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Nutrient management plans for crops require 
estimates of plant-available nitrogen (PAN) 
provided by application of manure or com-

post. Recent developments have stimulated interest 
in utilizing manure nitrogen (N) as a resource. These 
factors include the following:
•	 Increased cost of N fertilizers
•	 Increased value of PAN from manure on farms  

using certified organic methods to produce crops 
or animal products 

•	 Greater concern for the environmental effects of 
ammonia and nitrate loss 

•	 Development of manure application equipment 
that can reduce ammonia loss (increase retention 
of PAN)

•	 Federal cost-share programs (usually administered 
by the Natural Resources Conservation Service) 
that pay producers to adopt practices that reduce 
N loss to the environment 

•	 Efforts to reduce phosphorus buildup in manure-
fertilized soils (when manure N is used more 
efficiently, the manure application rate to meet P 
needs can be reduced)

How to Use This Publication   
This publication focuses on how to estimate PAN 

provided by manure. We do not address manage-
ment of other nutrients or other aspects of manure 

management, such as manure sampling, calibration of 
application equipment, record-keeping, or post- 
application monitoring. See “For More Information” 
(page 19) for resources on these topics.

This publication is primarily designed for use by 
planners (agricultural professionals that assist farm-
ers with nutrient management). We focus primarily on 
cropping systems west of the Cascades in Oregon and 
Washington.
This publication has two main parts:
1.	 Worksheet for calculating available nutrients  

supplied by manure application 
2.	 Management practices that increase crop N  

utilization
The Worksheet can be used to do the following:
•	 Determine the manure application rate needed to 

supply a target amount of PAN
•	 Estimate the dollar value of PAN from the current 

year’s manure application
•	 Estimate the value of additional PAN retained by 

immediate tillage or direct application (injection, 
banding, etc.)

•	 Assess the balance between PAN, P, and K sup-
plied by manure

•	 Get a rough, long-term (10-year) estimate of PAN 
availability from manure

•	 Evaluate management options to increase crop N 
utilization 

Management practices discussed in the second sec-
tion of this publication can help farmers reduce N loss 
to the environment (water and air) and may provide 
economic benefit to some farmers. 

Nitrogen Forms and Cycling 
The goal of N management is to efficiently deliver 

plant-available N (PAN) to a crop by maximizing 
crop utilization and minimizing losses to the environ-
ment. Plant roots take up nitrate and ammonium-N. 
Major losses of N to the environment occur when 
ammonia gas (NH3) is lost to the air or nitrate (NO3) 
is leached to groundwater. Losses of N via denitrifica-
tion as N2 or N2O gas can be important under some 
conditions, but are generally small enough to be 
ignored in estimating PAN from manure. 

Manures that contain mostly ammonium-N con-
tain much PAN that is subject to volatilization (loss 
to the atmosphere) shortly after manure application. 
Manures that contain mostly organic N release much 

Figure 1. Where does manure N go? It can be taken 
up by the crop (green arrows) or lost to air or water 
(blue arrows). Organic N in the soil is converted to dif-
ferent forms by microbial activity (dotted arrows). 
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less PAN in the short term, and must be managed as a 
long-term investment in soil building.
Efficient manure N management matches N supply 

to crop needs. Management can reduce ammonia loss 
to the atmosphere and nitrate leached to groundwater. 

Introduction to the Worksheet
The Worksheet estimates: 
•	 Nutrients supplied this year and their dollar value
•	 Ammonia-N lost and its value
•	 Amount of organic N stored in the soil from this 

year’s manure application 
The Worksheet uses manure N analyses for 
ammonium-N (NH4-N) and organic N as starting 
points for calculations (instead of a “total N” book 
value). This approach allows site-specific adaptation 
of calculations. 

To use the Worksheet, you will need:
•	 This year’s manure analysis 
•	 Planned manure application rate for this year
•	 Manure application rate and manure N analyses 

from previous years
If you don’t have manure analysis data, you can still 

use the Worksheet, but the results will not be custom-
ized for your farm. 
The Worksheet does have some limitations.
•	 It is not a complete planning tool for long-term 

nutrient management. The Worksheet is most use-
ful for quick, “ballpark” estimates. It can be used 
by farm managers to adjust in-season application 
rates based on manure analyses. 

•	 It is not a nitrogen recommendation or nitrogen 
budget (N budgets are used to estimate crop N 
need). You need to know how much PAN the crop 
needs before using the Worksheet.  

•	 It allows input for only one kind of manure for the 
current year. If two types of significantly different 
manure will be applied, you can use the Work-
sheet twice and add the results together. (Take 
credit for manure applied in previous years only 
one time.) For complicated scenarios, the calcu-
lation method presented here is compatible with 
several software packages that are available for 
nutrient management planning. 

•	 Worksheet estimates of PAN from manure should 
be regarded as rough estimates. Post-application 

monitoring (crop yield, plant tissue tests, soil 
tests) are needed before adjusting manure man-
agement practices to fit site-specific conditions.

Nutrient Analysis of Manure
Typical values for manure nutrient content (book 

values) can be used for a general comparison of the 
nutrient content of different manure sources (e.g., 
chicken vs. horse manure). Manure nutrient  
composition depends on management practices,  
such as: 
•	 Source and quality of livestock feed
•	 Water added to manure
•	 Type and amount of livestock bedding
•	 Manure storage method and length of storage
Because management practices vary substantially 
among farms, it is important to sample and test 
manure to determine its nutrient content. 

For livestock farms that utilize manure on their own 
acreage, we recommend that you sample and analyze 
manure several times a year to develop a “running 
average” of manure nutrient content. Usually, it takes 
2 to 4 years to develop a reliable estimate of aver-
age manure nutrient content and of the variability of 
nutrient content during the year. Several “quick test” 
meters can be used for on-farm monitoring of manure 
NH4-N. The “Agros Meter” has been used in western 
Oregon and has accurately determined NH4-N in dairy 
manure. See “On-Farm Quick Tests” in the “For More 
Information” section for details.

The best time to sample manure is at the time of 
field application, because:
•	 Manure is well-mixed, so the sample is  

representative.
•	 The analysis will reflect changes in manure N 

concentration that occur during storage (vola-
tilization) or in preparation for field application 
(agitation, mixing, and dilution with water). 

For Worksheet input, you may choose to separate 
manure test results into two or more different groups 
(instead of averaging test results over the entire year). 
For example, you may want to average early-spring 
manure tests separately from midsummer tests. 
To locate a suitable analytical laboratory, see Labo-

ratories Serving Oregon: Soil, Water, Plant Tissue, 
and Feed Analysis, EM 8677 (listed in “For More 
Information”). 

Archival copy. For current information, see the OSU Extension Catalog: https://catalog.extension.oregonstate.edu/em8954



5

Ask the laboratory to perform these analyses:
1.	 Nitrogen: total N and ammonium-N (NH4-N). 

For compost only, also request an analysis for 
nitrate-N (NO3-N). Other manures contain insig-
nificant amounts of NO3-N. To obtain an accurate 
value for manure NH4-N, make sure the labora-
tory determines NH4-N on a fresh sample (not a 
dried sample). Most of the manure NH4-N is lost 
when samples are oven-dried.

2.	 Phosphate and potash: total P and total K. You 
will need analyses of P2O5 and K2O for the Work-
sheet. Some labs report values in these units. If 
the lab reports only P, multiply P x 2.29 to calcu-
late P2O5. If the lab reports only K, multiply by 
1.2 to calculate K2O. 

