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Nutrient Management Spear Program (NMSP)

Overall Goal

Enhance farm productivity while protecting the environment for 
long-term sustainability of agriculture in New York

(http://nmsp.cals.cornell.edu)

A collaboration among Animal Science, PRODAIRY, Cornell Cooperative Extension, many stakeholders

http://nmsp.css.cornell.edu/


Ultimate Goal: Impact

• Development and implementation 
of beneficial management practices 
at field and farm levels

• Engage farmers in on-farm research
• Train students in multi-disciplinary 

projects including research, 
extension and teaching

• Contribute to agriculture and 
environmental management policy



Little History…

• The NRCS 590 Nutrient Management Standard refers to Land 
Grant University guidelines (Cornell University)

• Fertility management (N, P, K, soil pH)

• Field-based risk assessment tools for nitrogen leaching and 
phosphorus runoff (NY-PI)

• Manure management decisions (timing, rate, method)

• Etc.



References 
Cornell University 

47 times

https://efotg.sc.egov.usda.gov/references/public/NY/nyps590.pdf

NRCS590 for NY



http://nmsp.cals.cornell.edu



Advisory Committees

• Internal Advisory Committee
• Cornell faculty, staff and Cornell Cooperative Extension

• External Advisory Committee

• SWCD
• SUNY
• Farm Bureau
• NEDPA
• NRCS

• NYSDAM
• NYSDEC
• Consulting and planner firms
• Farmers
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Land Grant University Guidelines are a 
Starting Point (Foundational Guidelines)

• Nitrogen management planning requires 
estimating N uptake and supply

• Nitrogen sources:
• Nitrogen deposition

• N fixation (legumes)

• Soil organic matter

• Crop residue and roots (rotation credits)

• Manure applications (past and present)

• Fertilizer N application



Land Grant University Guidelines are a 
Starting Point (Foundational Guidelines)
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Soils Database

http://nmsp.cals.cornell.edu/publications/tables/soils_database.pdf

Yield potential: 

“Yield 3-4 years out of 5 
under good management”

http://nmsp.cals.cornell.edu/publications/tables/soils_database.pdf


http://nmsp.cals.cornell.edu/guidelines/factsheets.html

Two options:

1. Corn yield potential for the soil type 
as per Cornell soil database and 
recommendations based on corn N 
equation (Agronomy Factsheet 35)

2. Actual corn yield measured (3 years 
of data) under current N guidelines 
(N management as in approach 1)

Cornell N Guidelines in 2000
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• Sometimes rates were increased with limited 
or no documentation
o Risk to farmers and environment

• General belief: higher yield  = more N needed
o Not supported by data

• Limited funds to re-evaluate book values
• Yield potentials per soil type may not capture 

real variability; farm/field specific data better

Context: Issues that Surfaced

14



• We needed a means to move forward collectively with the 
industry; on-farm research partnerships

o Make use of each other’s expertise

• The opening to do so came when NRCS embraced an adaptive 
management process for nutrient management 

• Technology advances (yield monitors and data cleaning 
protocols) helped greatly

Opportunities



Adaptive Management NRCS

2011 2013 2014
16



“Adaptive nutrient management is a 
process for evaluating and adjusting 
nutrient management based on data 
collected at the field level following a 
set of protocols.” 

Adaptive Management NRCS

“Adaptive nutrient management requires evaluation at least once a 
year when a crop is harvested. If in-season adaptive management 
tools are used, the evaluation occurs at least twice a year, when a 
soil or plant tissue test is completed and when a crop is harvested.”



On-Farm Nitrogen Rate Trials

• Zero
• 50 lbs N/acre 
• 100 lbs N/acre 
• 150 lbs N/acre 
• 200 lbs N/acre 

+ Nrich

Replicated 3 
or more times
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Adaptive Management in 2013

http://nmsp.cals.cornell.edu/guidelines/factsheets.html

Two additional options in 2013:

3. Findings of two years of on-farm replicated trials with a 
minimum of four replications and five N rate including a zero-N 
control treatment.

