applications

Example elements of the P Placement NM Supplemental BMP are listed in Table 10. The P placement practices of
subsurface injection or incorporation apply only to inorganic fertilizer P. Incorporation or injection of manure P is
addressed by the Phase 6 Manure Injection & Incorporation Expert Panel report with the following practices: Manure
Injection, Manure Incorporation High Disturbance, and Manure Incorporation Low Disturbance. Additional P management
practices that result in the purposeful physical placement of P sources such that the potential for P loss to the environment
is reduced may be applicable.

Table 10. Elements of the Phosphorus (P) Placement Nutrient Management Supplemental BMP

P Placement Adjustment Practice

(implementation of one or more BMPs required)

Subsurface injection or incorporation of applied inorganic P

P application setbacks from water

Example elements of the P Timing NM Supplemental BMP are listed in Table 11. Additional P management practices that
result in the enhanced precision of the timing of application of P sources that reduces the potential for P loss to the
environment may be applicable.

Table 11. Elements of the Phosphorus (P) Timing Nutrient Management Supplemental BMP

P Timing Adjustment Practice

(implementation of one or more BMPs required)

P application in lower P-loss risk season

Figure 1 illustrates how the N Core NM BMP and the N NM Supplemental BMPs are combined for credit. As described
above, N Supplemental BMPs can only be credited if the N Core NM BMP is implemented and verified. The N NM
Supplemental BMPs do not result in additional credit unless implementation of adjustments in N rate, N placement, or N
timing is verified. The N NM Supplemental BMPs are assigned to three groups: N Rate Adjustment Practices, N Placement
Adjustment Practices, and N Timing Adjustment Practices. The NM Supplemental BMP efficiency credit for each of these
three groups can be obtained if implementation of at least one effective practice from each group is verified. For example,
if implementation of the N Core NM BMP is verified and implementation of both N application setbacks from water (a N
placement adjustment) and variable rate N application (a N rate adjustment) are verified, efficiency credits may be claimed
for the N Core NM and additional efficiency credit may be claimed for both the N Placement NM Supplemental BMP and
the N Rate NM Supplemental BMP. In this example, no additional credit may be claimed for the N Timing NM
Supplemental BMP.

Figure 2 illustrates how the P Core NM BMP and the P NM Supplemental BMPs are combined for credit. As described
above, P Supplemental BMPs can only be credited if the P Core NM BMP is implemented and verified. The P NM
Supplemental BMPs do not result in additional credit unless implementation of adjustments in P rate, P placement, or P
timing is verified. The P NM Supplemental BMPs are assigned to three groups: P Rate Adjustment Practices, P Placement
Adjustment Practices, and P Timing Adjustment Practices. The NM Supplemental BMP efficiency credit for each of these
three groups can be obtained if implementation of at least one effective practice from each group is verified. For example,
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if implementation of the P Core NM BMP is verified and implementation of both P application setbacks from water (a P
placement adjustment) and P-based manure rate based on annual crop P removal (a P rate adjustment) are verified,
efficiency credits may be claimed for the P Core NM and additional efficiency credit may be claimed for both the P
Placement NM Supplemental BMP and the P Rate NM Supplemental BMP. In this example, no additional credit may be
claimed for the P Timing NM Supplemental BMP.

NITROGEN Core Nutrient Management BMP
Are ALL core elements implemented and verified?

4

Credit as N Core Nutrient Management

.

Is Advanced N Assessment Performed? ‘

<

Is at Least One N Rate Adjustment Practice Implemented?
No Additional Credit

l Additional Credit for N Placement Adjustment

Is at Least One N Placement Adjustment Practice Implemented?

.

Is at Least One N Timing Adjustment Practice Implemented?

Credit as Non-Nutrient Management for N

Credit as N Core Nutrient Management

Additional Credit for N Rate Adjustment

No Additional Credit

¢

Additional Credit for N Timing Adjustment

No Additional Credit

&%

Figure 1. Linkage of Core and Supplemental N Nutrient Management Practices



PHOSPHORUS Core Nutrient Management BMP
Are ALL core elements implemented and verified?

<

Credit as P Core Nutrient Management

<

Is Advanced P Assessment Performed? ‘

<

Is at Least One P Rate Adjustment Practice Implemented?
No Additional Credit

l Additional Credit for P Placement Adjustment

Is at Least One P Placement Adjustment Practice Implemented?

Credit as Non-Nutrient Management for P

Credit as P Core Nutrient Management

Additional Credit for P Rate Adjustment

No Additional Credit

=)

Additional Credit for P Timing Adjustment

Is at Least One P Timing Adjustment Practice Implemented?

No Additional Credit

&%

Figure 2. Linkage of Core and Supplemental P Nutrient Management Practices

2.1 NM Core and Supplemental Element Detailed Definitions

To better enable the CBP partnership and state agency partners to understand and apply the recommendations of the NM
Panel to their unique programs and production systems, the following section provides additional descriptive details to each
of the NM Core BMPs and Supplemental NM BMPs.

2.2 Nitrogen Core NM BMP Elements

o All five elements are required to be implemented and verified at the field management unit level to receive credit.

o N rate according to LGU recommendations at field management unit.

= The elements of the N Core Nutrient Management BMP are found in Table 2. Application of a N Core NM

BMP efficiency modifies the crop- and land-use-specific N application rate goal, which is based on Land-Grant
University (LGU) crop fertilization recommendations, as modified by the CBP partnership. In an effort to
determine the most practicable methodology for allocating fertilizer N to satisfy crop- and land-use-specific N
application rate goals, the Agriculture Workgroup compared the modified LGU recommendations for
application of supplemental inorganic N fertilizer to an alternative approach based on county-level
redistribution of AAPFCO N fertilizer sales data. This methodological comparison indicated that there were
relatively small differences between the two methods for estimating supplemental N fertilizer applications,
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leading the Agriculture Workgroup to approve use of the redistributed AAPFCO fertilizer sales methodology in
the Phase 6 Model. The Panel recommends that similar comparative analyses be conducted in the future to
evaluate newly available fertilizer sales data and to further evaluate the redistributed fertilizer sales
methodology’s forecasting ability. Inconsistencies between estimates generated by the two methods should be
investigated and rectified based on data source quality and consistency using contiguous or regional county-
level data.

If applied N application rates are below the applicable LGU prescribed rates, and/or the CBP partnership
modified application rates, the N application system may still qualify for credit as an equivalent N Core system
if it meets the remaining four N Core elements.

A “field management unit” is described by the NM Panel as a common land management unit as defined by the
farm operator with a similar annual crop production and management systems, and associated nutrient
application system. The field management unit can represent any field, collection of multiple fields, or sub-
portions of a single field that are managed the same way, with similar history and cropping practices.

Manure analysis and volume — test value or book value.

Estimation of manure produced or nutrient analysis of that manure must be used in the planning process.

It is preferred that both manure volume and nutrient analyses be derived from manure sample testing using
standard laboratory protocols.

In the absence of laboratory manure analysis data, published manure nutrient analyses from LGUs, national
agricultural agencies (ex. USDA-ARS, USDA-NRCS), national or regional farm service organizations (ex.
Mid-West Plan Service), or historical analyses generated from very similar, local and consistently managed
industry-contracted operations may be used.

If a laboratory manure analysis is used to adjust the nutrient application, it must be less than three-years old and
preferably the manure analysis was within one-year of the application.

Spreader/applicator calibration.

The equipment being used to perform the nutrient applications by the farm operator needs to be documented
and verified that the machine(s) have been calibrated either according to manufacturer specifications or by
standard calibration practices within one year of the application.

The custom applicator and equipment calibration certifications for commercial applicators can be used as an
equivalent verification documentation for calibrated nutrient applications.

Yield estimates and cropping plan at field management unit level.

Annual yield estimates for field management units should be based on field yield samples, calibrated electronic
yield monitors, or field specific grain elevator receipts.

Historic yield goals are determined using a LGU or state standardized method of averaging annual yields over
time to account for annual variability (e.g. average yield is based on best three out of the past 5 years).

A less preferred but equivalent method is to use standard USDA soil productivity book values for estimating
applicable yields.

The cropping plan refers to the planting and harvesting of the specific crop(s) for which the field nutrient
applications were based. An example of a field that would not qualify under this required element is when the
nutrient application was based on the plant requirements for grain corn but, due to in-season management
decisions, the field was planted to soybeans instead.

Cropping/manure history at field management unit level.

As part of developing a planned nutrient application rate, the farm operator or custom applicator considered
legume residual N credits based on LGU or national agricultural service (ex. USDA) recommendations.

The manure application history during the crop rotation must be considered, including appropriate manure
mineralization crediting.

Verified documentation of manure mineralization N credits are included as part of the nutrient balance to
account for at least the three prior years.

Legume residual N credits are included as part of the nutrient balance to account for at least the immediately
preceding year.

Federal and/or state certified Nutrient Management Plan not required.

The NM Panel did not define the N Core NM BMP to require a comprehensive and/or certified Nutrient
Management Plan (NMP) in order to receive the BMP credit. Rather, independent documentation and
verification that all of the required elements of the N Core NM BMP were implemented is required.
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» The five elements that constitute the N Core NM BMP may or may not be components of a formal Nutrient
Management Plan.

States may propose equivalent practices to satisfy these requirements that must be approved by the Agriculture
Workgroup.

2.3 Phosphorus Core NM BMP Elements

o All six elements are required to be implemented and verified at the field management unit level to receive credit.
P rate according to LGU recommendations at field management unit level. This may include P recommendations
resulting from assessments that allow higher P application rates where the risk of P loss is low.

O

Application of a P Core NM BMP efficiency modifies the crop- and land-use-specific P application rate goal,
which is based on LGU crop fertilization recommendations, as modified by the CBP partnership. In practice, LGU
recommendations for P application are based on crop- and site-specific soil-test P concentration. Currently, soil-test
P concentration data are not available to the CBP. The NM Expert Panel recommends that, in the future, crop- and
site-specific soil-test P concentration data should be collected, aggregated to the appropriate scale, summarized to
eliminate disclosure of private confidential business information, and utilized as the foundation for determining P
application rate goals and the appropriate application of P Core NM BMPs.

In the absence of soil-test P based application rate goals, county-level redistribution of CBW AAPFCO P fertilizer
sales data may serve as a surrogate.

If applied P application rates are below the applicable LGU prescribed rates, and/or the CBP partnership modified
application rates, the P application system may still qualify for credit as an equivalent P Core NM system if it
meets the remaining five P Core elements.

A “field management unit” is described by the NM Panel as a common land management unit as defined by the
farm operator with a similar annual crop production and management systems, and associated nutrient application
system. The field management unit can represent any field, collection of multiple fields, or sub-portions of a single
field that are managed the same way, with similar history and cropping practices.

P soil tests at field management unit level. The requirement for having a P soil test may be waived if restrictions on
manure application (rates, timing, placement), are imposed that limit P application rates and management to the same
degree as if there was a high P soil test.

= A soil laboratory analysis is required to be obtained from the field management unit using standard protocols.

= |If a laboratory soil analysis being used to adjust the nutrient application, it must be less than three-years old,
and preferably within one-year of the application.

= |n the absence of an available soil P laboratory analysis, P nutrient applications may be based on annual crop
removal at the field management unit level as an equivalent P Core element based on applicable LGU
recommendations.

Manure analysis and volume — test value or book value.

= Estimation of manure produced or nutrient analysis of that manure must be used in planning process.

= Inthe absence of laboratory manure analysis data, published manure nutrient analyses from LGUs, national
agricultural agencies (ex. USDA-ARS, USDA-NRCS), national or regional farm service organizations (ex.
Mid-West Plan Service), or historical analyses generated from very similar, local and consistently managed
industry-contracted operations may be used.

= |If a laboratory manure analysis being used to adjust the nutrient application, it must be less than three-years
old, and preferably within one-year of the application.

Spreader/applicator calibration

= The equipment being used to perform the nutrient applications by the farm operator needs to be documented
and verified that the machine(s) have been calibrated either according to manufacturer specifications or by
standard calibration practices within one year of the application.

= The custom applicator and equipment calibration certifications for commercial applicators can be used as an
equivalent verification documentation for calibrated nutrient applications.

Yield estimates and cropping plan at management unit level

= Annual yield estimates should be based on field yield samples, calibrated electronic yield monitors, or field
specific grain elevator receipts.
= Historic yield goals are determined using a LGU or state standardized method of averaging annual yields over
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time to account for annual variability (e.g. average yield based on the best three out of the past 5 years).

A less preferred but equivalent method is to use standard USDA soil productivity book values for estimating
applicable crop yield.

The cropping plan refers to the planting and harvesting of the specific crop(s) for which the field nutrient

applications were based. An example of a field that would not qualify under this required element is when the

nutrient application was based on the plant requirements for grain corn but, due to in-season management
decisions, the field was planted to soybeans instead.

o Cropping/manure history at field management unit level

As part of developing a planned nutrient application rate, the farm operator or custom applicator considered
legume residual N credits based on LGU or national agricultural service (ex. USDA) recommendations.

The manure application history during the crop rotation must be considered, including appropriate manure
mineralization crediting.

Verified documentation of manure mineralization N credits are included as part of the nutrient balance to
account for at least the three prior years.

Legume residual N credits are included as part of the nutrient balance to account for at least the immediately
preceding year.

o Federal and/or state certified Nutrient Management Plan not required.

The NM Panel did not define the N Core NM BMP to require a comprehensive and/or certified Nutrient
Management Plan (NMP) in order to receive the BMP credit. Rather, independent documentation and
verification that all of the required elements of the N Core NM BMP were implemented is required.

The five elements that constitute the N Core NM BMP may or may not be components of a formal Nutrient
Management Plan.

o States may propose equivalent practices to satisfy these requirements that must be approved by the Agriculture
Workgroup.

2.4 Nitrogen NM Supplemental BMPs

o Advanced N assessment Tools.

O

O

= Need documentation of use of one or a combination of these tools.

= These tools should guide implementation of N rate, placement, or timing.

= Conducting these assessments or using these tools have no impact unless they lead to a change in
implementation of N rate, N placement or N application timing.

= This list is not exhaustive or comprehensive, and only represents a selection of examples that would
constitute tools resulting in an implementation change.

N Rate Adjustment Practices.

= By implementing one or more of the practices listed, an additional N credit will be applied. However,

implementing more than one of the practices captured under each supplemental practice category will only

result in one credit for the practice adjustment.

= Within the N Rate Adjustment Practice, the rate of application can be less than the LGU recommendation or

consistent with partnership approved rate applications, but in order to receive supplemental credit, the rate
of application must be below the rate listed for the N Core NM BMP.

= Split applications over time per crop. Total amount of N application may or may not change, but the
application is divided into multiple, lower-rate applications throughout the year.

= Variable rate N application implies that N is applied at a variety of different application rates within a

management unit based on historical data of spatially variable crop response due to soil type, drainage, etc.

or due to in-season data from optical crop sensors.

N Placement Adjustment Practices.

= Where the N nutrient source is physically located or placed relative to the soil surface.
= Subsurface injection or incorporation of applied inorganic N.
= Immediate incorporation generally means within 24 hours of application.
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N application setbacks from water: purposefully not applying Nitrogen to cropped land area adjacent to
surface water bodies.

Applies to both manure and fertilizer.

Credit applies to entire field management unit.

o N Timing Adjustment Practices.

Split applications over time per crop. Total amount of N does not change, but application is divided into
multiple applications throughout the year.

