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PURPOSE

A Spatially model the application of
manure nutrients from the point of
production to proximal agricultural
land.

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



Required Data
Inputs

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

A Likely the largest data limitation.

A Estimating crogavailable manure nutrients is
complex. Future work may include a tool that
enables this process.

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

A Designed to run at regional scaldarge
watershed or statewide

A Any field boundaries (without attribution) can be
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22 Crops
Avallable for
Modeling

Alfalfa

Barley

Canola

Corn

Cotton

Dry Beans

Durum Wheat

Millet

Oats

Other Hay / NonrAlfalfa

Peanuts

Peas

Potatoes

Rice

Rye

Sorghum

Soybeans

Spring Wheat

Sugarbeets

Sunflower

Tobacco

Winter Wheat

USDA National Agricultural Statistics Service
s U.S. DEPARTMENT OF AGRICULTURE
2 Tl ]

The ACPF Crop History Table provides
the dominant NASS Cropland Data

Layer (CDL) value within each field for &
minimum of six years.




User Decisions

Nitrogen fertilizer
Nitrogen removal
Phosphorus removal

1. Field

Nutrient
Need

To Io o

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

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

3. Crops
Eligible for
Manure
Application

Select from the 22 crops available for modeling




Lookup Tables Provide Default Values

Nitrogen Fertilizer Lookup Table Nutrient Removal Lookup Table
CROP NASS| PREV| ACPF | N Fertilizer| SOURCE Nutrient Removal
VALUE NASS] ROTVAL] (s fage) CROP NASS) ACPF 1 (ios perunityield) | UnitYield| USDA Crop Nutrient Tool Catego
Alfalfa 3% 0 P 0 VALUE| ROTVAL| P egory
Barey 21 0 G 67 NASS 2019 Pieefined QUERY, national avg. N I P
Canola 31 0 o 80 NDSU Fertilizing Canola and Mustard, assumestiacre | [~ raifa 36 P 50.3935 4.7217 Ton Alfalfa, for hay
maximum application rate and a 4¥acre credit. ; -
com 1 1 c 195 | SNJ 385 omn awe¢b NIGSA F Barley 21 G 0.8938 0.1777 Bushel Barley6 row, for grain (exc. Pacific Coast
0 1 0 C 150 Fft26Ay3 a2&80SkyQ T2NJ|| canola 31 o 0.035415 0.005646 Lb Canola, for seed
Cotton 2 0 N 95 NASS 2021 Pieefined QUEBY, national avg. ComField, for grain (sheled, yellow dent
Dry Beans 42 0 M 71 NASS 2022 Piefined QUERY, national avg. (snap bedrjsfcom 1 c 0.7929 0.1514 Bushel grade# 1)
Di Wheat 22 0 w 82 NASS 2022 Pieefined QUERY, national . o
Mﬂ:utm £ 2 o G 20 CSU Fertilizing Spri Eed g G né orl1a a"*?l Cotton 2 N 0.0304 0.0038 Lb Cotton, for seed with lint or seed cotton
ol € = - = - ;Alsjzgilspn@i ed Q’B;Yrams_' °"I" SOINOI 5 Beans 42 M 0.037425  0.004784 Lb Bean, for seed (dry)
ats Pieefine: , national avg. ]
Average N recommendation for hayland from several Durum Wheat 22 w 1.2866 0.224 Bushel WheatDurum, for grain
OtherHay/Non Alfalfa 37 0 P 60 midwestem western states Millet 29 G 1.0497 0.1693 Bushel Millet-Pearl, for grain
Peanuts 0 0 A 32 NASS 2018 Pieefined QUERY, national avg. Oats 28 G 0.5984 0.1092 Bushel Oat, for grain (not including Pacific Coas
Peas 53 0 M 50 NASS 2022 Rigefined QUERY, national avg. (green pggs)Other Hay/N onAlfalfa 37 P 27.8796 2.9142 Ton Bromegrass, for hay
Potatoes 43 0 \% 178 NASS 2022 Pieefined QUERY, national avg. Peanuts 10 A 0.0396 0.0033 Lb Peanut, for fruit (pod with seeds)
Rice 3 0 J 180 NASS 2021 Pi@efined QUERY, national avg. Peas 53 M 0.0373 0.0044 Lb PeaField, for seed (dry)
Rye 27 0 G 60 NDSU Fertilizing Winter Rye, assuming medium | " 55 3005 43 v 0.3667 0.0563 cwT Potatorish, for tuber
productivity and a 40 Ib/acre credit. h X B
Sorghum 4 0 H 77 NASS 2019 Piefined QUERY, national avg. Rice 3 J 0.012296 _ 0.02538 Lb RiceRough, for grain
Soybeans 5 0 B 17 NASS 2020 Piefined QUERY, national avg. Rye 27 G 1.0557 0.1873 Bushel Rye, for grain
Spring Wheat 23 0 w 80 NASS 2022 Pieefined QUERY, national avg. Sorghum 4 H 0.9288 0.1655 Bushel Sorghum, for grain
semes OB o S o s+ sewe omn  med Sofom.u ga
9 98 P Spring Wheat 23 \ 1.4366 0.2309 Bushel WheatBreadHard Red Spring, for grain
Sunflower 6 0 o 150 o ’\::’rlth Ig?skotz(ajscunflowtla_r N ??’II(I:U latclx(r, Easlerr?l ’:nogh Sugarbeets 41 E 4.3595 0.9013 Ton Sugarbeet, root without crown
akota, Oiseed Conventional Til, no known so ) .
- ! W I_3 Sunflower 6 o 0.027729 0.005803 Lb Sunflower, for seed (with hull, oil type)
NC State Extension Tobacco Growers Information, ajd =
Tobacco 11 0 R 65 topsoil depth Tobacco 11 R 0.03 0.00234 Lb TobacceAir cured, Burley type
Winter Wheat 24 0 W 72 NASS 2022 Pieefined QUERY Winter Wheat 24 w 1.2205 .2305 Bushel Wheatg Breadg Hard Red Winter, for grain
SOURCES: SOURCE:
NASS PrDefined Queriesatips ://www.nass.usda.gov/Data_and_Statistics/MHpefined Queries/index.php USDA C - Nutrient Toditios /olant d h ool
Com MRTN Calculatgrtips //www.cornnratecalc.org/ rop Nutrient Togitips J/plants.sc.eqov.us da.govihome/tools
NDSU Fertilizing Canola and Mustdiths ://www.ndsu.edu/agricu ture/extension/ publication s/fertilizinganolaand-mu stard
CSU Fertilizing Spri®eeded Small Grainsips //erams com/agn umem/cobm Qllbrary/fertlllzm gsgnngseededsmaﬂg rains2/
NDSU Fertilzing Winter R
MN Extension Femllzmﬁugarbe nsion.umn. rtilizer- lines
North Dakota Sunflower N Calcu htmwﬂﬂmum&&ﬂomﬂ
NC State Extension Tobacco Growers Inform i rtility-nutrien