4. Yield measurements and the results of the corn stalk nitrate 
test (CSNT), to be managed below 3000 ppm over time.
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Adaptive Management in 2013

http://nmsp.cals.cornell.edu/guidelines/factsheets.html



Corn stalk nitrate test

• Assessment tool for N management 

• End-of-season “report card”

• Fine-tuning over time / adaptive 
nutrient management

New York interpretations:
• Low: <250 ppm
• Marginal: 250-750 ppm
• Optimal: 750-2000 ppm
• Excess: >2000 ppm



Adaptive Management in New York since 2018

1. Targeted CSNT (top 25% yielding area)

2. Comparison strip with control treatment (check strip)

3. 2-3 georeferenced photos (leaf N status) in top 25% yield area; 
+targeted CSNT when the 1-3 lowest true leaves are green

4. Determine and record individual field N balances (other crops) 

• [total N applied +  N supply by soil and crop rotation credits 
per Cornell soils database] minus N removed in harvest

24



Adaptive Management in New York since 2018

• All adaptive management options require measuring yield
• Farmers with yields can set farm-specific and field-specific 

yield potentials (3 or more years of data)
• Book values are still needed

• For those without yield data
• For those with insufficient amount of yield data

• Those with data can contribute to updating of book values
• Calibration and data cleaning are important



State Yield Histograms

NY Ag Statistics averages (2014-2018): 

17.6 tons/acre and 148 bu/acre

NY Ag Statistics averages (2017-2018):

18.5 tons/acre and 160 bu/acre

Yield monitor dataset (83% from 2014-2018): 

19.6 tons/acre and 175 bu/acre

The new database shows higher average yields 
than state reported average:



“Dairy farms that maintain a 3-year 
running average N balance at or 
below 105 lbs/acre, meet the 
adaptive management guidelines 
and do not require additional field-
specific evaluations beyond 
recording yield.”

Adaptive Management in 2018
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Whole-Farm Nutrient Mass Balances (NMBs)

Feed

Fertilizer

Animal

Bedding,

Manure

IMPORTS

Milk

Animal

Crop

Manure, 

others

EXPORTS

Cows

Manure

Soil

Crops

Per tillable acre

(land base for nutrient cycling)

Per cwt of milk 

(milk nutrient use efficiency)

Balance



Tool = Cornell Nutrient Mass Balance Calculator

http://nmsp.cals.cornell.edu/NYOnFarmResearchPartnership/MassBalances.html



• 102 dairy farms in 2006 in NY

• 73% small farms (<200 cows)

• 27% large farms (>200 cows)

New York Statewide NMB Assessments in 2006



A “feasible mass balance” should allow farms to be:
Economically viable
Environmentally sustainable

Mass balances

(lbs/acre) (lbs/cwt)

Nitrogen 0-105 0-0.88

Phosphorus 0-12 0-0.11

Potassium 0-37 0-0.30

Feasible Mass Balances
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Whole-Farm Feasible Nutrient Balances

Nitrogen Phosphorus Potassium



Whole-Farm Feasible Nutrient Balances



Whole-Farm Feasible Nutrient Balances



Opportunities Table with Indicators

Indicator to predict likelihood 
of exceeding feasible balances Example Farm

High risk of exceeding 
the feasible balances if Comments

N P K N P K
1 Balance per acre (lbs/acre) 178 19 44 > 105 > 12 > 37
2 Balance per cwt milk (lbs/hundredweight milk) 1.55 0.16 0.39 > 0.88 > 0.11 > 0.30
3 Milk per cow (lbs/cow/year) 22 927 - < 20000 -
4 Animal density (animal units/acre) 0.99 - > 1.0 - High animal density increases risk of high NMB per acre
5 Whole-farm nutrient use efficiency (%) 28 39 30 < 44 < 51 < 39
6 Purchased feed (lbs/acre) 213 25 58 > 121 > 20 > 38 High feed purchases cause high NMB per acre
7 Feed (tons dry matter/animal unit) 6.8 - 3.5 to 7.5 -
8 Feed use efficiency (milk, %) 18 22 10 < 20 < 25 < 11
9 Homegrown feed (% dry matter) 62 - < 62-65 - Increasing homegrown feed can alleviate nutrient balances

