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Summary of Recommendations

1 Introduction

Nutrient ManagemeryracticesPlans{NMPgre implemented on millions of acres of agric@tlands across the
Chesapeake Bay Watershed (CBW). It is one of tlestlbest management practices (BMPSs) in agrieuéiod is the
cornerstone of stewardship efforts by conservagimups, producers and jurisdictions. This documsantmarizes the
recommendations of ttehase 6 Nutrient Management Exgesinel (the Paneh)-Panel'srecommendatfonsevised
definitions and credits for nutrient managemamictices-(NM) The Phase-6-NM-ExpeRanel{the-Panel)whose
members are identified in Table 1, proposes treaCihesapeake Bay Program’s (CBP) existing defirstend credits
associated with implementation lgfitrient Management Plans (NMPRs}-N¥é replaced bindependent sets of practice
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 Expertdhel 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 componentsidtreent source, rate, timing, and placement. Ed¢hese four
components of NM are managed at the field or selo-cale in a manner to support crop productigthieve high
nutrient use efficiency by the growing crop, andnimimize nutrient loss to the environment. Therfoomponents of NM
planning interact with each other on a site-spedtiéisis and are modified by site-specific field agement, soil
properties, and weather conditions. Thus, the Réafeles Nutrient Management as the implementaifansite-specific
combination of nutrient source, rate, timing, atatpment into a strategy that seeks to optimizerammic and
environmentally efficient utilization N and P. Ingyement in nutrient-use efficiency necessitatesid@mntation of NM
implementation strategies that are suitable foefpahdent verification.

Nutrient management also provides other importantfits to the agricultural and the environmentathmunities. These
benefits include long-standing educational oppatiesiconducted in various venues for a wide vgridtaudiences that
convey the fundamentals of NM and state-of-therg@epractices and assessment tools. It is esstrdtadn initial
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baseline for NM implementation is established #ilmws estimation of progress over time. Applicatad NM BMPs will
interrelate with other agricultural nonpoint souBMPs and communication with other BMP Expert Paiekssential to
define appropriate implementation and crediting.

Nutrient management for Phase 6.0 of the Chesapggmk®rogram Watershed Model (the Phase 6 modséparated

into independent sets pfacticeelements foritregen-} andphespherusik) management due to the marked difference in
the use, fate, and transport of these nutriendgiicultural systems. The structures for both N Brdutrient management
are similar, however, with supplemental managerakments stacked onto a required core set of marmageslements.

Practice Name(s)

* Nitrogen (N) Core Nutrient Management BMP

* Phosphorus (P) Core Nutrient Management BMP

* Nitrogen (N) Rate Supplemental Nutrient ManagenviP

* Nitrogen (N) Placement Supplemental Nutrient Managyet BMP

* Nitrogen (N) Timing Supplemental Nutrient Managetm@mP

* Phosphorus (P) Rate Supplemental Nutrient ManageBMR

» Phosphorus (P) Placement Supplemental Nutrient fianant BMP
* Phosphorus (P) Timing Supplemental Nutrient ManaaygrBMP

Core Nutrient Management BMPs

The elements of the N Core Nutrient Management BisPfound in Table 2. Application of a N Core NM BM
application rate multiplierefficiencgodifies the crop- and land-use-specific N applozarate goal, which is based on
Land-Grant University (LGU) crop fertilization remmnendations, as modified by the CBP partnershipnleffort to
determine the most practicable methodology forcaliimg fertilizer N to satisfy crop- and land-ugesific N application
rate goals, the Agriculture Workgroup comparedrioelified LGU recommendations for application of glgmental
inorganic N fertilizer to an alternative approa@séd on county-level redistribution A$sociation of American Plant Food
Control Officials AAPFCQO) N fertilizer sales data. This methodological congmm indicated that there were relatively
small differences between the two methods for egtirg supplemental N fertilizer applications, leagthe Agriculture
Workgroup to approve use of the redistributed AARHErtilizer sales methodology in the Phase 6 Moteé Panel
recommends that similar comparative analyses bdumed in the future to evaluate newly availabttlfeer sales data
and to further evaluate the redistributed fertilizales methodology’s forecasting ability. Incotesisies between estimates
generated by the two methods should be investigatddectified based on data source quality andistamcy using
contiguous or regional county-level data.

Table 2. Elements of thé\Nitregen 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 —testvalue-orbookvalue

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 BHound in Table 3. Application of a P Core NM Blsloplication
rate multiplierefficieneymodifies the crop- and land-use-specific P appboarate goal, which is based on LGU crop
fertilization recommendations, as modified by tH&RJpartnershipA significant modification imposed by the CBP
partnership was the assumption that all agricdlacees in the CBW had a soil-test P_concentratiain corresponded with
the “medium” soil test interpretive category. ThenEl recognized that, in the absence of soil-testrféentration data,
assumed soil-test P concentrations were necesséayilitate CBP model processes. However, the IRdse recognized
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that implementation of the universal “medium” s@it P assumption infused a high level of site4figamcertainty into
the modeled P application rate. In general, therg@ht uncertainty in P _application rate resultirognf the adoption of the
universal “medium” soil-test P_concentration asstiompis expected to be similar to or greater tHenrhagnitude of the P
application rate modifications resulting from immlentation of P Core NM BMP application rate muleps.

In practice, LGU recommendations for P applicatos based on crop- and site-specific soil-testrieeatration.

Currently, soil-test P concentration data are naflable to the CBP. ThieM-ExpertPanel recommends that, in the future,
crop- and site-specific soil-test P concentratiatacdhould be collected, aggregated to the apptepscale, summarized to
eliminate disclosure grivateconfidential business information, and utilizedtzs foundation for determining P
application rate goals and the appropriate appdicaif P Core NM BMPs. In the absence of soil-fedata and soil-test P
based application rate goatsil-test P concentration must be assumed andrrin titilized to create artificial P application
rate goals. Additionally, in the absence of saitte datacounty-level redistribution of CBW AAPFCO P fertiir sales
data may serve asuaefulsurrogatgor determining P application rate goals..

Field management shall be considered complianti@b-P fertilization recommendations when P application
recommendations resulting from site-specific envinental risk assessments (i.e. P Index, P SitexJiRI&anagement
Tool, etc.) allow higher P application rates thiaa $standard LGU soil-test based recommendatiotes, afcounting for the
site-specific potential for P loss to streamsatother example, Virginia nutrient management pasimay utilize a more
restrictive method known as the Phosphorus Enviesrtat Threshold (PET) in lieu of soil-test P bassmbmmendations
when evaluating application of organic nutrientrses. Using the PET method, P from organic sour@sbe applied to
fields that test less than a regionally-specifiedrée of soil P saturation, as quantified by Méhlicsoil-test P
concentration. By physiographic region, the PEil-tegt P thresholds are: 135 ppm — Eastern SRdrewer Coastal
Plain; 136 ppm - Middle & Upper Coastal Plain & éheont; and 162 ppm - Ridge and Valley. Nitrogepliaptions
cannot exceed crop N needs when using PET. Additidetails may be found in “Virginia Nutrient Magyeament
Standards and Criteria”, as revised July 2014.etliamples may be similarly applicable.

The P Core NM BMP requires a P soil test at thiel ieanagement unit level. This required element beawaived if, as
in the case of Pennsylvania’s manure managemedéeljugs, restrictions on manure application (raiesng, and
placement) are imposed that limit total P applaratiates and management to the same degre¢hassitetheravasin
theahigh P soil tesinterpretive category..

Table 3. Elements of thé?PhespherusCore 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—Fhismay-inreclude Precommendations

Manure analysis and volume —testvalue-erbeekvalue

Spreader/applicator calibration

Yield estimates and cropping plan at field management unit level

Cropping and manure history at field management unit level

Supplemental Nutrient Management Supplemental BMPs

The NitrogenSupplemental{NNutrient ManagemerupplementaBMPs (N Supplemental NM BMPdpvolve applying
a loss-reduction multiplieran-efficiency-crefiit the NNM-SupplementaNM BMP elements only after satisfactory
implementation of the N Core NM BMP. Multiple adeaul site assessments and N management tools nuaiized to
inform the application of the appropriate N adjustinpractices, but do not represent Bdé reductionefficiencgredit in
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and of themselves. A list of example N site assegssrand N management tools is given in TableHs [ist is not
intended to be exhaustive. Rather, Table 4 pres@mples of current techniques and tools tha®#mel deems
potentially useful in supporting crediting of chasgn N management and recognizes that this listilgieed to be
updated over time as new tools and procedureseaedaped.

Advanced site assessments and application of N geament tools that result in a verifiable impleméntaof a change in
planned N application rate, N application timing\bapplication placement may result in &N-SupplementaNM BMP
loss reductionefficiencgredit. The actual crediting of the Supplementisl BMPs requires placing a given BMP into
eithera N RateprN Timing, or N PlacementM-SupplementaNM BMP category (Tables 5 through 7). One single
NNM SupplementaNM BMP loss reduction multiplierefficiencsnay be credited for each of the N Rate, N Timamgd N
Placement categories. The actual values for thésSupplementaNM BMP loss reduction multipliers-efficieney-eredits
are presented later in this report (Table 14). 8mpental N NM BMPoss reductionefficiencgredits for N rate, N timing,
and N placement agackable, e.g., multiplicative with diminishinguens for reducing environmental lessadéditive
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Table 4. Examples of advanced N site assessmethitd amanagement tools that may be used to suppplementation of
changes in originally planned N application rateagylication placement, and/or N application timiAgditional
assessment techniques and tools may be utilizegijoort implemented changes in N management.

Advanced N Assessment Tools

Pre-sidedress Nitrate Test (PSNT)
Manure analysis < 1 year3-years old

On-farm replicated research

Corn Stalk Nitrate Test (CSNT)

N-loss risk assessments & models - Ammonia loss

Yield mapping
Illinois Soil Nitrogen Test (ISNT}SNF
On-farm strip trials

N-loss risk assessments & models - Leaching loss
Fall Soil Nitrate Test (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 Raté4-SupplementaNM BMP are listed in Table 5. Additional N managemanaictices
that result in reductions in the rate of appliechlly be applicable.

Table 5. Elements of theNitregen(N) Rate SupplementalNutrient Management SupplementalBMP
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 Placemisiv-SupplementaNM BMP are listed in Table 6. Subsurface injection or
incorporation applies only to inorganic fertiliZzdr Incorporation or injection of manure is addreksbg the Phase 6
Manure Injection & Incorporation Expert Panel repeith the following practices: Manure Injection avure
Incorporation High Disturbance, and Manure Incogpion Low Disturbance. Additional N managementcpcas that
result in purposeful physical placement of N sosigach thatiatthe potential for N loss to the environment is ezt
and/or crop N-use efficiency is improved may beliapple.