2.5 Phosphorous NM Supplemental BMPs

o Advanced P assessment Tools.

Need documentation of use of one or a combination of these tools.

These tools should guide implementation of rate, placement, or timing.

Conducting these assessments or using these tools have no impact unless they lead to a change in
implementation of rate, placement, or timing.

This list is not exhaustive or comprehensive, and only represents a selection of example that would
constitute tools resulting in an implementation change.

o P Rate Adjustment Practices.

By implementing one or more of the practices listed, an additional P credit will be applied. However,
implementing more than one of the practices captured under each supplemental practice category will only
result in one credit for the practice adjustment.

Within the P Rate Adjustment Practice, the rate of application can be less than the LGU recommendation or
consistent with partnership approved rate applications, but in order to receive supplemental credit, the rate
of application must be below the rate listed for the P Core NM BMP.

Split applications over time per crop. Total amount of P application may or may not change, but the
application is divided into multiple, lower-rate applications throughout the year.

Variable rate P application implies that P is applied at variety of different applications rates within the
management unit based spatially variable crop response due to soil type, drainage, etc. or due to in-season
data from optical crop sensors.

A P-based manure application rate equivalent to annual crop P removal is an equivalent rate adjustment
practice.

o P Placement Adjustment Practices.

Where the P nutrient source is physically located or placed relative to the soil surface.

Subsurface injection or incorporation of applied inorganic N.

Immediate incorporation generally means within 24 hours of application.

Phosphorus application setbacks from water: purposefully not applying P to cropped land area adjacent to
surface water bodies.

Applies to both manure and fertilizer.

Credit applies to entire field management unit.

Application of manure on different fields based on the P Index assessment that results in manure application
on a lower P Index rated field rather than a higher P Index rated field.

o P Timing Adjustment Practices.

Split applications over time per crop. Total amount of P does not change, but application is divided into
multiple applications throughout the year.

P application in lower P-loss risk season.

Purposeful change the timing of manure application based on the P Index assessment that results in manure
application at a time during the calendar year when the P Index assessment indicates a lower risk for P loss.
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3 Effectiveness Estimates

This section begins with a brief summary of the approved N and P effectiveness estimates, or efficiencies, for N and P Core
NM BMPs and N and P NM Supplemental BMPs. This summary is followed by a discussion of the rationale and use of
specific data values from the available literature to develop the recommended efficiencies. Finally, details are provided on
how the recommended efficiencies for Core NM BMPs and the NM Supplemental BMPs can be combined to reflect actual
N and P management at a specific location.

3.1 Summary of Effectiveness Estimates

All numeric values for Core NM BMP efficiencies and NM Supplemental BMP efficiencies have been defined by the
Panel.

3.1.1. N Core NM BMPs
The Panel’s proposed efficiencies for N Core NM BMPs for each applicable agricultural land use category are given in
Table 12. These efficiencies are based on state LGU recommendations, as modified by the CBP partnership, and apply to
the nutrient application rate goal, or input side, of nutrient management modeling scheme. Each efficiency value represents
a multiplicative modifier of the crop- and land-use-specific N application rate goal utilized in the CBP models.

Table 12. Core N Nutrient Management Efficiency Values

Nutrient Management BMP
Land Use Nitrogen Core Nitrogen Core
Non-Nutrient Management | Nutrient Management

BMP Efficiency BMP Efficiency
Full Season Soybeans 1.20 1.00
Grain w/ Manure 1.30 1.00
Grain w/o Manure 1.20 1.00
Legume Hay 1.20 1.00
Silage w/ Manure 1.40 1.00
Silage w/o Manure 1.20 1.00
Small Grains and Grains 1.20 1.00
Small Grains and Soybeans 1.20 1.00
Specialty Crop High 1.30 1.00
Specialty Crop Low 1.20 1.00
Other Agronomic Crops 1.10 1.00
Other Hay 1.00 1.00
Pasture 1.00 1.00

3.1.2. P Core NM BMPs

The Panel’s proposed efficiencies for P Core NM BMPs for each applicable agricultural land use category are given in
Table 13. These efficiencies are based on state LGU recommendations, as modified by the CBP partnership, and apply to
the nutrient application rate goal, or input side, of the nutrient modeling scheme for both NM and non-NM acres. Each
efficiency value represents a multiplicative modifier of the crop- and land-use-specific P application rate goal utilized in the
CBP models. For crops and land uses in which manure is applied, manure applications that result in manure P application
rates that are greater than or equal to the crop-specific P application need results in the prohibition of application of
additional fertilizer P. An exception to the prohibition of supplemental fertilizer P addition following manure application is
the utilization of relatively small quantities of starter fertilizer P, typically applied subsurface in the planting row, according
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to LGU recommendations. For crops and land uses in which manure is applied, the total quantity of manure P associated

with the total manure application rate should be allocated to the subject acreage.

Table 13. Core P Nutrient Management Efficiency Values

Nutrient Management BMP

Land Use Phosphorus Core Phosphorus Core
Non-Nutrient Management | Nutrient Management
BMP efficiency BMP efficiency
Full Season Soybeans 1.50 1.00
Grain w/ Manure 3.00 1.00
Grain w/o Manure 1.50 1.00
Legume Hay 1.00 1.00
Silage w/ Manure 3.00 1.00
Silage w/o Manure 1.50 1.00
Small Grains and Grains 1.50 1.00
Small Grains and Soybeans 1.50 1.00
Specialty Crop High 2.00 1.00
Specialty Crop Low 2.00 1.00
Other Agronomic Crops 1.50 1.00
Other Hay 1.00 1.00
Pasture 1.00 1.00

3.1.3. N Nutrient Management Supplemental BMPs

The Panel’s proposed efficiencies for N NM Supplemental BMPs for each applicable agricultural land use category are

given in Table 14. These efficiencies apply multiplicative modifiers to edge-of-stream delivery of N, on the output side of
the CBP modeling scheme, and can only be applied if the requirements for N Core NM BMP are met.

Table 14. N Nutrient Management Supplemental BMP Efficiency Values

Nutrient Management BMP

Land Use N Rate N Placement N Timing
Supplemental Supplemental Supplemental
BMP Efficiency BMP Efficiency BMP Efficiency
Full Season Soybeans 1.00 1.00 1.00
Grain w/ Manure 0.85 0.95 0.90
Grain w/o Manure 0.95 0.97 0.95
Legume Hay 1.00 1.00 1.00
Silage w/ Manure 0.85 0.95 0.90
Silage w/o Manure 0.95 0.97 0.95
Small Grains and Grains 0.95 0.97 0.90
Small Grains and Soybeans 0.95 0.97 0.90
Specialty Crop High 0.85 0.95 0.95
Specialty Crop Low 0.95 0.97 0.95
Other Agronomic Crops 0.95 0.97 0.95
Other Hay 1.00 1.00 1.00
Pasture 1.00 1.00 1.00
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3.1.4. P Nutrient Management Supplemental BMPs

The Panel’s proposed efficiencies for P NM Supplemental BMPs for each applicable agricultural land use category are
given in Table 15. These efficiencies apply multiplicative modifiers to edge-of-stream delivery of P, on the output side of
the CBP modeling scheme, and can only be applied if the requirements for P Core NM BMP are met.

Table 15. P Nutrient Management Supplemental BMP Efficiency Values

Nutrient Management BMP

Land Use P Rate P Placement P Timing

Supplemental Supplemental Supplemental

BMP Efficiency BMP Efficiency BMP Efficiency
Full Season Soybeans 0.95 0.90 0.99
Grain w/ Manure 0.90 0.80 0.80
Grain w/o Manure 0.95 0.90 0.99
Legume Hay 0.99 0.90 0.99
Silage w/ Manure 0.90 0.80 0.80
Silage w/o Manure 0.95 0.90 0.99
Small Grains and Grains 0.95 0.90 0.99
Small Grains and Soybeans 0.95 0.90 0.99
Specialty Crop High 0.95 0.90 0.99
Specialty Crop Low 0.95 0.90 0.99
Other Agronomic Crops 0.95 0.90 0.99
Other Hay 1.00 1.00 1.00
Pasture 1.00 1.00 1.00

3.2 Justification for Effectiveness Estimates

The Panel developed the proposed Phase 6 NM efficiency estimates through a synthesis of applicable scientific literature
(see References section) and the collective best professional judgment of the NM Panel members (see Table 1). The
membership of the Panel represents over 150 years of direct involvement in research, implementation and education on
agricultural nutrient management practices. The entire body of research represented by the citations presented in the
References section provided the foundation for the Panel’s professional assessment of the effectiveness of the proposed

NM BMPs. The efficiency factors presented for the Core NM BMPs and the NM Supplemental BMPs represent either a
collection of required elements or represent the impact of numerous applicable on-site management practices. Therefore, in
order to develop broadly pertinent NM BMP efficiency factors, multiple sources of information and data were necessarily
synthesized through the expert lens of the Panel.

For both N and P BMPs, nutrient management practices are implemented at either the field or sub-field level. The diverse
landforms, hydrology, climate and cropping systems of the agricultural landscapes in the CBW have a multitude of impacts
on biogeochemical transformations of N and P in the agro-ecosystem. Changes in hydrological pathways alone can have
dramatic effects on nutrient loads to streams when viewed from the Atlantic Coastal Plain to the Appalachian Plateau.
Therefore, site-specific physical conditions and management factors have a strong influence on the effectiveness of
imposed conservation practices. Nutrient management BMP effectiveness must represent the average condition over a
wide range of real-world scenarios. Thus, it was incumbent upon the Panel to distill numerous lines of evidence to arrive at
a single efficiency value for each of the N and P BMPs that could be applied equitably across the CBW.

3.3 Method for Applying Core and Supplemental BMP Efficiencies

Application of the N Core NM BMP efficiency modifies the crop- and land-use-specific N application rate goal, which is
based on LGU crop fertilization recommendations, as modified by the CBP partnership. These efficiencies apply to the
nutrient application rate goal, or input side, of CBP nutrient modeling scheme for both NM and non-NM acres. Each

20



efficiency value represents a multiplicative modifier of the crop- and land-use-specific N application rate goal utilized in
the CBP models.

Application of efficiency credits for N NM Supplemental BMP elements requires satisfactory implementation of all
respective N Core NM BMP elements. The N NM Supplemental BMP efficiencies apply multiplicative modifiers to edge-
of-stream delivery of N, on the output side of the CBP modeling scheme, and can only be applied if the requirements for N
Core NM BMP are met. Multiple advanced site assessments and N management tools may be utilized to inform the
application of appropriate N adjustment practices, but do not represent a N efficiency credit in and of themselves.
Advanced site assessments and application of N management tools that result in implementation of a verifiable change in
planned N application rate, N application timing, or N application placement may result in a N NM Supplemental BMP
efficiency credit. Supplemental N NM BMP efficiency credits for N rate, N timing, and N placement are additive. Only one
Supplemental BMP efficiency for N rate, one Supplemental BMP efficiency for N timing, and one Supplemental BMP
efficiency for N placement may be applied.

Application of the P Core NM BMP efficiency modifies the crop- and land-use-specific P application rate goal, which is
based on LGU crop fertilization recommendations, as modified by the CBP partnership. These efficiencies apply to the
nutrient application rate goal, or input side, of the nutrient modeling scheme for both NM and non-NM acres. Each
efficiency value represents a multiplicative modifier of the crop- and land-use-specific P application rate goal utilized in the
CBP models. For crops and land uses in which manure is applied, manure applications that result in manure P application
rates that are greater than or equal to the crop-specific P application need results in the prohibition of application of
additional fertilizer P. For crops and land uses in which manure is applied, the total quantity of manure P associated with
the total manure application rate is allocated to the subject acreage.

Application of efficiency credits for P NM Supplemental BMP elements requires satisfactory implementation of all
respective P Core NM BMP elements. The P NM Supplemental BMP efficiencies apply multiplicative modifiers to edge-
of-stream delivery of P, on the output side of the CBP modeling scheme, and can only be applied if the requirements for P
Core NM BMP are met. Multiple advanced site assessments and P management tools may be utilized to inform the
application of the appropriate P adjustment practices, but do not represent an P efficiency credit in and of themselves.
Advanced site assessments and application of P management tools that result in a verifiable implementation of a change in
planned P application rate, P application timing, or P application placement may result in a P NM Supplemental BMP
efficiency credit. Supplemental BMP efficiency credits for P rate, P timing, and P placement are additive. Only one
Supplemental BMP efficiency for P rate, one Supplemental BMP efficiency for P timing, and one Supplemental BMP
efficiency for P placement may be applied.

The approach for applying both core and supplemental nutrient management efficiency values is summarized in
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Table 16. Figure 3 and Figure 4 illustrate the decision tree for assigning credits.
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Table 16. Summary of Method for Applying Nutrient Management BMP Efficiencies

Nutrient Management BMP

Action of BMP

How the math works

Nitrogen Core Non-Nutrient
Management BMP efficiency

modifies N application rate
goal on the nutrient input
side

efficiency is multiplied by the
LGU N application rate goal

Nitrogen Core Nutrient Management
BMP efficiency

modifies N application rate
goal on the nutrient input
side

efficiency is multiplied by the
LGU N application rate goal

N Rate Supplemental BMP efficiency

modifies edge of field N
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field N load

N Placement Supplemental BMP
efficiency

modifies edge of field N
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field N load

N Timing Supplemental BMP
efficiency

modifies edge of field N
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field N load

Phosphorus Core Non-Nutrient
Management BMP efficiency

modifies P application rate
goal on the nutrient input
side

efficiency is multiplied by the
LGU P application rate goal

Phosphorus Core Nutrient
Management BMP efficiency

modifies P application rate
goal on the nutrient input
side

efficiency is multiplied by the
LGU P application rate goal

P Rate Supplemental BMP efficiency

modifies edge of field P
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field P load

P Placement Supplemental BMP
efficiency

modifies edge of field P
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field P load

P Timing Supplemental BMP
efficiency

modifies edge of field P
loss to the stream on the
outflow side

efficiency is multiplied by the
calculated edge of field P load
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NITROGEN Core Nutrient Management BMP
(ALL core elements required to be implemented and verified)

N application goal (N rate) according to LGU recommendations at field level

Manure analysis and volume - test value or book value

Spreader/application calibration

Yield estimates and cropping plan at field level

Cropping and manure history at field level

NITROGEN Supplemental Nutrient Management BMPs
If Core Nutrient Management BMP efficiency is applied, follow with advanced assessment for
Supplemental Nutrient Management BMPs

PSNT

Manure analysis < 3 years old N rate less than LGU recommendations

On-farm replicated research Split N applications

CSNT Variable rate N application

N-loss risk assessments & models - Ammonia Loss

Yield mapping
ISNT

Subsurface injection or incorporation of applied N

On-farm strip trials

N application setbacks from water

N-loss risk assessments & models — Leaching loss

FSNT

N-loss risk assessments & models — Denitrification losses

Whole farm balances

Split N applications

In-season sensors/remote sensing in general

Geo-spatial mapping

Figure 3. Assignment of N Nutrient Management Credits. Variables A and B refer to the land use specific N Core Non-Nutrient Management
BMP efficiency and the N Core Nutrient Management BMP efficiency, respectively, as presented in Table 12. Variables C, D and E refer to
the land use specific N Rate Supplemental BMP efficiency, the N Placement Supplemental BMP efficiency and the N Timing Supplemental
BMP efficiency, respectively, as presented in Table 14.
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PHOSPHORUS Core Nutrient Management BMP
(ALL core elements required to be implemented and verified)

P application goal (P rate) according to LGU recommendations at field level

P soil tests at field level

Manure analysis and volume - test value or book value

Spreader/application calibration

Yield estimates and cropping plan at field level

Cropping and manure history at field level

PHOSPHORUS Supplemental Nutrient Management BMPs
If Core Nutrient Management BMP efficiency is applied, follow with advanced assessment for
Supplemental Nutrient Management BMPs

Soil test P remediation/declining

Soil tests < 3 years old P-based manure rate based on annual crop removal

B (i EEasait P rate less than LGU recommendations

Grid soil sampling Variable rate P application

Split P applications

Manure analysis <3 years old

On-farm replicated research

Yield mapping

S Subsurface injection or incorporation of applied P

Whole farm balances P application setbacks from water

Geo-spatial mapping

P application in lower P-loss risk season

Figure 4. Assignment of P Nutrient Management Credits. Variables F and G refer to the land use specific P Core Non-Nutrient Management
BMP efficiency and the P Core Nutrient Management BMP efficiency, respectively, as presented in Table 13. Variables H, | and J refer to the
land use specific P Rate Supplemental BMP efficiency, the P Placement Supplemental BMP efficiency and the P Timing Supplemental BMP
efficiency, respectively, as presented in Table 15.

