
MANURE MAP: A Spatial Manure Application 
Resource Toolbox



PURPOSE
ÁSpatially model the application of 

manure nutrients from the point of 
production to proximal agricultural 
land.

ÁGain an understanding of localized 
manure disposal pressure and the 
cumulative impact of manure 
nutrients. 



Required Data 
Inputs

1. Point locations of animal feeding operations 
with crop available manure nutrients.

Á Likely the largest data limitation. 
Á Estimating crop-available manure nutrients is 

complex. Future work may include a tool that 
enables this process.

2. Field boundary and land use information in 
the same data structure as the Agricultural 
Conservation Planning Framework (ACPF).

Á Designed to run at regional scales - large 
watershed or statewide

Á Any field boundaries (without attribution) can be 
Ǌǳƴ ǘƘǊƻǳƎƘ ǘƘŜ ά¦ǇŘŀǘŜ 9ŘƛǘŜŘ CƛŜƭŘ 
.ƻǳƴŘŀǊƛŜǎέ ǘƻƻƭ ƛƴ ǘƘŜ !/tC ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ 
required data structure.



22 Crops 
Available for 
Modeling

Alfalfa

Barley

Canola

Corn

Cotton

Dry Beans

Durum Wheat

Millet

Oats

Other Hay / Non-Alfalfa

Peanuts

Peas

Potatoes

Rice

Rye

Sorghum

Soybeans

Spring Wheat

Sugarbeets

Sunflower

Tobacco

Winter Wheat

The ACPF Crop History Table provides 
the dominant NASS Cropland Data 
Layer (CDL) value within each field for a 
minimum of six years. 



User Decisions

Å Nitrogen fertilizer 

Å Nitrogen removal 

Å Phosphorus removal

1. Field 
Nutrient 

Need 

Å Across a rotation: field nutrient need defined by an annual average

Å Single year: field nutrient need defined annually. Results can be 
summarized across a rotation

2. Timeframe 

Å Select from the 22 crops available for modeling 

3. Crops 
Eligible for 

Manure 
Application 



Lookup Tables Provide Default Values
Nitrogen Fertilizer Lookup Table

CROP
NASS 
VALUE

PREV
NASS

ACPF 
ROTVAL

N Fertilizer 
(lbs /acre)

SOURCE

Alfalfa 36 0 P 0 ---

Barley 21 0 G 67 NASS 2019 Pre-Defined QUERY, national avg.

Canola 31 0 O 80
NDSU Fertiliz ing Canola and Mustard, assumes 120 lb/acre 

maximum application rate and a 40 lb/acre credit. 

Corn
1 1 C 195 !ǾŜǊŀƎŜ Φмл aw¢b ǊŀǘŜǎ ŦƻǊ ΨŎƻǊƴ ŦƻƭƭƻǿƛƴƎ ŎƻǊƴΩ ŀƴŘ ΨŎƻǊƴ 

ŦƻƭƭƻǿƛƴƎ ǎƻȅōŜŀƴΩ ŦƻǊ ǎŜǾŜǊŀƭ ƳƛŘǿŜǎǘŜǊƴ ǎǘŀǘŜǎΦ1 0 C 150

Cotton 2 0 N 95 NASS 2021 Pre-Defined QUERY, national avg.

Dry Beans 42 0 M 71 NASS 2022 Pre-Defined QUERY, national avg. (snap beans)

Durum Wheat 22 0 W 82 NASS 2022 Pre-Defined QUERY, national avg.

Millet 29 0 G 20 CSU Fertilizing Spring-Seeded Small Grains, low soil NO3-N

Oats 28 0 G 51 NASS 2015 Pre-Defined QUERY, national avg.

Other Hay/Non Alfalfa 37 0 P 60
Average N recommendation for hayland from several 

midwestern/western states 

Peanuts 0 0 A 32 NASS 2018 Pre-Defined QUERY, national avg.