3.	 Manure dry matter (DM) or total solids. The 
laboratory determines this value by oven-drying 
manure. This value enables you to express manure 
nutrient content on a dry weight or wet weight 
basis. Also, if manure analyses using wet weight 
fluctuate over time, manure DM can be used to 
determine whether the variation is due to changes 
in moisture or changes in nutrient content. 

Manure N Availability Values
The worksheet estimates plant-available N  

(PAN) as:
	 PAN =  NH4-N retained after application
	 + N mineralized from manure organic N in soil  

The amount of manure NH4-N retained is deter-
mined within the first week after application. In con-
trast, PAN is released from mineralization of manure 
organic N over a much longer period (Figure 2, 
page 7).

Estimating PAN from manure NH4-N 
Under some conditions, ammonium (NH4) is read-

ily transformed to ammonia (NH3) and is lost as a gas 
(Figure 1, page 3). Nitrogen lost as ammonia reduces 
PAN supplied by manure. 

Management practices affect the amount of ammo-
nium-N retained after manure application (Table 1):
•	 Time to manure incorporation. The sooner 

manure is incorporated into soil, the more ammo-
nium-N is retained. After manure is in contact 
with soil, it is held as non-volatile ammonium-N 
(NH4-N). 

•	 Manure dry matter (DM). When manure is 
not incorporated or injected, the proportion of 

dry matter in manure determines the amount of 
ammonium-N retained. Solid manures remain on 
the soil surface, where most of the NH4-N is lost 
to the atmosphere. Lagoon water, on the other 
hand, infiltrates soil rapidly, retaining almost all 
of its manure NH4-N. With slurries, some of the 
NH4-N infiltrates into the soil, and some remains 
with manure solids on the soil surface. The thicker 
the slurry, the less ammonium-N is retained. 

	 Composting. The pH value of finished compost 
is near 7 (usually 6.5 to 7.5). At pH values below 
7.5, N remains in the ammonium form and is not 
subject to loss as ammonia gas.

Table 1 estimates the amount of ammonium-N 
retained after field application. To use this table, you 
will need information on:
•	 Manure dry matter 
•	 Method of application 
•	 Number of days before manure is incorporated 
To use Table 1, find the column representing the 

kind of manure (lagoon water, slurry, solid, or com-
post) you will apply. Use the “lagoon water” column 
for water pumped from secondary lagoons, even if the 
dry matter content is above 1 percent. Use the “thick 
slurry” column if manure has greater than 5 percent 
dry matter, but can still be pumped as a liquid. Use 
the “solid” or “solid poultry” column for manures 
that are applied with a solid manure spreader. Use the 
“compost” column for well-composted materials that 
have an earthy odor with no discernable ammonia 
odor. If you smell ammonia in a material sold as com-
post, use the “solid” manure column in Table 1.
Next, find the “time to incorporation” (left column 

in Table 1) that best describes the typical time elapsed 
between manure application and tillage. Because 
ammonia is lost rapidly after application, immediate 
shallow incorporation often conserves NH4-N more 
effectively than more intensive tillage the next day. 
When manure is broadcast, subsequent application of 
a half-inch of water via sprinkler irrigation or rainfall 
is considered as effective as tillage for moving NH4-N 
into soil (provided the soil is not saturated). 

If you use a directed application method (injection 
or banding), choose one of the application options 
at the bottom of Table 1. See “Conserve NH4-N at 
application” (page 13) for additional information on 
directed incorporation methods.

Archival copy. For current information, see the OSU Extension Catalog: https://catalog.extension.oregonstate.edu/em8954
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Table 1. Estimated fraction of manure ammonium-N retained after application.  
Use the appropriate value from this table in Worksheet Step 3, “PAN from NH

4
-N.”   

 
 

Time to incorporationa

Manure type and dry matter (DM) content

Lagoon water 
(< 1% DM)

Thin 
slurry
(1–5 % 

DM)

Thick 
slurry

(5–10% 
DM)

Solid
(> 10% 

DM)

Solid
     poultry 
(> 10% DM)Compost 

---------------------------Fraction of manure NH
4
-N retainedb--------------------

Immediate incorporation (1 hr) 0.95 0.95 0.95 0.95 1.00 0.95

Incorporation 1 day after 0.95 0.70 0.60 0.50 1.00 0.70

Incorporation 2 days after 0.95 0.60 0.45 0.30 1.00 0.50

Incorporation 7 days after 0.95 0.55 0.40 0.20 1.00 0.40

Directed application methods:

Subsurface injection 0.95 0.95

Surface band (partial 
incorporation)

0.85 0.70

Surface band (no 
incorporation)   0.75 0.60      

a Tillage with harrow, cultivator, plow, etc. to incorporate manure, or overhead sprinkler irrigation (0.5 inch) after manure 
application.
bAmmonium-N retention estimates for lagoon water, slurry, solid manure, and compost apply to all livestock manures except 
solid poultry.  

Table 2. Estimating PAN from manure organic N. Use the appropriate value in Worksheet Step 3,  
“PAN from organic N.”  

Manure dry 
matter (as 
applied)  

Organic N 
applied this 

year 

Organic N applied in previous years

 Manure 1 year ago 2 years ago 
3 years 

ago 
4 to 9 years 

ago

--------------Fraction mineralized to PAN----------------------

Dairy cattle or other livestock

Lagoon water < 1% DM 0.40 0.15 0.07 0.03 0.02 per year

Thin slurry 1 to 5 % DM 0.40 0.15 0.07 0.03 0.02 per year

Thick slurry 5 to 10% DM 0.30 0.15 0.07 0.03 0.02 per year

Solid > 10% DM 0.30 0.15 0.07 0.03 0.02 per year

Separated dairy 
solids or horse 
manurea 0.10 0.05 0.05 0.03 0.02 per year

Compostb 0.10 0.05 0.05 0.03 0.02 per year

Solid poultry > 10% DM 0.50 0.15 0.07 0.03 0.02 per year
aPAN for dairy solids from a mechanical separator. If separated solids come from gravity separation (settling basin or 
evaporation basin), use PAN values for the type of manure (lagoon water or slurry) that flows into the settling basin. 
bStable or finished compost. A finished compost does not smell like ammonia, has a pile temperature less than 95°F (35°C), 
and often contains significant amounts of nitrate-N. Not all materials sold as compost meet these criteria.

Archival copy. For current information, see the OSU Extension Catalog: https://catalog.extension.oregonstate.edu/em8954



7

Estimating PAN from mineralization of 
manure organic N

PAN is released from manure organic N through 
microbial activity in soil in a process called min-
eralization. This process is more rapid in soils that 
are warm and moist, and it is slower in soils that are 
cold or dry. Table 2 estimates the fraction of manure 
organic N that is released as PAN by mineralization. 

Organic N mineralizes most rapidly during the 
first months after manure application. With time, the 
manure N mineralization rate slows. Figure 2 shows 
cumulative N mineralization for a variety of manures. 
The amount of N mineralized during the first year 
is strongly affected by the composition of manure 
(see “How Manure Composition Affects N Miner-
alization”). Mineralization rates for residual organic 
N (1 or more years after application) from many 
manures and composts are similar. However, it takes 
much longer for all of the manure organic N to miner-
alize from compost than from other manures. 

