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How much manure?
Using CNMP tools to make manure application recommendations in NYS

Kirsten Workman
Sr. Extension Associate
Nutrient Management & 
Environmental Sust. Specialist



Nutrient Management Planning
• Concentrated Animal Feeding 

Operations (required)
• Farms who receive financial assistance 

from AEM or NRCS for waste storage or 
other nutrient management practices

• Farms who WANT one…
• NRCS
• AEM
• DAP

• Follow the NRCS 590 Standard
2
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Breakdown
• Basic information required FIRST
• Risk Assessments
• Crop Needs
• Nutrient Guidelines vs. Actual Rates
• Management during application to avoid 

losses
• Q&A…
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Step 1: Field Information
• Location, size
• Soil type
• Field characteristics

• Slope, concentrated flows, existing erosion 

• Proximity to environmentally sensitive 
areas & setbacks required

• Soil test
• Cropping history & management

• Yield, rotation, previous nutrient applications

• Soil, Water, Air, Plants, Animals, Humans, 
Energy analysis



Step 2: Nutrient Information
• Types & volumes available
• Nutrient analysis
• Spreader calibration
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Step 3: Risk Assessment
• Soil Loss – Revised Universal Soil Loss 

Equation (RUSLE)
• Must meet thresholds or ‘tolerable’ limits

• Phosphorus Runoff Index 
• Nitrate Leaching Index

• Environmental Concerns - Setbacks
• Surface water
• Ground water & wells
• Plants, wildlife 
• Air 

Hydrologic 
Soil Group 

(HSG)
Type

Infiltration
capacity/

permeability

Leaching 
potential

Runoff 
potential

A Deep, well-drained sands and gravels. High High Low

B Moderately drained, moderately fine to 
moderately coarse texture. Moderate Moderate Moderate

C Impeding layer, or moderately fine to fine 
texture. Low Low High

D Clay soils, soils with high water table. Very low Very low Very high
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• Agronomic soil test
• If STP says no P needed, no P can be added

• P threshold
• If STP > threshold, no more P

• P index - risk determination
• Combine source and transport risk

Phosphorus Runoff Index
National NRCS Code 590

P application shall be consistent with either:

NY Phosphorus Index
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NY-PI 2.0 User’s Manual

NY-PI 2.0:
• Released Dec. 2019
• Added to NRCS 590 for NY
• NY CAFO Permit -2022

(2025 implementation)

Factsheet:
http://nmsp.cals.cornell.edu/publications

/factsheets/factsheet110.pdf

Documentation and User’s Guide:
http://nmsp.cals.cornell.edu/publications
/extension/NYPI_2_User_Manual.pdf
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NY-PI 2.0 structure

Transport 
score

Dissolved P, 
Particulate P

(transport 
factors)

BMP credit
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

“Raw Score”

Dissolved P
Particulate P Both have to be <100 to apply P
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Determining a Field NY-PI 2.0 Score

Four steps:
• Step 1: Soil Test P (STP) Screening Tool
• Step 2: Determining the Raw Transport Scores
• Step 3: Best/Beneficial Management Practices (BMPs) 
• Step 4: Determine management implications (N-based, P-based, zero)

Additional considerations:
• Adaptive management option (farm with NMBs ≤12 lbs P/acre)
• Incidental P application to fields with STP > 160 lbs P/acre
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Step 1: Soil Test P Screening Tool
Cornell Morgan STP >160 lbs P/acre: zero P, regardless of PI score

Cornell Morgan-extractable soil test P (lbs P/acre)

PI categories PI score < 40 40-100 101-160 > 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
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Dissolved P (DP score) =
10*[FD+VFDDP+FF+HSGDP+CF] 

Particulate P (PP score) =
10*[FD+VFDPP+FF+HSGPP+E+CF]

1Only for fields with FD ≤ 500 ft. 2RUSLE2 A-value (yearly). 