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
2
3.
4

Utility. Summarize Agricultural Land Use
Estimate Field Nutrient Need
Apply Manure To Fields

Summarize Manure Application Across Years, if applicable

ManureMap.atbx
1a. Create Six Year Yield Table
1b. Field Nutrient Removal: Nitrogen and Phosphorus
2. Field Nitrogen Fertilizer

3. Apply Manure to Fields - Across a Rotation

4b. Summarize Manure Application

Utility. Summarize Agricultural Land Use




Bemidji

White Earth 2008t
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Hill River State
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Utility:
Summarize
Agricultural

Land Use
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Elk River Esri, CGIAR, USGS, Esri, TomTom, Garmin, FAO, NOAA, USGS, EPA, NPS, USFWS

Ramsey A

cdicode crop acres18 acres19 acres20 acres21 acres22 acres23 AvgéYr PctTot6Yr v
1/ Corn 529820.592851 | 547130.265977 | 539316.783545 556361.598091 568857.888392 594936.079118 | 556070.534662 36.068574
176 = Grassland/Pasture 307759.824906 310630.756592 304852.310759 540554.959918 312830.286673 565821.121131 390408.209996 25.323168
5| Soybeans 321449.606327 | 242650.12556 | 276189.390451 289335.543961  285582.202747 276380.244984 | 281931.185672 18.286989
36 Alfalfa 229809.755872 210515.133734 223284.194291 172103.475282 183267.87183 146848.265847 194304.782809 12.603251
37 | Other Hay/Non Alfalfa 13135737644 38429.02984 = 45686.271568 | 20463.075132  59402.359618 ~ 22182.31829 | 52920.071815 3432571
42 Dry Beans 12531.582609  14407.198992 19776339869 14720.464813 11848.174061  9381.280653 13777.506833 0.893655
61 | Fallow/Idle Cropland 628.102206 | 60763.886722 29.39344 0 4477966969 0 10983.22489 0.712408
23 Spring Wheat 18182.488751 10963.669391 13004.308824  6211.368989  10088.24645 5561.53193  10668.602389 0.692001
43  Potatoes 7744.334853 8208.625941 7035.298162 8690.456725 8472.157856 8174.103766 8054.162884 0.52242
28 Oats 4725232711 4602.108097 14630.509178  5627.814899  7618.188326  5611.635829 7135.91484 0.462859

27  Rye 6223.573076 = 6978.973954 5277.79193 6483.246379 8404.414143  7426.387186 6799.064445 0.44101
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Yield: 1.6
Scale: COUNTY

Estimate Field
Nutrient Need

la. Create Six Year
Yield Table
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Yield: 130
Scale: COUNTY
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A Generates a siyear county yield average for each crop
A Required to estimate nutrient removal per unit yield.