The Worksheet (pages 11–12) tracks PAN from 
manure organic N over a 10-year period (Table 2). 
For the current year and for 1, 2, and 3 years ago, 
annual mineralization estimates are given. Long-term 
mineralization (4 to 9 years ago) is estimated at 2 per-
cent per year and summed over the number of years 
(years manure applied x 0.02 per year). Table 3 shows 
examples of estimated N mineralization for manure 
(page 8) applied 4 to 9 years ago.

Figure 2. Cumulative PAN supplied by manure 
organic N, using the mineralization factors pre-
sented in Table 2. For this example, manure was 
applied in Year 0, with no subsequent manure 
applications. Slow release of PAN from mineraliza-
tion continues beyond the 10-year period shown in 
the graph. 

How Manure Composition  
Affects N Mineralization  

The rate of mineralization in soil depends upon 
the “digestibility” of manure organic matter and 
its carbon:nitrogen (C:N) ratio. Separation of 
whole manure into liquids and solids segregates 
coarse and fine manure particles that have differ-
ent organic composition and different mineraliza-
tion rates. Fine particles in manure contain organic 
compounds with low C:N ratios (high protein) and 
are rapidly decomposed in soil. Coarse particles 
have higher C:N ratios (lower protein) and are 
more slowly decomposed in soil. 

Because thin slurry and lagoon water contain the 
finest organic particles, these materials have the most 
rapid N mineralization rate. Thick slurry and solid 
manures contain a mixture of fine and coarse par-
ticles, so they have a lower N mineralization rate. 

Solids separated from liquid manure by a 
mechanical separator (separated dairy solids) 
contain mostly coarse particles (bedding plus 
undigested feed). These solids have a unique pat-
tern of mineralization over time in soil. Separated 
solids typically have negative N mineralization 
rates (PAN in soil decreases) for 4 to 8 weeks after 
application. After that, PAN is mineralized very 
slowly. Cumulative PAN from separated solids is 
much lower than for other fresh manures. The tim-
ing and amount of PAN release from horse manure 
is similar to that from separated dairy solids. 

Separation of solids from liquid manure by 
gravity separation (settling basin or evaporation 
basin) does not change PAN, because the fine 
organic particles in the manure are recovered from 
the basin.

Composting manure reduces manure volume by 
50 percent or more. During composting, some of 
the manure N is lost as ammonia gas, and some is 
transformed to more stable organic compounds. 
Compost organic matter decomposes very slowly 
in soil. Cumulative PAN for compost organic mat-
ter is similar to that of separated dairy solids. 

Fresh poultry manure or broiler litter contains 
some organic N in the form of uric acid (similar 
to urea). In soil, uric acid is converted to PAN in 
1 to 2 weeks. Most broiler litter sold as “compost” 
in western Oregon contains uric acid and behaves 
more like fresh litter than compost in terms of N 
availability. If you can smell ammonia in broiler 
litter, it probably is not thoroughly composted. 
Dry-stacking of broiler litter does not provide 
adequate moisture for composting. 
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Worksheet Instructions and 
Example Data Inputs

Input your data in the yellow worksheet cells. The 
Worksheet automatically calculates the values in the 
green cells.

The Worksheet shows “example” calculations for 
dairy slurry. The example is provided to help you fol-
low the steps in the calculation. It is not a recommen-
dation for manure application rate. 

The mini-worksheets below include only the input 
data. You can use these mini-worksheets to assemble 
your manure and field management data before using 
the Worksheet. The Worksheet has six steps.

Table 3. Examples: Mineralization factors for estimating PAN from manure applied 4 to 9 years ago. 

 
Manure application frequency

 
 
Calculation

Mineralization factor to use 
for “4 to 9 years ago” in 

Worksheet

Annual (6 out of 6 years) 0.02 per year x 6 years 0.12

5 out of 6 years 0.02 per year x 5 years 0.10

3 out of 6 years 0.02 per year x 3 years 0.06

1 out of 6 years 0.02 per year x 1 year 0.02

Step 1. Enter manure data.
Instructions
•	 Enter the kind of manure and the measurement 

units used for manure application. The Worksheet 
is not designed for use with more than one kind 
of manure for “this year.” If you will apply more 
than one kind of manure this year, repeat the pro-
cess with additional blank Worksheets.

•	 Enter analysis values for manure on an “as-is” or 
wet weight basis. If laboratory analysis units are 
different than field application units, see Table 5 
(page 18) for conversion factors. For compost 
only: enter the compost NH4-N + NO3-N analysis 
value in the Worksheet “NH4-N” box. 

•	 Enter solids fraction in manure: 5% DM (dry mat-
ter) = Solids fraction of 0.05 

Example input data (Step 1)

Example Your information

Kind of manure Thin dairy slurry

Field application units (choose one)

Per ton (solid or semi-solid manure)

Per 1,000 gallons (slurry) X

Per acre-inch (lagoon or holding pond effluent)

This year’s manure analysis a, b, c

Total N 10 lb/1,000 gal

Ammonium-N (NH
4
-N) 6 lb/1,000 gal

Phosphate (P
2
O

5
) 7 lb/1,000 gal

Potash (K
2
O) 16 lb/1,000 gal

Manure solids fraction  
(dry matter percentage ÷ 100)

 
0.03

a Input “as-is” or wet weight manure analysis data.   
bEnter only “lb nutrient” if the manure analysis is in units of “lb nutrient per 1,000 gallons.” For example, you would 
enter total N of “8” for a manure analysis of “8 lb/1,000 gallons.” 
c If laboratory analysis units are different than field application units, see Table 5 for conversion factors.

dThe Worksheet calculates this figure automatically for this year’s manure application.

Archival copy. For current information, see the OSU Extension Catalog: https://catalog.extension.oregonstate.edu/em8954



9

Step 2. Calculate manure N applied.
Instructions
•	 Enter the manure application rate planned for this 

year and this year’s manure organic N analysis.
•	 Enter manure application rate and organic N 

analyses for manure applied in previous years. 

Example input data (Step 2) 
This year’s manure application: 
Rate = 20,000 gal/acre 
Manure organic N applied in previous years:

Step 3. Estimate plant-available N 
(PAN) supplied by manure.
Instructions 

Enter appropriate fractions for NH4-N retention 
(Table 1, page 6) and fraction of organic N mineral-
ized (Table 2, page 6). 

Example input data (Step 3) 
•	 Method of manure application: surface broadcast 

(splash plate)

•	 Time to incorporation by tillage or by 0.5 inch 
overhead sprinkler application: no incorporation 
within 7 days

•	 Fraction NH4-N retained at application  
(Table 1) =  0.55   

•	 Fraction of organic N mineralized (Table 2)

aEstimate from past manure analyses. Organic N = total N - NH4-N. 

Example Example Your information Your information

 Manure 
application rate

Manure organic N 
analysisa

Manure application 
rate

Manure organic N 
analysis

Year (units/acre) (lb/unit) (units/acre) (lb/unit)

1 year ago 25,000 gal/acre 9 lb/1,000 gal 

2 years ago 15,000 gal/acre 5 lb/1,000 gal

3 years ago 10,000 gal/acre 7 lb/1,000 gal

4 to 9 years ago 15,000 gal/acre 6 lb/1,000 gal

Fraction of  
organic N mineralized

 
Year

 
Example

Your 
information

This year 0.40
1 year ago 0.15
2 years ago 0.07
3 years ago 0.03
4 to 9 years ago 
(application every 
year)

0.02 per year x 
every year  

(6 years) = 0.12

Fraction of NH
4
-N retained  

at application
 

Example
Your 

information
0.55
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Steps 4–6. Plant available nutrients 
and their values.  
Instructions

These steps show plant-available N, P, and K pro-
vided at the selected manure application rate. You can 
enter local values for cost of nutrients from commer-
cial fertilizer to get an estimate of the value of manure 
nutrients. Because manure is an excellent source of P 
and K, it has the greatest value when applied to soils 
that test “low” or “medium” in plant-available P and 
K. If your soil test values are “high” or “excess,” add-
ing additional P or K will not have economic benefit.