4 Review of Literature and Data Gaps

4.1 The Available Science for N BMPs

Crop- and land-use-specific N application rate goal should be based on LGU crop fertilization recommendations, as
modified by the CBP partnership. In an effort to determine the most practicable methodology for allocating fertilizer N to
satisfy crop- and land-use-specific N application rate goals, the Agriculture Workgroup compared the modified LGU
recommendations for application of supplemental inorganic N fertilizer to an alternative approach based on county-level
redistribution of AAPFCO N fertilizer sales data. This methodological comparison indicated that there were relatively
small differences between the two methods for estimating supplemental N fertilizer applications, leading the Agriculture
Workgroup to approve use of the redistributed AAPFCO fertilizer sales methodology in the Phase 6 Model. The Panel
maintains that LGU recommendations should continue to serve as the foundation for crop and landuse-specific N
application goals and suggests that similar comparative analyses be conducted in the future as new fertilizer sales data
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become available. Inconsistencies between estimates generated by the two methods should be further investigated and
rectified based on data source quality and consistency with contiguous or regional county-level data.

Nutrient management practices are implemented at either the field or sub-field level. The diverse landforms, hydrology,
climate and cropping systems of the agricultural landscapes in the CBW have a multitude of impacts on biogeochemical
transformations of N in the agro-ecosystem. Changes in hydrological pathways alone can have dramatic effects on crop N
utilization efficiency and N loads to streams when viewed from the Atlantic Coastal Plain to the Appalachian Plateau.
Therefore, site-specific physical conditions and management factors have a strong influence on the effectiveness of
imposed conservation practices. Nutrient management BMP effectiveness must represent the average condition over a
wide range of real-life scenarios. Thus, it was incumbent upon the Panel to distill numerous lines of evidence to arrive at a
single efficiency value for N BMPs that could be applied equitably across the CBW.

4.2 The Available Science for P BMPs

Similar to N, crop and landuse-specific P application rate goal should be based on LGU crop fertilization recommendations,
as modified by the CBP partnership. However, in practice, LGU recommendations for P application are based on crop- and
site-specific soil-test P concentration. Currently, soil-test P concentration data are not available to the CBP. The NM Expert
Panel recommends that, in the future, crop- and site-specific soil-test P concentration data should be collected, aggregated
to the appropriate scale, summarized to eliminate disclosure of private confidential business information, and utilized as the
foundation for determining P application rate goals and the appropriate application of P Core NM BMPs. In the absence of
soil-test P based application rate goals, county-level redistribution of AAPFCO P fertilizer sales data may serve as a
surrogate. An essential assumption that must be imposed when county-level redistribution of AAPFCO P fertilizer sales
data is utilized in lieu of site-specific soil-test P concentration data is the assumption of a county-average soil-test P
concentration. Currently, a “medium” soil-test P condition was assumed for all situations and locations. Imposition of the
“medium” soil test P assumption across the entire CBW is a gross over-simplification of the complex site-specific
biogeochemical processes and on-site management practices that determine P fate and transport in the agro-ecosystem. The
CBP should strive to rectify this shortcoming in future iterations of the modeling suite.

As stated above relative to N, nutrient management practices are implemented at either the field or sub-field level. The
diverse landforms, hydrology, climate and cropping systems of the agricultural landscapes in the CBW have a multitude of
impacts on biogeochemical transformations of P in the agro-ecosystem. Therefore, site-specific physical conditions and
management factors have a strong influence on the effectiveness of imposed conservation practices. Nutrient management
BMP effectiveness must represent the average condition over a wide range of real-life scenarios. Thus, it was incumbent
upon the Panel to distill numerous lines of evidence to arrive at a single efficiency value for the P BMPs that could be
applied equitably across the CBW.

5 Application of Practice Estimates

5.1 Load Sources
Nutrient management can be applied to specified land uses everywhere within the Chesapeake Bay watershed. The N Core
BMP and the P Core BMP, as well as the N and P Supplemental BMPs, apply to each of the partnership approved Phase 6
agricultural land uses listed in
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Table 17. Land Uses to Which the Nutrient Management Practices Apply

Full Season Soybeans
Grain with Manure

Grain without Manure
Silage with Manure
Silage without Manure

Legume Hay
Small Grains and Grains

Small Grains and Soybeans
Specialty Crop High

Specialty Crop Low
Other Agronomic Crops

Other Hay
Pasture

Soybeans ineligible for double cropping

Corn or sorghum for grain eligible for manure application and
ineligible for double cropping

Corn or sorghum for grain ineligible for manure application and
ineligible for double cropping

Corn or sorghum for silage eligible for manure application and
ineligible for double cropping

Corn or sorghum for silage ineligible for manure application and
ineligible for double cropping

Legume forage crops eligible for manure

Small grains and grains other than corn or sorghum eligible for
manure and ineligible for double cropping

Soybeans double cropped with small grains and ineligible for manure
Specialty crops with relatively high nutrient inputs with some crops
eligible for manure

Specialty crops with relatively low nutrient inputs with some crops
eligible for manure

Other high commodity row crops such as tobacco, cotton, etc., with
some crops eligible for manure

Non-legume forage crops eligible for manure

Grazed land that receives direct manure deposition from animals

5.2 Practice Baseline

The Panel recommends that historic implementation on a state-by-state basis be based on the premise that the baseline of
1985 is set at zero, or near zero acres for N Core NM BMP implementation and the highest level of implementation be
represented at 2015 reported implementation acreages. Similarly, the zero baseline for the P Core NM BMP should be set
to the date when each state introduced P-based NM requirements and the highest level of implementation be represented at
2015 reported implementation acreages. Due to the differences between state Nutrient Management program initiation
dates and implementation reporting for the six-state partnership, the “baseline” year is recommended to reflect these state
partnership differences. Thus, the initial Nutrient Management implementation year for each state will be unique.

The increasing level of historic implementation between the state Nutrient Management program initiation year and the
2015 reported implementation acreages represent two points in time on a state-by-state basis. The intervening annual
representation of implementation acreages may be represented as a linear progression, in the absence of robust
implementation data. Historic implementation estimation shall consider additional sources of N and P reduction credits
commensurate with State QAPPs currently in place, given they are consistent with the BMPs and efficiency credits
described by the Nutrient Management Expert Panel.

In cooperation with the CBPO, a state-by-state representation of reported NM implementation is included as Appendix A.
The state-by-state representation was developed for historical N Core NM and P Core NM BMP implementation.

Historical N Core NM BMP implementation methodology:
e Assume straight-line interpolation between 2015 Progress acres and a starting year for each state.
e Starting year was evaluated by looking at historic NEIEN data to determine when states started reporting
information.
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2015 Progress has acres on crop, pasture and hay. Interpolation was made for each of these categories.
Interpolation was made in each county.

Assume all acres on crops for NY, PA, and WV only apply to crop acres eligible for receiving manure.
Assume all acres on crops for DE, MD and VA can be distributed to crop acres with or without manure.
All acres assumed to qualify for N Core NM BMP.

Historical P Core NM BMP implementation methodology would be similar to the N Core NM BMP implementation
methodology above, except for variable starting years for each state.

A second independent source of data representing historic Nutrient Management implementation has been requested from
the USDA Natural Resources Conservation Service (NRCS) Conservation Effects Assessment Project (CEAP) based on the
two existing reports published on the Chesapeake Bay Watershed. The requested information will be evaluated on a HUC-4
scale based upon the CEAP program’s methodology of interviewing producers at randomly selection field points from the
Natural Resources Inventory (NRI) lists. To date, analysis of the CEAP data at the HUC-4 scale across the CBW has not
been conducted.

In utilizing the Panel's practice recommendations for tracking and reporting practice implementation, the Panel
recommends that acres, or percentage of acres, be reported by Phase 6 land use, or grouping of similar land uses, by year as
an annual practice. Nutrient Management Core N and P are stand-alone practices which should be tracked and reported
separately. Likewise, advanced supplemental N and P practices should be tracked and reported separately, but only when
the corresponding Core N or P elements have been met by the Panel's recommended practice definitions.

The Panel's recommendation for tracking and reporting NM BMP implementation is that acres, or percentage of acres, be
reported by Phase 6 land use, or grouping of similar land uses, by year as an annual practice. The N Core NM BMP and P
Core NM BMP are stand-alone practices which should be tracked and reported separately. Likewise, advanced N and P
Supplemental NM BMPs should be tracked and reported separately, but only when the requirements for reporting the
corresponding N Core BMP or P Core BMP have been met.

5.3 Hydrologic Conditions
The Panel represented NM BMPs that can be applied across all hydrologic conditions in the CBW.

5.4 Sediment

Panel report specifically does not address sediment losses or reductions resulting from implementation of NM BMPs.

5.5 Species of Nitrogen and Phosphorus
The Panel report focused on total N and total P and did not specify species of N or P.

5.6 Geographic Considerations
The Panel report represented NM BMPs that can be applied across all geographic areas of the CBW.

5.7 Temporal Considerations
The Panel report represented NM BMPs that may or may not have temporal considerations depending on the sequence of
BMP implementation within the constraints of farm management operations.

5.8 Practice Limitations
There are no limitations to the application of NM BMPs. These practices may be applied to all agricultural land use
categories in the CBW.

5.9 Potential Interactions with other Practices
The Panel recognizes that NM BMPs interact with all other agricultural practices for all agricultural land use categories in
the CBW.
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6 Practice Monitoring and Reporting

6.1 Phase 6.0 Nutrient Management Tracking, Verification, and Reporting

The Panel recommends that NM BMP implementation tracking, verification, and reporting on a county-by-county or state-
by-state basis be based on the premise that they represent annual Non-Visual Assessment BMPs. BMP implementation will
be reported annually to the CBPO in the number of acres meeting the definitions and qualifications set forth by the NM
Panel in this report for NM Core N and P BMPs, as well as applicable NM Supplemental N and P BMPs.

Nutrient Management BMPs represent an historic and ever-changing suite of BMPs for the CBP modeling tools over the
history of the Program. As such, NM BMPs are included in the jurisdiction's verification plans that were submitted to the
CBP in late 2015. As with all BMPs, the jurisdictions will be expected to document their verification protocols and
procedures in their QAPP for NM BMPs that are reported to the CBPO for nitrogen and phosphorous crediting reductions
under the recommended BMPs. The jurisdictions will be determine if modifications of those verification plans are required
after this expert panel recommendation report is approved by the CBP partnership following the BMP Protocol, and before
the jurisdictions are able to start submitting these BMPs in the Phase 6 modeling tools. As the states consider how to verify
NM BMPs and as they document those procedures in their QAPP, state partners should follow the existing Agriculture
Workgroup’s BMP Verification guidance.

http://www.chesapeakebay.net/about/programs/bmp/additional resources

The AgWG’s current verification guidance breaks BMPs into three general categories: Visual Assessment BMPs (Single
Year), Visual Assessment BMPs (Multi-Year), and Non-Visual Assessment BMPs. The complete AQWG guidance is quite
extensive (79 pages long, including all tables and its own appendices) and is not restated in this section. The panel is not
proposing any new or unique aspects of BMP verification for purposes of the BMPs described in this report. This section
simply explains how the recommended BMPs correspond to the existing BMP verification guidance.

As described in this report, nutrient application management is part of a larger nutrient management system or plan that
often involves multiple management and physical components (e.g., animal waste storage, manure injection and
incorporation, etc.) which can be visually assessed over time. NM practices also incorporate non-visual components (e.g.
nutrient application rate, timing, and placement) in addition to management plans or other documentation as needed under
applicable state or federal agricultural permits and/or programs. Thus, nutrient management systems can reasonably be
verified using elements of both the Non-Visual Assessment and Visual Assessment (Multi-Year) categories described by
the AgWG.

Each state will determine the most appropriate methods for verifying BMP implementation given their specific priorities,
programs, needs, and capacity. For example, one state may lean more heavily on the Visual Assessment (Multi-Year)
elements by leveraging existing site visits to farms to also verify that the composting facility meets applicable state or
federal standards and specifications. Or, the state may determine that available records are detailed enough to provide
sufficient verification through spot-checks. Ideally the state will leverage elements of both categories to verify that the
physical treatment system is operating as intended, and that the data in their records are accurate and up-to-date.

To verify the NM Core N and Core P BMPs recommended in this report for nitrogen and phosphorous reduction credits in
the Phase 6 CBWM, jurisdictions can reasonably follow the AgWG’s guidance for Non-Visual Assessment BMPs.
Verification for Non-Visual Assessment BMPs depend more on oversight and checks on operational records or
documentation rather than visual assessment of a physical structure.

The nitrogen and phosphorous reductions for NM Core BMPs described in this report are to be based on the verified
required elements of the Core N and Core P following the AgWG’s guidance for non-visual assessment BMPs. Since it is
an annually reported BMP, the most important criteria (i.e. NM Core N and Core P elements) should be documented
somewhere in records available to the applicable state agency. Given the close association between nutrient application
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management and other CBP-approved BMPs (e.g., animal waste storage systems, manure transport, etc.) the state agency
can potentially verify the type and amount of nutrients that were managed via one or both of the NM Core management
systems described by the panel. If the state agency finds that even this basic information cannot be verified through its spot-
checks or other annual BMP verification procedures described in its QAPP, then the BMP cannot satisfy the definitions and
expected nitrogen reductions described in this report.

When the state agency has more detailed NM information available for both reporting and verification purposes, then they
may be able to report the given nutrient application system under both the defined NM Core N and P BMPs, as well as one
or more of the NM Supplemental N and P BMPs. By providing separate BMPs based on additional rate, timing, and
placement application management systems for the higher nitrogen and phosphorous reductions, the panel provides a
framework with additional built-in elements of BMP verification. If records available to the applicable state agency do not
document the implementation of additional nutrient application changes for rate, timing, and/or placement described by the
panel for the NM Supplemental N and P BMPs, then the given system should not be reported under the corresponding
Supplemental BMP, but could potentially still meet the criteria of the Core N and/or Core P BMPs using the more basic
information that is available. By assigning lower estimated reductions when only basic information is available, it is less
likely that a reported treatment system will not provide the estimated nitrogen and phosphorous reductions developed by
the panel. This reinforces the basis of BMP verification, i.e. that the reported practice is implemented and operating as
intended. With more detailed information about the nutrient application management factors, verified according to the
AgWG’s guidance, the partnership can have more confidence that the given nutrient application system is operating more
effectively to limit excess nitrogen and phosphorous from the environment.