Transport 
score

Dissolved P, 
Particulate P

(transport 
factors)

Factor Option Coefficient
Flow distance (FD) to 
stream in ft

> 500 0
301-500 4
101-300 6

≤ 100 8
Vegetated flow 
distance (VFD)1

<35 ft 0
≥35 ft DP: -2 PP: -4

Flooding frequency 
(FF)

Never 0
Occasionally 2

Frequent 5
Hydrologic soil group 
(HSG)

A DP: 0 PP: 0
B DP: 4 PP: 1
C DP: 6 PP: 3
D DP: 8 PP: 5

Erosion (E) in 
ton/acre2

≤ 1.0 0
1.1-3.0 1
3.1-5.0 3
> 5.0 5

Concentrated flow 
(CF)

None/treated 0
Present 4

Step 2:
Determination of Raw 

Transport Scores
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BMP 
score

Application 
method 

×
Ground cover, 

timing

Method of application
Surface spread without setback 1.0
Surface spread with ≥100-ft setback from the field boundary (start of the   
predominant flow path)1

0.8

Surface spread with ≥35-ft managed vegetated (sod/harvested) setback
from the field boundary (start of the predominant flow path)1

0.7

Incorporation within 24 h 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 crop residue (~80% or more ground cover, e.g. corn grain) 0.7
Sod after last cutting (fall/winter) 0.6
Growing sod or row crop/planting green 0.5

Select One from 
Each List and 

Multiply

1Only for fields with FD ≤ 500 ft. 
17
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Implementing the Phosphorus Index 2.0

100 0.5 0.5 250.8 560.71.0 1.0 100
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Step 4: Determine management implications 
(N-based, P-based, zero)

Cornell Morgan-extractable soil test P (lbs P/acre)

PI categories PI score < 40 40-100 101-160 > 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
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N-based, P-based or No P?

P-Index Management What does that mean

N-based
Manure and fertilizer application not to exceed annual 
nitrogen (N) needs for the crop grown based on the Cornell 
Nutrient Guidelines.

P-based Manure and fertilizer P application not to exceed annual P 
removal with harvest.

Zero P No manure or P-containing fertilizer.
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Nitrate Leaching Index
• Identification of fields with elevated 

nitrate leaching risk and implementation 
of beneficial management practices 
(BMPs) to reduce nitrate loss

• Hydrologic Soil Groups
• Percolation Index and the Seasonal Index

• PI=annual average precipitation and the hydrologic 
soil group

• SI=annual precipitation and the sum of the fall and 
winter precipitation at the township level

• >10 = must implement practices
• 2-10 = should implement practices



Nitrate Leaching Index - BMPs
• Use Cornell N Guidelines
• Winter cover crops
• Avoid early and pre-plant N
• Utilize enhanced efficiency fertilizers
• Starter n <50 lbs/acre
• Split apply
• Use PSNT to eliminate unneeded side dress
• Minimize fall/winter manure applications
• Don’t terminate sod in the fall
• Frost injections
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Step 4: 
Determine the nutrient need of the crop
• Which crop are you growing and what is your yield?
• Start with a soil test.
• Determine likelihood of a yield response to fertilizer for P & K
• Nitrogen calculation (not based on a soil test).

• Nutrient recommendations, manure nutrient availability are all based 
in decades of research on NY farms.
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Soil Fertility – Soil Testing and P & K
Soil Fertility – Soil Testing, P & K Fertilization

Table 2.10.1 from 2022 Cornell Guide for Integrated Field Crop Management
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Soil Fertility - Lime! Lime! Lime!
• pH management helps with 

nutrient management
• To know when to apply lime, 

soil test
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Fertilizer – P & K Start with soil tests & prioritize fields 
with a likely response (low/medium STP)



A note about Cornell Guidance vs.                
other agronomic rates
• P-Index governs upper limits for manure application
• Fertility guidelines assume fertilizer use (purchased), so recommendations 

go to zero if no yield response expected in that year
• There are other benefits to manure beyond P content, which is why P-Index 

is soil test based and transport based 
• Increases soil carbon, improves soil structure, increases infiltration, reduces erosion

• Those benefits offset environmentally unfriendly purchases of fertilizer
• Energy intensive production, importing nutrients into the watershed

• Not every pound of P applied (over a recommendation) is a pound lost
• Over 100 STP most and over 160 STP all fields would get cut off through    

P-Index assessment
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Corn Grain