Table 6. Elements of theNitregen{N) PlacementSupplementalNutrient Management SupplementalBMP

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 TimidgM-SupplementaNM BMP are listed in Table 7. Additional N managemgnaictices
that result in the enhanced precision of the tintihgpplication of N sources that reduces the pizkfor N loss to the
environment and/or improves crop N-use efficien@yrbe applicable.
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Table 7. Elements of theNitregen{N) Timing SupplementalNutrient Management SupplementalBMP

N Timing Adjustment Practice

(implementation of one or more BMPs required)

Split N applications

PSNT

The PhosphoruSupplementa{PNutrient Managemer&upplementaBMPs (P Supplemental NM BMPd)volve
applyinga loss-reduction multiplieran-efficieney-creftit the PNM-SupplementaNM BMP elements only after
satisfactory implementation of the P Core NM BMRultiple advanced site assessments and P manag&soininay be
utilized to inform the application of the appropeid® adjustment practices, but do not represenibasReductionefficiency
credit in and of themselves. A list of example té asissessments and P management tools is giveabia 8. This list is
not intended to be exhaustive. Rather, Table 8gmts examples of current techniques and toolghibd®anel deems
potentially useful in supporting crediting of chasgn P management and will need to be updatedtioveras new tools
and evaluative procedures are developed.

Advanced site assessments and application of Pgearent tools that result in a verifiable impleméntaof a change in
planned P application rate, P application timing?@pplication placement may result in B##-SupplementaNM BMP
efficiency credit. The actual crediting of the Slgopental NM BMPs requires placing a given BMP ietther a P Rate, or
P Timing, or P PlacemehiM-SupplementaNM BMP category (Tables 9 through 11). One singéMPSupplemental
NM BMP loss reduction multiplierefficiencgnay be credited for each of the P Rate, P Tinong, Placement categories.
The actual values for thes84-SupplementaNM BMP loss reduction multipliers-eredigge presented later in the report
(Table 15)-NM-SupplementaNM BMP loss reductionefficiencgredits for P rate, P timing, and P placement are
stackable, e.g., multiplicative with diminishingumns for reducing environmental lessadéditive

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

Advanced P Assessment Tools

Soil -test P remediation/declining

Soilresis =2 encald

P Index assessment

Grid soil sampling

Manure analysis < 1 year3-yea+s old

On-farm replicated research

Yield mapping

On-farm strip trials

Whole farm balances

Geo-spatial mapping

Example elements of the P Ratb4-SupplementaNM BMP are listed in Table 9. Additional P managenprattices that
result in reductions in the rate of applied P maypplicable.
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Table 9. Elements of thé2hospherus-P) Rate SupplementalNutrient Management SupplementalBMP

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 Placemght-SupplementaNM BMP are listed in Table 10. The P placement prastuaf
subsurface injection or incorporation apply onlyrtorganic fertilizer P. Incorporation or injectiaf manure P is
addressed by the Phase 6 Manure Injection & Ingatjpm Expert Panel report with the following piaes: Manure
Injection, Manure Incorporation High Disturbancedaanure Incorporation Low Disturbance. AdditibRamanagement
practices that result in the purposeful physicatpment of P sources such that the potential fos$to the environment
is reduced may be applicable.

Table 10. Elements of tH&respherusR) PlacemensupplementalNutrient ManagemergupplementaBMP

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 TimihgA-SupplementaNM BMP are listed in Table 11. Additional P managenpgactices
that result in the enhanced precision of the tinmhgpplication of P sources that reduces the pialeior P loss to the
environment may be applicable.

Table 11. Elements of thé2hesphorus-P) Timing SupplementalNutrient Management SupplementalBMP
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 khaiM-SupplementaNM BMPs are combined for credit. As
described above, N Supplemeritél BMPs can only be credited if the N Core NM BMPrigpilemented and verified. The
N NM-SupplementaNM BMPs do not result in additional credit unless iempéntation of adjustments in N rate, N
placement, or N timing is verified. Thef-SupplementaNM BMPs are assigned to threategoriesgroupdN Rate
Adjustment Practices, N Placement Adjustment Rrastiand N Timing Adjustment Practices. THé-SupplementaNM
BMP loss reductionefficiencgredit for each of these threategoriesgrodpsan be obtained if implementation of at least
one effective practice from eachtegorygredjis verified. For example, if implementation of theCore NM BMP is
verified and implementation of both N applicatiattzmcks from water (a N placement adjustment) anidie rate N
application (a N rate adjustment) are verifignak, application rate multiplier creditefficiencyeeitsmay be claimed for the
N Core NM and additiondbss reduction multiplier creditsefficieney-erethay be claimed for both the N Placemigiv
SupplementaNM BMP and the N Ratsi-SupplementaNM BMP. In this example, no additionalss reduction
multiplier credit may be claimed for the N Timig¥-SupplementaNM BMP.

Figure 2 illustrates how the P Core NM BMP andRhiéM-SupplementaNM BMPs are combined for credit. As
described above, P Supplememntiadl BMPs can only be credited if the P Core NM BMPniplemented and verified. The
P NM-SupplementaNM BMPs do not result in additional credit unless iempéntation of adjustments in P rate, P
placement, or P timing is verified. TheN®A-SupplementaNM BMPs are assigned to threetegoriesgreup$ Rate
Adjustment Practices, P Placement Adjustment Retiand P Timing Adjustment Practices. Té-SupplementaNM
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BMP loss reductionefficiencgredit for each of these threategoriesgredpsan be obtained if implementation of at least
one effective practice from eachtegorygreds verified. For example, if implementation of theCore NM BMP is
verified and implementation of both P applicatietbsicks from water (a P placement adjustment) apmalsBd manure rate
based on annual crop P removal (a P rate adjusfmenverifiedthe application rate multiplier creditefficiencyedits

may be claimed for the P Core NM and additidnat reduction multiplier creditsefficieney-eretiay be claimed for both
the P PlacememiM-SupplementaNM BMP and the P RatdM-SupplementaNM BMP. In this example, no additional
loss reduction multipliecredit may be claimed for the P Timihg4-SupplementaNM BMP.

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

<

Credit as N Core Nutrient Management

.

Is Advanced N Assessment Performed?

‘ d Additional Credit for N Rate Adjustment

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?
“‘ No Additional Credit

‘ Additional Credit for N Timing Adjustment

Is at Least One N Timing Adjustment Practice Implemented?

Credit as Non-Nutrient Management for N

Credit as N Core Nutrient Management

No Additional Credit

Figure 1. Linkage of Core and Supplemental N Nutriat Management Practices
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PHOSPHORUS Core Nutrient Management BMP
Are ALL core elements implemented and verified?

Credit as P Core Nutrient Management

i

Is Advanced P Assessment Performed? | NO Credit as P Core Nutrient Management

J YES L
= Additional Credit for P Rate Adjustment
N

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

u g Additional Credit for P Placement Adjustment
\E

Is at Least One P Placement Adjustment Practice Implemented?

NO Credit as Non-Nutrient Management for P

X

No Additional Credit

‘A

= Additional Credit for P Timing Adjustment
N

Is at Least One P Timing Adjustment Practice Implemented?

No No Additional Credit

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

2.1 NM Core and Supplemental Element Detailed Definitions

To better enable the CBP partnership and statecggertners to understand and apply the recommiemdatf the NM
Panel to their unique programs and production systéhe following section provides additional dgsere 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 egrified at the field management unit level toeige credit.

0 N rate according to LGU recommendations at fielshaggement unit.

= The elements of the N Core Nutrient Management Bi#Pfound in Table 2. Application of a N Core NM

BMP efficiency maodifies the crop- and land-use-sfie&l application rate goal, which is basedlamd-Grant
University-(LGU} crop fertilization recommendations, as modifiediwy CBP partnership. In an effort to
determine the most practicable methodology forcallimg fertilizer N to satisfy crop- and land-ugesific N
application rate goals, the Agriculture Workgrowgpmpared the modified LGU recommendations for
application of supplemental inorganic N fertilizeran alternative approach based on county-level
redistribution of AAPFCO N fertilizer sales dat&i§ methodological comparison indicated that thezee
relatively small differences between the two methfad estimating supplemental N fertilizer applioas,
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leading the Agriculture Workgroup to approve us¢hefredistributed AAPFCO fertilizer sales methogyl in
the Phase 6 Model. The Panel recommends that sicofaparative analyses be conducted in the future t
evaluate newly available fertilizer sales data @nfirther evaluate the redistributed fertilizelesa
methodology’s forecasting ability. Inconsistendiesween estimates generated by the two methodsdsbeu
investigated and rectified based on data sourcktyjaad consistency using contiguous or regiomairty-
level data.

If applied N application rates are below the amllle LGU-preseribedrates—andlortiB8BP partnership
modified application rates, the N application systeay still qualify for credit as an equivalent I9r€ system
if it meets the remaining four N Core elements.

A “field management unit” is described by the NMhBbas a common land management aadefined by the
farm operatothat includeswith-gimilar annual crop production and managementsystand associated
nutrient application system. The field managemeattaan represent any field, collection of multifillds, or
sub-portions of a single field that are managedstiree way, with similar history and cropping preesi

0 Manure analysis and volumetest-valde-orbook-value

Estimation of manure produceddernutrient analysis of that manure must be usetlémtanning process.
It is stronglypreferred thabethmanurevelume-andutrient analyses be derived from manure samptente
using standard laboratory protocols.

In the absence of laboratory manure analysis gataished manure nutrient analyses from LGUs, natio

agricultural agencie(g.;ex.USDA-ARS, USDA-NRCS), national or regional farrmsee organizations

fex—Mid-WestPlan-ServiceQr historical analyses generated from very simitazal and consistently
managed industry-contracted operations may be used.

= If a laboratory manure analysis is used to adjustiutrient applicatioripe laboratory analysisititust be less

than three-years old

If laboratory analysis of-and-preferably-thanures not available, as inanalysis-was-within-onerygddhe
case of new, expanded or modified livestock andtpooperations, or is not required under statecijme
regulations, published book values (as describegelmay be used for a maximum of three years: afte
which time laboratory analysis data must be utilite satisfy N Core NM BMP requirementsappheation

0 Spreader/applicator calibration.

The equipment being used to perform the nutrieptiegtions by the farm operator needs to be docteaken
and verified that the machine(s) have been caéldratther according to manufacturer specificatmmisy
standard calibration practicggeferablywithin one year of the application.

The custom applicator and equipment calibratiotifagtions for commercial applicators can be uasdn
equivalent verification documentation for calibchteutrient applications.

o0 Yield estimates and cropping plan at field manageroait level.

Annual yield estimates for field management urtitsusd be based on field yield samples, calibratectenic
yield monitors, or field specific grain elevatocegpts.

Historic yield goals are determined using@4-e+statestandardized method of averaging annual yields over
time to account for annual variability (e.g. averateld is based on best three out of the fiash years).

A less preferred but equivalent method is to usediird USDA soil productivity book values for esiting
applicable yields.