Example input data 

Example Your information

 
Nutrient

 Nutrient price 
($/lb nutrient)

Nutrient price 
($/ lb nutrient)

Phosphate 
(P

2
O

5
)

$0.40/lb

Potash (K
2
O) $0.24/lb

Nitrogen (N) $0.50/lb
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Worksheet: Estimating plant-available N from manure
Input cells are yellow. Note: We recommend turning off the following 
Calculations are done for you in green boxes. (These cells contain equations.) options in Acrobat Reader:
Final results for total PAN, P2O5, and K2O are highlighted in blue text. • Show border hover color for fields

• Auto-complete
Note: The yellow cells contain example data. Replace the information in these cells with your own data. Before entering your data To turn off these options, choose Preferences from the 
in the yellow cells, we recommend entering "0" in all yellow cells (to make sure you don't accidentally use the "example" data).

Edit menu (PC)  or File menu (Mac). In the Preferences
Step 1.  Enter manure data dialog box, chose Forms from the left-hand menu. Then

Instructions:  Choose the manure application units that will be used througout this worksheet. make sure the buttons for these options are clicked OFF.
Your information Example

Kind of manure Thin dairy slurry

Choose manure application unit 

Is wet manure measured in :

       ton (solid or semisolid manure)?

       1000 gallons (slurry or liquid)?

       acre-inches (lagoon or holding pond effluent)?

Instructions: Enter  “as-is” or “wet weight” manure analysis. If units are "lb nutrient/1000 gal," enter only "lb nutrient" in the boxes below.

This year's manure analysis This year's manure analysis This year's manure analysis
Nitrogen (N), lb/unit Phosphate (P2O5) and potash (K2O), lb/unit Manure solids and moisture

Your values Example Your values Example Fraction Your values Example

Total N 10 lb/1000 gal P2O5 7 lb/1000 gal Solids or DM 0.03

NH4-N 6 K2O 16 Moisture 0.97

Organic N 4 Total 1.00

Step 2.  Calculate manure N applied.
Instructions: Enter manure application rate for this year. Use application units chosen in Step 1.

Your value Example
units/acre

Application rate selected 20,000 gallons Instructions: Enter manure rate and manure analysis for 1–9 years ago.

Ammonium-N applied this year Organic N applied this year Organic N applied in previous years

Manure rate 
(units/ac)

NH4-N analysis 
(lb/unit)

NH4-N 
applied 
(lb/acre)

Manure rate 
(units/ac)

Organic-N 
analysis 
(lb/unit)

Organic-N 
applied 
(lb/acre) Year

Manure rate 
(units/ac)

Organic N 
analysis 
(lb/unit)

Organic 
N 

residual 
(lb/acre)

20,000 gal x 6 lb/1000 gal = 120 20,000 gal x 4 lb/1000 gal = 80 1 year ago 25,000 gal x 9 lb/1000 gal = 225

From manure analysis (this year): 2 years ago 15,000 gal x 5 lb/1000 gal = 75
From manure analysis (this year): 4 lb organic N/1000 gal

6 lb NH4-N per 1000 gallons 3 years ago 10,000 gal x 7 lb/1000 gal = 70

4 to 9 years ago 15,000 gal x 6 lb/1000 gal = 90

Manure organic N analysis  (lb/1000 gal):
    9 (1 year ago), 5 (2 year ago), 7 (3 year ago)
Estimated manure organic N 4 to 9 years ago = 6 lb/1000 gal
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Step 3. Estimate plant-available N (PAN) supplied by manure
Instructions: Consult Tables 1 and 2, and choose appropriate values for manure NH4-N retained and organic-N mineralized.  

PAN (from NH4-N) PAN (from organic N applied this year) PAN (from residual organic N)

NH4-N 
applied 
(lb/acre)

Fraction 
retained  (Table 

1)
PAN 

(lb/acre)

Organic N 
applied 
(lb/acre)

Fraction 
mineralized  

to PAN    
(Table 2)

PAN 
(lb/acre) Year

Organic N 
residual 
(lb/acre)

Fraction 
mineralized  to 
PAN   (Table 2)

PAN 
(lb/acre)

120 x 0.55 = 66 80 x 0.4 = 32 1 year ago 225 x 0.15 = 34

2 years ago 75 x 0.07 = 5
Surface applied Thin dairy slurry

not incorporated 3 years ago 70 x 0.03 = 2

4 to 9 years ago 90 x 0.12 = 11

Step 4.  Sum plant-available N (PAN) supplied by manure application 

(PAN from this year + PAN from residual manure organic N)

PAN from 
NH4-N 

(lb/acre)

PAN from 
this year's 
organic-N 
(lb/acre)

PAN from 
residual 

organic N 
(lb/acre)

Total 
PAN 

(lb/acre)
66 + 32 + 52 = 150

+ + =

Step 5.  Phosphate (P2O5) and potash (K2O) supplied by this year's manure application, and its fertilizer value
Instructions: Enter local $ value for phosphate (P2O5) and potash (K2O).
Note: Manure P and K have value when soil test values are  "low" or "medium."  When  P and K soil test values are "high" or "excess," value of P and K is zero or negative.

Phosphate (P2O5)

Manure rate 
(?/ac)

P2O5  analysis 
(lb/unit)

P2O5 
applied 
(lb/acre)

Phosphate 
fertilizer 

price     
($/lb P2O5)

Manure P2O5 
value ($/acre)

Manure 
rate (?/ac)

K2O analysis 
(lb/unit)

K2O applied 
(lb/acre)

Potash 
fertilizer price 

($/lb K2O)

20,000 gal x 7 lb/1000 gal = 140 x $0.40 = $56 20000 gal x 16 lb/1000 gal = 320 x $0.24 = $77

Step 6.  Estimated fate of this year's manure N, and its fertilizer value 
Instructions: Enter local $ value for fertilizer N.
PAN this year, and its value NH4-N lost, and its value N stored in soil

Total N 
applied 
(lb/acre) PAN (lb/acre)

Nitrogen 
Fertilizer  

price   
($/lb N)

Manure 
PAN value 

($/acre)

Manure  
NH4-N lost 

at 
application 

(lb/acre)
Fertilizer N 

price ($/lb N)

Value of 
Manure   

NH4-N lost 
($)

Residual soil 
organic N from 

this year's 
manure 
(lb/acre)

200 98 x $0.50 = $49 54 x $0.50 = $27 48

4 to 9 years ago: manure applied annually
Years 4 to 9, fraction mineralized = 0.02/year x 6 years = 0.12

Potash (K2O)
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Management to Increase  
Crop N Utilization
Conserve manure NH

4
-N  

at application
Directed application methods reduce 

exposure of slurry to the atmosphere, which 
reduces ammonia loss. When properly done, 
directed application increases NH4-N reten-
tion, reduces odor, decreases the risk of 
manure runoff from the field, and allows 
for greater manure application uniformity. 
Directed application methods do not require 
a separate tractor trip across the field for 
slurry incorporation. Directed application 
methods (Figures 3 and 4) include: 
•	 Injection below the soil surface
•	 Surface banding; placement of slurry in a 

line (band) on the soil surface
•	 Surface banding with partial incorpo-

ration of slurry into soil with a tillage 
implement

Many equipment configurations are avail-
able. Slurry is supplied to tractor-mounted 
application equipment through a drag hose 
or from a tanker. Many directed application 
methods are suitable for use with no-till or 
reduced tillage cropping systems.    

