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Changing Attitudes Regarding
Swine Finishing Manure

The purpose of this publication is to raise awareness
of the economic value of manure and to discuss a
spreadsheet tool for determining and maximizing
that value. The basics of manure value calculations
are discussed, followed by a summary of manure
economic response from actual Minnesota swine
operations. While this bulletin primarily focuses on
liquid swine manure, the basics of determining value
also apply to manures with lower nutrient concentra-
tion and dry forms or manure from other species.

Confinement barns with liquid manure storage have
become the dominant production system in Mid-
western U.S. swine operations over the past 20-25
years. In the finishing phase of production, most
manure is stored in deep under-slat pits where condi-
tions reduce nitrogen losses by volatilization. Under-
slat storage also collects nearly all of the excreted
P,0, and K,O. Significantly greater nitrogen losses
occur in open lots, feeding floors, and lagoons.

The combination of feed intake and diets fed,
management systems and pig flow, feeder/drinker
technology, and efficient nutrient collection and
storage in swine finishing results in a manure with a
higher nutrient density than in other phases of pork
production and compared with most other livestock
species’. Nutrient density is high even though diet
and management are focused on reduced daily nutri-
ent excretion to increase pork production efficiency
and profitability.

Keeping manure nutrient density high results in
hauling fewer gallons of manure to meet crop nutri-
ent requirements, and thus lower application cost.
Skyrocketing commercial fertilizer prices have also
increased the potential value of this by-product when
it is used efficiently to fertilize crops, particularly corn.

1 Nutrient density of liquid manure is often expressed as pounds per
1000 gallons of liquid manure, and will be expressed that way in this bul-
letin.
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Attitudes regarding liquid swine finishing manure
are changing due to this combination of higher nutri-
ent density and higher fertilizer prices. The potential
value of manure is now considered in decisions to
build new facilities. Numerous arrangements for pur-
chasing or gaining access to manure by crop produc-
ers have developed.

When manure applications are managed with eco-
nomic outcomes as the driver, benefits also accrue to
the environment since effective economic outcomes
with manure are greatly influenced by efficient nutri-
ent utilization for crop uptake and the avoidance of
nutrient waste.

Determining Manure Value

Manure handling and storage is a necessity in a mod-
ern livestock operation. Manure storage is designed
to collect and store the manure so as to not interfere
with efficient livestock production and to comply
with manure storage and handling regulations that
are placed upon the operation. Though there is some
interest in alternative uses for manure such as energy
production, currently almost all manure is used to
supply nutrients for crop production. Over time ma-
nure removal from storage has come to be viewed less

as waste disposal and more as fertilizer replacement.

The increasing price of commercial fertilizer has
heightened interest in the use of livestock manure
for supplying crop nutrients and has significantly
increased the value of manure as a nutrient source.
Also, some research and much anecdotal evidence
suggests that manure application results in superior
yields when compared to commercial fertilizer ap-
plied to provide similar nutrient levels, especially on
fields that do not have a manure application history
(Randall).

More producers are considering the contribution of
manure value to cash flow in livestock operation bud-
gets, and are seeking an appropriate market value



in exchange situations between livestock producers
and crop producers. More crop producers also appear
to be seeking livestock manure as a major nutrient
source, either by purchasing from a livestock produc-
er or by adding livestock (particularly swine finish-
ing) to their farming operations. Often promotional
efforts for contract swine finishing opportunities
emphasize the value of manure as a feature.

Basic Methodology

The approach to assigning a value to manure in this
publication is to relate the manure nutrients (N, P,O,,
K0, and micronutrients) to the cost of the fertilizer
nutrients that otherwise would have been pur-
chased in a commercial fertilizer-based program. In
addition, manure application may have other eco-
nomic effects. These are yield effects (usually positive),
tillage cost savings when manure incorporation replac-
es other tillage, and added weed control costs. Yield
effects are thought to be the most significant of these
factors. After a gross value is determined on a per-acre
basis a net value is determined by subtracting the per-
acre application cost. After a net per-acre economic
value is calculated, additional analysis can be done per

barn, per field, per animal or per animal space.