Peas 53 0 M 50 NASS 2022 Pre-Defined QUERY, national avg. (green peas)

Potatoes 43 0 V 178 NASS 2022 Pre-Defined QUERY, national avg.
Rice 3 0 J 180 NASS 2021 Pre-Defined QUERY, national avg.

Rye 27 0 G 60
NDSU Fertiliz ing Winter Rye, assuming medium 

productivity and a 40 lb/acre credit.

Sorghum 4 0 H 77 NASS 2019 Pre-Defined QUERY, national avg.
Soybeans 5 0 B 17 NASS 2020 Pre-Defined QUERY, national avg.
Spring Wheat 23 0 W 80 NASS 2022 Pre-Defined QUERY, national avg.

Sugarbeets 41 0 E 110
MN Extension Fertilizing Sugarbeet, lower range of N 

guideline for Southern Minnesota Beet Sugar Cooperative

Sunflower 6 0 O 150
North Dakota Sunflower N Calculator, Eastern North 

Dakota, Oil-seed Conventional Till, no known soil NO3-N.

Tobacco 11 0 R 65
NC State Extension Tobacco Growers Information, avg. 

topsoil depth. 

Winter Wheat 24 0 W 72 NASS 2022 Pre-Defined QUERY
SOURCES:
NASS Pre-Defined Queries: https://www.nass.usda.gov/Data_and_Statistics/Pre-Defined_Queries/index.php

Corn MRTN Calculator: https://www.cornnratecalc.org /

NDSU Fertiliz ing Canola and Mustard: https://www.ndsu.edu/agriculture/extension/publications/fertilizing-canola-and-mustard
CSU Fertilizing Spring-Seeded Small Grains: https://erams.com/agnutrient/co-bmp-library/fertiliz ing-spring-seeded-small-grains-2/
NDSU Fertiliz ing Winter Rye: https://www.ndsu.edu/agriculture/extension/publications/fertilizing-winter-rye
MN Extension Fertilizing Sugarbeet: https://extension.umn.edu/crop-specific-needs/sugarbeet-fertilizer-guidelines

North Dakota Sunflower N Calculator: https://www.ndsu.edu/pubweb/soils/sunflower/
NC State Extension Tobacco Growers Information:  https://tobacco.ces.ncsu.edu/tobacco-fertility-nutrients /

Nutrient Removal Lookup Table

CROP
NASS 
VALUE

ACPF 
ROTVAL

Nutrient Removal
(lbs per unit yield) Unit Yield USDA Crop Nutrient Tool Category

N P

Alfalfa 36 P 50.3935 4.7217 Ton Alfalfa, for hay

Barley 21 G 0.8938 0.1777 Bushel Barley-6 row, for grain (exc. Pacific Coast)

Canola 31 O 0.035415 0.005646 Lb Canola, for seed

Corn 1 C 0.7929 0.1514 Bushel
Corn-Field, for grain (shelled, yellow dent, 

grade # 1)

Cotton 2 N 0.0304 0.0038 Lb Cotton, for seed with lint or seed cotton

Dry Beans 42 M 0.037425 0.004784 Lb Bean, for seed (dry)

Durum Wheat 22 W 1.2866 0.224 Bushel Wheat-Durum, for grain

Millet 29 G 1.0497 0.1693 Bushel Millet-Pearl, for grain

Oats 28 G 0.5984 0.1092 Bushel Oat, for grain (not including Pacific Coast)

Other Hay/Non-Alfalfa 37 P 27.8796 2.9142 Ton Bromegrass, for hay

Peanuts 10 A 0.0396 0.0033 Lb Peanut, for fruit (pod with seeds)

Peas 53 M 0.0373 0.0044 Lb Pea-Field, for seed (dry)