Because surface banding does not com-
pletely cover slurry with soil, it does not 
increase NH4-N retention as much as does 
injection (Table 1). However, surface band-
ing methods require less power, are faster, 
and cause less damage to established grass 
than injection. An excellent discussion 
of advantages and limitations of various 
directed application systems (with photos) is 
provided  in Advanced Silage Corn Manage-
ment (Bittman and Kowelenko, 2004). 

Equipment alternatives are discussed 
below and illustrated in Figures 3 and 4.

Preplant or side-dress for row crops 
(Figure 3). With this kind of equipment, 
one injection slot is made for each crop row. 
Options include:
•	 Deep injection (4 to 8 inches) into soil 

with a hose mounted on a knife or chisel 
(Figure 3a).

Figure 4. Directed application methods (b, c, d) for grasses 
or cereal crops vs. traditional broadcast manure application 
(a). Source: Jokela, W.E. and D. Côté. 1994. In NRAES-79. Natural 
Resource, Agriculture, and Engineering Service (NRAES), Ithaca, NY. 
www.nraes.org

Type
Placement 
of manure

Application implement 
(side view)

(a) Broadcast on 
surface— 
splash plate

(b) Band spreading— 
flexible hose

(c) Band spreading— 
trailing shoe 
(sliding foot)

(d) Shallow injection

(rear view)

Type
Placement 
of manure

Application implement 
(side view)

(a) Injection: 
vertical knife/chisel

(b) Injection: 
horizontal sweep

6–8"

4–6"

(c) Shallow incorporation: 
s-tine cultivator

(d) Shallow incorporation: 
concave disks 2–4" 

2–4" 

Figure 3. Directed application methods for row crops. Source: Jokela, 
W.E. and D. Côté. 1994. In NRAES-79. Natural Resource, Agriculture, and 
Engineering Service (NRAES), Ithaca, NY. www.nraes.org
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•	 Injection with a sweep (4 to 6 inches depth)—this 
kind of injection has a wider application zone 
(Figure 3b).

•	 Shallow injection (2 to 4 inches) into soil, fol-
lowed by shallow tillage with tines or discs  
(Figure 3c and 3d).

Surface band application in established grass 
(Figure 4). Slurry is placed in a line (band) on the 
soil surface. For best results, surface bands need to be 
close together (3 to 6 inches apart) and placed under 
crop residues. A “sleigh foot applicator” is one type of 
surface banding implement that has been tested exten-
sively in coastal British Columbia. (The “sleigh” is 
pulled across the soil surface like Santa in his sleigh.) 
The “sleigh foot” applicator is similar to a “trail-
ing shoe” or “sliding foot” applicator (Figure 4c). A 
recent innovation has combined aerator tines with 
sleigh foot application (Bittman and Kowelenko, 
2004). The aerator tines make small holes or slots 
that encourage rapid slurry infiltration and improve 
NH4-N retention. 

Limitations of directed application methods  
include:
•	 More labor, fuel, equipment, and expertise are 

required than for broadcast surface application. 
•	 Requires driving on the field, which may be 

impractical during wet spring months. 
•	 When manure is supplied by a tanker, row length 

must be matched to tanker volume to avoid “driv-
ing empty.”

•	 Requires closely spaced bands (3 to 6 inches 
between bands) when application is made to grass.  

•	 When injection slots are spaced far apart, injected 
slurry may move deeper than desired, or may 
move to the soil surface. This problem can be 
overcome by limiting the slurry application rate. 

•	 If manure is supplied by a tanker, an equipment 
turn-around area usually is needed at the top and 
bottom of the field. 

•	 Injection may increase N loss from leaching and 
denitrification in some situations. 

•	 Injection slots may channel runoff, causing 
increased erosion.

Schedule manure applications to  
minimize N leaching loss

 The manure application date affects the efficiency 
of crop uptake of PAN supplied by manure (Table 4, 
page 15). The PAN values estimated in the Worksheet 
(pages 11–12) assume that manure is applied dur-
ing months when crop N utilization is “medium” to 
“high.” When crop utilization is “low” or “very low” 
(Table 4), a substantial portion of PAN is likely to be 
lost by leaching before it can be utilized by the crop. 
Crop N utilization estimates given in Table 4 assume 
that:
•	 Manure application rate is not excessive.
•	 Manure application does not cause significant 

damage to soil (compaction) or crop (smothering).
Most crops have the greatest ability to take up 

N before it can be lost by leaching below the root 
zone when manure is applied in spring or summer. 
Nitrate-N already present in the soil in the fall usually 
is sufficient to support winter cover crop establish-
ment, so applying manure to cover crops in the fall 
generally is not an efficient use of manure N. How-
ever, winter crops often can utilize manure N applied 
in early spring (February–March). Crop utilization of 
manure PAN is lowest when manure is applied in fall 
to fallow ground or corn stubble.

Crop N utilization values given in Table 4 do not 
apply to well-composted manures or to dairy solids 
removed by a mechanical separator. These materials 
release PAN slowly and in small amounts, reducing 
the importance of season of application.

Although crop N utilization is “medium” for fall 
or winter application to grass, manure or compost 
application may cause excessive runoff of phosphorus 
or bacteria from the field. Consider contacting a crop 
consultant or the Natural Resources Conservation 
Service for help in identifying grass fields that are 
suitable for winter manure application. 

Table 4 does not specify a method of manure appli-
cation. At times of the year when crop N utilization is 
“medium,” “high,” or “very high,” you can gain the 
most benefit from manure application methods that 
conserve NH4-N. When crop N utilization is “low” or 
“very low” (Table 4), changing the manure applica-
tion method will not improve crop N utilization.  
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Take advantage of increased soil N 
mineralization rates

Repeated manure applications gradually increase 
the amount of PAN supplied from mineralization of 
residual organic N (manure organic N applied 1 or 
more years ago). This process is part of “soil build-
ing.” The annual quantity of N mineralized from 
manured soils (in the absence of current-season 
manure application) typically is 1.5–2 times greater 
than from unmanured soils with similar soil and crop 
management regimes. This boost in soil N mineraliza-
tion is accounted for in the Worksheet (pages 11–12) 
as “PAN from residual organic N.”
Studies of soil biota (soil animals, nematodes, fungi, 

bacteria, etc.) show adaptation to repeated manure 
application. Biota communities adapted to manured 
soil typically have greater capacity to break down 
organic N compounds in manure that generally are 
resistant to decomposition. The proliferation of soil 
biota in manured soils also often improves soil tilth, 
which can increase root growth and crop N utiliza-
tion. These changes in soil biota and tilth also con-
tribute to “residual” manure effects (increasing PAN 
supply for the crop).

Table 4. Effect of the timing of manure application on crop N utilization for crops grown west of the Cascades.a  Best utili-
zation of manure N = “high.” 