Determining the economic value of the nutrients

in livestock manure can be complex. Nutrients in
commercial fertilizer are acquired by paying for the
nutrients and a small application charge. In the case
of manure, the crop enterprise receiving the manure
in effect, “acquires” nutrients by paying for the cost
of application, even if they already have ownership of
the manure in a storage structure. Another difference
is that commercial fertilizer supplies the amount

and ratio of nutrients needed or ordered. With
manure, you get the amount and ratio of nutrients
that the manure contains even if it is different from
the ratio needed, which complicates the determina-
tion of a value. Even when a rate that supplies the
correct amount of nitrogen is applied, the amount

of phosphorous and potash applied may not match

what you would have purchased commercially, and
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amounts applied above crop need probably have

no value. In a nutrient replacement context, only
nutrients that are replacing something you would
otherwise buy commercially have value. In the past,
manure application costs often exceeded the value of
the nutrients applied. Now, in many situations, the
nutrient value in the manure exceeds the cost of ap-
plication. A formula that estimates manure value can

be described by:
Net Economic Impact of Manure =

Value of First-Year Fertilizer Replaced (N, P,O,,
K, O, and micronutrients) & Fertilizer Application
Costs Avoided

+ Residual Value in the Second Year or Later (if any,
this relates to fertilizer nutrients that would have
been purchased)

+/- Non-NPK Yield Response (and possibly tillage
impacts and weed control impacts)

- Manure Application Costs

On the swine operations analyzed and discussed

in the “Calculated Economic Value of Liquid Swine
Finishing Manure on Minnesota Farm Fields” section
below, the first three items in the formula (Value of
First-Year Fertilizer Replaced (N, P,O,, K,O, and micro-
nutrients) & Fertilizer Application Costs Avoided, Non-
NPK Yield Response, and Manure Application Costs)
tended to be more significant than Residual Value in
the Second Year or Later. The on-farm data analysis
discussed in that section ignores possible tillage and
weed effects?. However, as indicated in the above
formula, some producers might want to also consider
factors like tillage cost reduced by manure applica-
tion or need for greater weed control after manure
application. Micronutrient contributions should only

2 Tillage and weed control impacts were not evaluated in this study
because analysis was completed before the actual impacts of these factors
on the next year’s crop could be measured. The producers involved seemed
to place little importance on possible tillage or weed control impacts. Weed
control impacts were expected to be more of an issue with solid manure
than with the liquid manure studied here.



be considered if micronutrients were going to be pur-
chased but are supplied by the manure instead. As
mentioned above, manure value can be calculated on
a per acre applied basis, per unit of weight or volume,
per storage unit, or per operation. The value will vary
widely, influenced by factors such as:

+ amount of N, P,Os, and K O required per acre
by the crop,

« nutrient concentration in the manure,
+ application rate,

+ potential yield response attributed to manure
beyond N-P-K application, and

+ application cost per ton or gallon.

The same manure in terms of nutrient concentration
can have widely differing value depending on crop
need and accuracy of application.

Efficient Manure Nutrient Utilization
is Key

Ultimately, maximal economic benefit from manure
is derived from maximizing nutrient utilization effi-
ciency, or in other words not wasting available nutrients,
as long as the value of increased nutrients used are
not eroded by increased application costs to achieve
those gains. Among manures, nutrient concentration
is a major factor as it influences the cost to supply the
needed nutrients. Nutrient ratio in manure can also
be a contributor to efficiency. When manure nutri-
ent ratio closely meets the ratio required by crops it
is less likely that over application will occur. Some
attempts to determine manure value start by giving
a value to all available nutrients in the manure but
never consider that many of these nutrients are not
needed by the crop and are not replacing something
that would be purchased. This approach will over

value manure.
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Challenges and Observations

From an economic view, commercial fertilizer is

a major crop production expense and is the main
driver of manure value calculation to a crop producer
whose goal is to maximize profits. An agronomic
issue that will influence manure value calculations

is whether crop removal or recommended rates are
used to make this crop need determination. Many
land-grant university soil scientists and agronomists
suggest using soil test-based recommended phos-
phate and potash rates rather than crop removal
rates. If fertility levels in the soil test at medium to
high levels, recommended rates of these nutrients
will commonly be less than the amounts of these
nutrients applied in a typical manure application. The
manure nutrients over and above what is deemed
needed will not have value as a fertilizer replacement.