The cropping plan refers to the planting and haiwg®f the specific crop(s) for which the fieldtriant
applications were based. An example of a field Wwuld not qualify under this required elemenivtsen the
nutrient application was based on the plant requergs for grain corn but, due to in-season manageme
decisions, the field was planted to soybeans idstea

o Cropping/manure history at field management unitlle

As part of developing a planned nutrient applicatiate, the farm operator or custom applicator iciemed
legume residual N credits based on LGU or natiagalultural service €.9.;ex USDA) recommendations.
The manure application history during the croptiotamust be considered, including appropriate manu
mineralization crediting.
Verified documentation of manure mineralizationfddits are included as part of the nutrient baldace
account for at least the three prior years.
Legume residual N credits are included as pati®fiutrient balance to account for at least theadiately
preceding year.
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| 0 Federalandlorstatecertifibtlitrient Managemeniractice documentationPlan-notreguired
= The NM Panel did not define the N Core NM BMP tquee a comprehensive and/or certified Nutrient
Management Plan (NMP) in order to receive the Bivilit. Rather, independent documentation and
verification that all of the required elementstoé tN Core NM BMP were implemented is required.
= The five elements that constitute the N Core NM BM#&y or may not be components of a formal Nutrient
Management PlaThe required nutrient management documentatiaiddee in the form of a formal federal-,
state-, or county-reviewed and certified nutrieainaggement program plan, a non-certified formaliemitr
management plan developed by a federal- or statiéie plan writer, or detailed documentation ard
informal management plan compiled by an operat@rieate consultant that met the Panel’'s BMP
recommendations-based
o0 Equivalent Practices
0 States may propose equivalent practices to sdhiefse requirements that must be approved by thiegmre

Workgroup.

2.3 Phosphorus Core NM BMP Elements

o All six elements are required to be implemented\ardied at the field management unit level toeige credit.

o Papplicationrate according to LGU recommendations at field agament unit levelFhis-may-treludd® application
raterecommendationsesulting-from-assessmettkmt areallewhigherthan the CBP Partnership-modifiBdapplication
ratesare allowable when the recommended rate is theméderhere-therisaf a P -lossrisk assessment tool that
describes the risk of P loss to-béow.

» Application of a P Core NM BMRpplication rate multiplierefficiencsnodifies the crop- and land-use-specific P
application rate goal, which is based on LGU crilfzation recommendations, as modified by thePCB
partnership. In practice, LGU recommendations fapplication are based on crop- and site-spedifietest P
concentration. Currently, soil-test P concentratiata are not available to the CBP. THé-ExpertPanel
recommends that, in the future, crop- and siteifipewil-test P concentration data should be abdd, aggregated
to the appropriate scale, summarized to eliminesgabsure of private confidential business inforimat and
utilized as the foundation for determining P apgdiien rate goals and the appropriate applicatio® Gore NM
BMPs.

* Inthe absence of soil-test P based applicatiangaals, county-level redistribution of CBW AAPF®Jertilizer
sales data may serve as a surrogate.

» If applied P application rates are below the ajalie LGU prescribed rates, and/or the CBP partigerabdified
application rates, the P application system mdlygstalify for credit as an equivalent P Core NMstm if it
meets the remaining five P Core elements.

» A*“field management unit” is described by the NMhBlas a common land management unit as defindaeby
farm operator with a similar annual crop productmm management systems, and associated nutrigitzdion
system. The field management unit can representialdy collection of multiple fields, or sub-pastis of a single
field that are managed the same way, with similstiohy and cropping practices.

o P soil tests at field management unit level. Tlgrement for having a P soil test may be waivestrictions on
manure application (rates, timing, placement),im@sed that limit P application rates and managetaethe same
degree as ithe site’s soittherwvasin theahigh P-soil -testP interpretive category

= A soil laboratory analysis is required to be ob#difrom the field management unit using standaittesting
protocols.
= |f a laboratory soil analysis being used to adjhstnutrient application, it must be less thandhyears old

opcsretormBbopithinenereoretthe s slieniion

*= In the absence of an available soil P laboratoa}yais, P nutrient applications may be based owmarrop
removal at the field management unit level as anivedpent P Core elemebsed-on-applicable LGU
oeormmcRdotens

0 Manure analysis and volumetest-valde-or-book-value

= Estimation of manure produceddernutrient analysis of that manure must be useleplanning process.

= |tis strongly preferred that manure nutrient aeatybe derived from manure sample testing usimglaiel
laboratory protocols.

= |n the absence of laboratory manure analysis gataished manure nutrient analyses from LGUs, natio
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agricultural agencie®(g.;ex.USDA-ARS, USDA-NRCS), national or regional farrmgee organizations
fex—Mid-WestPlan-ServiceQr historical analyses generated from very simitazal and consistently
managed industry-contracted operations may be used.
= If a laboratory manure analysibeingused to adjust the nutrient applicatite laboratory analysisihust be
less than three-years old
= |f laboratory analysis;-and-preferablywithin-ermayof manure is not available, as in the case of new,
expanded or modified livestock and poultry operaiar is not required under state-specific reguriat
published book values (as described above) magée for a maximum of three years, after which time
laboratory analysis data must be utilized to sasCore NM BMP requirementsthe-appheation
0 Spreader/applicator calibration
= The equipment being used to perform the nutriepliegtions by the farm operator needs to be docteaen
and verified that the machine(s) have been caélraither according to manufacturer specificatmmisy
| standard calibration practicgseferablywithin one year of the application.
= The custom applicator and equipment calibratiotifastions for commercial applicators can be uasdn
equivalent verification documentation for calibihteutrient applications.
0 Yield estimates and cropping plan at managememiewel
= Annual yield estimates should be based on fielttlysamples, calibrated electronic yield monitorsfield
specific grain elevator receipts.
= Historic yield goals are determined using a LGl$tate standardized method of averaging annualsymidr
time to account for annual variability (e.g. avergeeld based on the best three out of the fpasi years).
= Aless preferred but equivalent method is to uaeditrd USDA soil productivity book values for estting
applicable crop yield.
= The cropping plan refers to the planting and hamg®f the specific crop(s) for which the fieldtnant
applications were based. An example of a field Wwuld not qualify under this required elemenivtsen the
nutrient application was based on the plant requérgs for grain corn but, due to in-season manageme
decisions, the field was planted to soybeans idstea
o Cropping/manure history at field management uwille
= As part of developing a planned nutrient appligatiate, the farm operator or custom applicator ictemed
legumeresidualPN credits based on LGU or national agricultural sere.g.;ex USDA) recommendations.
= The manure application history during the croptrotamust be considered, including appropriat&dual soll
Pmanu%&wne#ahza%medltmg
= Residual soil PVer

balaneeJeeﬂaeeeam—tepa{—leasHheJemeeﬁrery
=  Legumeresidualidredits are included as part of the nutrient beadan account for at least the immediately
preceding year.
0 Federal-and/orstate-certiidtltrient Managemengractice documentatienPlanr-netrequired
= The NM Panedeflnedd{é—ne%deﬁﬂmePN Core NM BMP to requmEuII implementation ofadefined set of
fundamental eleme g NMI®) order to receive the
BMP credit. Rather, mdependent documentatlon\mn:ﬂlcatlon that all of the required elements loé PN
Core NM BMP were implemented is required.
= Thesixfive elements that constitute tR& Core NM BMP may or may not be components of a &rm
Nutrient Management Plaithe required nutrient management documentatiofddme in the form of a formal
federal-, state-, or county-reviewed and certifiettient management program plan, a non-certifoechél
nutrient management plan developed by a federatabe-certified plan writer, or detailed documéntaand
an informal management plan compiled by an operatorivate consultant that met the Panel's BMP
recommendations—based.
0 Equivalent Practices
0 States may propose equivalent practices to sdlisBe requirements that must be approved by thieudlgre
Workgroup.

| 2.4 Nitrogen NM-Supplemental NM BMPs
0 Advanced N assessment Tools.
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\ * Documentation needed of theNeed-decumentatiusefof one or a combination of these tools.
= These tools should guide implementation of N ral&sement, or timing.
\ = Conducting these assessments or using these asio impact unless they leadatoinformedachange
in implementation of N rate, N placement or N agiion timing.
= This list is not exhaustive or comprehensive, amlgl ;epresents a selection of examples that would
constitute tools resulting in an implementationrafea
o N Rate Adjustment Practices.
= By implementing one or more of the practices lismtadditional N credit will be applied. However,
implementing more than one of the practices cagdtureler each supplemental practice category wijl on
result in one credit for the practice adjustment.
= Within the N Rate Adjustment Practice, the ratamplication can be less than the LGU recommendation
consistent with partnership approved rate appboatibut in order to receive supplemental creloé, rate
of application must be belothe rate listed for the N Core NM BMP.
= Split applications over time per crop. Total amooinN application may or may not change, but the
application is divided into multiple, lower-ratemigations throughout the year.
= Variable rate N application implies that N is apdliat a variety of different application rates \wvith
management unit based on historical data of spatiatiable crop response due to soil type, dragnagc.
or due to in-season data from optical crop sensors.
0 N Placement Adjustment Practices.
= By implementing one or more of the practices lismdadditional N credit will be applied. However,
implementing more than one of the practices cagturgler each supplemental practice category will on
result in one credit for the practice adjustment.
= Where the N nutrient source is physically locatedlaced relative to the soil surface.
= Subsurface injection or incorporation of appliedrganic N.
= |Immediate incorporation generally means within 2drs of application.
= N application setbacks from water: purposefully ayoplying Nitrogen to cropped land area adjacent to
surface water bodieSetbacks must meet the minimum standards requiréer@pplicable local, state, or
federal programs and laws.
= Applies to both manure and fertilizer.
= Credit applies to entire field management unit.
o N Timing Adjustment Practices.
= By implementing one or more of the practices liseedadditional N credit will be applied. However,
implementing more than one of the practices cagtureler each supplemental practice category wiyl on
result in one credit for the practice adjustment.
= Split applications over time per crop. Total amooinN does not change, but application is dividgd i
multiple applications throughout the year.

| 2.5 Phosphorous NM-Supplemental NM BMPs
0 Advanced P assessment Tools.
\ * Documentation needed of theNeed-decumentatiusefof one or a combination of these tools.
= These tools should guide implementation of rat@cgrnent, or timing.
\ = Conducting these assessments or using these o impact unless they leadatoinformatlachange
in implementation of rate, placement, or timing.
= This list is not exhaustive or comprehensive, amlgt ;epresents a selection of example that would
constitute tools resulting in an implementationrdea
o0 P Rate Adjustment Practices.
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By implementing one or more of the practices lisgtadditional P credit will be applied. However,
implementing more than one of the practices cagtureler each supplemental practice category wijl on
result in one credit for the practice adjustment.

Within the P Rate Adjustment Practice, the ratapyglication can be less than the LGU recommendation
consistent with partnership approved rate appboatibut in order to receive supplemental creloé,rate
of application must be belothe rate listed for the P Core NM BMP.

Split applications over time per crop. Total amooin® application may or may not change, but the
application is divided into multiple, lower-ratejgations throughout the year.

Variable rate P application implies that P is agublat variety of different applications rates witttie
management unit based spatially variable crop respdue to soil type, drainage, etc. or due teassn
data from optical crop sensors.

A P-based manure application rate equivalent taancrop P removal is an equivalent rate adjustment
practice.

o P Placement Adjustment Practices.