A User must download a NASS quick stats crop table from
https://www.nass.usda.gov/datasetdnd provide a TIGER count
shapefile.

A Yield averages reported at the following scafedata exists for at
least 1 year out of 6

A CountyA State (no data at county level National (no data
at state or county level)



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

Estimate Field

Nutrient Need N )
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1b. Field Nutrient B .

Removal

e

CROP NASSVALUE ACPFROTVAL NRemoval PRemoval UnitYield

Alfalfa 36 50.3935 47217  Ton

Corn 0.7929 0.1514 Bushel

Soybeans 5B 3.5419 0.3628 | Bushel




Yield: 145
Scale: COUNTY

Yield: 130
Scale: COUNTY
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Yield: 29
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A field in Morrison county would remove:

NASSVALUE ACPFROTVAL NRemoval PRemoval UnitYield

CROP

Alfalfa

N (b<acre)

141

P (bs/acre)

13

Corn

123

23

Soybeans

152

16

. SafeGraph, FAO, METI/NASA, USGS,




N Removal

Estimate Field ‘
Nutrient Need g \

B — . S

1b. Field Nutrient L =
Removal ‘ <
1,61,1,1,1,1

Average Annual N Removal (Ibs/acre)
=102 - 109
=110 - 116
=117 -123
= 124 - 130
w131 - 137

FBndID Acres nrem18 nrem19 nrem20 nrem22 nrem23 nrem6Yr nrem6YrAnn

393952 4839 839 29034
F070102010701_117 5.390493
F070102010701_118 17.54507
F070102010701_159 38.77129

FO70102010701_165 18.11475




P Removal

Estimate Field
Nutrient Need

1b. Field Nutrient
Removal

1611, 111

Average Annual P Removal (Ibs/acre)
=19
=20
21
-

FBndID Acres prem18 prem19 prem20 prem21 prem22 prem23

FO70102010701_96 39.3952 924 924 924 924 924 924
FO70102010701_117 5.390493
FO70102010701_118 17.54507

02010701_159 38.77129

F070102010701_165 18.11475




Estimate Field
Nutrient Need

2. Field Nitrogen
Fertilizer

CROP
Alfalfa
Corn

Corn

Soybeans

ACPFROTVAL

NFertLbsAc

0
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Estimate Field
Nutrient Need

2. Field Nitrogen
Fertilizer

Average Annual N Fertilizer (Ibs/acre)
091 - 112

=113 -133

=134 - 153

=154 -174

m175-195

FEndID Acres nfert18 nfert19 nfert20 nfert21 nfert22 nfert23 nfert6¥Yr nfert6YrAnn

F070102010701_96 393952 7682 7682 7682 7682 7682 7682 46092 7682
F070102010701_117 5390493 1051 1051 1051 1051 1051
F070102010701_118 54507 342 342

38.77129

18.11475




Apply Manure to Fields

®  Animal Feeding Operations

All Agricultural Fields
- Fields Receving Manure

| 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)

91 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.

. agronomy Moy

Article

Using a Spatially Explicit Approach to Assess the
Contribution of Livestock Manure to Minnesota’s
Agricultural Nitrogen Budget

Sarah A. Porter '* and David E. James 200
! Environmental Working Group, Minneapolis, MN 55401, USA
2 National Lat 'y for Agricul and the Envi Agricull 1 Research Service, United States
Department of Agriculture, Ames, IA 50011, USA; davide james@usda.gov
*  Correspondence: sarah.porter@ewg.org
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Apply Manure to Fields

ACROSS A ROTATION

SINGLE YEAR

A The program is run oneemanure
applied to meet arannual averagdfield
nutrient need.

A Does not account for Year 2 manure |
availability.

A Recommended for manure applicatior
at a P rate or when Year 2 N availabili
is unknown.

Y

A The program is run for several years in
succession then summarizedanure
applied to meet arannualfield nutrient
need

A Accounts for Year 2 manure N availabi
Residual manure N is decremented frg
field nutrient need in current processin
year.