A second and related issue has to do with second
(and later) year credits. Some approaches to manure
valuation give value to all nutrients in the manure.
Valuation of all manure nutrients in some cases
implies up to a 4-5 year crop removal time frame.
Again, if PO, and K O were to be purchased in the
second year, and are not purchased because manure
applied for the first year had sufficient extra nutri-
ents for year two, some rationalize that this value
can be added to the year one application. However,
it is more accurate to take a soil test in the follow-
ing years (years 2-5, in this case) and apply based
on the soil test results at the (later) time. Soil is not
necessarily a bank of available nutrients from which
you can add or subtract on a one-to-one basis. Even
though extra nutrients are present, various soil
properties will determine the amount of P,0, and
K,O that is available in later years. If manure applied
today actually does increase the soil test levels that
show up in later years’ soil tests and if the later years’
fertilizer rates are actually reduced as a result, then
those future fertilizer cost savings should be includ-
ed when valuing today’s manure application. How-
ever, it is difficult to predict the change in future soil

tests resulting from prior years’ manure applications.



Solid manure is influenced by the same issues of
nutrient concentration, crop need, and other factors.
However, the less-dense nutrient concentration of
most cattle manures makes it more challenging to
accumulate gross value that will exceed application
cost. An exception is most poultry manure which has
high nutrient density and can be very cost effective
when applied at agronomic rates.

Manure Application Costs

When liquid manure is applied by a commercial
applicator, the application cost is usually already

in a cost-per-gallon format, or a form where that
conversion can be made (like total gallons pumped
and total pumping costs, possibly determined by a
per-hour charge). This conversion to a per-ton cost is
usually more difficult for solid manure where billing
may be on a per-load or per-hour basis and only total
loads might be reported. In that case an estimate of
load weight, or if possible, some sample weighing of
loads must be used to estimate tons hauled. When
the operator owns their own equipment, with either
liquid or solid, programs do exist to help estimate ap-
plication costs, again based on machinery ownership

costs, labor, fuel, and other factors.

Combining Manure and Commercial
Fertilizer

It is not uncommon for crop producers to apply a
manure rate somewhat lower than crop need from
the manure and then add additional commercial
fertilizer. One approach is to use a small amount of a
liquid starter such as 7-21-7. Another approach is to
reduce manure application such that estimated avail-
able nitrogen is applied about 30-40 pounds below
the desired level and then add that amount from
commercial sources, often with spring application.
The goal is to increase early season nutrient availabil-
ity and possibly mitigate uncertainties with manure

nitrogen availability and uneven manure application.
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A more extreme approach is to apply at a level near
the PO, requirement and supply the additional
needed nitrogen with a commercial fertilizer source.
Where sufficient acres are available in the crop-

ping system, this allows manure to be applied to
more acres, resulting in more acres with a poten-

tial manure yield boost. Equipment that can apply
uniformly at these low rates is problematic however
and application costs per gallon will be higher at very
low rates per acre. Also, more application time will be
required.