By implementing one or more of the practices lismtadditional P credit will be applied. However,

implementing more than one of the practices cagtureler each supplemental practice category wijl on
result in one credit for the practice adjustment.

Where the P nutrient source is physically locateglaced relative to the soil surface.

Subsurface injection or incorporation of appliedrganicPN.

Immediate incorporation generally means within 24ris of application.

Phosphorus application setbacks from water: pufpthgeot applying P to cropped land area adjatent
surface water bodieSetbacks must meet the minimum standards requirderwapplicable local, state, or
federal programs and laws.

Applies to both manure and fertilizer.

Credit applies to entire field management unit.

Application of manure on different fields basedtba P Index assessment that results in manurecapiph
on a lower P Index rated field rather than a highémdex rated field.

o P Timing Adjustment Practices.

By implementing one or more of the practices lismtadditional P credit will be applied. However,

implementing more than one of the practices cagturgler each supplemental practice category will on
result in one credit for the practice adjustment.

Split applications over time per crop. Total amoofP does not change, but application is divided i
multiple applications throughout the year.

P application in lower P-loss risk season.

Purposeful change the timing of manure applicatiased on the P Index assessment that results imrenan
application at a time during the calendar year wherP Index assessment indicates a lower risRk foss.

3 Effectiveness Estimates

This section begins with a brief summary of theommendedapprevddland Pmultiplier valueseffectiveness-estimates,
or-efficienciesfor N and P Core NM BMPs aridr loss reduction multipliers fad and PNM-SupplementaNM BMPs.
This summary is followed by a discussion of théorale and use of specific data values from thdéaa literature to
develop the recommendetlltiplier values-efficienciedtinally, details are provided on how the recomnastabplication
rate multiplier valuesefficieneider Core NM BMPs anébss reduction multipliers fahe NM-SupplementaNM BMPs

can be combined to reflect actual N and P manageamghoverall effectivenesd a specific location.

3.1 Summary of Effectiveness Estimates

| All numeric values for Core NM BMBpplication rate multipliersefficienciemdNM-SupplementaNM BMP |oss
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reduction multipliersefficiencielbave been defined by the Parggde section for a detailed discussion of how thakees
are applied in the determination and creditingwarall NM BMP effectiveness for N and P.

3.1.1. N Core NM BMPs

The Panés proposedpplication rate multipliersefficiencidar N Core NM BMPs for each applicable agricultuead

use category are given in Table 12. Thagelication rate multipliersefficienciege based on state LGU recommendations,
as modified by the CBP partnership, and apply ¢ontiirient application rate goal, or input sidenofrient management
modeling scheme. Eaelificieneyvalue represents a multiplicative modifier of tnep- and land-use-specific N

application rate goal utilized in the CBP models.

Table 12. Core N Nutrient ManagementApplication Rate MultiplierEfficiency- Values

Nutrient Management BMP
Nitrogen Core Nitrogen Core

Land Use Non-Nutrient Management | Nutrient Management

BMP Application Rate BMP Application Rate

MultiplierEfficieney MultiplierEfficiency

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 Paneés proposedpplication rate multipliersefficiencider P Core NM BMPs for each applicable agricultlaad use
category are given in Table 13. Thesmlication rate multipliersefficienci@ge based on state LGU recommendations, as
modified by the CBP partnership, and apply to th&ient application rate goal, or input side, a thutrient modeling
scheme for both NM and non-NM acres. Eaéffeieneyvalue represents a multiplicative modifier of thep- and land-
use-specific P application rate goal utilized ia @BP models. For crops and land uses in which reaswapplied, manure
applications that result in manure P applicatidegdhat are greater than or equal to the cropifspEcapplication need
results in the prohibition of application of addital fertilizer P. An exception to the prohibitiohsupplemental fertilizer
P addition following manure application is the iatition of relatively small quantities of startertilizer P, typically
applied subsurface in the planting row, accordmg®U recommendations. For crops and land usesdich manure is
applied, the total quantity of manure P associaiti¢hl the total manure application rate should becalted to the subject
acreage.

Table 13. Core P Nutrient Managemenf\pplication Rate MultiplierEfficiency- Values

Nutrient Management BMP

Phosphorus Core Phosphorus Core
Land Use Non-Nutrient Management | Nutrient Management
BMP Application Rate BMP Application Rate

Multiplieretficiency Multiplierefficienecy
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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 Supplemental Nutrient Management Supplemental BMPs
The Paneés proposedbss reduction multipliersefficiencider N NM-SupplementaNM BMPs for each applicable
agricultural land use category are given in TadleThesevalues areefficiencies-appigultiplicative modifierghat apply
to edge-of-stream delivery of N, on the output siithe CBP modeling scheme, and can only be applie
requirements for N Core NM BMP are met.

| Table 14. NSupplementalNutrient Management SupplementalBMP Loss Reduction MultiplierEfficiency Values

Nutrient Management BMP
N Rate N Placement N Timing

Land Use Supplemental Supplemental Supplemental

EhilE oo BMP chJ)Zs Reduction il e

Reduction MultiplierEtfici Reduction

MultiplierEficiency | MultiplierBheieney |\ iplierEsficieney

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

3.1.4. P Supplemental Nutrient Management Supplemental BMPs
The Paneés proposedbss reduction multipliersefficiencider PNM-SupplementaNM BMPs for each applicable
agricultural land use category are givendieble-15 Thesevalues are-efficiencies-appmultiplicative modifierghat apply
to edge-of-stream delivery of P, on the output sitltne CBP modeling scheme, and can only be aplibe
requirements for P Core NM BMP are met.
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Table 15. PSupplementalNutrient Management SupplementalBMP Loss Reduction MultiplierEfficieney Values

Nutrient Management BMP
P Rat P Timin
Land Use Supple;:ntal SZELﬁZemrgﬁgl Supplemegtal
BMPL(.)ﬁ BMP Loss Reduction BMPL(.)ﬁ
Reduction = == Reduction
MultipliersEfficiency L N MultipliersEfficieney
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 JdusH HicationforEHeeH preness-Est HAat esDevelopment of Application Rate

I\/Iultlpllers and Loss Reductlon Multipliers for Core NM BMPs and

Supplemental NM BMPs
The Panel developed the proposed Phase GpiMcation rate multiplier estimates and loss ofidm multiplierefficieney
estimates through a synthesis of applicable séietiterature (see References section) and thiecidle best professional
judgment of the NM Panel members (see Table 1 riémbership of the Panel represents over 150 gédnect
involvement in research, implementation and edanaiih agricultural nutrient management practicese entire body of
research represented by the citations presentibe iReferences section provided the foundatiothi@iPanel's
professional assessment of thée and loss reduction multipliers fer-effectivenefthe proposed NM BMPs. The
multiplier values-efficieney-factegresented for the Core NM BMPs and #ieé-SupplementaNM BMPs represent either
a collection of required elements or representrtipact of numerous applicable on-site managemexttioes. Therefore,
in order to develop broadly pertinent NM BNfultiplier valuesefficieney-faetoysnultiple sources of information and data
were necessarily synthesized through the expestdéthe Panel.

For both N and P BMPs, nutrient management practce implemented at either the field or sub-fieletl. The diverse
landforms, hydrology, climate and cropping systefhe agricultural landscapes in the CBW have #Hitade of impacts
on biogeochemical transformations of N and P indip@-ecosystem. Changes in hydrological pathwbyse can have
dramatic effects on nutrient loads to streams whewed from the Atlantic Coastal Plain to the Ammddian Plateau.
Therefore, site-specific physical conditions andhagement factors have a strong influence on tleet@feness of
imposed conservation practices. Nutrient manageBifr effectiveness must represent the averageittamadver a

wide range of real-world scenarios. Thus, it wagimbent upon the Panel to distill numerous lifesvidence to arrive at
a singlemultiplierefficieneyvalue for each of the N and P BMPs that couldggied equitably across the CBW.

Below are examples of specific analyses that weeel tio inform the NM Panel in its application o§bprofessional
judgment to determine NM BMP application rate npligirs and loss reduction multipliers.
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N Core and P Core NM BMPs

The reduction in nutrient application rates for br€and P Core NM BMPs were determined based ¢oricial (i.e.,
before the Chesapeake Bay Program Watershed MBB&WM) simulation period of 1985) and modern LGUWammpmy
guides (i.e., during the calibration period of @BPWM (). Historical LGU agronomy guides (pre-19&vypluated by
Phase 5.3.2 NM Panel members recommended a radd&e-49 percent more plant-available N than CBPWHbGgion
period LGU guides. In addition, the principal bdsisapplication rate difference between non-NM atd for N is a
reduction in the fertilizer N requirement for cdram 1.2 Ibs N/bu of expected vield in earlier L&&Eommendations to
1.0 Ibs N/bu of expected vield in current LGU recoemdations. This reduction is supported by data f@nale (2000)
who examined corn yield response to fertilizer ¢ raith the associated post-harvest fall soil nesidNO;-N
concentration. These findings are reflected inviddaes for grain and silage found in_for N Core BMPs. Because other
crops of significant acreage did not have consibt@n significantly lower recommended N applicati@tes when the
historical (pre-1985) and current from LGU agronoguydes were compared, these agricultural land wses assigned
more conservative values in .

N Core NM BMP multiplier values for Other Hay andsture were set at 1.00 because the CBP Partnsrstodification
of the LGU N application recommendations creatediform and much-reduced N application rate goatlfiese two
agricultural land uses that included an assumedemmgntation rate of NM BMPs across the entire CBWerefore, the
Panel could not apply a N application rate BMP ipliéir other than 1.00 to these two land uses.
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Table . LGU Agronomy Guide Recommendations for CorrN Fertilizer Application Rate Before and During CBPWM Calibration Period.
Values Presented Are Pounds of Plant Available N @&N) Per Bushel of Expected Corn Yield

Land Grant University Pre-calibration Calibration period
Recommendation Recommendation

North Carolina State University | 1.4 Ibs PAN 1.0 Ibs PAN

Pennsylvania State University | 1.3 1.0°

University of Maryland 1.2 1.00

" North Carolina State University Extension. 197@@nomy Guide. North Carolina State UniversityleRgh, NC.

! Penn State Extension. 1981 Agronomy Guide. Thefdvania State University, College of AgricultuEgtension
Service. University Park, PA.

! http://extension.psu.edu/agronomy-guide/cm/sec2/=3

! Coop. Ext. Serv. 1981. Fertilizer Recommendatishsget 3, corn for grain on medium textured soiteout manure.
Univ. MD Coop. Ext. Serv., College Park, MD.