A Recommended for manure application
a N rate.

lity.
m

g
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Apply Manure To Field3ool Outputs

3. ACROSS A ROTATION

P Rate Chosen

Manu re ATTRIBUTES DESCRIPTION
1 7 Pneed Field P need (ilbs): average annudbs of P removed from each field. Calculated for each field by
P d F Id summing thebsof P removed for each year in the rotation then dividing by the number of years.
rocesse e Papp Manure P applied (itbs) to meet field P need.
Boundary Featu re Done 1-all field P need met by manure;n® P need meet by manure, 999f8artially met.
CI Napp Manure N applied (itbs).
ass PctPUsed Percent field P need met by manure.

ManAcres Acres receiving manur@¢tPused field acreage).
ATTRIBUTES DESCRIPTION

2. AFO Summary >

Table

fldent

1-no manure nutrients remaining -hanure nutrients remaining.

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.
A¢KS a52yS¢ FASER Oly 68 dASR (2 YIL YI
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Apply Manure To Field3ool Outputs

4a. SINGLE YEAR

b wiiS /K2aSy 6b NXY2@If NIGS 2NJ b FSNIAEAT SN 6 WEE

ATTRIBUTES DESCRIPTION
bySSRQEEQ Field N need: annuébsof N removed or annudbsof N fertilizer recommended.
1. Manu re bl LILQEEQ Lbsof year one manure N applied.

Processed Fieldl® NB & A Rdzl f Q E lbbsof year two manure N applied.

52y ROEE 1-all field N need met by manure;rone, 99999artially met. A value of 1 indicates year one
Boundary Feature manure N applied plus residual N (from previous application) met the field N need.

CIaSS t I LIGQE E Lbsof manure P applied as manure is applied ata N rate.

t Olb! DSRQEE Pe_rc_ent ﬁeld_ N need met by manure. Includes year one manure N applied plus residual manurg N
existing on field.

al y! ONB a QE EArres receiving manur@¢tNUsed field acreage).

ATTRIBUTES DESCRIPTION
Done 1-no manure nutrients remaining -hanure nutrients remaining.
2. AFO Summary | _
fldent Number of fields modeled to receive manure from each location.
Tab |e 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 appligd.

ACKS a52yS¢é¢ FASER OFly 6S dzaSR (2 YI L Yl ydz




Apply Manure To Field3ool Outputs

4b. SUMMARIZE ACROSS YEARS

Summary Table

ATTRIBUTES
manureYears
Nneedann
Nappann

manureNaccumulatedann

residualNaccumulatedann

residualNnonaccumulatedann

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

DESCRIPTION

Number of years manure was applied to each field.

Average annudbsof field N need.

Average annual Ibs of year one manure N applied.

Average annudbsof manure N (year one N + residual N from a previous applicatiqg
used by crops with an N need where manure is appligeged> 0 andNapp> 0).
Average annudbsof residual manure N (from a previous application) used by crop
with an N need where manure is not appliddgpp=0).

Average annual Ibs of residual manure N remaining on fields without an N need
(Nneed=0).

[

manureNann Average annual Ibs of manure N that is clilable.

Pappann Average annual Ibs 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;flo N need meet by manure, 999Gfartially met.

FTASER Oly
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Apply Manure To Field3ool Outputs

4b. SUMMARIZE ACROSS YEARS

Summary Table

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

ATTRIBUTES DESCRIPTION

manureYears Number of years manure was applied to each field.
Nneedann Average annudbsof field N need.

Nappann Average annual Ibs of year one manure N applied.

manureNaccumulatedann

residualNaccumulatedann

residualNnonaccumulatedann

Average annudbsof manure N (year one N + residual N from a previous applicatid
used by crops with an N need where manure is appli¢geed> 0 andNapp> 0).
Average annudbsof residual manure N (from a previous application) used by crop|
with an N need where manure is not appliddgpp=0).

Average annual Ibs of residual manure N remaining on fields without an N need
(Nneed=0).

[

manureNann
Pappann
PctNUsedtot
manureAcresann
manureAcrestot
Done

Average annual Ibs of manure N that is clilable.

Average annual Ibs of manure P applied.

Percent of total field N need satisfied by manure across all years specified.
Manured acres in an average year.

Manured acres across all years specified.

1-all field N need met by manure;ilo N need meet by manure, 9999frtially met.

A The end point of residual manure nutrients is tracked
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Visual iZi ng D A Sl Manure Not Applied
¢ cay .;;'. ! f N Need Partially Met by Manure
Resu ItS . : B N Need Entirely Met by Manure

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

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