Phytase in Swine Diets

The use of phytase in swine diets and its influence

on manure value is a current hot discussion item.
Many people are concerned about the reduced
phosphorus levels in the manure. However, typi-

cal nitrogen based application rates of about 3500
gallons of swine finishing manure per acre will still
supply phosphorus at 55-70 pounds per acre, even

if the P O, level in the manure is only 20 pounds per
1000 gallons. University of Minnesota recommended
P,O, application rates for corn do not suggest more
than those amounts unless soil test levels are in the
low or very low range. Thus, many fields, especially
those that have received manure in the past, should
not be negatively affected by this practice and the
feed cost savings will not be lost in reduced fertilizer
replacement value. However, in the past several years
some manure samples had P,O, levels as low as 7-10

pounds per 1000 gallons.
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Calculated Economic Value of for crops have also increased, giving more possible
quuld Swine l:‘lmshlng Manure value to possible positive yield effects of manure. The

report also discusses impediments to maximizing

on Minnesota Farm Fields

manure value such as over or under applied rates,

Results from a recent study demonstrate the eco- crop fertilized, applying to fields not requiring PO,
nomic value of swine manure as actually applied on and K O, and incorporation methodology. It is not
Minnesota farm fields. The objectives of the project possible to predict the management changes on
were to estimate from an economic and environ- the part of producers that could occur in the future
mental perspective the efficiency of manure nutri- because of manure value increases.
ent utilization (N-P,0,.-K O) currently occurring on
Minnesota swine finishing farms employing liquid The following procedure was used in the study:
manure systems; and to identify the impediments to
maximizing the economic impacts of manure nutri- 1. Determine the number of gallons pumped.
ent utilization on Minnesota swine finishing farms In most cases this was the amount billed by a
employing liquid manure systems. commercial manure applicator. Pit measure-
ments were also taken and loads counted at
Forty-seven fields receiving manure from deep-pit two sites where applicator billings were not
swine finishing facilities in 2005, 2006, and 2007 available. Only liquid manure systems were
were included in the analysis. Cooperating producers studied.
were volunteers from various producer and produc-
tion groups who were willing to provide access to 2. Take samples of the manure during pumping.
their data. Most of the sites were located in southern Samples were submitted to the Stearns DHIA
and western Minnesota with one site in north-cen- Lab for analysis. All samples were taken when
tral Minnesota. the pit was agitated and in most cases about
halfway through the pumping process. In a few
Commercial fertilizer prices have increased dramati- cases, multiple samples were taken at different
cally since this study was conducted. Obviously the times and a composite sample was submitted.
potential fertilizer replacement value of manure Also, several samples were taken with a core
has increased significantly as a result. The manure sampling approach before agitation.
economic value results are presented here first using
the fertilizer prices that producers were paying at 3. Stakes were provided to producers and com-
the time, because those prices provided the incen- mercial applicators to mark the area of the field
tives that the producers were responding to when where the manure from the barn was applied.
they chose how to manage their manure. However, In some cases, GPS equipment on the applica-
producers today are faced with a different economic tion equipment was used to determine applica-
situation. So, the economic values are also shown in tion area and map calculations were used for
terms of the latest fertilizer values available when several fields.

this report was prepared in early 2008, to show the

impact of this fertilizer market. If fertilizer prices 4. After application, a project investigator visited

continue to advance the fertilizer replacement value the farm to measure the size of the area that

of manure will also increase. Using the MANUR- received the measured amount of manure if

WKST.XLS spreadsheet (see Appendix) with cur- it had not been measured with the commer-

rent fertilizer prices is the appropriate strategy to cial applicators equipment. A Garmin Map 76

determine the impact as these changes occur. Prices GPS unit was used for this measurement. In



most cases the GPS determination matched
closely the acreage estimate by producers. Also,
information was gathered on manure applica-
tion practices and crop rotations, feeder and
waterer technology, and related issues.

5. The actual manure volume applied was calcu-
lated as well as the applied rates of N-P,0.-K O.
An economic analysis was calculated for the
actual manure application that took place. The
MANURWKST.XLS spreadsheet was used to
make calculations. The economic values placed
on the manure include an assumed corn yield
boost at sites where N needs of the crop were
met. The boost was valued at an $20/A based
on 10 bushels? and a $2.00/bushel based on
prices in the early years of the study. Where N
was under-applied and no additional commer-
cial fertilizer N was applied, this $20/A value
was reduced or eliminated depending on the
degree of under-application.