! Coale, F.J. 1995. Plant nutrient recommendati@sed on soil tests and yield goals. Agronomy Mieo10, Coop.
Ext. Serv. and Agronomy Dept. Univ. MD, College IRaviD

P application rate multiplier values for P Core MMIPs are greater for land uses with manure versusdrresponding
land use without manure. Historically (pre-1985amare applications managed without attention to dNielines
resulted in P application rates at least threegihigher, and probably more, than would be expeaateidr P-based
nutrient management. For non-manured productiotesysoperating outside of NM guidelines, fertiliFeover-
application would not be expected to be nearlyraatcas when manure is the primary nutrient sodreese findings are
reflected in the values for grain and silage foimdor P Core NM BMPs. As for N Core NM, P Core NB#MP multiplier
values for Other Hay and Pasture were set at k68use the CBP Partnership’s modification of th&JIF5application
recommendations created a uniform and much-rede@gaplication rate goal for these two agricultlaiad uses that
included an assumed implementation rate of NM Blslétsss the entire CBW. Therefore, the Panel conllcpply a P
application rate BMP multiplier other than 1.0Ghese two land uses.

N Rate, N Placement, and N Timing Loss Reduction Mtipliers

Several assessments of the PSNT have resultedddudtion rates of 6 to 42 percent, with most destrating reductions
of 17 percent or greater. A three-year study ofikge on a manured silt-loam soil in Vermont by iBuk et al. (1995)
reported that use of the PSNT reduced nitrate isggiotential by resulting in an average reductiofall residual NG-N
(nitrate N) of 56 percent compared to N applicatibased on traditional LGU N recommendations. Gamane, fall N
application was reduced by 29 percent (150 |bs /d®7 Ibs N/ac) due to application of the PSNRisTexceeds the
largest credit (15 percent loss reduction) givearNdrate Supplemental BMPs (). The reduced potefiotianitrate leaching
due to PSNT application was confirmed by Guillardle(1999) in a two-year lysimeter study on adsaloam soil that
demonstrated an average reduction in;MNQeaching of 63%, compared to corn fertilizedading to standard LGU
recommendations. Fall N leaching loss was redugeghtaverage of 42 percent, from 196 kg N/ha (bg9N/ac) to 113
kg N/ha (101 Ibs N/ac), a change also greatly ekogethe N Rate Supplemental BMP credits shown in .

Data from quarterly or annual reports from in-fielatrient management consultants were used to stig@2SNT
activities and results under the Maryland (Steb#il2015) and Virginia (Sexton 2015) Nutrient Mag@&gnt Programs.
The Maryland summaries covered three years, encssimgpa total of 2,690 ac from the Piedmont an83Y ac from the
Coastal Plain. The average estimated reductiootah fiertilizer N application resulting from implemting the PSNT,
compared to using university recommendations wittloei PSNT, was 20% and 6% for the Piedmont andgt@bRlain
regions, respectively. Sexton (2015) reported 6rBa5-ac evaluation of the PSNT conducted in VieEgghShenandoah
Valley consisting of 1,246 PSNT tests that compam@dersity recommendations with and without thé&NP$Fitzgerald
and Baird 2014). The Virginia results showed tre#t af the PSNT resulted in an estimated averadegsasf 30 Ibs N/ac,
or a 20% N fertilizer application reduction for 29%the PSNT evaluations and a savings of 60 |le€Ndr a 40% N
fertilizer application reduction, for another 28%tlne PSNT evaluations. The remaining 43% of thBIP8valuations
resulting in unchanged fertilizer N applicationeraécommendations. The average percent reductifantiizer N
application across the Virginia Piedmont study W&%, which is consistent with the Maryland Piednmestimate.
Additionally, a two-year study in New York on a tog-sand soil that monitored tile drainage fromggla@orn grown in
relatively large (18 f) isolated plots reported an average reduction@g-N losses of 42% for the PSNT treatment,
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compared to the non-PSNT standard LGU recommemdéfiogbedii et al. 2000). Fall N loss rates wedriced by 25%
(134 kg N/ha to 100 kg N/ha or 120 Ibs N/ac tol@9N/ac) due to application of the PSNT.

Studies on the CSNT and ISNT showed results sirtolénose for the PSNT. In New York, results repdiby Ketterings
et al. (2014, 2011a, 2011b), Wharton et al. (204, Hong et al. (2010) suggest that about 40%stét corn silage
fields were rated in the excess category and faflghe recommendations of the CSNT would resudt #0 to 30%
reduction in N application. Kyveryga et al. (20t8ported that of 215 fields receiving liquid swimanure, about 30% of
fields were found to be unresponsive to additidnébeyond 25 Ibs N/ac starter). Extending this estage over all silage
corn fields under CSNT, recommendations derivethf@SNT would have resulted in 15 to 30 Ibs N/adiaption
reduction annually, representing a 20 to 30% redunciver standard N rate recommendations. Resuftsutii-year N rate
trials on silage corn in New York over three cra@ags showed that about 50% of tested fields wener@sponsive to
additional N fertilizer and, therefore, the ISNBassment would recommend no additional N applicdi®yond starter N
at 25 Ibs N/ac (Lawrence et al. 2009, Klapwyk e2806, Lawrence et al. 2008, Ketterings et al.920Because these
fields would otherwise have received a recommeraggdication of 75 to 125 Ibs N/ac, managing N aggilons based on
the ISNT results reduced N applications on thectdf fields by 50 to 100 Ibs N/ac. Discounting tleduction because
only half of corn silage fields were determined#non-responsive by ISNT gives an estimated 2 tibs N/ac
reduction in N applications to silage corn, a renhuncof 33 to 40% in total N applications.

Using unpublished data from studies conducted tifrout Virginia, the Phase 5.3.2 Nutrient Manageniemquiert Panel
compared N application rates to corn for the Viiifiech Corn Algorithm (VTCA) applied via the Gr&seke? system
versus the standard farmer’s N rate methods (Pha8se Nutrient Management Expert Panel 2015). Q&esites in 4
years, the average VTCA N rate was 24 kg/ha (apmately 20%) less than the standard farmer’s raitd, no significant
difference in grain yields. Additionally, data frdmeld scale demonstrations from a total of 160@e&r two years
demonstrated a 10% decrease in N rate appliednwitlifference in corn yields (Virginia NRCS CIG 83A7-1131, final
report). These data demonstrate the ability togedNiapplication rates while maintaining crop ysel@ther Virginia data
for wheat (Thomason et al. 2011 and Virginia NRAG 69-33A7-1131, final report) suggest that N rdt@swvheat could
be decreased by approximately 7% with no changeld.

The FSNT provides an adaptive management toolfmulgneously improving economic production of shaahins by
identifying sites where small grains need starteamdl also reducing nitrate-N loss to groundwayendt fertilizing N
sufficient sites just before the fall-winter-spriwater-recharge season when most nitrate leacliogr® (Forrestal et al.
2014, Meisinger et al. 2015). The N reduction eficy for the FSNT was estimated from four yearkysitmeter nitrate-N
leaching data (Pers. comm., J. Meisinger 2015)ukia intact soil-column lysimeter described innkad et al. (2011) and
following the sample collection and analysis methdedscribed in Meisinger et al. (2015). The lysenéteatments were
replicated twice each year with winter wheat reicgj\either a starter-N application of 30 Ibs N/amo starter-N.
Lysimeter drainage monitored N®! leaching continuously between planting and tireén-up” development stage.
These treatments were repeated in 1997-98, 1998999-2000, and 2009-2010 wheat growing seasoresfiial
lysimeter-based N loss reduction efficiency wasrestied to be 10%.

In the long term, achieving a balance between enttimports and exports at the whole farm levetl (ater at the
watershed level) is believed to be an effective Waminimize nutrient surpluses, manage soil notrievels, and reduce
runoff and leaching losses. For livestock farme,\linole farm nutrient balance approach has beeiuable in
identifying opportunities for reducing N and P im®0 making better use of on-farm nutrient sour@iEntifying the need
for more land for nutrient recycling, and increasiutrient exports. As shown over several yearesdarch on 54 New
York dairy farms, nutrient balance reductions ageth29% for N and 36% for P (Soberon et al. 20Ea €t al. 2014a
and 2014b). However, the observed reductions &ibwhble primarily to changes in feed formulatenmd management,
rather than fertilizer management.

N reduction efficiencies from timing N applicatiowgre estimated by comparing corn vields from ogéd N-response
trials over many site-years (Fox et al. 1986, Fod Riekielek 1993, Pers. Comm. J Meisinger 201Bgs€ studies
compared vyield vs. N applied (as urea-ammoniuna@jrat planting, or N applied just before the dvepins its rapid
period of growth. Corn had the most N-responséstnighich were summarized by fitting separate gaticlregression
functions for each timing at each site-year of datal then estimating the economic optimum N rfB@NR) for corn
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grain valued at $4.00/bu and N priced at $0.500pend. These regressions allowed estimation oERR and
associated yield, which provided a method to compatimum rates for N applied at planting vs. Etar time that was in
harmony with crop N demand. A plot-based N reducéfficiency was estimated as the difference betvibe EONRs at
planting vs. the delayed application, divided by hanting EONR. There were also adequate datatienCoastal Plain
(21 site-years) and the Piedmont (18 site-yeamsdns to estimate separate N reduction efficiendibsse calculations
produced a Coastal Plain estimated N reductionieffcy of about 16%, with the corresponding estinfiat the Piedmont
of 9%. The Coastal Plain higher N-timing reductafficiency is likely due to the region having maearse-textured soils
and more shallow rooting depths than the Piednidrgse reductions support the N Timing SupplemdsitéP Efficiency
values in , as do the documented PSNT-based Ntreduates of 6 to 42% (with most demonstratinguatithns of 17
percent or greater) described above.

N-timing reduction efficiencies for wheat were gsited from two-years of field-plot total N uptakstal from a study that
compared an all-at-green-up application with a 8G&#lit of N between green-up and an applicatiqggrexmately one
month later (Gravelle et al. 1988). Four yearsysimheter nitrate-N leaching data (Pers. comm., gisiger 2015) were
also used from intact soil-column lysimeters ddsmatiin Palmer et al. (2011) following the sampleotion and analysis
methods described in Meisinger et al. (2015). Tsareter treatments were replicated twice in eddhenfour years
(1992-93, 1997-98, 1998-99, and 1999-2000) withtevimheat receiving either all the N at green-upyith the same N
rate applied one-third at green-up and two-thifssuda month later. These two data sources prodarcederage wheat
N-timing reduction efficiency of about 15%, whichsimilar to the Coastal Plain value for corn amop®rtive of the N
Timing Supplemental BMP Efficiency values in .

When the data summarized above are analyzed asle,\ile literature is supportive of the applicatad NM BMP N loss
reduction multipliers within the ranges presented®verall, the proposed N loss reduction mukigiare numerically
conservative and range from 3 to 15%, exclusivih@i0% N loss reduction multiplier that was defifiedthe Other Hay
and Pasture land uses.