For more information about the CBP Partnership’s BMP Verification Framework

The full CBP partnership BMP Verification Framework is available online (scroll down to October 2014 Basinwide BMP
Verification Framework Document):

http://www.chesapeakebay.net/about/programs/bmp/additional resources

The current Agriculture Workgroup’s BMP Verification Guidance is included in Appendix B of the full Framework
Document. For the AgWG’s guidance only, go here:

http://www.chesapeakebay.net/documents/Appendix%20B%20-Ag%20BMP%20Verification%20Guidance%20Final.pdf

6.2 Future Verification of Nutrient Management Practices
The Panel envisions that potential opportunities may exist in the future for utilizing alternative forms of BMP verification,

including examples such as remote sensing from satellite, aerial, and drone imagery, aggregated fertilizer industry sales
information, and aggregated manure hauler/broker data.

T References

Abdi, D., BJ Cade-Menun, N. Ziadi, and L. Parent. 2014. Long-term impact of tillage practices and phosphorus fertilization
on soil phosphorus forms as determined by 31P nuclear magnetic resonance spectroscopy. J. Environmental Quality 2014
43: 4: 1431-1441.

Adeli, A., H. Tewolde, M.W. Shankle, T.R. Way, J.P. Brooks, and M.R. McLaughlin. 2013. Runoff quality from no-till
cotton fertilized with broiler litter in subsurface bands. Journal of Environmental Quality 42:284-291.

Al-wadaey, A., S C. Wortmann, A.C. Shapiro, G.T. Franti, and E.D. Eisenhauer. 2010. Manure application setback effect
on phosphorus and sediment in runoff. Journal of Soil Science and Environmental. Management 1(5):92-98.

31


http://www.chesapeakebay.net/about/programs/bmp/additional_resources
http://www.chesapeakebay.net/documents/Appendix%20B%20-Ag%20BMP%20Verification%20Guidance%20Final.pdf

Allen, B.L. and A.P. Mallarino. 2008. Effect of liquid swine manure rate, incorporation, and timing of rainfall on
phosphorus loss with surface runoff. Journal of Environmental Quality 37(1):125-137.

Alley, M.M., P. Scharf, D.E. Brann, W.E. Baethgen, and J.L. Hammons. 2009. Nitrogen management for winter wheat:
Principles and recommendations. Virginia Coop. Ext. Pub. 424-026.

Andraski, T.W., L.G. Bundy, and K.C. Killian. 2003. Manure history and long-term tillage effects on soil properties and
phosphorus losses in runoff. Journal of Environmental Quality 32(5):1782-1789.

Angle, J.S., C.M. Gross, R.L. Hill, and M.C. MclIntosh. 1993. Soil nitrate concentrations under corn as affected by tillage,
manure and fertilizer applications. Journal of Environmental Quality 22:141-147.

Ball Coelho, B.R., R.C. Roy, E. Topp, and D.R. Lapen. 2007. Tile water quality following liquid swine manure application
into standing corn. Journal of Environmental Quality 36(2):580-587.

Belzer, W., C. Evans, and A. Poon. 1997. Atmospheric Nitrogen Concentrations in the Lower Fraser Valley. Environment
Canada. Vancouver, BC. DOE FRAP 1997-23.

Bolster, C.H. and P.A. Vadas. 2013. Sensitivity and uncertainty analysis for the Annual Phosphorus Loss Estimator model.
J. Environmental Quality 42: 1109-1118.

Buda, A.R., P.J.A. Kleinman, R.B. Bryant, G.W. Feyereisen and M.S. Srinivasan. 2009. Effects of hydrology and field
management on phosphorus transport in surface runoff. J. Environmental Quality 38: 2273-2284.

Bundy, L.G., T.W. Andraski, and J.M. Powell. 2001. Management practice effects on phosphorus losses in runoff in corn
production systems. Journal of Environmental Quality 30(5):1822—-1828.

Butler, D.M, N.N. Ranells, D.H. Franklin, M.H. Poore, and J.T. Green. 2008. Runoff water quality from manured riparian
grasslands with contrasting drainage and simulated grazing pressure. Agriculture, Ecosystems and Environment
126(3):250-260.

Cela, S., Q.M. Ketterings, K.J. Czymmek, M.A. Soberon, and C.N. Rasmussen. 2014a. Characterization of N, P, and K
mass balances of dairy farms in New York State. Journal of Dairy Science 97:7614-7632.

Cela, S., Q.M. Ketterings, K.J. Czymmek, M. Soberon, and C. Rasmussen. 2014b. Whole farm nutrient balance
benchmarks for New York dairies. Cornell Nutrition Conference Proceedings. Syracuse NY, October 21, 2014.
http://ecommons.library.cornell.edu/bitstream/1813/37980/1/CNC2014_16_Ketterings.pdf

Chesapeake Bay Program. 2013a. Estimates of County-Level Nitrogen and Phosphorus Data for Use in Modeling Pollutant
Reduction—Documentation for Scenario Builder Version 2.4. U.S. Environmental Protection Agency, Chesapeake Bay
Program, Annapolis, MD.

Chesapeake Bay Program. 2013b. Addition of New Species to Cover Crop BMP, Addition of New Cover Crop Species with
Nitrogen Reduction Efficiencies for Use in Phase 5.3.2 of the Chesapeake Bay Program Watershed Model.
Recommendations of the 2013-2013 Expert Panel. U.S. Environmental Protection Agency, Chesapeake Bay Program,
Annapolis, MD.

Coale, F. J. 2000. Effect of Crop Rotations on the Fate of Residual Soil Nitrogen in Maryland Grain Production Systems.
Final project report, MGPUB Grant No. 98022. Maryland Grain Producers Utilization Board, Edgewater, MD.

Coale, F.J., J.T. Sims and A.B. Leytem. 2002. Accelerated Deployment of an Agricultural Nutrient Management Tool.
Journal of Environmental Quality 31: 1471-1476.

32



Cover Crop Expert Panel. 2014. Addition of New Cover Crop Species with Nitrogen Reduction Efficiencies for Use in
Phase 5.3.2 of the Chesapeake Bay Program Watershed Model. Chesapeake Bay Program, Annapolis, MD.

Daverede, I.C., R.G. Hoeft, E.D. Nafziger, D.G. Bullock, J.J. Warren, and L.C. Gonzini. 2004. Phosphorus runoff from
incorporated and surface-applied liquid swine manure and phosphorus fertilizer. Journal of Environmental Quality
33:1535-1544.

Dell, C.J., P.J.A. Kleinman, J.P. Schmidt, and D.B. Beegle. 2012. Low-disturbance manure incorporation effects on
ammonia and nitrate loss. Journal of Environmental Quality. 41:928-937. doi:10.2134/jeq2011.0327

Delorme, T.A., J.S. Angle, F.J. Coale and R.L. Chaney. 2000. Phytoremediation of phoshporus-enriched soils. International
Journal of Phytoremediation 2: 173-181.

Djodjic, F. and L. Bergstrém. 2005. Conditional phosphorus index as an educational tool for risk assessment and
phosphorus management. AMBIO: A Journal of the Human Environment 34: 296-300.

Dodd, R.J., R.W. McDowell and L.M. Condron. 2014. Manipulation of fertiliser regimes in phosphorus enriched soils can
reduce phosphorus loss to leachate through an increase in pasture and microbial biomass production. Agriculture,
Ecosystems & Environment 185: 65-76.

Ditsch, D. C. 1991. Fate of 15N-depleted Fertilizer N in a Corn-rye Cropping Sequence: Plant Uptake and Soil
Distribution. Virginia Polytechnic Institute and State University, Blacksburg, VA.

Durieux, R.P., H.J. Brown, E.J. Stewart, J.Q. Zhao, W.E. Jokela, and F.R. Magdoff. 1995. Implications of nitrogen
management strategies for nitrate leaching potential: roles of nitrogen source and fertilizer recommendation system.
Agronomy Journal 87:884-887.

Eghball, B., J.F. Shanahan, G.E. Varvel and J.E. Gilley. 2003. Reduction of high soil test phosphorus by corn and soybean
varieties. Agronomy Journal 95: 1233-1239.

Elliott, H., R. Brandt, P. Kleinman, A. Sharpley and D. Beegle. 2006. Estimating Source Coefficients for Phosphorus Site
Indices. Journal of Environmental Quality 35: 2195-2201.

Evanylo, G.K. and M.M. Alley. 1997. Pre-sidedress soil nitrogen test for corn in Virginia. Communications in Soil Science
and Plant Analysis.28:1285-1301.

Feyereisen, G. W. and G. J. Folmar. 2009. Development of a laboratory-scale lysimeter system to simultaneously study
runoff and leaching dynamics. Transactions of the ASABE 52(5): 1585-1591.

Feyereisen, G.W., P.J.A. Kleinman, G.J. Folmar, L.S. Saporito, T.R. Way, C.D. Church, and A.L. Allen. 2010. Effect of
direct incorporation of poultry litter on phosphorus leaching from coastal plain soils. Journal of Soul and Water
Conservation. 65(4):243-251.

Forrestal, P.J., R.J. Kratochvil, and J.J. Meisinger. 2012. Late-season corn measurements to assess soil residual nitrate and
nitrogen management. Agronomy Journal 104: 148-157.

Forrestal, P.J., J.J. Meisinger, and R.J. Kratochvil. 2014. Winter wheat starter nitrogen management: a preplant soil nitrate
test and site-specific nitrogen loss potential. Soil Science Society of America 78:1021-1034.

Fox, R.H., J.M. Kern, and W.P Piekielek. 1986. Nitrogen fertilizer source, and method and time of application effects on
no-till corn yield and nitrogen uptakes. Agronomy Journal 78:741-746.

Fox, R.H. and W.P Piekielek. 1993. Management and urease inhibitor effects on nitrogen use efficiency in no-till corn.
33



Journal of Production Agriculture. 6:195-200.

Franklin, D.H., M.L. Cabrera, L.T. West, V.H. Calvert, and J.A. Rema. 2007. Field scale, paired watershed study: aeration
to reduce runoff and phosphorus losses from grass lands fertilized with broiler litter. Journal of Environmental Quality
36:208-215.

Gangbazo, G., A.R. Pesant, G.M. Barnett, J.P. Charuest, and D. Cluis. 1995. Water contamination by ammonium nitrogen
following the spreading of hog manure and mineral fertilizers. Journal of Environmental Quality 24:420-425.

Garcia, A.M., T.L. Veith, P.J.A. Kleinman, C.A. Rotz, and L.S. Saporito. 2008. Assessing manure management strategies
through small-plot research and whole-farm modeling. Journal of Soil and Water Conservation 63(4):204-211.

Gaston, L.A. and J.L. Kovar. 2015. Phytoremediation of high-phosphorus soil by Annual Ryegrass and Common
Bermudagrass harvest. Communications in Soil Science & Plant Analysis 46: 736-752.

Gburek, W.J., A.N. Sharpley, L. Heathwaite and G.J. Folmar. 2000. Phosphorus management at the watershed scale: A
modification of the phosphorus index. Journal of Environmental Quality 29: 130-144.

Gentry, L. E.; M.B. David, T.V. Royer, C.A. Mitchell, and K.M. Starks. 2007. Phosphorus Transport Pathways to Streams
in Tile-Drained Agricultural Watersheds. J. Environmental Quality 36: 2.

Geohring, L.D., O.V. McHugh, M.T. Walter, T.S. Steenhuis, M.S. Akhtar, and M.F. Walter. 2001. Phosphorus transport
into subsurface drains by macropores after manure applications: Implications for best manure management practices. Soil
Science 166(12):896-909.

Grande, J.D., K.G. Karthikeyan, P.S. Miller, and J.M. Powell. 2005. Corn residue level and manure application timing
effects on phosphorus losses in runoff. Journal of Environmental Quality 34(5):1620-1631.

Gravelle, W.D., M.M. Alley, D.E. Brann, and K.D.S.M. Joseph. 1988. Split spring nitrogen application effects on yield,
lodging, and nutrient uptake of soft red winter wheat. Journal of Production Agriculture 1:249-256.

Guillard, K., T.F. Morris, and K.L. Kopp. 1999. The pre-sidedress soil nitrate test and nitrate leaching from corn. Journal
of Environmental Quality 28(6):1845-1852.

Hong, E., Q.M. Ketterings, G. Godwin, S. Gami, and S. Wharton. 2010. Effect of sampling height and length on corn stalk
nitrate test results. What’s Cropping Up? 20(2):9-11.

Jaynes, D.B., D.L. Dinnes, D.W. Meek, D.L. Karlen, C.A. Cambardella, and T.S. Colvin. 2004. Using the late spring
nitrate test to reduce nitrate loss within a watershed. Journal of Environmental Quality 33:669-677.

Jemison, J.M., and R.H. Fox. 1994. Nitrate leaching from nitrogen-fertilized and manured corn measured with zero-tension
pan lysimeters. Journal of Environmental Quality 23(2):337-343.

Johnson, A.M., D.L. Osmond, and S.C. Hodges. 2005. Predicted impact and evaluation of North Carolina’s Phosphorus
Indexing Tool. Journal of Environmental Quality 34:1801-1810.

Johnson, K.N., P.J. A. Kleinman, D.B. Beegle, H.A. Elliott, and L.S. Saporito. 2011. Effect of dairy manure slurry
application in a no-till system on phosphorus runoff. Nutrient Cycling in Agroecosystems 90:201-212.

Kaiser, D.E., A.P. Mallarino, M.U. Haqg, and B.L. Allen. 2009. Runoff phosphorus loss immediately after poultry manure
application as influenced by the application rate and tillage. Journal of Environmental Quality 38(1):299-308.

Ketterings, Q.M., J. Lawrence, G. Godwin, N. Glazier, P. Barney, and K.J. Czymmek. 2009. Evaluation of ISNT-based
34



nitrogen management for multi-year corn sites. What’s Cropping Up? 19(3):10-11.

Ketterings, Q.M., G. Godwin, and K. Czymmek. 2011a. Effect of timing of nitrogen application on corn stalk nitrate test
(CSNT) results. What’s Cropping Up? 21(4):7-10.

Ketterings, Q.M., E. Hong, G. Godwin, and K. Czymmek. 2011b. Variability of corn stalk nitrate test results as impacted
by variety (BMR versus conventional). What’s Cropping Up? 21(3):11-14.

Ketterings, Q.M., K. Czymmek, S. Gami, and M. Reuter. 2014. Stalk Nitrate Test Results for New York Corn Fields from
2007 through 2014. What’s Cropping Up? 25(1).

Kibet, L.C., A.L. Allen, P.J.A. Kleinman, G.W. Feyereisen, C. Church, L.S. Saporito, and T.R. Way. 2011. Phosphorus
runoff losses from subsurface-applied poultry litter on coastal plain soils. Journal of Environmental Quality 40(2):412—420.

Klapwyk, J.H., Q.M. Ketterings, G. Godwin, and D. Wang. 2006. Response of the Illinois Soil Nitrogen Test to liquid and
composted dairy manure applications in a corn agroecosystem. Canadian Journal of Soil Science 86(4):655-663.