Potatoes 43 V 0.3667 0.0563 CWT Potato-Irish, for tuber

Rice 3 J 0.012296 0.02538 Lb Rice-Rough, for grain

Rye 27 G 1.0557 0.1873 Bushel Rye, for grain

Sorghum 4 H 0.9288 0.1655 Bushel Sorghum, for grain

Soybeans 5 B 3.5419 0.3628 Bushel Soybean, for grain

Spring Wheat 23 W 1.4366 0.2309 Bushel Wheat-Bread-Hard Red Spring, for grain

Sugarbeets 41 E 4.3595 0.9013 Ton Sugarbeet, root without crown

Sunflower 6 O 0.027729 0.005803 Lb Sunflower, for seed (with hull, oil type)

Tobacco 11 R 0.03 0.00234 Lb Tobacco-Air cured, Burley type

Winter Wheat 24 W 1.2205 .2305 Bushel Wheat ς Bread ς Hard Red Winter, for grain

SOURCE: 
USDA Crop Nutrient Tool: https://plants.sc.egov.usda.gov/home/tools

https://www.nass.usda.gov/Data_and_Statistics/Pre-Defined_Queries/index.php
https://www.cornnratecalc.org/
https://www.ndsu.edu/agriculture/extension/publications/fertilizing-canola-and-mustard
https://erams.com/agnutrient/co-bmp-library/fertilizing-spring-seeded-small-grains-2/
https://www.ndsu.edu/agriculture/extension/publications/fertilizing-winter-rye
https://extension.umn.edu/crop-specific-needs/sugarbeet-fertilizer-guidelines
https://www.ndsu.edu/pubweb/soils/sunflower/
https://tobacco.ces.ncsu.edu/tobacco-fertility-nutrients/
https://plants.sc.egov.usda.gov/home/tools


General Workflow
1. Utility. Summarize Agricultural Land Use

2. Estimate Field Nutrient Need

3. Apply Manure To Fields

4. Summarize Manure Application Across Years, if applicable 



Utility:
Summarize 
Agricultural 
Land Use

Provides a summary 
table of crops grown 
in user-provided field 
boundaries, so that 
informed decisions 
can be made on 
which crops are 
eligible for manure 
application. 



Average County Yields (2018-2023)

ÁGenerates a six-year county yield average for each crop

ÁRequired to estimate nutrient removal per unit yield.

ÁUser must download a NASS quick stats crop table from 
https://www.nass.usda.gov/datasets/ and provide a TIGER county 
shapefile. 

ÁYield averages reported at the following scales if data exists for at 
least 1 year out of 6:

ÁCounty Ą State (no data at county level) ĄNational (no data 
at state or county level)

Estimate Field 
Nutrient Need

1a. Create Six Year 
Yield Table

Alfalfa Corn Soybean

https://www.nass.usda.gov/datasets/


Estimate Field 
Nutrient Need

1b. Field Nutrient 
Removal

ÅManure applied to 
meet field N or P 
removal.

 
ÅUser selects year(s) 

and crop(s) to include.

ÅLookup table provides 
default values. User 
should manually edit 
where applicable. 



Alfalfa Corn Soybean

A field in Morrison county would remove:

CROP N (lbs/acre) P (lbs/acre)

Alfalfa 141 13

Corn 123 23

Soybeans 152 16



N Removal

Estimate Field 
Nutrient Need

1b. Field Nutrient 
Removal

ÅOutput table lists by-
field N removal for 
each year and annual 
average

Field N removal = 
field acres 

* 
lbs of N removed / unit 

yield of crop grown 
*

6-year average yield



P Removal

Estimate Field 
Nutrient Need

1b. Field Nutrient 
Removal

ÅOutput table lists by-
field P removal for 
each year and annual 
average

Field P removal = 
field acres 

* 
lbs of P removed / unit 

yield of crop grown 
*

6-year average yield

P Removal



Estimate Field 
Nutrient Need

2. Field Nitrogen 
Fertilizer

Å Manure applied to meet 
field N fertilizer need.

 
Å User selects year(s) and 

crop(s) to include.

Å Lookup table provides 
default values. User should 
manually edit where 
applicable. 