P Rate, P Placement, and P Timing Loss Reduction Ntpliers

Kleinman and Sharpley (2003) packed soils into fiuboxes and broadcast with three manures (dager poultry, and
swine) at six rates, from 0 to 150 kg total P (TR)¥0-134 |bs TP/ac). Manure analysis indicatet fhibased manure
application for silage corn of 300 kg total N (Th8/(268 |bs TN/ac)) would result in TP _applicatrates of 70, 200, and
88 kg/ha (62, 178, and 78 Ibs TP/ac) for the dguowltry, and swine manures, respectively. Appiaatates matching
silage corn TP requirement of approximately 25 kghg (22 Ibs TP/ac) would result in TN applicatiohd 51, 53, and
119 kg TN/ha (135, 47, and 106 Ibs TN/ac). Applmatate was related to runoff P£0.50 tor’=0.98), due to increased
concentrations of dissolved reactive phosphorusROR runoff; as application rate increased, sotk@contribution of
DRP to runoff TP. Assuming 150 bu/ac vyields, recandations for silage corn are about 180 lbs TNacl®3 lbs TP/ac
for low to optimum solil test levels (Roth and Héthis 2001). Rates for grain corn would be 160 INgaE and 76 |bs
TP/ac. The P rates applied by Kleinman and Sharflehd4 Ibs TP/ac) bracket these rates, with thbdst rate 1.3 and
1.8 times the silage and grain corn rates, resmgtifor a 150 bu/ac yield.

The effect of flow time, flowpath length, and ma@mosition on P loss in overland flow from two cahPennsylvania
soils packed in boxes of varying length were exa&aiby collecting runoff water samples from soil ésxvith and without
75 kg P/ha applied as swine manure over 0.5 meobtix slope length at distances of 0 to 3.5 m fitmendownslope
collection point (McDowell and Sharpley 2002). mbk®&d reactive P concentration was more closebtedlto the
proportion of clay in sediment of overland flow bef (r =0.98) than after (r= 0.56) manure applaratil his was attributed
to the transport of larger, low-density particlé&applying manure. The concentration of disslPeand particulate P
fractions decreased with increasing flow-path lendue to dilution rather than sorption of P byface soil during
overland flow. Total P loss (mainly as particulBlefrom the Watson channery silt loam was more fham Berks
channery silt loam, even with manure applied. Tksle P loss in overland flow is affected by whearanure is applied
relative to flowpath length, initial soil P conceatton is very important when looking at areas atemtial P loss within a
watershed.

In the long term, achieving a balance between enitimports and exports at the whole farm levetl (ater at the
watershed level) is believed to be an effective Wwaminimize nutrient surpluses, manage soil natrdevels, and reduce
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runoff and leaching losses. For livestock farme,\linole farm nutrient balance approach has beeauakle in
identifying opportunities for reducing N and P im®0 making better use of on-farm nutrient sour@iEntifying the need
for more land for nutrient recycling, and increasimutrient exports. As shown over several yearesdarch on 54 New
York dairy farms, nutrient balance reductions ageth29% for N and 36% for P (Soberon et al. 20E5a €t al. 2014a
and 2014b). However, the observed reductions &bwible primarily to changes in feed formulatemd management,
rather than fertilizer management.

Application of a P Core NM BMP application rate mplier modifies the crop- and land-use-specifiggplication rate
goal, which is based on LGU crop fertilization resonendations, as modified by the CBP partnershigigAificant
modification imposed by the CBP partnership wasagsumption that all agricultural acres in the CB&d a soil-test P
concentration that corresponded with the “mediuail’'test interpretive category. The Panel recoghidat, in the
absence of soil-test P concentration data, asssoiktest P concentrations were necessary to tiai/CBP model
processes. However, the Panel also recognizethtbdgmentation of the universal “medium” soil-t&sassumption
infused a high level of site-specific uncertainttoithe modeled P application rate. In generalirtherent uncertainty in P
application rate resulting from the adoption of timversal “medium” soil-test P concentration asptiom is expected to
be similar to or greater than the magnitude ofRfemplication rate modifications resulting from Ieypentation of P Core
NM BMP application rate multipliers or the P NM SUgmental BMP loss reduction multipliers.

In practice, LGU recommendations for P applicabos based on crop- and site-specific soil-testriéeatration.
Currently, soil-test P concentration data are raflable to the CBP. The Panel recommends thalkaruture, crop- and
site-specific soil-test P concentration data shtv@l@ollected, aggregated to the appropriate ssatemarized to eliminate
disclosure of confidential business informatiord aitilized as the foundation for determining P &a&ilon rate goals and
the appropriate application of P Core NM BMPs.Ha &bsence of soil-test P data and soil-test Rilzsaication rate
goals, soil-test P concentration must be assumedmaiurn, utilized to create artificial P applice rate goals.

3.3 Method for Applying Core and Supplemental Multiplier ValuesBMP
ficionei

The overall BMP efficiencies for N and P nutrierdmagement are derived from a combination of apimdicaate
multipliers for the Core Nutrient Management BMRsor P) with their corresponding Supplemental MuitiManagement
BMP (N or P) loss reduction multipliers. The N Coilsl BMP and P Core NM BMP address the rate of patri
application while the N Supplemental NM BMPs anSupplemental NM BMPs address the transport of agplutrients.
The overall effectiveness values (one for N andfon®) are calculated as the combined effect ahges in nutrient
application rate and nutrient transport causedbyirhplementation of Core and Supplemental NM BMIpcific details
regarding how these combinations are calculatedapptied are provided below.

Nitrogen
Application of the N Core NM BMR\pplication rate multiplier creditefficienanodifies the crop- and land-use-specific N

application rate goal, which is based on LGU crilfzation recommendations, as modified by thePGiartnership.
Thesemultipliersefficienciesapply to the nutrient application rate goal, grunside, of CBP nutrient modeling scheme for
both NM and non-NM acres. Eaghultiplierefficieneyvalue represents a multiplicative modifier of tmep- and land-use-
specific N application rate goal utilized in the EBiodels.

Application ofloss reduction multiplierefficiencgredits for NNM-SupplementaNM BMP elements requires satisfactory
implementation of all respective N Core NM BMP eéats. The NNM-SupplementaNM BMP multipliersefficieneies
apply multiplicative modifiers to edge-of-streanfidery of N, on the output side of the CBP modelsupeme, and can
only be applied if the requirements for N Core NMIB are met. Multiple advanced site assessmentdlandnagement
tools may be utilized to inform the applicationagfpropriate N adjustment practices, but do notesgt a Nefficiency
credit in and of themselves. Advanced site assetsm@d application of N management tools thatitr@su
implementation of a verifiable change in plannedgylication rate, N application timing, or N appglion placement may
result in a NNM-SupplementaNM BMP loss reduction multiplierefficiencgredit.N Supplementah-NM BMP
efficieneycredits for N rate, N timing, and N placement steckableadéditiveOnly one SupplementalM BMP
creditefficieneyfor N rate, one SupplementdM BMP creditefficieneyfor N timing, and one SupplementéM BMP
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creditefficieneyfor N placement may be applied.

Phosphorus
Application of the P Core NM BMBpplication rate multiplier creditefficienanodifies the crop- and land-use-specific P

application rate goal, which is based on LGU crilfzation recommendations, as modified by thePGiartnership.
Thesemultipliersefficienciesapply to the nutrient application rate goal, grunside, of the nutrient modeling scheme for
both NM and non-NM acres. Eaahultiplierefficieneyvalue represents a multiplicative modifier of tmep- and land-use-
specific P application rate goal utilized in theECBiodels. For crops and land uses in which masuwapplied, manure
applications that result in manure P applicatidegdhat are greater than or equal to the cropifspEcapplication need
results in the prohibition of application of addital fertilizer P. For crops and land uses in whm@mure is applied, the
total quantity of manure P associated with thel to&nure application rate is allocated to the stttgereage.

Application ofthe loss reduction multiplierefficienmredits for FNM-SupplementaNM BMP elements requires
satisfactory implementation of all respective P&CdiM BMP elements. The IRM-SupplementaNM BMP
multipliersefficienciesapply multiplicative modifiers to edge-of-streamlidery of P, on the output side of the CBP
modeling scheme, and can only be applied if thairements for P Core NM BMP are met. Multiple adweah site
assessments and P management tools may be utdirgidrm the application of the appropriate P atijuent practices,
but do not represetnP efficieneycredit in and of themselves. Advanced site assadsmaad application of P
management tools that result in a verifiable immatation of a change in planned P application Ri@pplication timing,
or P application placement may result in 8HR2-SupplementaNM BMP loss reduction multiplierefficiencgredit.
Supplemental BMR#ficieney-credits for P rate, P timing, and P placementéaekableadditiveOnly one Supplemental
NM BMP creditefficieneyfor P rate, one SupplementéiM BMP creditefficiencyfor P timing, and one Supplemenkdil
BMP creditefficieneyfor P placement may be applied.

Summary

As described above and undiactice Definitionsthere is one opportunity for crediting per eadp@emental NM BMP
category for N and P. There are three such caegedch for N and P Supplemental BMPs: rate, tingind placement.
Application of a loss-reduction multiplier for tieSupplemental NM BMP _elements can only occur af&isfactory
implementation of the N Core NM BMP. The N Suppletaé NM BMP loss reduction credit for each of thédsee
categories (rate, timing, and placement) can baimdd if implementation of at least one effectivagtice from each
category is verified. Similarly, application of@sbk-reduction multiplier for the P Supplemental BMP elements can
only occur after satisfactory implementation of BhN€ore NM BMP. The P Supplemental NM BMP loss otidn credit
for each of these three categories (rate, timind,@acement) can be obtained if implementatioatdéast one effective
practice from each category is verified. N SuppletmeNM BMP loss reduction credits for N rate, Kiing, and N
placement are stackable, as are P Supplemental MF! IBss reduction credits for P rate, P timing, ylacemeniThe
approach for applying both core and supplementmient managememhultiplierefficieneyvalues is summarized in
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Table 16. Summary of Method for Applying Nutrient ManagementMultiplier ValuesBMP-Efficiencies

Nutrient Management BMP

Action of BMP

How the math works

Nitrogen Core Non-Nutrient

Management BMP-efficieney

modifies N application rate
goal on the nutrient input
side

Multiplier valueeffici is

applied tonultiplied-by the LGU
N application rate goal

Nitrogen Core Nutrient Management

BMP-efficieney

modifies N application rate
goal on the nutrient input
side

Multiplier valueeffici is

applied tonultiplied-by the LGU
N application rate goal

N Rate Supplemental NM BMP
fhic

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

Multiplier valueeffici is
applied tonultiplied-by the

calculated edge of field N load

N Placement Supplemental NM BMP
e

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

Multiplier valueefficieney is
applied tonultiplied-by the

calculated edge of field N load

N Timing Supplemental NM BMP
fici

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

Multiplier valueefficieney is
applied tonultiplied-by the

calculated edge of field N load

Phosphorus Core Non-Nutrient

Management BMP-efficieney

modifies P application rate
goal on the nutrient input
side

Multiplier valueeffici is

applied tonultiplied-by the LGU
P application rate goal

Phosphorus Core Nutrient

Management BMP-efficieney

modifies P application rate
goal on the nutrient input
side

Multiplier valueefficieney is

applied tonultiplied-by the LGU
P application rate goal

P Rate Supplemental NM BMP
fici

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

Multiplier valueeffici is
applied tonultiplied-by the

calculated edge of field P load

P Placement Supplemental NM BMP
e

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

Multiplier valueeffici is
applied tonultiplied-by the

calculated edge of field P load

P Timing Supplemental NM BMP

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

Multiplier valueeffici is
applied tenultiplied-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

e |
a1

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

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

N rate less than LGU recommendations

Split N applications

Variable rate N application

Subsurface injection or incorporation of applied N

N application setbacks from water

Split N applications

Figure 3. Assignment of N Nutrient Management Creds. Variables A and B refer to the land use speciiN Core Non-Nutrient Management
BMP application rate multiplierefficiency and the N Core Nutrient Management BMPapplication rate multiplierefficiency, respectively, as

presented in.Fable-12: Variables C, D and E refer to the land use specdiN Rate SupplementaNM BMP loss reduction multiplierefficieney,
the N Placement SupplementalM BMP loss reduction multiplierefficieney and the N Timing SupplementaNM BMP loss reduction

multiplierefficieney-, respectively, as presented inEOF is edge of fieldFable-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