(YI_corngrain*A–SoilN–SodN)
(N_eff/100)

NetN = the total N (lbs
N/acre) from any source 
for optimum crop 
production.
YI is the soil and drainage 
specific yield index. A 
and B are YI multipliers 
(Table 6)

SoilN & SodN are N (lbs
N/acre) from soil organic 
matter and alfalfa/grass 
sods
N_eff is the soil type and 
drainage dependent 
uptake efficiency 
(Appendix Table 2)
SoyN and CCN are 
soybean and cover crop 
N credits in lbs N/acre

Corn N Equations

NetN =                                     –SoyN–CCN 

Corn Silage

(YI_cornsilage*B–SoilN–SodN)
(N_eff/100)NetN =                                     –SoyN–CCN 
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Corn Yield Database > Corn Yield Index

• About 230,000 acres of corn yield data were 
collected, cleaned through 2020

• About half was corn grain, the other half 
contributed to a new silage database

• ~90% from 2015-2020

• Developed yield distribution histograms for each 
soil type

Corn Yield Index Database
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Corn Yield Database > Corn Yield Index

• Soil types included: ≥ 3 farms, 20 fields, 
250 acres

• Mean:Median ratio between 0.9 and 1.1
• Applying these filters resulted in reliable 

data for 58 soil types for grain and 66 soil 
types for silage

• Consensus among consultants: use these 
data to set new yield potentials for all ~600 
soil types (“learn and apply”)

Corn Yield Index Database
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New Corn Yield Index Database

Name SMG D FF N_eff N_sup YI_corngrain YI_cornsilage YI_alf
DR UD DR UD DR UD DR UD DR UD

Acton 4 M Rare/None 70 65 65 65 165 160 18.0 17.5 5.5 4.0

Adams 5 W Rare/None 70 70 40 40 140 140 15.0 15.0 4.5 4.5

Adirondack 4 W Rare/None 75 75 70 70 110 110 12.0 12.0 4.0 4.0

Adjidaumo 1 P Frequent 60 55 75 65 155 125 16.5 13.5 3.5 2.5

Adrian 6 V Rare/None 65 55 120 90 165 105 18.0 11.5 4.0 2.5

Agawam 4 W Rare/None 75 75 65 65 165 165 18.5 18.5 6.0 6.0

Allendale 3 P Rare/None 60 55 70 60 150 130 16.0 14.0 3.5 2.5

http://nmsp.cals.cornell.edu/publications/extension/Ndoc2022.pdf

Silage: 35% dry matter 
Grain: 85% dry matter

Corn Yield Database > Corn Yield Index

http://nmsp.cals.cornell.edu/publications/extension/Ndoc2022.pdf


Farms are encouraged to use 
their own yield data.
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• Subareas are 
harvested along the 
length of a field

• Determine net 
harvest weight

• Determine the DM 
of a subsample

𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 =
𝑵𝑵𝑵𝑵𝑵𝑵 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘 𝒙𝒙 𝑫𝑫𝑫𝑫

𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂

Yield Check

35



• Record empty and full 
weight for each load from 
harvested field

• Subsample to determine 
the moisture using a Koster
tester, a microwave, or an 
oven

𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 =
𝑺𝑺𝑺𝑺𝑺𝑺 𝒐𝒐𝒐𝒐 𝒏𝒏𝒏𝒏𝒏𝒏 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒙𝒙 𝑫𝑫𝑫𝑫

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂

Total Harvest Weight
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• Records information on 
location, mass flow, and 
moisture content while 
combine is traveling

• Typically records data 
every second

• It is very important that 
yield monitors are 
calibrated properly

Yield Monitor System
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If YI <= 155, use 1.2
If 160-225, use 1.9233-0.0047*YI
If 230 or more, use 0.85

Yield (bu/acre at 85% DM) A
150 1.20
155 1.20
160 1.17
165 1.15
170 1.12
175 1.10
180 1.08
185 1.05
190 1.03
195 1.01
200 0.98
205 0.96
210 0.94
215 0.91
220 0.89
225 0.87
230 0.85
235 0.85
240 0.85
276 0.85
300 0.85