Klausner, S.D., W.S. Reid, and D.R. Bouldin. 1993. Relationship between late spring soil nitrate concentrations and corn
yields in New York. Journal of Production Agriculture 6:350-354.

Kleinman, P.J.A., A.L. Allen, B.A. Needelman, A.N. Sharpley, P.A. Vadas, L.S. Saporito, G.J. Folmar, and R.B. Bryant.
2007. Dynamics of phosphorus transfers from heavily manured Coastal Plain soils to drainage ditches. J. Soil and Water
Conservation 62(4): 225-234.

Kleinman, P.J.A. and A.N. Sharpley. 2003. Effect of broadcast manure on runoff phosphorus concentrations over
successive rainfall events. Journal of Environmental Quality 32:1072-1081.

Klienman, P.J.A., A.N. Sharpley, T.L. Veith, R.O. Maguire, and P.A. Vadas. 2004. Evaluation of phosphorus transport in
surface runoff from packed soil boxes. Journal of Environmental Quality 33(4):1413-1423.

Kleinman, P.J.A., A.N. Sharpley, B.G. Moyer and G.F. Elwinger. 2002. Effect of Mineral and Manure Phosphorus Sources
on Runoff Phosphorus. Journal of Environmental Quality 31: 2026-2033.

Kleinman, P.J. A., A.N. Sharpley, L.S. Saporito, A.R. Buda, and R.B. Bryant. 2008. “Application of Manure to No-till
Soils: Phosphorus Losses by Sub-surface and Surface Pathways.” Nutrient Cycling in Agroecosystems 84 (3): 215-27.
d0i:10.1007/s10705-008-9238-3.

Kleinman P.J.A., A.N. Sharpley, L.S. Saporito, A.R. Buda, and R.B. Bryant. 2009. Application of manure to no-till soils:
phosphorus losses by sub-surface and surface pathways. Nutrient Cycling in Agroecosystems 84:215-227

Kovar, J.L., T.B. Moorman, J.W. Singer, C.A. Cambardella, and M.D. Tomer. 2011. Swine manure injection with low-
disturbance applicator and cover crops reduce phosphorus losses. Journal of Environmental Quality 40(2):329-36.

Kratochvil, R.J., F.J. Coale, B. Momen, J. Harrison, M.R., J.T. Pearce and S. Schlosnagle. 2006. Cropping systems for
phytoremediation of phosphorus-enriched soils. International Journal of Phytoremediation 8: 117-130.

Kyveryga, P. M., H. Tao, and T.F. Morris. 2010. Identification of Nitrogen Management Categories by Corn Stalk Nitrate
Sampling Guided by Aerial Imagery. Agron. J., 00021962, May/June, 102(3).

Lamba, J., P. Srivastava, T.R. Way, S. Sen, C.W. Wood, and K.H. Yoo. 2013. Nutrient loss in leachate and surface runoff
from surface-broadcast and subsurface-banded broiler litter. Journal of Environmental Quality 42:1574-1582.

Lawrence, J.R., Q.M. Ketterings, and K.J. Czymmek. 2008. Illinois Soil N Test (ISNT) useful tool for NY'S corn producers.
35



What’s Cropping Up? 18(3):4-5.

Lawrence, J.R., Q.M. Ketterings, M.G. Goler, J.H. Cherney, W.J. Cox, and K.J. Czymmek. 2009. Illinois soil nitrogen test
with organic matter correction for predicting nitrogen responsiveness of corn in rotation. Soil Science Society of America
Journal 73(1):303-311.

Leytem A.B., J.T. Sims, and F.J. Coale. 2003. On-farm evaluation of a phosphorus site index for Delaware. Journal of Soil
and Water Conservation 58(2): 89-97.

Little, J.L., D.R. Bennett, and J.J. Miller. 2005. Nutrient and sediment losses under simulated rainfall following manure
incorporation by different methods. Journal of Environmental Quality 34(5):1883-95.

Maguire, R.O., P.J.A. Kleinman, C.J. Dell, D.B. Beegle, R.C. Brandt, J.M. McGrath, and Q.M. Ketterings. 2011. Manure
application technology in reduced tillage and forage systems: A review. Journal of Environmental Quality 40(2):292-301.

Maryland Cooperative Extension. 2009. Nutrient recommendations by crop, section 1B University of Maryland Nutrient
Management Manual. Available online at:
http://mda2.maryland.gov/resource_conservation/Documents/consultant_information/1-B1%20p1-15%20s6.pdf

McCollum, R.E. 1991. Buildup and decline in soil phosphorus: 30-year trends on a Typic Umprabuult. Agronomy Journal
83: 77-85.

McDowell, R. and A. Sharpley. 2002. Phosphorus transport in overland flow in response to position of manure application.
Journal of Environmental Quality 31:217-227.

McDowell, R., A.N. Sharpley, and G.J. Folmar. 2001. Phosphorus export from an
agricultural watershed: linking source and transport mechanisms. J.
Environmental Quality 30: 1587-1595.

McGrath, J.M., F.J. Coale and N.M. Fiorellino. 2013. University of Maryland Phosphorus Management Tool: Technical
Users Guide. University of Maryland Extension, College Park, MD.

Meisinger, J.J. and J.A. Delgado. 2002. Principles for managing nitrogen leaching. Journal of Soil and Water Conservation
57:485-498.

Meisinger, J.J. and W.E. Jokela. 2000. Ammonia volatilization from dairy and poultry manure. pp. 334-354. In Proc. conf.
Managing nutrients and pathogens from animal agriculture, March 28-30, 2000, Camp Hill, PA. Northeast Region Agr.
Eng. Serv. NRAES-130. Ithaca, NY.

Meisinger, J.J., V.A. Bandel, J.S. Angle, B.E. O’Keefe, and C.M. Reynolds. 1992. Pre-sidedress soil nitrate test evaluation
in Maryland. Soil Sci. Soc. Am. J. 56:1527-1532.

Meisinger, J.J., Schepers, J.S. and Raun, W.R. 2008a. Crop Nitrogen Requirement and Fertilization. Amer. Soc. of
Agronomy Monograph Series. 14:563-612.

Meisinger, J.J., F.J. Calderon, and D.S. Jenkinson. 2008b. Soil nitrogen budgets. Am. Soc. Agronomy Monograph Series.
14:505-562.

Meisinger, J.J., R.E. Palmer, and D.J. Timlin. 2015. Effects of tillage practices on drainage and nitrate leaching from winter
wheat in the Northern Atlantic Coastal-Plain USA. Soil and Tillage Research 151:18-27.

Moebius-Clune, B., M.Ball, H. van Es, and J. Melkonian. 2011. Department of Crop and Soil Sciences, Cornell University.
Adapt-N Increased Grower Profits and Decreased Environmental N Losses in 2011 Strip Trials. What’s Cropping Up? Vol.
36



22 No. 2 March - April 2012

Moebius-Clune, B., M.Ball, H. van Es, and J. Melkonian 2012. Department of Crop and Soil Sciences, Cornell University.
Adapt-N Increased Grower Profits and Decreased Nitrogen Inputs in 2012 Strip Trials. What’s Cropping Up? Vol. 23 No. 3
May — June

Moebius-Clune, B., M.Ball, H. van Es, and J. Melkonian 2013. Department of Crop and Soil Sciences, Cornell University.
Adapt-N Responds to Weather, Increases Grower Profits in 2013 Strip Trials. What’s Cropping Up> Vol. 24 No. 3 -
May/June

Moebius-Clune, B., M.Ball, H. van Es, and J. Melkonian. 2014. Adapt-N Boosts Profits and Cuts N Losses in Three Years
of On-Farm Trials in New York and Iowa. What’s Cropping Up? Vol. 24 No. 5 - September/October

National Phosphorus Research Project. National research project for simulated rainfall- surface runoff studies: Protocol.
National Phosphorus Research Project. Southern Extension Research Activity-17 (SERA-17) [Online]. Available at:
http://www.seral7.ext.vt.edu/Documents/National_P_protocol.pdf.

Nichols, D.J., T.C. Daniel, and D.R. Edwards. 1994. Nutrient runoff from pasture after incorporation of poultry litter or
inorganic fertilizer. Soil Science Society of America Journal 58(4):1224-1228.

Obour, A.K., M.L. Silveira, J.M.B. Vendramini, M.B. Adjei, and L.E. Sollenberger. 2010. Evaluating cattle manure
application strategies on phosphorus and nitrogen losses from a Florida spodosol. Agronomy Journal 102:1511-1520.

Osmond, D., A. Sharpley, C. Bolster, M. Cabrera, S. Feagley, B. Lee, C. Mitchell, R. Mylavarapu, L. Oldham, F. Walker,
and H. Zhang. 2012. Comparing phosphorus indices from twelve southern U.S. States against monitored phosphorus loads
from six prior southern studies. Journal of Environmental Quality 41:1741-1749.

Osmond, D.L., M.L. Cabrera, S.E. Feagley, G.E. Hardee, C.C. Mitchell, P.A. Moore Jr., R.S. Mylavarapu, J.L. Oldham,
J.C. Stevens, W.O. Thom, F. Walker, and H. Zhang. 2006. Comparing ratings of the southern phosphorus indices. Journal
of Soil and Water Conservation 61(6):325-337.

Paerl, H.W. 2002. Connecting atmospheric nitrogen deposition to coastal eutrophication - research is needed to understand
this air-water quality interaction. Environmental Science & Technology 36:323A-326A.

Paerl, HW., R.L. Dennis, and D.R. Whitall. 2002. Atmospheric deposition of nitrogen: implications for nutrient over-
enrichment in coastal waters. Estuaries 25:677-683.

Palmer, R.E., Meisinger, J.J., Magette, W.L., 2011. Undisturbed soil-columns for lysimetry I. collection, field testing, and
construction. Applied Engineering in Agriculture 27, 379-389.

Panuska, J.C. K.G. Karthikeyan, and P.S. Miller. 2008. Impact of surface roughness and crusting on particle size
distribution of edge-of-field sediments. Geoderma 145(3-4):315-324.

Penn State Extension. 1981 Agronomy Guide. The Pennsylvania State University, College of Agriculture Extension
Service. University Park, PA.

Pote, D.H., W.L. Kingery, G.E. Aiken, F.X. Han, P.A. Moore Jr., and K. Buddington. 2003. Water-quality effects of
incorporating poultry litter into perennial grassland soils. Journal of Environmental Quality 32(6):2392—2398.

Pote, D.H., T.R. Way, K.R. Sistani, and P.A. Moore. 2009. Water-quality effects of a mechanized subsurface-banding
technique for applying poultry litter to perennial grassland. Journal of Environmental Management 90, 3534-3539.

Pote, D.H., T.R. Way, P.J. Kleinman, P.A. Moore Jr, J.J. Meisinger, K.R. Sistani, L.S. Saporito, A.L. Allen, and G.W.
37



Feyereisen. 2011. Subsurface application of poultry litter in pasture and no-till soils. Journal of Environmental Quality
40:402-411.

Powell, J.M., W.E. Jokela, and T.H. Misselbrook. 2011. Dairy slurry application method impacts ammonia emission and
nitrate leaching in no-till corn silage. Journal of Environmental Quality 40(2):383-392.

Radcliffe, D. J. Freer, and O. Schoumans. 2009. Diffuse phosphorus models in the United States and Europe: Their usages,
scales, and uncertainties. J. Environmental Quality 38: 1956-1967.

Radcliffe, D.E., K. Blombéack, C.H. Bolster, A.S. Collick, Z.M. Easton, W. Francesconi, D.R. Fuka, H. Johnsson, M.
Larsho, Y.A. Mohamed, A.S. Mulkey, N.O. Nelson, K. Persson, J.J. Ramirez-Avila, D.K. Reid, F. Schmieder, D.R. Smith.
2015. Applicability of current models to prediction of phosphorus losses in artificially drained fields: A review. J.
Environmental Quality 44: 2: 614-628

Raun, W.R. and J.S. Schepers. 2008. Nitrogen management for improved use efficiency. American Society of Agronomy
Monograph Series 14:675-693.

Roth, G.W., D.B. Beegle, and P.J. Bohn. 1992. Field evaluation of a pre-sidedress soil nitrate test and quick test for corn in
Pennsylvania. Journal of Production Agriculture. 5:476-481.

Rotz, C.A., P.J.A. Kleinman, C.J. Dell, T.L. Veith, and D.B. Beegle. 2011. Environmental and economic comparisons of
manure application methods in farming systems. Journal of Environmental Quality 40:438-448.

Scharf, P.C., and M.M. Alley. 1994. Residual soil nitrogen in humid region wheat production. Journal of Production
Agriculture 7:81-85.

Schroeder, P.D., D.E. Radcliffe, and M.L. Cabrera. 2004. Rainfall timing and poultry litter application rate effects on
phosphorus loss in surface runoff. Journal of Environmental Quality 33, 2201-2209.

Sexton, T. 2015. Personal communication of Virginia PSNT implementation data 2010-2013 as summarized by the Amer.
Farmland Trust. Virginia Department of Conservation and Recreation.

Shah, S.B., M.D. Shamblin, H.N. Boone, S.A. Gartin, and D.K. Bhumbla. 2004. Runoff water quality impacts of different
turkey litter application methods. Applied Engineering in Agriculture 20(2): 207-210.

Sharma, N.C., D.L. Starnes and S.V. Sahi. 2007. Phytoextraction of excess soil phosphorus. Environmental Pollution 146:
120-129.

Sharpley, A.N., B. Foy and P. Withers. 2000. Practical and innovative measures for the control of agricultural phosphorus
losses to water: An overview. Journal of Environmental Quality 29: 1-9.

Sharpley, A.N. and P.J.A. Kleinman. 2003. Effect of rain simulator and plot scale on overland flow and phosphorus
transport. Journal of Environmental Quality 32:2172-2179.

Sharpley, A.N., RW. McDowell, J.L. Weld, and P.J.A. Kleinman 2001. Assessing site vulnerability to phosphorus loss in
an agricultural watershed. Journal of Environmental Quality 30:2026-2036.

Sharpley, A.N., J.L. Weld, D.B. Beegle, P.J.A. Kleinman, W.J. Gburek, P.A. Moore, et al. 2003. Development of
phosphorus indices for nutrient management planning strategies in the US. Journal of Soil and Water Conservation 58: 137-
152.

Sims, J.T., R.O. Maguire, A.B. Leytem, K.L. Gartley and M.C. Pautler. 2002. Evaluation of Mehlich 3 as an agri-
environmental soil phosphorus test for the Mid-Atlantic United States of America. Soil Science Society of America Journal
38



66: 2016-2032.

Sims, J.T., R.R. Simard and B.C. Joern. 1998. Phosphorus loss in agricultural drainage: Historical perspective and current
research. Journal of Environmental Quality 27: 277-293.

Sims, J.T., B.L. Vasilas, K.L. Gartley, B. Milliken, and V. Green. 1995. Evaluation of soil and plant nitrogen tests for
maize on manured soils of the Atlantic Coastal-Plain. Agronomy Journal 87:213-222.

Sistani, K.R., H.A. Torbert, T.R. Way, C.H. Bolster, D.H. Pote, and J.G. Warren. 2009. Broiler litter application method
and runoff timing effects on nutrients and Escherichia coli losses from tall fescue pasture. Journal of Environmental
Quality 38:1216-1223.