- !
SelliEsin e AErE el P-based manure rate based on annual crop removal

P (115 A e P rate less than LGU recommendations

el ol sl Variable rate P application

Manure analysis <3 years old Split P applications

On-farm replicated research

Yield mapping

L Subsurface injection or incorporation of applied P
On-farm strip trials

P application setbacks from water

Whole farm balances

Geo-spatial mapping

P application in lower P-loss risk season

Figure 4. Assignment of P Nutrient Management Creds. Variables F and G refer to the land use spedif P Core Non-Nutrient Management
BMP application rate multiplierefficiency- and the P Core Nutrient Management BMPapplication rate multiplierefficiency, respectively, as
presented in.Fable-13: Variables H, | and J refer to the land use specifi P Rate SupplementaNM BMP loss reduction multiplierefficieney,
the P Placement SupplementdiM BMP loss reduction multiplierefficieney and the P Timing SupplementaNM BMP Loss reduction
multiplierefficiency-, respectively, as presented inEOF is edge of fieldTFable-15

4 Review of Literature and Data Gaps

4.1 The Available Science for N BMPs

Crop- and land-use-specific N application rate gbaluld be based on LGU crop fertilization recomdagions, as
modified by the CBP partnership. In an effort téetlmine the most practicable methodology for alliocgfertilizer N to
satisfy crop- and land-use-specific N applicatiate rgoals, the Agriculture Workgroup compared tloglifred LGU
recommendations for application of supplementalganic N fertilizer to an alternative approach labse county-level
redistribution of AAPFCO N fertilizer sales datéhi§ methodological comparison indicated that thezee relatively
small differences between the two methods for egtitg supplemental N fertilizer applications, leagthe Agriculture
Workgroup to approve use of the redistributed AAPH@Ertilizer sales methodology in the Phase 6 Motleé Panel
maintains that LGU recommendations should conttowserve as the foundation for crop and landusesp®
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application goals and suggests that similar contivaranalyses be conducted in the future as netilifer sales data
become available. Inconsistencies between estimgatesrated by the two methods should be furthersitnyated and
rectified based on data source quality and comsigtevith contiguous or regional county-level data.

Nutrient management practices are implementedtadrehe field or sub-field level. The diversedforms, hydrology,
climate and cropping systems of the agricultunatiscapes in the CBW have a multitude of impactsiogeochemical
transformations of N in the agro-ecosystem. Chaimgéydrological pathways alone can have dranedtects on crop N
utilization efficiency and N loads to streams whéwed from the Atlantic Coastal Plain to the Agddian Plateau.
Therefore, site-specific physical conditions anchagement factors have a strong influence on tleeifeness of
imposed conservation practices. Nutrient manageBir effectiveness must represent the averageittamadver a
wide range of real-life scenarios. Thus, it waslimbent upon the Panel to distill numerous linesvidence to arrive at a
singlecreditingefficieneyvalue for N BMPs that could be applied equitaldyoas the CBW.

4.2 The Available Science for P BMPs

Similar to N, crop and landuse-specific P applaatiate goal should be based on LGU crop fertiiratecommendations,
as modified by the CBP partnership. However, ircfica, LGU recommendations for P application argeleon crop- and
site-specific soil-test P concentration. Currenglyil-test P concentration data are not availabthe CBP. Thé&dM-Expert
Panel recommends that, in the future, crop- amdsgiecific soil-test P concentration data shouldddected, aggregated
to the appropriate scale, summarized to eliminestelabure of private confidential business inforimatand utilized as the
foundation for determining P application rate gaaid the appropriate application of P Core NM BMRghe absence of
soil-test P based application rate goals, countgtieedistribution of AAPFCO P fertilizer sales dahay serve as a
surrogate. An essential assumption that must besegpwhen county-level redistribution of AAPFCOeRtifizer sales
data is utilized in lieu of site-specific soil-tdatconcentration data is the assumption of a ceaveyage soil-test P
concentration. Currently, a “medium” soil-testdhdition was assumed for all situations and locetiolmposition of the
“medium” soil-test P assumption across the entire CBW is a gnasssimplification of the complex site-specific
biogeochemical processes and on-site managemaenticpsathat determine P fate and transport in gine-acosystem. The
CBP should strive to rectify this shortcoming inuie iterations of the modeling suite.

As stated above relative to N, nutrient managerpeattices are implemented at either the field orfseld level. The
diverse landforms, hydrology, climate and cropmggtems of the agricultural landscapes in the CB¥éka multitude of
impacts on biogeochemical transformations of fénagro-ecosystem. Therefore, site-specific phiysmaditions and
management factors have a strong influence onfteetigeness of imposed conservation practicestridlit management
BMP effectiveness must represent the average ¢ondiver a wide range of real-life scenarios. Tlituszas incumbent
upon the Panel to distill numerous lines of evidettcarrive at a singlereditingefficiencyvalue 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 lees everywhere within the Chesapeake Bay waigr3the N Core
BMP and the P Core BMP, as well as the N and P I8ommtalNM 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 ManagdrReactices 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 eligilbbr manure application and
ineligible for double cropping
Corn or sorghum for grain ineligible for manure kqagion and
ineligible for double cropping

Corn or sorghum for silage éligifor manure application and
ineligible for double cropping
Corn or sorghum for silage ineligible for manur@lagation and
ineligible for double cropping

Legume forage crops eligible for manure
Small grains and grains other than corn or sorgéligible for

manure and ineligible for double cropping
Soybeans double cropitledmall grains and ineligible for manure

Specialty crops with relatively high nutrient inputith some crops
eligible for manure

Specialty crops with relativédy nutrient inputs with some crops
eligible for manure
Other high commodity row crops such as tobaccdpopetc., with
some crops eligible for manure

Non-legume forage crops eligible for manu
Grazed land that receives direct manure depoditton animals

5.2 Practice Baseline

The Panel recommends that historic implementatioa state-by-state basis be based on the prenaisthéhbaseline of
1985 is set at zero, or near zero acres for N @MeBMP implementation and the highest level of ierpkntation be
represented at 2015 reported implementation acse&gmilarly, the zero baseline for the P Core NMMBshould be set
to the date when each state introduced P-baseddgMrements and the highest level of implementdtionepresented at
2015 reported implementation acreages. Due toiffegehces between state Nutrient Management pnogndiation
dates and implementation reporting for the sixespatrtnership, the “baseline” year is recommendedftect these state
partnership differences. Thus, the initial Nutridtdnagement implementation year for each statebeillinique.

The increasing level of historic implementationvibetn the state Nutrient Management program irotieyiear and the
2015 reported implementation acreages represenpdits in time on a state-by-state basis. Thewetgng annual
representation of implementation acreages mayresented as a linear progression, in the absdmobust
implementation data. Historic implementation eation shall consider additional sources of N amddriction credits
commensurate with Stafeuality Assurance Project Plar@APPS currently in place, given they are consistent it

BMPs and efficiency credits described by therient Management-ExpdPanel.

In cooperation with the CBPO, a state-by-stateesgmtation of reported NM implementation is inclids Appendix A.
The state-by-state representation was developdudtmrical N Core NM and P Core NM BMP implemeittat

Historical N Core NM BMP implementation methodology
* Assume straight-line interpolation between 2015gRy¥ss acres and a starting year for each state.
» Starting year was evaluated by looking at histbifitdEN data to determine when states started rejgprti
information.

38



Nutrient Management
September 2016

e 2015 Progress has acres on crop, pasture andntespdlation was made for each of these categories.

* Interpolation was made in each county.

» Assume all acres on crops fdew York (NY), Pennsylvania-RA),; andWest Virginia WV) only apply to crop
acres eligible for receiving manure.

* Assume all acres on crops foelaware DE), Maryland EMD) andVirginia (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 methodologguld be similar to the N Core NM BMP implementati
methodology above, except for variable startingyéer each state.

A second independent source of data representatgrit Nutrient Management implementation has biegnested from
the USDA Natural Resources Conservation Serviced8)RConservation Effects Assessment Project (CEBaBgd on the
two existing reports published on the Chesapeale/Batershed. The requested information will be extdd on a HUC-4
(4-digit Hydrologic Unit Codegcale based upon the CEAP program’s methodologyt@ifviewing producers at randomly
selection field points from the Natural Resourgeghtory (NRI) lists. To date, analysis of the GEdata at the HUC-4
scale across the CBW has not been conducted.

In utilizing the Panel's practice recommendatiandriacking and reporting practice implementatitve, Panel

recommends that acres, or percentage of acrespbeed by Phase 6 land use, or grouping of siraifadt uses, by year as
an annual practicétutrient-Management-Cofd and PCore NM BMPsare stand-alone practices which should be tracked
and reported separately. Likewise, advarsageplementaN and PSupplemental NM BMPspractieshould be tracked

and reported separately, but only when the corredipgCereN or PCore NM BMPelements have been met by the
Panel's recommended practice definitions.

The Panel's recommendation for tracking and reppiiM BMP implementation is that acres, or percgataf acres, be
reported by Phase 6 land use, or grouping of sirf@fad uses, by year as an annual practice. Therd SM BMP and P
Core NM BMP are stand-alone practices which shbelttacked and reported separately. Likewise, ambhN and P
Supplemental NM BMPs should be tracked and repagparately, but only when the requirements foontémy the
corresponding Meere-BMPor P CoreNM BMP have been met.

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

54 Sediment

Panel report specifically does not address sedifossés or reductions resulting from implementagbNM BMPs.

5.5 Species of Nitrogen and Phosphorus
The Panel report focused on total N and total Pdishehot specify species of N or P.

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

5.7 Temporal Considerations
The Panel report represented NM BMPs that may grmoahave temporal considerations depending osdlje@ence of
BMP implementation within the constraints of farmmmagement operations.

5.8 Practice Limitations

There are no limitations to the application of NMIBs. These practices may be applied to all agticailland use
categories in the CBW.
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5.9 Potential Interactions with other Practices
The Panel recognizes that NM BMPs interact witlotider agricultural practices for all agricultulahd use categories in
the CBW.