6. Finally, a hypothetical “best case” manure man-
agement scenario was developed for each field
and compared to the actual situation at that
field. The net economic difference resulting
from the actual application rate and the best
case management scenario was calculated for
each farm based on fertilizer replacement value
minus applications costs. Best case scenarios
considered items such as modification of ma-
nure application rate, crop selection, selection
of fields with greater P and K needs, and appli-
cation method. Some subjectivity was involved
in determining what application management
strategies could be applied to improve the value
of this manure.

Fifteen deep-pit finishing sites were included in the
study in 2005. Sites were increased to 22 in 2006,

3 The 10 bushel yield boost is the midpoint of the 6 to 15 bushel range
suggested by Randall (2008). This yield boost is assumed to be over and
above what could be explained by N, P, and K applications since the fertilizer
nutrients replaced with manure were valued elsewhere in the spreadsheet
calculations.
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with 10 more included in 2007 for a three-year total
of 47 sites (Table 1). Manure dry matter ranged from
1.7 to 8.8%, with a three-year average of 3.6%. Nitro-
gen averaged 43 1b/1,000 gallons and P,O, averaged
181b/1,000 gallons, with considerable variation in
both of these nutrients.

Data on phytase use was obtained for 14 of the sites
in 2006 and 6 sites in 2007. For those operations
where phytase use was known, P,O, levels varied
widely so the data should be interpreted cautiously.
The median (middle of the range) P O, level for the
phytase-using farms in 2006 is 5 Ib lower than the
non-phytase median, as expected. The median levels
at the phytase-using sites are around 20 1b less than
for the non-phytase site in 2007.

While corn was by far the most common crop receiv-
ing manure, 13% of the 2005 sites and 5% of the
2006 sites were intended to be planted to a legume
such as soybeans, alfalfa, or edible beans (Table 2).
The crop grown previously varied, with soybeans be-
ing most common in 2005 and 2007 while corn was
more common in 2006. The most common normal
crop rotation planned for the sites was a corn/soy-
beans rotation, with 40% of the sites following that
rotation. Continuous corn was planned at 26% of the
farms. A corn/corn/soybeans rotation was planned
on 12% of the farms and a corn/corn/corn/alfalfa/
alfalfa rotation was planned on 11% of the sites. A
corn/wheat/soybeans rotation was planned on one
site in 2005 only.

Sites where the soil tests called for P,O, applications
increased from 33% of all sites in 2005 to 50% of the
sites in 2007, averaging 41% of sites over the three
years. Sites requiring K O declined in 2006 and then
increased in 2007, averaging 38% of all sites over the
three-year period. For those fields where P,O, was
recommended by University of Minnesota recom-
mendations, the average P,O, recommendation was
41 1b/A. The K,O recommendation rate for fields
showing a need by University of Minnesota recom-
mendations averaged 52 Ib/A.
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Application rates declined from an average
5,723 gallons/A in 2005 to just over 5,000 TABLE 1. Deep Pit Finishing Manure Dry Matter, o
gallons in 2006 and to 4,975 gallons in ggrrg‘(%eﬁeiZQZaig%ﬁ)gtgontent: Summary Statistics
2007. The reason for the decline in average

rate was not determined. Since almost all 2005 2006 2007 Total
of the fields changed from one year to the Number of Sites 15 22 10 47

next the decline may be due to random

. P Dry Matter, Percentage
farm-to-farm differences. Logistical factors Y 9

. . Maximum 8.8 7.0 7.8 8.8
such as available field size may have some Average 37 37 15 16
impact also. On the other hand, fertilizer Minimum 18 19 17 17
prices are rising. Lower manure application
rates are a reasonable response by pro- Manure Test - # N per 1000 gallons
ducers who are covering more acres with Maximum 63 78 75 78
available manure to minimize fertilizer Average o 4 a2 a3