Smith, D.R., P.R. Owens, A.B. Leytem, and E.A. Warnemuende. 2007. Nutrient losses from manure and fertilizer
applications as impacted by time to first runoff event. Environmental Pollution 147:131-137.

Smith, D.R. and E.A. Pappas, 2010. Do Plot Studies Generate “Directionally” Correct Assessments of Field Level
Phosphorus Losses? Journal of Soil and Water Conservation 65(5):289-297.

Soberon, M.A., S. Cela, Q.M. Ketterings, C.N. Rasmussen, and K.J. Czymmek. 2015. Changes in nutrient mass balances
over time and related drivers for 54 New York Dairy Farms. (in review).

Sogbedji, J.M., H.M. van Es, C.L.Yang, L.D. Geohring, and F.R. Magdoff. 2000. Nitrate leaching and N budget as affected
by maize N fertilizer rate and soil type. Journal of Environmental Quality 29:1813— 1820.

Sommer, S.G. and N.J. Hutchings. 2001. Ammonia emission from field applied manure and its reduction-invited paper.
European Journal of Agronomy 15: 1-15.

Staver, K.W. 2004. Efficient Utilization of Poultry Litter in Cash Grain Rotations. January 2004. Final Report submitted to:
Maryland Grain Producers Utilization Board Maryland Center for Agro-Ecology, MCAE Pub. 2004-03 Available at:
http://agresearch.umd.edu/sites/default/files/_docs/locations/wye/KS-MGP.FR-Merged%20FINAL .pdf.

Staver, K.W. and R.B. Brinsfield. 2001. Agriculture and Water Quality on the Maryland Eastern Shore: Where Do We Go
from Here? BioScience 51 (10): 859-68. doi:10.1641/0006-3568(2001)051[0859:AAWQOT]2.0.CO;2.

Staver, K., P. Kleinman, S. Ator, A. Buda, Q. Ketterings, J.T. Sims, and J. Meisinger. 2014. A review of agricultural P-
dynamics in the Chesapeake Bay Watershed Model. STAC Publication Number 14-005, Edgewater, MD. 20 pp.

Steinhilber, P.S. 2015. Personal communication of Maryland Nutrient Management Consultant summaries of PSNT
implementations

Tabbara, H. 2003. Phosphorus loss to runoff water twenty-four hours after application of liquid swine manure or fertilizer.
Journal of Environmental Quality 32:1044-1052.

Tarkalson, D.D. and R.L. Mikkelsen. 2004. Runoff phosphorus losses as related to soil test phosphorus and degree of
phosphorus saturation on piedmont soils under conventional and no-tillage. Communications in Soil Science and Plant
Analysis 35(19-20):2987-3007.

Thomason, W.E., S.B. Phillips, P.H. Davis, J.G. Warren, M.M. Alley, and M.S. Reiter. 2011. Variable nitrogen rate
determination from plant spectral reflectance in soft red winter wheat. Journal of Precision Agriculture 12(5): 666-681.

Thompson, R.B. and J.J. Meisinger. 2002. Management factors affecting ammonia volatilization from land-applied cattle
slurry in the Mid-Atlantic USA. Journal of Environmental Quality 31:1329-1338.

39


http://agresearch.umd.edu/sites/default/files/_docs/locations/wye/KS-MGP.FR-Merged%20FINAL.pdf

Vadas, P.A., B.E. Haggard and W.J. Gburek. 2005. Predicting dissolved phosphorus in runoff from manured field plots.
Journal of Environmental Quality 34: 1347-1353.

Vadas, P., P. Kleinman, A. Sharpley and B. Turner. 2005. Relating soil phosphorus to dissolved phosphorus in runoff: A
single extraction coefficient for water quality modeling. Journal of Environmental Quality 34: 572-580.

Vadas, P.A., L.B. Owens and A.N. Sharpley. 2008. An empirical model for dissolved phosphorus in runoff from surface-
applied fertilizers. Agriculture, Ecosystems, and Environment 127: 59-65.

Vadas, P.A., L.W. Good, P.A. Moore Jr., and N. Widman. 2009. Estimating phosphorus loss in runoff from manure and
fertilizer for a phosphorus loss quantification tool. Journal of Environmental Quality 38:1645-1653.

Vadas, P.A., B.C. Joern and P.A. Moore. 2012. Simulating soil phosphorus dynamics for a phosphorus loss quantification
tool. Journal of Environmental Quality 41: 1750-1757.

Vadas, P.A. 2012. APLE Theoretical Documentation Version 2.3. U.S. Dairy Forage Research Center - U.S. Department
of Agriculture-Agricultural Research Service, Madison, WI.

Vadas, P.A. 2013. Annual Phosphorus Loss Estimator, version 2.4 Theoretical Documentation. U.S. Dairy Forage Research
Center - U.S. Department of Agriculture-Agricultural Research Service, Madison, WI.

van der Salm, C., W.J. Chardon, G.F. Koopmans, J.C. van Middelkoop and P.A.l. Ehlert. 2009. Phytoextraction of
phosphorus-enriched grassland soils. Journal of Environmental Quality 38: 751-761.

van Es, H.M., K.J. Czymmek, and Q.M. Ketterings. 2002. Management effects on nitrogen leaching and guidelines for a
nitrogen leaching index in New York. Journal of Soil and Water Conservation 57(6):499-504.

Verbree, D.A., S.W. Duiker, and P.J.A. Kleinman. 2010. Runoff losses of sediment and phosphorus from no-till and
cultivated soils receiving dairy manure. Journal of Environmental Quality 39(5):1762-1770.

Veith, T.L., A.N. Sharpley, J.L. Weld, and W.J. Gburek. 2005. Comparison of measured and simulated phosphorus losses
with indexed site vulnerability. Transactions of the ASAE 48(2): 557—565.

Water Quality Goal Implementation Team (WQGIT). 2014. Protocol for the Development, Review, and Approval of
Loading and Effectiveness Estimates for Nutrient and Sediment Controls in the Chesapeake Bay Watershed Model.
Chesapeake Bay Program, Annapolis, MD.

Watts, D.B., T.R. Way, and H.A. Torbert. 2011. Subsurface application of poultry litter and its influence on nutrient losses
in runoff water from permanent pastures. Journal of Environmental Quality 40:421-430.

Wharton, S., Q.M. Ketterings, K. Orloski, E. Hong, G. Godwin, and K. Czymmek. 2010. Timing effects on late season corn
stalk nitrate test. What’s Cropping Up? 20(3):12-14.

Yost, M.A., T.F. Morris, M.P. Russelle, and J.A. Coulter. 2014. Second-year corn after alfalfa often requires no fertilizer
nitrogen. Agronomy Journal 106:659-669.

Zebarth B.J., J.W. Paul, and R. Van Kleeck. 1999. The effect of nitrogen management in agricultural production on water
and air quality: evaluation on a regional scale. Agriculture Ecosystems and Environment 72: 35-52.

Zhao, S.L., S.C. Gupta, D.R. Huggins, and J.F. Moncrief. 2001. Tillage and nutrient source effects on surface and
subsurface water quality at corn planting. Journal of Environmental Quality 30(3):998-1008.
Bolster, C.H., P.A. Vadas, A.N. Sharpley and J.A. Lory. 2011. Using a Phosphorus loss model to evaluate and improve
Phosphorus Indices. Journal of Environmental Quality 41: 1758-1766.

40



Appendix A: Technical Requirements for Reporting and Simulating
Nutrient Management BMPs in the Phase 6 Watershed Model

Background: In June, 2013 the Water Quality Goal Implementation Team (WQGIT) agreed that each BMP expert panel
would work with CBPO staff and the Watershed Technical Workgroup (WTWG) to develop a technical appendix for each
expert report. The purpose of the technical appendix is to describe how the expert panel’s recommendations will be
integrated into the modeling tools including NEIEN, Scenario Builder and the Watershed Model.

Q1. What are the individual nutrient management practices a jurisdiction may report in the Phase 6 Watershed
Model?

Al. The individual practices along with their definitions are provided below.
Nitrogen Core NM
Applications of nitrogen are made in accordance to ALL the following elements:
e Land-grant university recommendations for nitrogen applications at field level
e Manure analysis and volume using either test or book values to determine nitrogen content
e Calibration of spreader/applicator
o Yield estimates and cropping plan at the field level
e Cropping and manure application history at the field level
Phosphorus Core NM
Applications of phosphorus are made in accordance to ALL the following elements:

e Land-grant university recommendations for phosphorus at the field level. This may include recommendations
resulting from advanced assessment (i.e. P Index, etc.) that recommend higher P application rates where the risk of
P loss is low.

o Soil test for phosphorus levels at the field level. This requirement may be waived if restrictions on manure
applications (rate, timing, and placement) are imposed that limit P application rates and management to the same
degree as if the soil test result for phosphorus was in the “high” category.

e Manure analysis and volume using either test or book values to determine phosphorus content
e Calibration of spreader/applicator
e Yield estimates and cropping plan at the field level
e Cropping and manure history at the field level
Nitrogen Rate Supplemental NM
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Applications of nitrogen are made in accordance to all elements of the Nitrogen Core practice, and one or more of the
following practices are implemented resulting in a reduction in application rate of nitrogen:

e Nitrogen application rate made at less than land-grant university recommendations

o Nitrogen applications split across the growing season resulting in lower than planned applications

o Nitrogen applications are made using variable rate goals resulting in lower than planned applications.
Nitrogen Placement Supplemental NM

Applications of nitrogen are made in accordance to all elements of the Nitrogen Core practice, and one or more of the
following practices are implemented resulting in better placement and utilization of nitrogen:

e Applications of inorganic nitrogen are injected into the subsurface or incorporated into the soil
e Applications of nitrogen are made with setbacks from surface water features
Nitrogen Timing Supplemental NM

Applications of nitrogen are made in accordance to all elements of the Nitrogen Core practice, and are split across the
growing season into multiple applications to increase utilization of nitrogen.

Phosphorus Rate Supplemental NM

Applications of phosphorus are made in accordance to all elements of the Phosphorus Core practice, and one or more of the
following practices are implemented resulting in a reduction in application rate of phosphorus:

o Applications of manure are based upon annual crop removal of phosphorus rather than nitrogen

o Applications of phosphorus are made at less than land-grant university recommendations

e Phosphorus applications are made using variable rate goals resulting in lower than planned applications

o Applications of phosphorus are split across the growing season resulting in lower than planned applications.
Phosphorus Placement Supplemental NM

Applications of phosphorus are made in accordance to all elements of the Phosphorus Core practice, and one or more of the
following practices are implemented resulting in better placement and utilization of nitrogen:

e Applications of inorganic phosphorus are injected into the subsurface or incorporated into the soil
o Applications of phosphorus are made with setbacks from surface water features
Phosphorus Timing Supplemental NM

Applications of phosphorus are made in accordance to all elements of the Phosphorus Core practice, and are made in
seasons with a lower risk of phosphorus loss.

Q2. What are the nutrient reductions associated with core practices?
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A2. Each acre reported under the core practices will have an application goal adjusted slightly from land-grant university
recommendations. For example, an acre of corn not receiving manure (a crop in the Grain without Manure land use) under
the Nitrogen Nutrient Management Core practice will have an application goal of 0.92 Ibs of nitrogen/bushel/acre. The
modified land-grant university applications will be increased by the multipliers provided in the tables below for each acre
NOT under the Nutrient Management Core practice. For example, an acre of corn not receiving manure (a crop in the Grain
without Manure land use) NOT under the Nitrogen Nutrient Management Core practice will have an application goal of
1.10 Ibs of nitrogen/bushel/acre (or 0.92 X 1.20).

Core N Nutrient Management Application Goal Multipliers

Nutrient Management BMP
Land Use Nitrogen Core Nitrogen Core
Non-Nutrient Management | Nutrient Management
Full Season Soybeans 1.20 1.00
Grain w/ Manure 1.30 1.00
Grain w/o Manure 1.20 1.00
Legume Hay 1.20 1.00
Silage w/ Manure 1.40 1.00
Silage w/o Manure 1.20 1.00
Small Grains and Grains 1.20 1.00
Small Grains and Soybeans 1.20 1.00
Specialty Crop High 1.30 1.00
Specialty Crop Low 1.20 1.00
Other Agronomic Crops 1.10 1.00
Other Hay 1.00 1.00
Pasture 1.00 1.00
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Core P Nutrient Management Application Goal Multipliers

Nutrient Management BMP
Land Use Phosphorus Core Phosphorus Core
Non-Nutrient Management | Nutrient Management
Full Season Soybeans 1.50 1.00
Grain w/ Manure 3.00 1.00
Grain w/o Manure 1.50 1.00
Legume Hay 1.00 1.00
Silage w/ Manure 3.00 1.00
Silage w/o Manure 1.50 1.00
Small Grains and Grains 1.50 1.00
Small Grains and Soybeans 1.50 1.00
Specialty Crop High 2.00 1.00
Specialty Crop Low 2.00 1.00
Other Agronomic Crops 1.50 1.00
Other Hay 1.00 1.00
Pasture 1.00 1.00

Q3. What are the nutrient reductions associated with the supplemental practices?

A3. Each supplemental practice will be credited as a percent reduction to estimated runoff from the appropriate land use.
These percent reductions are listed in the tables below.

Nitrogen Supplemental Percent Reductions to Land Use Runoff

Nutrient Management BMP
Land Use N Rate N Placement N Timing
Supplemental Supplemental Supplemental
Full Season Soybeans 0% 0% 0%
Grain w/ Manure 15% 5% 10%
Grain w/o Manure 5% 3% 5%
Legume Hay 0% 0% 0%
Silage w/ Manure 15% 5% 10%
Silage w/o Manure 5% 3% 5%
Small Grains and Grains 5% 3% 10%
Small Grains and Soybeans 5% 3% 10%
Specialty Crop High 15% 5% 5%
Specialty Crop Low 5% 3% 5%
Other Agronomic Crops 5% 3% 5%
Other Hay 0% 0% 0%
Pasture 0% 0% 0%




Phosphorus Supplemental Percent Reductions to Land Use Runoff

Nutrient Management BMP
Land Use P Rate P Placement P Timing
Supplemental Supplemental Supplemental
Full Season Soybeans 5% 10% 1%
Grain w/ Manure 10% 20% 20%
Grain w/o Manure 5% 10% 1%
Legume Hay 1% 10% 1%
Silage w/ Manure 10% 20% 20%
Silage w/o Manure 5% 10% 1%
Small Grains and Grains 5% 10% 1%
Small Grains and Soybeans 5% 10% 1%
Specialty Crop High 5% 10% 1%
Specialty Crop Low 5% 10% 1%
Other Agronomic Crops 5% 10% 1%
Other Hay 0% 0% 0%
Pasture 0% 0% 0%

Q4. Can a state report an acre of supplemental nutrient management on an acre that does not fulfill the definition of
the core practices?

A4. No. The panel recommended that every acre of supplemental nutrient management must also fully meet the definition
of the core practice.

QS. If an acre utilizes multiple strategies listed under a single supplemental practice’s definition, should it be
reported twice? For example, if a producer both sets back applications of nitrogen from surface waters AND injects
inorganic nitrogen below the soil surface, should a state report the acre twice as qualifying for the Nitrogen
Supplemental Placement practice?

A5. No. The panel recommended that each acre can only qualify once for each of the BMPs. However, an acre can qualify
for all four types of BMPs at once. For example, an acre could be reported under the core practice and all three
supplemental practices for nitrogen and phosphorus if appropriate.