 
 

Manure application date
 
March

 
April–June

 
July

 
August

September–
Februaryb 

Crop Crop N uptake utilization of first-year PANc, d

Corn for silage Medium High Medium Low Very low

Grass pasture or grass for 
silage

High High High Medium Medium

Cereal or grass winter 
cover crop

High Medium (April), 
very low (May–
June)

Low

Grass seed crop High Medium (April), 
very low (May–
June)

Medium (postharvest) Medium Medium

Summer annual forage 
crop (e.g., sudangrass)

Medium High High Medium Very low

a Excludes mechanically separated dairy solids and composts. These materials have “medium” or “high” crop N 
utilization because they release PAN slowly and in small amounts. 
b September–February applications are not recommended where significant surface runoff is expected.
c PAN = First-year plant-available N from manure application. 
d PAN utilization estimate given assumes that manure application rate is adequate, but not excessive, and that 
manure application does not cause significant damage to soil (compaction) or crop (smothering). 

The rate of PAN release from residual organic N 
(1 or more years after manure application) is strongly 
affected by soil moisture and soil temperature, but 
it is not affected much by the kind of manure or 
compost applied the previous year. With irrigation, 
N mineralization rates are 2 to 4 times faster during 
the summer than during the cool season (October–
March). Because soil is moist but not frozen for most 
of the winter at sites west of the Cascades, a small, 
but significant, amount of N mineralizes between 
October and March.  

To take full advantage of PAN from soil organic 
matter mineralization, the field must have vegetative 
cover during the October–March period. Otherwise, 
nitrate-N released via mineralization during this 
period is likely to be lost by leaching. On fields with 
a history of frequent manure application, perennial 
grass growth typically continues for several weeks 
longer in the fall, and begins earlier in the spring, 
than on unmanured fields (even if manure was not 
reapplied in the early spring). The most significant 
long-term impact of manure application is evident in 
early spring (February and March) grass growth.  

Crop rotation strongly affects PAN release from 
residual organic N. When rotating from perennial 
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grass or alfalfa to a row crop, a large amount of PAN 
is mineralized during the first 6 months following till-
age. Tillage aerates the soil and breaks up soil aggre-
gates that protect organic N from soil biota. Lower 
rates of PAN addition are required for most row crops 
following plow-down of a perennial grass sod. When 
grass sod is plowed down in the fall, a substantial 
amount of N is lost over the winter through leaching.
Supply only a portion of crop N need 
from manure
One of the most efficient N management strategies 

for row crops is to supply only 50 to 70 percent of 
planned crop N need with manure. Then, side-dress 
with N fertilizer at midseason if needed (based on soil 
nitrate test results). This practice improves crop N 
utilization by:
•	 Supplying PAN when the crop needs it
•	 Minimizing the accumulation of PAN at the end 

of the growing season
•	 Allowing some margin for error in estimating 

PAN release from manure
Because less manure is applied, this practice will 

also reduce accumulation of manure P and K in soil. 
See OSU Extension publication EM 8832 (listed in 
“For More Information”) to learn how to collect and 
interpret data from a midseason soil nitrate test. 

Questions and Answers
Is the calculation method used for PAN in this 
publication different from that used in the 
“Organic Fertilizer Calculator”?   

The Organic Fertilizer Calculator (OSU Extension 
publication EM 8936-E) is primarily designed to 
assist organic farmers who are purchasing manure or 
other organic fertilizers. The Calculator provides an 
estimate of first-season N availability, assuming all of 
the manure NH4-N is retained after application. The 
Calculator is based on a linear regression equation 
(generated from local research) between manure total 
N (organic + ammonium-N) and first-season PAN. 

Because the Calculator uses a different approach to 
PAN estimates, the PAN values from the Calculator 
and from this publication are not directly comparable. 
PAN estimates from this publication’s Worksheet and 
from the Organic Fertilizer Calculator are most simi-
lar for manures that contain mostly organic N.  

The Environment and N Loss from 
Manures—Why Do We Care?

Plant-available N (PAN) losses from the soil 
represent lost fertilizer value. Nitrogen can be 
lost as ammonia, nitrate, or nitrous oxides  
(Figure 1, page 3). Besides losing a valuable 
resource, the lost PAN can contribute to off-site 
problems.

 Ammonia lost to the atmosphere is an air 
pollution problem in some areas of the western 
U.S., particularly in winter when atmospheric 
inversions prevent air mixing. In the atmo-
sphere, ammonia can react with dust and other 
compounds to reduce visibility and to acidify 
rain or fog. Ammonia emissions may contribute 
to:
•	 Human health problems (inhalation hazard)
•	 Changes in natural plant communities in 

forests and rangeland. (Nitrogen deposited 
in N-poor ecosystems can alter the balance 
between adapted species and N-loving inva-
sive species.)

•	 Acid fog or rain damage to limestone build-
ings or cultural artifacts (for example, petro-
glyphs on limestone)

•	 Reduction in visibility (haze)
Nitrate moves with soil water. Nitrate lost 

from soil enriches groundwater or surface water 
and can contribute to:
•	 Human health problems (blue baby syn-

drome, elevated cancer risk)
•	 Algae blooms in lakes or other slow-moving 

bodies of water
•	 Reduced survival and reproduction of some 

amphibians 
Nitrous oxides lost to the atmosphere through 

denitrification can contribute to:
•	 Human health problems (inhalation hazard)
•	 Global warming (A molecule of nitrous 

oxide (N2O) traps approximately 300 times 
more heat than a molecule of carbon  
dioxide.)

•	 Increased N deposits in sensitive ecosys-
tems, resulting in soil acidification or change 
in plant communities 

•	 Reduction in visibility (haze)
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Should denitrification loss estimates be included in 
N budgets for manure utilization?

The denitrification process (Figure 1, page 3) 
requires:
•	 Anaerobic soil conditions (lack of oxygen) 
•	 Microbial activity 
•	 Soil nitrogen in the nitrate form 

Research conducted west of the Cascades has dem-
onstrated that N loss via denitrification is typically 
less than 10 percent of N applied.  Nitrate-N loss in 
the fall and winter is caused mainly by leaching. In 
spring, denitrification is limited by low concentrations 
of soil nitrate.  In western Oregon and Washington, 
denitrification loss is not necessarily related to soil 
drainage class because seasonal high water tables usu-
ally occur in winter and spring when soil nitrate-N is 
low (e.g., it has already been leached out).  
Because the amount of PAN lost by denitrifica-

tion is generally small relative to other processes that 
affect PAN (timing and rate of manure application, 
NH4-N retained at application, organic-N mineralized, 
nitrate-N leached) it is ignored in the Worksheet.  

What can be done to conserve N on a whole-farm 
basis?

Much of the N lost from manure occurs prior to 
field application. An N-efficient whole-farm system 
includes: 
•	 Feeding practices that maximize animal utilization 

of N 
•	 Minimizing N loss in the barn
•	 Minimizing N loss in manure storage

Resources for improving whole-farm N utilization 
are available from the Livestock Poultry Environmen-
tal Stewardship program at: www.lpes.org

If manure is applied in fall, does it count as 
manure applied “this year” in the Worksheet?  

The Worksheet allows you to define a “year” 
any way you wish. If you apply manure in the fall 
to perennial grasses, you may want to begin your 
“manure application year” after the last forage cut in 
the fall, since this manure N will be utilized by grass 
the following spring. 

For crops other than perennial grasses, it is best to 
avoid fall application of manure because crop N utili-
zation is low (Table 4, page 15). Most of the first-year 
PAN is lost from manure applied in the fall when crop 
N utilization is “low” or “very low” (Table 4). 