6 Practice Monitoring and Reporting

6.1 Phase 6.0 Nutrient Management Tracking, Verification, and Reporting

The Panel recommends that NM BMP implementatiocking, verification, and reporting on a county-lbyuaty or state-
by-state basis be based on the premise that tpegsent annual Non-Visual Assessment BMPs. BMPamphtation will
be reported annually to the CBRGinthe number of acres percentage of acreseeting the definitions and qualifications
set forth by the NM Panel in this report fék4-Core N and BNM BMPs, as well as applicablé and PNMSupplemental
NMN-and-PBMPs.

Nutrient Management BMPs represent an historiceared-changing suite of BMPs for the CBP modelirgdmver the
history of the Program. As such, NM BMPs are ineldich the jurisdiction's verification plans thatrésubmitted to the
CBP in late 2015. As with all BMPs, the jurisdict®will be expected to document their verificatpotocols and
procedures in their QAPP for NM BMPs that are rggbto the CBPO for nitrogen and phosphorous dredieductions
under the recommended BMPs. The jurisdictionsiségiletermine if modifications of those verificatiolaps are required
after this expert panel recommendation report p@ged by the CBP partnership following the BMPtBcol, and before
the jurisdictions are able to start submitting hB81Ps in the Phase 6 modeling toflsannual progress implementation..
As the states consider how to verify NM BMPs anthay document those procedures in their QAPRe si@attners should
follow the existing Agriculture Workgroup’s BMP Mécation guidance.

http://www.chesapeakebay.net/about/programs/bmpiaddl resources

TheAgW G scurrent verification guidandeom the Agriculture Workgroup (AgW™reaks BMPs into three general
categories: Visual Assessment BMPs (Single YedsM Assessment BMPs (Multi-Year), and Non-Visdissessment
BMPs. The complete AgWG guidance is quite exten&i@pages long, including all tables and its owpemdices) and is
not restated in this section. The panel is not @so@ any new or unique aspects of BMP verificafmrpurposes of the
BMPs described in this report. This section singiplains how the recommended BMPs correspond texisting BMP
verification guidance.

As described in this report, nutriestplicationmanagementractices are oftenpart of a larger nutrient management
system or plan that often involves multiple managehand physical components (e.g., animal wastagto manure
injection and incorporation, etc.) which can beusity assessed over time. NM practices also ingatpaon-visual
components (e.g. nutrient application rate, timamgd placement) in addition to management plamthear documentation
as needed under applicable state or federal agnialpermits and/or programs. Thus, nutrient manant
practicessystemsan reasonably be verified using elements of @Non-Visual Assessment and Visual Assessment
(Multi-Year) categories described by the AgWG.

Each state will determine the most appropriate pugtor verifyingNM BMP implementation given their specific

priorities, programs, needs, and capacity. For gk@none state magveragelean-mere-heavily-en-the-Visual-Assessment
Multi-Year-elements-by-leveragirexisting site visits to farms to also verify thia¢ operationcempeosting-faciitpneets
applicableNM BMP definitions as per the NM Panel recommerutatistate-orfederal-standards-and-specificatidnghe

state may determine that available records arée@gtnough to provide sufficient verification thugh spot-checks.
Ideally the state will leveragaultiple existing and perhaps new avenueselemdisth-categorieto verify thatnutrient
management practices and operational are suffitemieethe NM BMP criteria as determined by a trained and/or

certified independent third-partyphysica-reatmaydtem-is-operating-as-intendadd that the data the operation’'stheir

records are accurate and up-to-date.
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Jurisdictions can follow the AQWG’s guidance forrNdisual Assessment BMPAD verify theNM-CoreN andCereP
core NV NM BMPs recommended in thrs report Mm%regenandehesphereuseductron credits in the Phase 6 CBWM

; 2 BMNerification for Non-Visual
Assessment BMPs depend more on oversrght and cbeonkﬁeratronal records or documentation rathar tisual
assessment of a physical structure.

TheNnitregenandPphesphereusductions folM-CoreNM BMPs described in this report are to be baseden t
verified required elements of tlisreN andCereP Core NM BMPdollowing the AQWG's guidance for non-visual
assessment BMPBecauseSincit is an annually reported BMP, the most importaiteria (i.e NM-CereN andCereP
Core NMelements) should be documented somewhere in ieevailable to the applicable state agency. Gikierclose
association between nutrient application manageamahbther CBP-approved BMPs (e.g., animal wastage systems,
manure transport, etc.) the state agency can paitgrerify the type and amount of nutrients thagre managed via one
or both of theNM-CoreNM practicesmanagement-systedescribed by the panel. If the state agency findseven this
basic information cannot be verified through itetspghecks or other annual BMP verification procedudescribed in its
QAPP, then the BMP cannot satisfy the definitiond expected nitrogen reductions described in dpsnt.

When the state agency has more detailed NM infoomatvailable for both reporting and verificatioarposes, then they
may be able to report the given nutrient applicaggstem under both the defingt#-CereN and PCore NMBMPS, as
well as one or more of thé and PNMSupplementaNMN-and-PBMPs. By providing separate BMPs based on addition
rate, timing, and placement application managermsgstems for the higher nitrogen and phosphorousctemhs, the panel
provides a framework with additional built-in elemt® of BMP verification. If records available teethpplicable state
agency do not document the implementation of amithli nutrient application changes for rate, timiaggl/or placement
described by the panel for theand PNMSupplementaNMN-are-PBMPs, then the given system should not be reported
under the corresponding Supplemeni&l BMP, but could potentially still meet the critenhtheCereN and/orCereP
Core NM BMPRBMPsausing the more basic information that is availaBl assigning lower estimated reductions when
only basic information is available, it is lesselii that a reported treatment system will not pdlewvthe estimated nitrogen
and phosphorous reductions developed by the pahislreinforces the basis of BMP verification, tleat the reported
practice is implemented and operating as intendéth more detailed information about the nutriepplkcation
management factors, verified according to the Ag¥v@iiidance, the partnership can have more confidivadt the given
nutrient application system is operating more éf¥ety to limit excess nitrogen and phosphorousrithe environment.

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

The full CBP partnership BMP Verification Framewaskavailable online (scroll down to October 20lasBwide BMP
Verification Framework Document):

http://www.chesapeakebay.net/about/programs/bmipiaddl resources

The current Agriculture Workgroup’s BMP VerificatidgGuidance is included in Appendix B of the fulaRFrework
Document. For the AQWG'’s guidance only, go here:

http://www.chesapeakebay.net/documents/Appendix%@2BAq%20BMP %20V erification%20Guidance%20Final. pdf

6.2 Future Verification of Nutrient Management Practices
The Panel envisions that potential opportunitieg exast in the future for utilizing alternative fos of BMP verification,

including examples such as remote sensing frontlisataerial, and drone imagery, aggregated feetilindustry sales
information, and aggregated manure hauler/broke. da
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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 Implementalieam (WQGIT) agreed that each BMP expert panel
would work with CBPO staff and the Watershed TecaAnWorkgroup (WTWG) to develop a technical appgridr each
expert report. The purpose of the technical appeisdp describe how the expert panel’'s recommeodsivill be
integrated into the modeling tools including NEIEB&enario Builder and the Watershed Model.

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

Al. The individual practices along with their defioitis are provided below.

Nitrogen Core NM

Applications of nitrogen are made in accordancaltb the following elements:
» Land-grant university recommendations for nitrogeplications at field level
» Manure analysis and volume using either test okbatues to determine nitrogen content
» Calibration of spreader/applicator

* Yield estimates and cropping plan at the field leve
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» Cropping and manure application history at thelflelvel

Phosphorus Core NM
Applications of phosphorus are made in accordaméd_t. the following elements:

» Land-grant university recommendations for phospsaitithe field level. This may include recommeratsi
resulting from advanced assessment (i.e. P Indey,tkat recommend higher P application rates whies risk of
P loss is low.

» Soil test for phosphorus levels at the field leWldlis requirement may be waived if restrictionsanure
applications (rate, timing, and placement) are isagothat limit P application rates and managentetitet same
degree as if the soil test result for phosphorus iwahe “high” category.

» Manure analysis and volume using either test okbvatues to determine phosphorus content
e Calibration of spreader/applicator

* Yield estimates and cropping plan at the field leve

» Cropping and manure history at the field level

Nitrogen Rate Supplemental NM

Applications of nitrogen are made in accordancaltelements of the Nitrogen Core practice, andammore of the
following practices are implemented resulting ireduction in application rate of nitrogen:

* Nitrogen application rate made at less than lamaMguniversity recommendations
» Nitrogen applications split across the growing seagsulting in lower than planned applications
* Nitrogen applications are made using variable gagds resulting in lower than planned applications.

Nitrogen Placement Supplemental NM

Applications of nitrogen are made in accordancaltelements of the Nitrogen Core practice, andammore of the
following practices are implemented resulting ittéxeplacement and utilization of nitrogen:

» Applications of inorganic nitrogen are injectecbitthe subsurface or incorporated into the soll
» Applications of nitrogen are made with setbacksnfsurface water features

Nitrogen Timing Supplemental NM

Applications of nitrogen are made in accordancalltelements of the Nitrogen Core practice, andsali¢ across the
growing season into multiple applications to inse=atilization of nitrogen.

Phosphorus Rate Supplemental NM

Applications of phosphorus are made in accordamed elements of the Phosphorus Core practice parcdr more of the
following practices are implemented resulting ireduction in application rate of phosphorus:

52



Nutrient Management
September 2016

» Applications of manure are based upon annual @oval of phosphorus rather than nitrogen

» Applications of phosphorus are made at less thad¢mant university recommendations

* Phosphorus applications are made using varialdegals resulting in lower than planned applicaion

» Applications of phosphorus are split across thevigrg season resulting in lower than planned aptiioa.
Phosphorus Placement Supplemental NM

Applications of phosphorus are made in accordamed elements of the Phosphorus Core practice parcdr more of the
following practices are implemented resulting ittéxeplacement and utilization of nitrogen:

» Applications of inorganic phosphorus are injectao ithe subsurface or incorporated into the soil
* Applications of phosphorus are made with setbaaks Surface water features
Phosphorus Timing Supplemental NM

Applications of phosphorus are made in accordamed elements of the Phosphorus Core practice amdnade in
seasons with a lower risk of phosphorus loss.

Q2. What are the nutrient reductions associated wit core practices?

A2. Each acre reported under the core practices ailklan application goal adjusted slightly from kgnant university
recommendations. For example, an acre of cornaoetiving manure (a crop in the Grain without Manarel use) under
the Nitrogen Nutrient Management Core practice kadlve an application goal of 0.92 Ibs of nitrogenédcbushelacre
The modified land-grant university applicationslwié increased by the multipliers provided in thielés below for each
acre NOT under the Nutrient Management Core prackor example, an acre of corn not receiving maaicrop in the
Grain without Manure land use) NOT under the NigmodNutrient Management Core practice will have gplieation goal
of 1.10 Ibs of nitrogeml/acbushel/aeror 0.92 X 1.20)SeeExample Calculation of County Crop Application Gaalng
Core Nutrient Management for Nitrogen Acres on ClmmGrain below for additional details.

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
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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 Phosphor