If YI <= 17.0 tons, use 11
If YI 17.5-24.5 tons/acre, use 18.013-0.4125*YP
If YI 25.0 or more, use 7.7

Yield (tons/acre at 35% DM) B
16.0 11.0
16.5 11.0
17.0 11.0
17.5 10.8
18.0 10.6
18.5 10.4
19.0 10.2
19.5 10.0
20.0 9.8
20.5 9.6
21.0 9.4
21.5 9.1
22.0 8.9
22.5 8.7
23.0 8.5
23.5 8.3
24.0 8.1
24.5 7.9
25.0 7.7
25.5 7.7
26.0 7.7

38

Corn Grain Corn Silage
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Corn N Equation 

𝐍𝐍𝐍𝐍𝐍𝐍 𝐍𝐍 =
𝟏𝟏𝟏𝟏 × 𝟏𝟏𝟏𝟏.𝟔𝟔 − 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 − 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺

𝑵𝑵𝒆𝒆𝒆𝒆𝒆𝒆/𝟏𝟏𝟏𝟏𝟏𝟏
− 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 − 𝑪𝑪𝑪𝑪𝑪𝑪

190 lbs N required for this corn crop…
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Soil N Contribution
40 – 80 lbs N/acre is typical in NYS

Name SMG D FF N_eff N_sup YI_corngrain YI_cornsilage YI_alf
DR UD DR UD DR UD DR UD DR UD

Acton 4 M Rare/None 70 65 65 65 165 160 18.0 17.5 5.5 4.0

Adams 5 W Rare/None 70 70 40 40 140 140 15.0 15.0 4.5 4.5

Adirondack 4 W Rare/None 75 75 70 70 110 110 12.0 12.0 4.0 4.0

Adjidaumo 1 P Frequent 60 55 75 65 155 125 16.5 13.5 3.5 2.5

Adrian 6 V Rare/None 65 55 120 90 165 105 18.0 11.5 4.0 2.5

Agawam 4 W Rare/None 75 75 65 65 165 165 18.5 18.5 6.0 6.0

Allendale 3 P Rare/None 60 55 70 60 150 130 16.0 14.0 3.5 2.5
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Net N =
𝟏𝟏𝟏𝟏 × 𝟏𝟏𝟏𝟏.𝟔𝟔 − 𝟔𝟔𝟔𝟔 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒/100
− 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐶𝐶𝐶𝐶𝐶𝐶

190 lbs N required for this corn crop…
but 65 lbs coming from Soil OM = 125 lbs

Soil N Contribution
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Sod N Credits

1st Year 
Corn

2nd Year 
Corn

3rd Year 
Corn
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Corn N Equation 

Net N =
𝟏𝟏𝟏𝟏 × 𝟏𝟏𝟏𝟏.𝟔𝟔 − 𝟔𝟔𝟔𝟔 − 𝟏𝟏𝟏𝟏

𝟎𝟎.𝟕𝟕
− 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐶𝐶𝐶𝐶𝐶𝐶

190 lbs N required for this corn crop…
but 65 lbs coming from Soil OM = 125 lbs
15 lbs from alfalfa sod turned down three years ago =  110 lbs

Soil type is 70% efficient = 160 lbs
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Soybean Credits

The optimum economic N 
rate for corn grown after 
soybeans in New York can 
be lowered by 20-30 lbs
N/acre (SoyN credits) as 
compared to corn after 

corn
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Cover Crop Credits (CCN)
• 20-30 lbs winter 

cereal (after corn)
• 40-50 lbs for winter 

cereal interseeded
or after cereal grain

• 70-120 lbs for 
clover

• IF...C:N ratio of the 
cover crop biomass 
is less than 25
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Corn N Equation 
𝟏𝟏𝟏𝟏𝟏𝟏 𝐥𝐥𝐥𝐥𝐥𝐥 𝐍𝐍/𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 =

𝟏𝟏𝟏𝟏 × 𝟏𝟏𝟏𝟏.𝟔𝟔 − 𝟔𝟔𝟔𝟔 − 𝟏𝟏𝟏𝟏
𝟎𝟎.𝟕𝟕

− 𝟐𝟐𝟐𝟐 − 𝟐𝟐𝟐𝟐

190 lbs N required for this corn crop…
but 65 lbs coming from Soil OM, 
15 lbs from alfalfa sod turned down three years ago =  110 lbs N