Å Recommendations may 
change based on previous 
crop grown



Estimate Field 
Nutrient Need

2. Field Nitrogen 
Fertilizer

ÅOutput table lists by-
field N removal for 
each year and annual 
average

Field N need =
 field acres 

* 
N fertilizer recommended 

(in lbs/acre) for crop 
grown 



Apply Manure to Fields

The program runs as a series of manure application loops. The 
initial loop begins by selecting, for each feedlot provided, the 
single nearest field (based on a Euclidean distance measure) 
with a nutrient need greater than zero. Each feedlot can apply 
manure to a single field during any given loop. Using each 
feedlot as a source of available nutrients, manure application is 
simulated by decrementing the amount of nutrients required 
by the field from the source feedlot. Accounting is performed 
to track how much of each nutrient is applied during each loop 
of manure application. If a feedlot can meet the entire nutrient 
requirements of a field, that amount of the corresponding 
nutrient is subtracted from the amount of available from the 
feedlot. Once the total nutrient requirement of a field has been 
met, the field is no longer eligible to receive manure from any 
feedlot.



Apply Manure to Fields

ACROSS A ROTATION SINGLE YEAR

ÁThe program is run once - manure 
applied to meet an annual average field 
nutrient need.

ÁDoes not account for Year 2 manure N 
availability.

ÁRecommended for manure application 
at a P rate or when Year 2 N availability  
is unknown. 

ÁThe program is run for several years in 
succession then summarized - manure 
applied to meet an annual field nutrient 
need.

ÁAccounts for Year 2 manure N availability. 
Residual manure N is decremented from 
field nutrient need in current processing 

year. 
 
ÁRecommended for manure application at 

a N rate.



ATTRIBUTES DESCRIPTION

Done 1-no manure nutrients remaining, 0-manure nutrients remaining. 

fldcnt Number of fields modeled to receive manure from each location.   

maxEUdist Maximum Euclidean distance of the furthest field to which manure nutrients were applied. 

maxMHdist Maximum Manhattan distance of the furthest field to which manure nutrients were applied. 

Apply Manure To Fields - Tool Outputs

3. ACROSS A ROTATION

P Rate Chosen

ATTRIBUTES DESCRIPTION
Pneed Field P need (in lbs): average annual lbs of P removed from each field. Calculated for each field by 

summing the lbs of P removed for each year in the rotation then dividing by the number of years. 

Papp Manure P applied (in lbs) to meet field P need.

Done 1-all field P need met by manure, 0-no P need meet by manure, 99999-partially met. 

Napp Manure N applied (in lbs).  

PctPUsed Percent field P need met by manure. 

ManAcres Acres receiving manure (PctPused * field acreage). 

1. Manure 
Processed Field 

Boundary Feature 
Class

2. AFO Summary 
Table

Á ¢ƘŜ ά5ƻƴŜέ ŦƛŜƭŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƳŀǇ ƳŀƴǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ Ǌƻǘŀǘƛƻƴ



Apply Manure To Fields - Tool Outputs

4a. SINGLE YEAR

b wŀǘŜ /ƘƻǎŜƴ όb ǊŜƳƻǾŀƭ ǊŀǘŜ ƻǊ b ŦŜǊǘƛƭƛȊŜǊύ όΨȄȄΩ ƛƴŘƛŎŀǘŜǎ ŎǳǊǊŜƴǘ ǇǊƻŎŜǎǎƛƴƎ ȅŜŀǊύ

ATTRIBUTES DESCRIPTION

bƴŜŜŘΩȄȄΩ Field N need: annual lbs of N removed or annual lbs of N fertilizer recommended.

bŀǇǇΩȄȄΩ Lbs of year one manure N applied.

bǊŜǎƛŘǳŀƭΩȄȄΩ Lbs of year two manure N applied. 