10 Homegrown forage (%) 62 - - -
11 Homegrown grain (%) 0 - - -
12 Homegrown nutrients (% dry matter) 39 47 69 < 50 < 50 -
13 Crude protein (CP) and P in all feed (%) 16 0.35 1.37 > 17 > 0.40 -
14 CP and P in purchased feed (%) 26 0.48 1.12 > 30 > 0.60 -
15 CP in homegrown feed (%) 10.4 < 11.8 - - Increasing CP in homegrown feed may help reduce N balances
16 Fertilizer (lbs/acre) 32 5 6 > 39 > 6 > 38
17 Crop exports (lbs/acre) < 1 < 1 < 1 Crop exports can reduce balances per acre
18 Manure exports (lbs/acre) < 1 < 1 < 1 Manure exports can reduce balances per acre
19 Overall crop yield (tons dry matter/acre) 4.6
20 Acres receiving manure (%) 74
21 Land in legumes (%)



Page One Input Sheet

• Farm contact information

• Acres

• Miscellaneous characteristics

• Animal types, numbers, 
weights



• Farm crop production

– Farm crop production will 

not impact the balance 

calculation (inside the farm 

boundaries) but accurate 

data will help with 

identification of “issues” or 
“opportunities to improve”

• Feed imports

Page Two Input Sheet



• Fertilizer purchases

• Animal purchases

• Bedding and miscellaneous 
imports

• Milk sold and crude protein

• Animals sold/exported off the 
farm

Page Three Input Sheet



• Crops exported

• Manure, compost or other 
exports

Page Four Input Sheet



NMBs as Monitoring Tool

• Between 2004 and 2013, 570 NMBs were conducted for 189 
New York dairy farms, including 91 farms (293 NMBs) in the 
Upper Susquehanna Watershed

• Nutrient import reductions over a decade:

Nutrient

New York 

State

Upper Susquehanna 

Watershed

Million lbs (%) Million lbs (%)

Nitrogen 66.0 26 9.5 30

Phosphorus 6.6 19 0.9 20



In Summary

• The whole-farm NMB is a practical 
and effective nutrient indicator

• It can be used to track management, 
set and track goals, and to evaluate 
management scenarios

• Individual farms in the USW can 
benefit from knowing and managing 
their NMB

• Results make the case for 
improvements already implemented
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Background

• Early 90’s: Lemunyon and Gilbert 
propose P index concept

• Late 90’s: NRCS Nutrient 
Management 590 includes 3 options

• Apply P to STP Land Grant guideline    
(= no P if STP > 40 lbs/acre Morgan)

• Apply P to environmental threshold
• Apply P based on PI

• NY accepted PI approach
• NY-PI 1.0 introduced in 2001
• User’s manual published in 2003



Sharpley and Beegle, 1999.

Soil test as “source” indicator.

Stream proximity as “transport” indicator.

Core Concept:



Source

Soil test P (STP, Morgan test)

Manure P (Rate, Timing, Method)

Fertilizer P (Rate, Timing, Method)

Dissolved transport

• Soil drainage class

• Flow distance to stream

• Flooding frequency

Particulate transport

• Erosion (RUSLE2)

• Flow distance to stream

• Flooding frequency

• Concentrated flow

Dissolved NY-PI Particulate NY-PI

New York P Index 1.0



Interpretation

Value Rating Management guidance

< 50 Low N-based management

50 to 74 Medium N-based management with BMPs

75 to 99 High P applications to crop removal

> 100 Very High No P can be applied

New York P Index Introduced in 2001



Issues/Opportunities Identified for v1.0

• Recognition of role of “manure/fertilizer P” versus STP

• Soil test P (STP) dominated final scores

• Allowed manure application near streams if STP was low

• Iterative process with multiple rounds of adjustments

• Implications partially hidden behind scores

• Advances in science since 2001

• Greater recognition of importance of legacy P (and the 

need to avoid P buildup)