Soil type is 70% efficient = 160 lbs N

Subtract 30 lbs for a cover crop = 
130 lbs Net N needed for your 18-ton corn silage crop



Step 5: Determine the manure application rate 
(and/or fertilizer) to meet the crop need
• MUST use a current manure 

test for each source (or rolling 
average of the farm/source) 
that includes the inorganic and 
organic portions of N, P & K

• Calibrate spreaders so you 
know you are applying the 
right rate
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Start with Manure
• Manure has all 17 essential 

nutrients
• Nitrogen occurs in two major 

forms
• Organic N 

• Behaves like a slow-release 
nitrogen source with credits over 
3 years

• Inorganic N
• Behaves like urea and can easily 

be lost if not incorporated and 
applied when plants need it Don’t forget to credit previous year’s manure N 

credits (from organic portion of N)
35% liquid/25% solid from THIS YEAR
12% from last year
5% from two years ago

100% available

0% availabe
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Start with Manure
Phosphorus Based

N recommendation = 130 lbs Net N needed for your 18-ton corn silage crop
P Crop removal         = 70 lbs P2O5 (18 tons/acre x 3.85 lbs P2O5/ton)

Rate/Method N/Acre
Target = 130

P2O5/Acre
Target = 70

K2O/Acre
Target = 100

Additional N 
Fertilizer 
Needed

10,000 injected 135 70 210 0

10,000 incorporated in 1 day 100 70 210 20

10,000 incorporated in 3 days 76 70 210 44

10,000 incorporated in >5 days 35 70 210 85
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Start with Manure
Nitrogen Based

N recommendation = 130 lbs Net N needed for your 18-ton corn silage crop
P Crop removal         = 70 lbs P2O5 (18 tons/acre x 3.85 lbs P2O5/ton)

Rate/Method N/Acre
Target = 130

P2O5/Acre
Target = 70

K2O/Acre
Target = 100

Acres covered by 
1,000,000 gal

10,000 injected 135 70 210 100 acres

13,000 incorporated in 1 
day

127 105 314 67 acres

17,000 incorporated in 3 
days

129 119 357 59 acres



Step 6: Management of actual applications

• Follow the plan
• Rate, timing, method (by source)

• Check the weather…and record it
• Winter & Wet Weather Guidance
• Groundwater Guidance
• Keep records
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Winter & Wet Weather Guidelines
• If Wet…significant precipitation or snowmelt forecast 
• If Winter…soil frozen >4”, snow cover >4”, surface icing

• Low risk fields – identified ahead of time
• No history of runoff, groundwater issues
• Limited surface connections to streams/ditches
• Mild slopes
• No concentrated flows
• No karst/shallow soil features
• High crop residue and surface roughness

• Emergency fields – identified ahead of time
• Same as above +…300 feet away from water features, accessible, not prone to flooding

• BMPs used
• Inject, incorporate, reduced rates, increased setbacks, groundcover, spread out applications
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Groundwater Guidelines

• CNMP must identify sensitive soil types
• Follow winter/wet weather guidelines 

AND
• Inject/incorporate same day
• 100-foot setbacks from wells/springs
• If Karst features (sinkholes, exposed 

bedrock), 35-foot vegetative buffer and 
100-foot setbacks from entry points
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How do we 
avoid 
spreading in 
winter & wet 
weather and 
maximize 
nutrient 
efficiency in 
manure?



How do we 
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winter & wet 
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nutrient 
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manure?



Let’s Chat
•Questions
•Scenarios
•Challenges
•Concerns



Kirsten C. Workman
Senior Extension Associate

Nutrient Management & Environmental Sustainability Specialist
kw566@cornell.edu

607-255-4890

http://nmsp.cals.cornell.edu/
https://cals.cornell.edu/pro-dairy

mailto:kw566@cornell.edu
http://nmsp.cals.cornell.edu/
https://cals.cornell.edu/pro-dairy
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