5ƻƴŜΩȄȄΩ
1-all field N need met by manure, 0-none, 99999-partially met. A value of 1 indicates year one 
manure N applied plus residual N (from previous application) met the field N need. 

tŀǇǇΩȄȄΩ Lbs of manure P applied as manure is applied at a N rate. 

tŎǘb¦ǎŜŘΩȄȄΩ
Percent field N need met by manure. Includes year one manure N applied plus residual manure N 
existing on field. 

aŀƴ!ŎǊŜǎΩȄȄΩAcres receiving manure (PctNUsed * field acreage).

ATTRIBUTES DESCRIPTION

Done 1-no manure nutrients remaining, 0-manure nutrients remaining. 

fldcnt Number of fields modeled to receive manure from each location.   

maxEUdist Maximum Euclidean distance of the furthest field to which manure nutrients were applied. 

maxMHdist Maximum Manhattan distance of the furthest field to which manure nutrients were applied. 

1. Manure 
Processed Field 

Boundary Feature 
Class

2. AFO Summary 
Table

Á ¢ƘŜ ά5ƻƴŜέ ŦƛŜƭŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƳŀǇ ƳŀƴǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ŜŀŎƘ ȅŜŀǊ



Apply Manure To Fields - Tool Outputs

4b. SUMMARIZE ACROSS YEARS

N Rate Chosen (N removal rate or N fertilizer rate)

ATTRIBUTES DESCRIPTION

manureYears Number of years manure was applied to each field. 

Nneedann Average annual lbs of field N need.

Nappann Average annual lbs of year one manure N applied.

manureNaccumulatedann
Average annual lbs of manure N (year one N + residual N from a previous application) 

used by crops with an N need where manure is applied (Nneed > 0 and Napp > 0).

residualNaccumulatedann
Average annual lbs of residual manure N (from a previous application) used by crops 

with an N need where manure is not applied (Napp=0).

residualNnonaccumulatedann
Average annual lbs of residual manure N remaining on fields without an N need 

(Nneed=0).  

manureNann Average annual lbs of manure N that is crop-available.

Pappann Average annual lbs of manure P applied.

PctNUsedtot Percent of total field N need satisfied by manure across all years specified.

manureAcresann Manured acres in an average year.

manureAcrestot Manured acres across all years specified. 

Done 1-all field N need met by manure, 0-no N need meet by manure, 99999-partially met. 

Summary Table

Á ¢ƘŜ ά5ƻƴŜέ ŦƛŜƭŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƳŀǇ ƳŀƴǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ Ǌƻǘŀǘƛƻƴ



Apply Manure To Fields - Tool Outputs

4b. SUMMARIZE ACROSS YEARS

N Rate Chosen (N removal rate or N fertilizer rate)

ATTRIBUTES DESCRIPTION

manureYears Number of years manure was applied to each field. 

Nneedann Average annual lbs of field N need.

Nappann Average annual lbs of year one manure N applied.

manureNaccumulatedann
Average annual lbs of manure N (year one N + residual N from a previous application) 

used by crops with an N need where manure is applied (Nneed > 0 and Napp > 0).

residualNaccumulatedann
Average annual lbs of residual manure N (from a previous application) used by crops 

with an N need where manure is not applied (Napp=0).

residualNnonaccumulatedann
Average annual lbs of residual manure N remaining on fields without an N need 

(Nneed=0).  

manureNann Average annual lbs of manure N that is crop-available.

Pappann Average annual lbs of manure P applied.

PctNUsedtot Percent of total field N need satisfied by manure across all years specified.

manureAcresann Manured acres in an average year.

manureAcrestot Manured acres across all years specified. 

Done 1-all field N need met by manure, 0-no N need meet by manure, 99999-partially met. 

Summary Table

Á The end point of residual manure nutrients is tracked



ÁThe advantage of the 
single year approach is 
that Year 2 manure N 
can be tracked and 
appropriately credited.

ÁResults can be 
visualized for a single 
year at a time, then 
summarized across all 
years

Visualizing 
Results