NY-PI 2.0 approach

• Low, medium, high, very high

• Transport x BMP approach

• Addressed earlier STP dominance

• Incentivizes BMPs where transport risk 
is moderate-high

• Has a cutoff STP for land-applied P

• Includes adaptive management option



New NY-PI structure

Transport 
score

Dissolved P, 
Particulate P

(transport 
factors)

BMP 
score

Application 
method 

×

Ground cover, 
timing

P index 
score

Low 
Medium 

High 
Very high

Management 
implication

N-based
P-removal based

Zero P application

Soil test P

Morgan P



New NY-PI Structure

Cornell Morgan-extractable soil test P 

(lbs P/acre)

P loss risk PI score < 40 40-100 100-160 > 160

Low < 50 N-based N-based P-based Zero P

Medium 50 to 74 N-based P-based Zero P Zero P

High 75 to 99 P-based P-based Zero P Zero P

Very High > 100 Zero P Zero P Zero P Zero P



NY-PI 2.0 Structure

Transport factors
• Flow distance to intermittent 

or perennial stream
• Flooding frequency
• Presence/absence of 

concentrated flow
• Soil hydrologic group
• Soil loss estimate
• Presence or absence of 

vegetated buffers outside of   
the field

Beneficial management practices
Method of application
• Setbacks (100’ or 35’ grass)
• Incorporation or injection

Ground coverage/timing
• Bare ground within 2 weeks of planting
• Winter hardy cover crops
• Whole plant corn residue
• Sod after last cutting
• Growing sod or row crop/planting green



NY-PI 2.0 structure

Erosion determined by the RUSLE2 A-factor

Transport 
score

Dissolved P, 
Particulate P

(transport 
factors)



NY-PI 2.0 structure

BMP 
score

Application 
method 

×

Ground cover, 
timing

Table 3: Best/beneficial management practices of the NY-PI 2.0. 

Best/beneficial management practices (BMP score = method × ground cover and timing score) 

Method of applications Coefficient 

Surface spread without setback 1.0 

Surface spread with 100-ft setback from down-gradient surface waters† 0.8 

Surface spread with 35-ft managed vegetative (sod/harvested) setback from down-

gradient surface waters† 

0.7 

Incorporation (within 24 h and with 15-ft setback from down-gradient surface waters) 0.7 

Injection (with 15-ft setback from down-gradient surface waters) 0.5 

Ground cover and timing 

Bare ground and more than 2 weeks before planting 1.0 

Bare ground and within 2 weeks of planting (in spring) 0.8 

Winter-hardy cover crop (fall/winter) 0.8 

Whole-plant corn residue (fall/winter) 0.7 

Sod after last cutting (fall/winter) 0.6 

Growing sod or row crop/planting green 0.5 
† Only for fields with FD ≤ 500 ft. 

 



Adaptive management option

“Farms with a whole-farm P 
mass balance (3-yr running 
average) at or below 12 lbs
P/acre can apply manure at N-
based rates on fields with STP < 
100 lbs P/acre, even if the initial 
NY-PI 2.0 score limits rates to P-
based, as long as the selected 
BMPs to get to a P-based score 
are implemented.”



Adaptive Management Option

• For farms with a feasible whole-farm P 
balance per acre (≤ 12 lbs/acre), additional 
room to spread manure:

STP (lbs P/acre)

P transport 

risk
PI score <40 40-99 100-160 > 160

Low <50 N-based N-based P-based Zero

Medium 50 to 74 N-based N-based Zero Zero

High 75 to 99 N-based N-based Zero Zero

Very High >100 Zero Zero Zero Zero



Conclusion

“The new transport × BMP 
approach, combined with the 
whole-farm P balance adaptive 
management option to reduce 
farm P surplus, effectively 
incentivizes use of BMPs in fields 
with high transport risk, while 
creating flexibility with manure 
application rates where transport 
risk is low and STP is less than 100 
lbs P/acre (Morgan)”

What’s Next?

• Further in-field evaluations this 
winter

• Working on extension materials 
(manual, articles, talks, training 
materials, field walks, etc.)

• Continued communication/ 
comparisons with other states

• Implementation based on CAFO 
permit/regulatory agency

• NYSDEC will decide when to 
implement NY-PI 2.0
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