Q6. How should a state report these practices to NEIEN?

AB. States should report the following information:

o BMP Name: Nitrogen Core NM ; Phosphorus Core NM; Nitrogen Supplemental Rate NM; Nitrogen Supplemental
Timing NM; Nitrogen Supplemental Placement NM; Phosphorus Supplemental Rate NM; Phosphorus
Supplemental Timing NM; Phosphorus Supplemental Placement NM

e Measurement Name: Acres

e Land Use: Approved NEIEN agricultural land use classes; if none are reported, the default will be CROP
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e Geographic Location: Approved NEIEN geographies: County; County (CBWS Only); Hydrologic Unit Code
(HUC12, HUC10, HUCS8, HUC6, HUC4); State (CBWS Only)

o Date of Implementation: Year plan was active.
Q7. Are all nutrient management practices annual?
A7. Yes. States should report the total number of acres qualifying under each practice type each year.
Q8. Can states take credit for practices on pasture?

A8. No. The panel specifically recommended reductions to application goals and runoff estimates on non-pasture acres
only.
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Appendix B: Methods to Estimate Historic Implementation

The Panel recommends that historic implementation on a state-by-state basis be based on the premise that the baseline of
1985 is set at zero, or near zero acres for Nutrient Management Core N and Core P implementation, and the highest level of
implementation be represented at 2015 reported implementation acreages. Due to the differences between state Nutrient
Management program initiation dates and implementation reporting for the six-state partnership, the “baseline” year is
recommended to reflect these state partnership differences. Thus, the initial Nutrient Management implementation year for
each state will be unique.

The increasing level of historic implementation between the state Nutrient Management program initiation year and the
2015 reported implementation acreages represent two points on a state-by-state basis. The intervening annual representation
of implementation acreages may be represented as a linear progression if there is a paucity of implementation data, or
inferred by state implementation data representative of the definitions of nutrient management proposed by the panel.
Historic implementation estimation shall consider additional sources of nitrogen and phosphorous reduction credits
commensurate with State Quality Assurance Project Plans (QAPPS) currently in place, given they are consistent with the
BMPs and efficiency credits described by the Nutrient Management Expert Panel.

In cooperation with the Chesapeake Bay Program Office, a state-by-state representation of Nutrient Management reported
implementation following the Panel’s recommendations for historic implementation levels in default of additional state
implementation data was presented both to the Panel and the Agriculture Workgroup as part of the preliminary Panel
recommendation report and review and approval by the Agriculture Workgroup in May 19, 2016.. The state-by-state
representation was developed for N Core Nutrient Management only, and with the following methodology:

e Assume straight-line interpolation between 2015 Progress acres and a starting year for each state.

e Starting year was evaluated by looking at historic NEIEN data to determine when states started reporting
information.
2015 Progress has acres on crop, pasture and hay. Interpolation was made for each of these categories.
Interpolation was made in each county.
Assume all acres on crops for NY, PA, and WV only apply to crop acres eligible for receiving manure.
Assume all acres on crops for DE, MD and VA can be distributed to crop acres with or without manure.
All acres assumed to qualify for core N.
No acres yet determined for core P.

Figure B-1 illustrates the relationship between state reporting of historic data through NEIEN and the methodology
described above.

47



Comparing April Calibration Mutrient Management Acres to Draft NIMP
Acres
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Figure B-1. Comparing April Calibration Nutrient Management Acres to Draft NMP Acres

A second independent source of representing historic Nutrient Management implementation has been requested from the
USDA Natural Resources Conservation Service (NRCS) Conservation Effects Assessment Project (CEAP) based on the
two existing reports published on the Chesapeake Bay Watershed. Tables 2.7 and 2.8 from the 2013 CEAP report
summarize nitrogen and phosphorus management practices and percent of cropped acres within each category for the
Chesapeake Bay region, respectively (USDA 2013).

In utilizing the Panel's practice recommendations for tracking and reporting practice implementation, the Panel
recommends that acres, or percentage of acres, be reported by Phase 6 land use, or grouping of similar land uses, by year
an annual practice. Nutrient Management Core N and P are stand-alone practices which should be tracked and reported
separately. Likewise, advanced supplemental N and P practices should be tracked and reported separately, but only when
the corresponding Core N or P elements have been met by the Panel's recommended practice definitions.

as
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Table 2.7. Nitrogen management practices and percent of cropped acres within each category for the Chesapeake Bay region, 2003-06 and
2011 (USDA 2013).

Nitrogen* 2003-06 2011 2003-06 2011
acres acres percent percent

No N applied to any crop in rotation 214,000 87,000 5 2
For acres where N is applied: 95 98
Commercial Fertilizer Only 2,457,000 2,177,000 60 51
Manure with or without Commercial Fertilizer 1,608,000 2,089,000 40 49

Rate of application:
Acres receiving commercial fertilizer and/or manure applications:

All crops in rotation meet the nitrogen rate criteria described in text 32 23
Some but not all crops in rotation meet the nitrogen rate criteria described in text 54 71
No crops in rotation meet the nitrogen rate criteria described in text 13 6
Acres receiving commercial fertilizer applications only:
All crops in rotation meet the nitrogen rate criteria described in text 42 35
Some but not all crops in rotation meet the nitrogen rate criteria described in text 52 62
No crops in rotation meet the nitrogen rate criteria described in text 6 3
Acres receiving manure with or without commercial fertilizer applications:
All crops in rotation meet the nitrogen rate criteria described in text 17 9
Some but not all crops in rotation meet the nitrogen rate criteria described in text 59 82
No crops in rotation meet the nitrogen rate criteria described in text 24 9

Time of application:
Acres receiving commercial fertilizer and/or manure applications:

All crops in rotation have application of nitrogen fertilizer less than 21 days before planting 50 36
Some but not all crops have application of nitrogen fertilizer within 21 days before planting 34 50
No crops in rotation have application of nitrogen fertilizer within 21 days before planting 11 11
Acres receiving commercial fertilizer applications only:
All crops in rotation have application of nitrogen fertilizer less than 21 days before planting 69 59
Some but not all crops have application of nitrogen fertilizer within 21 days before planting 15 25
No crops in rotation have application of nitrogen fertilizer within 21 days before planting 9 13
Acres receiving manure with or without commercial fertilizer applications:
All crops in rotation have application of manure less than 21 days before planting 18 12
Some but not all crops have application of manure within 21 days before planting 66 78
No crops in rotation have application of manure within 21 days before planting 16 10

Method of application:
Acres receiving commercial fertilizer and/or manure applications:

All crops in rotation have N applied with incorporation or banding/foliar/spot treatment 34 27

Some but not all crops in rotation have N applied with incorporation or banding/foliar/spot treatment 45 55

No crops in rotation have N applied with incorporation or banding/foliar/spot treatment 21 18
Acres receiving commercial fertilizer applications only:

All crops in rotation have N applied with incorporation or banding/foliar/spot treatment 41 37

Some but not all crops in rotation have N applied with incorporation or banding/foliar/spot treatment 34 44

No crops in rotation have N applied with incorporation or banding/foliar/spot treatment 25 19
Acres receiving manure with or without commercial fertilizer applications:

All crops in rotation have manure applied with incorporation or banding/foliar/spot treatment 22 16

Some but not all crops in rotation have manure applied with incorporation or banding/foliar/spot treatment 63 67

No crops in rotation have manure applied with incorporation or banding/foliar/spot treatment 16 17

Rate and timing and method of application (excludes acres not receiving nitrogen)
All crops meet the nitrogen rate criteria described in text and application within 3 weeks before planting

with incorporation or banding/foliar/spot treatment 13 7
Some but not all crops meet the nitrogen rate criteria described in text or application within 3 weeks
before planting with incorporation or banding/foliar/spot treatment 87 93

Nitrogen and Phosphorus
Crop rotation phosphorus and nitrogen rates meet criteria described in text and all applications occur within 3 weeks
before planting and include incorporation or banding/foliar/spot treatment, including acres with no nitrogen or
phosphorus applied 8 5
Note: Percents may not add to 100 because of rounding.
* These estimates include adjustments made to the reported data on nitrogen and phosphorus application rates from the survey because of missing data and data entry
errors. In the case of phosphorus, the 3-year data period for which information was reported was too short to pick up phosphorus applications made at 4- and 5-year
intervals between applications, which is a common practice for producers adhering to sound phosphorus management techniques. Since crop growth, and thus canopy
development which decreases erosion, is a function of nitrogen and phosphorus, it was necessary to add additional nitrogen when the reported levels were insufficient to
support reasonable crop yields throughout the 52 years in the model simulation. For additional information on adjustment of nutrient application rates, see “Adjustment
of CEAP Cropland Survey Nutrient Application Rates for APEX Modeling,” available at_http://www.nrcs.usda.gov/technical/nri/ceap).

49


http://www.nrcs.usda.gov/technical/nri/ceap).

Table 2.8. Phosphorus management practices and percent cropped acres within each category for the Chesapeake Bay region, 2003-06 and
2011 (USDA 2013).

Phosphorus* 2003-06 2011 2003-06 2011

acres acres percent percent
No P applied to any crop in rotation 43,000 <1 1 <1
For acres where P is applied: 99 100
Commercial Fertilizer Only 2,414,000 2,264,000 60 52
Manure with or without Commercial Fertilizer 1,608,000 2,089,000 40 48

Rate of application:
Acres receiving commercial fertilizer and/or manure applications:

Rotation meets the phosphorus rate criteria described in text 54 57

Some but not all crops in the rotation meet the phosphorus rate criteria described in text 46 43
Acres receiving commercial fertilizer applications only:

Rotation meets the phosphorus rate criteria described in text 68 76

Some but not all crops in the rotation meet the phosphorus rate criteria described in text 32 24
Acres receiving manure with or without commercial fertilizer applications:

All crops in rotation meet the phosphorus rate criteria described in text 32 35

Some but not all crops in the rotation meet the phosphorus rate criteria described in text 68 65

Time of application:
Acres receiving commercial fertilizer and/or manure applications:

All applications of phosphorus fertilizer less than 21 days before planting 53 42

Some but not all applications of phosphorus fertilizer within 21 days before planting 34 38

No applications of phosphorus fertilizer within 21 days before planting 13 19
Acres receiving commercial fertilizer applications only:

All applications of phosphorus fertilizer less than 21 days before planting 75 69

Some but not all applications of phosphorus fertilizer within 21 days before planting 13 18

No applications of phosphorus fertilizer within 21 days before planting 12 11
Acres receiving manure with or without commercial fertilizer applications:

All applications of phosphorus fertilizer less than 21 days before planting 16 13

Some but not all applications of phosphorus fertilizer within 21 days before planting 67 59

No applications of phosphorus fertilizer within 21 days before planting 16 28

Method of application:
Acres receiving commercial fertilizer and/or manure applications:

All applications of phosphorus include incorporation or banding/foliar/spot treatment 42 37

Some but not all applications of phosphorus include incorporation or banding/foliar/spot treatment 28 30

No applications of phosphorus include incorporation or banding/foliar/spot treatment 30 32
Acres receiving commercial fertilizer applications only:

All applications of phosphorus include incorporation or banding/foliar/spot treatment 51 53

Some but not all applications of phosphorus include incorporation or banding/foliar/spot treatment 19 26

No applications of phosphorus include incorporation or banding/foliar/spot treatment 31 22
Acres receiving manure with or without commercial fertilizer applications:

All applications of phosphorus include incorporation or banding/foliar/spot treatment 28 21

Some but not all applications of phosphorus include incorporation or banding/foliar/spot treatment 42 35

No applications of phosphorus include incorporation or banding/foliar/spot treatment 30 44

Rate and timing and method of application (excludes acres not receiving phosphorus):
All applications meet the phosphorus rate criteria described in text and application within 3 weeks before

planting with incorporation or banding/foliar/spot treatment 22 21
Some but not all applications meet the phosphorus rate criteria described in text or application within 3
weeks before planting with incorporation or banding/foliar/spot treatment 78 79

Nitrogen and Phosphorus
Crop rotation phosphorus and nitrogen rates meet criteria described in text and all applications occur within 3 weeks
before planting and include incorporation or banding/foliar/spot treatment, including acres with no nitrogen or
phosphorus applied 8 5

Note: Percents may not add to 100 because of rounding.
* These estimates include adjustments made to the reported data on nitrogen and phosphorus application rates from the survey because of missing data and data entry
errors. In the case of phosphorus, the 3-year data period for which information was reported was too short to pick up phosphorus applications made at 4- and 5-year
intervals between applications, which is a common practice for producers adhering to sound phosphorus management techniques. Since crop growth, and thus canopy
development which decreases erosion, is a function of nitrogen and phosphorus, it was necessary to add additional phosphorus when the reported levels were insufficient
to support reasonable crop yields throughout the 52 years in the model simulation. (For additional information on adjustment of nutrient application rates, see
“Adjustment of CEAP Cropland Survey Nutrient Application Rates for APEX Modeling,” available at_http://www.nrcs.usda.gov/technical/nri/ceap).
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Appendix C: Nutrient Management Phase 6.0 Expert Panel
Charge Document

Recommendations for the Nutrient Management Phase 6.0 Expert Panel
Prepared for the Chesapeake Bay Program Partnership’s Agriculture Workgroup by the Nutrient
Management Phase 6.0 Expert Panel Establishment Group
March 19, 2015
Background

The current version of the Chesapeake Bay Program (CBP) partnership’s Watershed Model (Phase 5.3.2
or P5.3.2) credits Crop Group Nutrient Application Management (or Tier 1), under the following
definition: “Documentation exists for manure and/or fertilizer application management activities in
accordance with basic land grant university (LGU) recommendations. This documentation supports farm-
specific efforts to maximize growth by application of nitrogen (N) and phosphorus (P) with respect to
proper nutrient source, rate, timing and placement for optimum crop growth consistent with LGU
recommendations. Particular attention is paid to: (1) standard, realistic farm-wide yield goals; (2) credit
for N sources (soil, sod, past manure and current-year applications); (3) P application rates consistent with
LGU recommendations based on soil tests for fields without manure; and (4) N based application rates
consistent with LGU recommendations for fields receiving manure.”

Enhanced Nutrient Management and Decision Agriculture BMPs are currently represented in the P5.3.2
Model. However, these practices are expected to be replaced by Nutrient Application Management Tier 2
and Tier 3 practices respectively, which are being finalized by the Nutrient Management P5.3.2 Expert
Panel in spring 2015.

e Proposed Tier 2

The implementation of field-specific nutrient application management efforts to maximize growth by
application of nitrogen (N) and phosphorus (P) with respect to proper nutrient source, rate, timing and
placement for optimum crop growth consistent with LGU recommendations incorporating a P risk
assessment tool.

e Proposed Tier 3

The implementation of subfield-specific nutrient application management efforts to maximize growth
by application of nitrogen (N) and phosphorus (P) with respect to proper nutrient source, rate, timing
and placement for optimum crop growth incorporating sub-field monitoring and operational practices
to further refine the LGU recommendations for the specific farm site and conditions.

The Nutrient Management Expert Panel Establishment Group (EPEG) was formed to:

e Identify priority tasks for the Phase 6.0 (P6.0) Nutrient Management Expert Panel (EP),
e Recommend areas of expertise that should be included on the Nutrient Management EP, and
e Draft the Nutrient Management EP’s charge for the review process.