Is the Worksheet a nitrogen budget or nitrogen 
recommendation? 

The Worksheet provided in this publication is not 
a complete nitrogen budget or recommendation. The 
Worksheet focuses only on N supplied by manure 
application. A nitrogen recommendation considers 
other factors, including: 
•	 N uptake/removal by crops
•	 N supplied from other sources (irrigation water, 

fertilizer, legumes)
•	 Typical mineralization rate for soil organic matter 

(unmanured soil)
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Conversion  Factors
Nutrient concentrations in manure can be expressed 

in different units or in different chemical forms. Use 
the unit conversion table on the next page to convert 
laboratory analysis units to field application units. 

Table 5. Conversion factors. To convert from units in column 2 (blue) to those in column 5 (orange), multiply by the con-
version factor in column 4. To convert from units in column 5 to units in column 2, divide by the conversion factor. For 
example, to convert P2O5 to P, divide by 2.29. 

Measurement Unit Symbol Multiply by To obtain Symbol

Volume acre-inch ac-in 27000 gallon gal

gallon gal 8.35 pound lb

Concentration parts per million ppm or mg/kg 0.002 pound/ton lb/t

parts per million ppm or mg/L 0.00835 pound/1,000 gallon lb/1,000 gal

parts per million ppm or mg/L 0.227 pound/acre-inch lb/ac-in

percent % 20 pound/ton lb/t

percent % 83.5 pound/1,000 gallon lb/1,000 gal

percent % 2,266 pound/acre-inch lb/ac-in

percent % 10,000 parts per million ppm

pound/1,000 gallon lb/1000 gal 27 pound/acre-inch lb/ac-in

Dry or wet percent dry matter (total solids) % DM 0.01 solids fraction DM

percent moisture % moisture 0.01 moisture fraction MF

manure, dry wt. basis 100/(%DM) manure, “as-is” 
basis

Nutrients phosphorus P 2.29 phosphate P
2
O

5

potassium K 1.20 potash K
2
O

nitrogen in nitrate form NO
3
-N 1 nitrogen N

nitrogen in ammonium form NH
4
-N 1 nitrogen N

  nitrogen in organic form org-N 1 nitrogen N

 

Carefully examine your laboratory report to determine 
whether nutrient concentration is expressed on an 
“as-is” basis (moist manure) or on a dry matter basis 
(no moisture). 
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For More Information

OSU Extension publications

Manure management
Bary, A.I., C.G. Cogger, and D.M. Sullivan. 2000. 

Fertilizing with Manure. PNW 533. 
Downing T., D. Sullivan, J. Hart, and M. Gamroth. 

2007. Manure Application Rates for Forage Pro-
duction. EM 8585-E. 

Laboratories

Hart, J. 2006. Laboratories Serving Oregon: Soil, 
Water, Plant Tissue, and Feed Analysis. EM 8677.

Tracking nutrients on the farm

Downing, T. 2000. Calculating Dairy Manure Nutri-
ent Application Rates. EM 8768.

Gamroth, M., T. Downing, and P. French. 2006. 
Feed Management: A Tool for Balancing Nutri-
ents on Dairies and Other Livestock Operations. 
EM 8913-E.

Marx, E.S., N.W. Christensen, J. Hart, M. Gangwer, 
C.G. Cogger, and A.I. Bary. 1997. Nutrient Man-
agement for Dairy Production: The Pre-sidedress 
Soil Nitrate Test (PSNT) for Western Oregon and 
Western Washington. EM 8650.

Sullivan, D.M. and C.G. Cogger. 2003. Post-harvest 
Soil Nitrate Testing for Manured Cropping Sys-
tems West of the Cascades. EM 8832.

Sullivan, D.M., C.G. Cogger, and A.I. Bary. 1997. 
Date, Rate, and Place: the Field Book for Dairy 
Manure Applicators. PNW 506.

Sullivan, D.M and R.G. Stevens. 2003. Agricultural 
Phosphorus Management Using the Oregon/
Washington Phosphorus Indexes. EM 8848-E.

Additional Extension publications on manure and 
nutrient management are available at http://extension.
oregonstate.edu/catalog/

Other resources
On-Farm quick tests for manure 

Chadwick, D.R., S.K.E. Brookman, J. Williams, 
K.A. Smith, B.J. Chambers, I.M. Scotford, and 
T.R. Cumby. 2004. On-Farm Quick Tests for 
Manure. In: Advanced Silage Corn Management. 
http://www.farmwest.com

Manure application methods to reduce  
ammonia loss

Bittman, S. and C.G. Kowalenko, eds. 2004. 
Advanced Silage Corn Management: a Produc-
tion Guide for Coastal British Columbia and the 
Pacific Northwest. Pacific Field Corn Association, 
Agassiz, BC. 

Effects of weather and direct application methods 
on ammonia loss

An online calculator, Ammonia Loss from Applied 
Slurry Manure, is available at www.farmwest.com

Organic fertilizer calculator

Andrews, N. and J. Foster. 2007. Organic Fertilizer 
Calculator: A Tool for Comparing the Cost, Nutri-
ent Value, and Nitrogen Availability of Organic 
Materials. Oregon State University Extension 
Service publication EM 8936-E, available at 
http://smallfarms.oregonstate.edu/ 
organic-fertilizer-calculator

Whole-farm nutrient management

Livestock and Poultry Environmental Stewardship 
Curriculum, available at http://www.lpes.org

National Livestock and Poultry Environmental Learn-
ing Center, available online at http://lpe.unl.edu 
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Research references 
The references listed below were consulted by the 

author in preparation of this publication. Much of the 
field research cited below was conducted in western 
Oregon, Washington, and British Columbia (the target 
region for this publication). Where local research 
was not available, best professional judgment was 
used to select applicable research from other regions. 
To determine the rationale behind existing Exten-
sion recommendations, the author also interviewed 
authors of state Extension publications that utilize a 
similar calculation method for PAN (PAN = NH4-N 
retained at application + organic N mineralized after 
application). 
Extension estimates of PAN from manure
Beegle, D. 2007. Manure nutrient availability, Table 1.2-15. 

Factors for calculating nitrogen availability. In: Penn State 
Agronomy Guide 2007-08. http://agguide.agronomy.psu.edu/
cm/pdf/table1-2-15.pdf

Chang A., ed. 2005. Managing Dairy Manure in the Central 
Valley of California. Univ. Calif. Div. of Agric. and Nat. Res. 
Comm. of Experts on Dairy Manure Mgmt.   
http://groundwater.ucdavis.edu/Publications/ 
uc-committee-of-experts-final-report%202006.pdf

Jokela, B. 2004. Nutrient credits from manure. In: Nutrient 
Recommendations for Field Crops in Vermont. BR 1390, 
p. 11–15. University of Vermont, Burlington, VT.

Jokela, W.E. and D. Côté. 1994. Options for direct incorporation 
of liquid manure. In: Liquid Manure Application Systems: 
Design, Management, and Environmental Assessment. 
NRAES-79. p. 201–215. Northeast Reg. Agr. Engin. Serv., 
Cornell Univ., Ithaca, NY.

Koelsch, R. and C. Shapiro. 2006. Determining Crop Available 
Nutrients from Manure. NebGuide G1335, Univ. Nebraska, 
Lincoln, NE.