From February 18, 2015 through March 6, 2015 the EPEG met 3 times by conference call and worked
collaboratively to complete this charge for presentation to the Agriculture Workgroup



(AgWG) on March 18-19, 2015. Final approval of the charge was obtained by online polling of all
members. Members of the EPEG are listed in Table 1.

Table 1. Nutrient Management Expert Panel Establishment Group membership and affiliations.

Member Affiliation

Beth McGee Chesapeake Bay Foundation

Chris Brosch Virginia Tech

Doug Goodlander Pennsylvania Department of Environmental Protection
Frank Coale University of Maryland

Jack Meisinger U.S. Department of Agriculture-Agricultural Research Service
Jason Keppler Maryland Department of Agriculture

EPEG Support Staff

Emma Giese Chesapeake Research Consortium

Mark Dubin University Maryland

Steve Dressing Tetra Tech, Inc.

Method

The Nutrient Management EPEG developed its recommendations in accordance with the process
specified by the AQWG (AgWG 2014). This process is informed by the_strawman proposal presented at
the December 11, 2014 AgWG meeting, the Water Quality Goal Implementation Team (WQGIT) Best
Management Practice (BMP) protocol, input from existing panelists and chairs, and the process recently
undertaken by the AQWG to develop the charge for the Manure Treatment Technologies EP.

The collective knowledge and expertise of EPEG members formed the basis for the recommendations
contained herein. A number of EPEG members have had experience on BMP expert panels, including the
P5.3.2 Nutrient Management EP. Other EPEG members have knowledge and/or expertise in state and
federal programs, the Chesapeake Bay model, and nutrient management practices within the Chesapeake
Bay watershed.

Communication among EPEG members was by conference call and email. All decisions were consensus-
based.

Recommendations for Expert Panel Member Expertise

The AgWG expert panel organization process directs that each expert panel is to include eight members,
including one non-voting representative each from the Watershed Technical Workgroup (WTWG) and
Chesapeake Bay Program modeling team. Panels are also expected to include three recognized topic
experts and three individuals with expertise in environmental and water quality-related issues. A
representative of USDA who is familiar with the USDA-Natural Resources Conservation Service (NRCS)
conservation practice standards should be included as one of the six individuals who have topic- or other
expertise.
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In accordance with the WQGIT BMP protocol, panel members should not represent entities with potential
conflicts of interest, such as entities that could receive a financial benefit from Panel recommendations or
where there is a conflict between the private interests and the official responsibilities of those entities. All
Panelists are required to identify any potential financial or other conflicts of interest prior to serving on
the Panel. These conditions will minimize the risk that Expert Panels are biased toward particular interests
or regions.

The Nutrient Management EPEG recommends that the P6.0 Nutrient Management EP should include
members with the following areas of expertise:

e Nutrient management planning and agronomy.

e Expertise in farm- and field-level nutrient risk assessment tools for N and P.

e Experience with carrying out research projects relating to nutrient management.

e Expertise in fate and transport of N and/or P in agricultural systems.

e Knowledge of nutrient management practices implemented in the Bay jurisdiction(s).

e Knowledge of how BMPs are tracked and reported, and the Chesapeake Bay Program
partnership’s modeling tools.

e Experience with verification of nutrient management plans and other forms of nutrient
management.

e Knowledge of relevant USDA-NRCS practice codes or standards.

Expert Panel Scope of Work

The general scope of work for the Nutrient Management P6.0 EP(s) will be to define and configure the
Nutrient Management BMPs in the P6.0 model. Specifically, the Nutrient Management EPEG
recommends the following five charges with associated tasks for the P6.0 Nutrient Management EP:

1. Review the P5.3.2 definitions and effectiveness estimates for the implementation of component
practices of Nutrient Management and make adjustments or modifications as needed for Phase 6.0.
a) Consider the current P5.3.2 Tier system used for identifying levels of nutrient
management implementation activities to be credited to the model, and
b) Recommend if the current proposed Tier process should remain or if a more component
oriented process for crediting nutrient management practices is more appropriate.
2. Determine how nutrient management practices can be applied to the P6.0 land uses, taking into
consideration the mass balance data and nutrient spreading routine in Scenario Builder.
3. If possible, make recommendations using multi-year vs. annual model representation of
soil nutrient residuals for calculation of available nutrients to meet crop requirements on an annual basis.
4. Collaboration with the Cropland Irrigation Management EP on fertigation will be critical to ensure that
recommendations are complementary as well as to avoid double-counting and ensure effective reporting
of practices.
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This scope of work addresses nutrient management reduction efficiencies for N and P.

Under the first charge, the Nutrient Management Phase 6.0 (P6.0) Expert Panel will review the P5.3.2
definitions and effectiveness estimates for the implementation of component practices of Nutrient
Management and make adjustments or modifications as needed for Phase 6.0. This charge is necessary
because the P6.0 model features a change in land use categories, a possible change in the baseline
condition, and some likely changes in how BMPs are applied. While the EPEG considers the tiered
approach to be an improvement over the previous P5.3.2 approach to nutrient management, there is
interest in considering an alternative approach for P6.0. Both a tiered approach and practice-specific
approach have pros and cons associated with reporting implementation and determining efficiency values.
Items 1a and 1b specify that the P6.0 EP will consider the current Tier system used for identifying levels
of nutrient management implementation activities to be credited to the model and recommend if the
current proposed Tier process should remain or if a more component oriented process for selecting
nutrient management practices is more appropriate. Nutrient management Tiers 1-3 are described in the
Background section of this document.

The second charge directs the P6.0 EP to determine how nutrient management practices can be applied to
the P6.0 land uses. Factors to consider when performing tasks under this charge include the baseline
conditions assumed by the model (e.g., with or without nutrient management), the nutrient spreading
routine and improved mass balance data for Scenario Builder, and potential variation in crediting for
different land uses.

Residual nutrients are not adequately accounted for by the P5.3.2 model. Under the third charge, the P6.0
EP will consider management of residual nutrients and how they are carried over to subsequent years in
the P6.0 model. This will require close coordination with the Chesapeake Bay modeling team which is
ultimately responsible for developing the capability to add this important feature to the model.

Collaboration with the P6.0 Cropland Irrigation Management EP is specified under the fourth charge to
ensure that recommendations from the two panels are complementary and that practice reporting and
crediting are accurate. Either panel could address fertigation, but both panels should have a role in
determining the final recommendations.

Timeline and Deliverables
Early summer 2015 - Panel stakeholder kickoff meeting

Summer 2015 — Based on their written EPEG charge, the panel will develop a proposed scope of work
including BMP structure and type, draft BMP definition(s), and initial elements of the BMP such as
associated components and conservation practices, and USDA-NRCS associated CP codes. Initially
identified literature citations will be included to provide a range of potential effectiveness values that the
panel will consider and supplement with further evaluation. The panel will present their provisional BMP
paper to the AQWG, WTWG, and WQGIT for informational purposes, and for initial partnership
comments on the proposed direction of the panel’s evaluation. The paper will not represent a full
recommendation report, and the partnership will not be asked for formal approval at this time.
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Prior to October 1, 2015 — In the absence of a Partnership approved panel recommendation report, the
CBPO modeling team will request a decision by the Agriculture Workgroup, Watershed Technical
Workgroup, and the Water Quality Goal Implementation Team of whether the BMP will be represented
using the existing Phase 5.3.2 definitions, the approved recommendations of the Phase 5.3.2 Panel report
if applicable, or the Phase 6.0 panel's provisional paper, in the Phase 6 Beta Scenario Builder tool to meet
an early October deadline.

Spring 2016 — Final date for panel to release full recommendations for approval by the AgWG, WTWG,
and WQGIT.

Early summer 2016 — If approved by the partnership, panel recommendations are final and will replace the
interim representation of the BMP in the final version of the Phase 6 modeling tools.

Phase 6.0 BMP Verification Recommendations:

The panel will utilize the Partnership approved Agricultural BMP Verification Guidance?, as the basis
for developing BMP verification guidance recommendations that are specific to the BMP(s) being
evaluated. The panel's verification guidance will provide relevant supplemental details and specific
examples to provide the Partnership with recommended potential options for how jurisdictions and
partners can verify nutrient management practices in accordance with the Partnership's approved
guidance.
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Attachment 1: Outline for Final Expert Panel Reports

B |dentity and expertise of Panel members

Practice name/title

Detailed definition(s) of the practice

Recommended nitrogen, phosphorus, and sediment loading or effectiveness estimates
- Discussion may include alternative modeling approaches if appropriate
Justification for the selected effectiveness estimates, including

- List of references used (peer-reviewed, unpublished, etc.)

- Detailed discussion of how each reference was considered, or if another source was
investigated, but not considered.

B Description of how best professional judgment was used, if applicable

Land uses to which the BMP is applied

B | oad sources that the BMP will address and potential interactions with other practices

1 http://www.chesapeakebay.net/documents/Appendix%20B%20-
Ag%20BMP%20Verification%20Guidance%20Final.pdf
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B Description of pre-BMP and post-BMP circumstances, including the baseline
conditions for individual practices

B Conditions under which the BMP works:
- Should include conditions where the BMP will not work, or will be less effective.
An example is large storms that overwhelm the design.
- Any variations in BMP effectiveness across the watershed due to climate,
hydrogeomorphic region, or other measureable factors.

B Temporal performance of the BMP including lag times between establishment and full
functioning (if applicable)

B Unit of measure (e.g., feet, acres)

B | ocations within the Chesapeake Bay watershed where this practice is applicable

B Useful life; effectiveness of practice over time

B Cumulative or annual practice

B Description of how the BMP will be tracked, reported, and verified:
- Include a clear indication that this BMP will be used and reported by jurisdictions

B Suggestion for a review timeline; when will additional information be available that

may warrant a re-evaluation of the estimate

B Qutstanding issues that need to be resolved in the future and a list of ongoing studies, if
any

B Documentation of any dissenting opinion(s) if consensus cannot be reached

B Operation and Maintenance requirements and how neglect alters performance

Additional Guidelines

B |dentify ancillary benefits and unintended consequences

B Include negative results
- Where studies with negative pollution reduction data are found (i.e. the BMP acted
as a source of pollutants), they should be considered the same as all other data.

B Include results where the practice relocated pollutants to a different location. Examples
include where a practice eliminates a pollutant from surface transport but
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moves the pollutant into groundwater, or where the practice will move manure from the
farm credited for the practice to another farm more in need of nutrients.

In addition, the Expert Panel will follow the “data applicability” guidelines outlined Table 1 of the Water
Quality Goal Implementation Team_Protocol for the Development, Review, and Approval of Loading and
Effectiveness Estimates for Nutrient and Sediment Controls in the Chesapeake Bay Watershed Model.

58



Appendix D: Approved Nutrient Management Expert
Panel Meeting Minutes

To be included in final report.

Appendix E: Consolidated Response to Comments on:
Definitions and Recommended Nutrient Reduction
Efficiencies of Nutrient Management for Use in Phase 6.0
of the Chesapeake Bay Program Watershed Model (2016)

To be included in final report.
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Appendix F: Conformity with WQGIT BMP Protocol

The BMP review protocol established by the Water Quality Goal Implementation Team (WQGIT 2014)
outlines the expectations for the content of expert panel reports. This appendix references the specific
sections within the report where the panel addressed the requested protocol criteria.

1.

10.

11.
12.

Identity and expertise of panel members: See Table lin Sectionl.

Practice name or title:

+ Nitrogen (N) Core Nutrient Management BMP

* Phosphorus (P) Core Nutrient Management BMP

» Nitrogen (N) Rate Supplemental Nutrient Management BMP

* Nitrogen (N) Placement Supplemental Nutrient Management BMP

» Nitrogen (N) Timing Supplemental Nutrient Management BMP

» Phosphorus (P) Rate Supplemental Nutrient Management BMP

» Phosphorus (P) Placement Supplemental Nutrient Management BMP
» Phosphorus (P) Timing Supplemental Nutrient Management BMP

Detailed definition of the practice: See Section 2 for detailed definitions of Core and Supplemental
N and P Nutrient Management BMPs.

Recommended N, P and sediment effectiveness estimates: See Table 12 (Core N Nutrient
Management Efficiency Values),

Table 13 (Core P Nutrient Management Efficiency Values), Table 14 (N Nutrient Management
Supplemental BMP Efficiency Values), and Table 15 (P Nutrient Management Supplemental BMP
Efficiency Values) in Section 3.1 for recommended TN and TP reductions for use in the Phase 6.0
Watershed Model. The panel did not recommend a sediment reduction rate for Nutrient Application
Management.

Justification of selected effectiveness estimates: See Section 3.2 for justification of the effectiveness
estimates.

List of references used: See Section 7 for the full list of references.

Detailed discussion on how each reference was considered: See Sections 3.2 and 4 for details on
the review of available science.

Land uses to which BMP is applied: See Table 12 (Core N Nutrient Management Efficiency Values)
in Section 3.1.1,

Table 13 (Core P Nutrient Management Efficiency Values) in Section 3.1.2, Table 14 (N Nutrient

Management Supplemental BMP Efficiency Values) in Section 3.1.3, Table 15 (P Nutrient
Management Supplemental BMP Efficiency Values) in Section 3.1.4,
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Table 17 (Land Uses to Which the Nutrient Management Practices Apply) in Section 5.1 for
applicable agricultural land uses.

13. Load sources that the BMP will address and potential interactions with other practices: See
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14.

15.

16.

17.

18.

Table 17 (Land Uses to Which the Nutrient Management Practices Apply) in Section 5.1 for
applicable load sources.

Description of pre-BMP and post-BMP circumstances and individual practice baseline: See
Sections 2, 3, and 5.2.

Conditions under which the BMP works, including conditions where the BMP will not work, or
will be less effective: See Section 5.

a. Variations in BMP effectiveness across the watershed due to climate, hydrogeomorphic
region, or other measureable factors. See Sections 5.3 through 5.8.

Temporal performance of BMP including lag times between establishment and full functioning:
See Section 5.7.

Unit of measure: Acres or percentage of acres implementing practice.

Locations in Chesapeake Bay watershed where the practice applies: All acres of the applicable
land uses in
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19.

20.

21.

22.

23.

24,

25.

26.

Table 17 (Section 5.1) in the Bay watershed.

Useful life of the BMP: Nutrient Application Management is intended to be represented as an
annual practice, so for the purposes of this report, however, the useful life of the practice is 1 year.

Cumulative or annual practice: Annual.

Description of how BMP will be tracked, reported, and verified: See Section 6 for a discussion of
how Nutrient Application Management should be tracked and reported to the Bay Program. More
details are also available in the Scenario Builder Technical Appendix (Appendix A).

Ancillary benefits, unintended consequences: The Panel did not review Nutrient Application
Management for external environmental benefits. The Panel did not identify any unintended
consequences.

Timeline for a re-evaluation of the panel recommendations: There is currently no specific plan to
re-evaluate Panel recommendations.

Outstanding issues that need to be resolved in the future and list of ongoing studies, if any: See
Section 2 for a discussion of data needs and Section 4 for a discussion of future research needs.

Documentation of dissenting opinion(s): While no dissenting opinions were expressed or recorded,
significant notes related to recommendations were recorded in Appendix B (Approved Nutrient
Management Expert Panel Meeting Minutes).

Operation and maintenance requirements and how neglect alters performance: The

requirements and performance are covered by the state programs, which in their own way document
these elements.
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