Meisinger, J.J. and W.E. Jokela. 2000. Ammonia volatilization 
from dairy and poultry manure. In: Managing Nutrients and 
Pathogens from Animal Agriculture, p. 334–354. NRAES-
130, Ithaca, NY.

Sullivan, D.M. 2007. Developing extension guidance for man-
agement effects on ammonia loss: a computer simulation 
modeling approach. In: J. Hart, ed. Western Nutrient Manage-
ment Conf. Proc., Vol. 7, p. 56-61. International Plant Nutri-
tion Institute, Brookings, SD.

Manure application method effects on  
NH4-N retention 
Bittman, S.C., G. Kowalenko, D.E. Hunt, and O. Schmidt. 1999. 

Surface-banded and broadcast dairy manure effects on tall 
fescue yield and nitrogen uptake. Agron J. 91:826–833.

Bittman, S., L.J.P. Van Vliet, C.G. Kowelenko, S. McGinn, 
D.E. Hunt, and F. Bounaix. 2005. Surface banding liquid 
manure over aeration slots: a new low-disturbance method for 
reducing ammonia emission and improving yield of perennial 
grasses. Agron J. 97:1304–1313.

Bitzer, C.C. and J.T. Sims. 1988. Estimating the availability of 
nitrogen in poultry manure through laboratory and field stud-
ies. J. Environ. Qual. 17:47–54.

Pote, J.W., J.R. Miner, and J.R. Koelliker. 1980. Ammonia loss 
during sprinkler application of animal wastes. Transactions of 
the ASAE, p. 1202–1206.

Wu, J., D.L. Nofziger, J. Warren, and J. Hatley. 2003. Estimat-
ing ammonia volatilization from swine-effluent droplets in 
sprinkle irrigation. Soil Sci. Soc. Am. J. 67:1352–1360.

Estimating PAN from mineralization of manure 
organic N
Eghball, B. 2000. Nitrogen mineralization from field-applied 

beef cattle feedlot manure or compost. Soil Sci. Soc. Am. J. 
64:2024–2030.

Gilmour, J.T., C. Cogger, L.W. Jacobs, G.K. Evanylo, and D.M. 
Sullivan. 2003. Decomposition and plant available N in bio-
solids: laboratory studies, field studies and computer simula-
tion. J. Environ. Qual. 32:1498–1507. 

Kusonwiriyawong, C. 2005. Nitrogen mineralization from 
organic amendments during the second season following 
application. M.S. thesis, Oregon State University, Corvallis, 
OR.

Moberg, D., R. Johnson, and D. Sullivan. 2007. Cool season 
mineralization of recalcitrant organic nitrogen in undisturbed 
cores of manured soils. In: J. Hart, ed. Western Nutrient Man-
agement Conf. Proc., Vol. 7, p. 147–152. International Plant 
Nutrition Institute, Brookings, SD.

Paul, J.W. and E.G. Beauchamp. 1994. Short-term nitrogen 
dynamics in soil amended with fresh and composted cattle 
manures. Can. J. Soil Sci. 74:147–155.

Shi, W., J.M. Norton, B.E. Miller, and M.G. Pace. 1999. Effects 
of aeration and moisture during windrow composting on the 
nitrogen fertilizer values of dairy waste composts. Appl. Soil 
Ecol. 11:17–28.

Sullivan, D.M., A.I. Bary, C.G. Cogger and E.A. Myhre.  
1999.  Field microplot estimates of soil N mineralization 
for manured and non-manured soils.  p. 193–200.  In: Proc. 
Western Nutrient Management Conference.  Salt Lake 
City, UT.  4-5 Mar. 1999.  Potash & Phosphate Institute.  
Manhattan, KS.

Van Kessel, J.S. and J.B. Reeves III.  2002. Nitrogen mineraliza-
tion potential of dairy manures and its relationship to compo-
sition. Biol. Fertil. Soils 36:118–123.

Van Kessel, J.S., J.B. Reeves III, and J.J. Meisinger. 2000. Nitro-
gen and carbon mineralization of potential manure compo-
nents. J. Environ. Qual. 29:1669–1677.
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PAN from manures and composts in multiyear 
field studies
Bittman, S., C.G. Kowalenko, T. Forge, D.E. Hunt, F. Bounaix, 

and N. Patni. 2007. Agronomic effects of multi-year surface 
banding of dairy slurry on grass. Bioresource Tech. 98:3249–
3258.

Cogger, C.G., A.I. Bary, S.C. Fransen, and D.M. Sullivan. 2001. 
Seven years of biosolids vs. inorganic nitrogen applications 
to tall fescue. J. Environ. Qual 30:2188–2194.

Sullivan, D.M., A.I. Bary, T.J. Nartea, E.A. Myrhe, C.G. Cogger, 
and S.C. Fransen. 2003. Nitrogen availability seven years 
after a high-rate food waste compost application. Compost 
Sci. Util. 11(3):265–275.

Sullivan, D.M., A.I. Bary, D.R. Thomas, S.C. Fransen, and 
C.G. Cogger. 2002. Food waste compost effects on fertilizer 
nitrogen efficiency, available nitrogen, and tall fescue yield. 
Soil Sci. Soc. Am. J. 66:154–161.

Sullivan, D.M., C.G. Cogger, A.I. Bary, and S.C. Fransen. 2000. 
Timing of dairy manure applications to perennial grass on 
well-drained and poorly drained soils. J. Soil Water Cons. 
55:147–152. 

Sullivan, D.M., S.C. Fransen, A.I. Bary, and C.G. Cogger. 1998. 
Fertilizer nitrogen replacement value of food residuals com-
posted with yard trimmings, paper, or wood wastes. Compost 
Sci. Util. 6(1):6–18. 

Sullivan, D.M., S.C. Fransen, C.G. Cogger, and A.I. Bary. 1997. 
Biosolids and dairy manure as nitrogen sources for prair-
iegrass on poorly drained soil. J. Prod. Agric. 10:589–596. 

Prediction of NH4-N retention
Sǿgaard, H.T., S.G. Sommer, N.J. Hutchings, J.F.M. Huijsmans, 

D.W. Bussink, and F. Nicholson. 2002. Ammonia volatiliza-
tion from field-applied animal slurry—the ALFAM model. 
Atmospheric Environ. 36:3309–3319.

Sommer, S.G. and N.J. Hutchings. 2001. Ammonia emission 
from field-applied manure and its reduction—invited paper. 
European J. Agron. 15:1–15.

Denitrification in manured soils in the Pacific 
Northwest 
Myrold, D.D. 1988. Denitrification in ryegrass and winter wheat 

cropping systems of western Oregon. Soil Sci. Soc. Am. J. 
52:412–416.

Myrold, D.D., N.C. Baumeister, and J.A. Moore. 1992. Quanti-
fying losses from land-applied dairy manures. Oregon Water 
Resources Research Inst. Publ. WRRI-115, Corvallis, OR.

Paul, J.W., V. Etches, and B.J. Zebarth. 1997. Denitrification and 
nitrate leaching during the fall and winter following dairy 
cattle slurry application. Can. J. Soil Sci. 77:231–240.

Paul, J.W. and B.J. Zebarth. 1997. Denitrification during the 
growing season following dairy cattle slurry and fertilizer 
application for silage corn. Can. J. Soil Sci. 77:241–248.

Paul, J.W. and B.J. Zebarth. 1997. Increased denitrification 
below the root zone in the fall following a spring manure 
application. Can. J. Soil Sci. 77:249–251.
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