Minimum 24 29 24 24
purchases.
Manure Test - # P O, per 1000 gallons

Application costs were just under one Maximum 4 51 35 51
cent/gallon in 2005 and 2006, and rose to Average 17 19 18 18
1.28 cents on average in 2007 (Table 3). Minimum 7 10 7 7

Actual application costs paid to custom ap-

. . . Manure Test - # K,O per 1000 gallons
plicators were used in the analysis at most =P g

3 A . h h d s Maximum 53 46 38 53
ites. ne si ¥ Y e n
sites. At one site where the producer's ow: Average 28 27 23 2
equipment was used, costs were estimated Minimum 16 18 1 1
using the MANURCST.XLS spreadsheet
(see appendix) and the equipment was Using phytase (number of sites) Average
priced as if purchased new in 2005. The Yes 10 5 8
- . - . No 4 1 3
increase in per-gallon application costs is )
Unknown 8 4 6
probably due mostly to inflation in fuel Total . 10 1
and other costs. Median
Median Ib P_O, of those using phytase 13 14 14
For the economic analysis, the manure Median Ib P,0, of those NOT using phytase 18 35 27
nutrients needed by the crops were valued Difference 5 21 13

using the commercial fertilizer prices

shown in Figure 1. The fertilizer prices

and fertilizer application costs were based

on those charged by a fertilizer supplier as anhydrous ammonia, while the other two nutri-

in southwestern Minnesota. The fertilizer prices of ents were applied as dry product. Anhydrous applica-

$0.25, $0.30, and $0.21 per pound of N, P.O_ and tion costs of $3.75, $4.25, and $5.00 per acre were
.25, $0.30, . , PO .
K,O were assumed for the 2005 and 2006 data. They assumed for 2005, 2006, and 2007 respectively. Dry

were increased to $0.33, $0.34, and $0.26 for 2007. fertilizer application costs were $2.60, $2.70, and

The fertilizer application costs varied depending on $3.10 for the three years. Two separate fertilizer ap-

whether N was the only nutrient needed, whether P plication trips over the field were then required when

and/or K but not N was needed, or whether all three both anhydrous and dry fertilizer were needed.

were required. Nitrogen was assumed to be applied



TABLE 2. Current and Previous Crop and Crop Fertility
Recommendations, Percent of Sites

2005 2006 2007 Average

Current crop

Corn 87% 95% 100% 94%
Legume (soybeans, alfalfa, or edible 13% 5% 0% 6%
beans)

Total 100% 100% 100% 100%

Previous crop

Soybeans 53% 27% 50% 44%
Corn 33% 73% 30% 45%
Wheat 7% 0% 0% 2%
Legume other than soybeans (alfalfa 7% 0% 20% 9%

or edible beans)

Total 100% 100% 100% 100%

Normal rotation

Corn/soybeans 47% 14% 60% 40%
Corn/corn/soybeans 13% 23% 0% 12%
Corn/corn 27% 32% 20% 26%
Corn/corn/corn/alfalfa/alfalfa 23% 0% 11%
Corn/wheat/soybeans 7% 0% 0% 2%
Unknown 7% 9% 20% 12%
Total 100% 100%  100%  100%

Percent of farms that required P 33% 41% 50% A41%

fertilizer?

Average P requirement on sites where 39 38 46 1

required (Ib/A)

Percent of farms that required 40% 23% 50% 38%
required K fertilizer?

Average K requirement on sites where 62 59 36 52
required (Ib/A)

The actual application rate of swine finishing manure
from a 1,000 head capacity barn can result in project-
ed net manure fertilizer value up to $5,000 or more
where all factors favor it such as high crop need, high
nutrient concentration, and accurate application.

On the other hand, the value may be negative in
cases of significant over-application or low nutrient
manure (Table 4). In the first year of this study, with
finishing barn manure, return per barn for manure
ranged from a minus $1,421 to a positive $1,800.

An average over all of the barns resulted in a manure
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value of $140/barn. By the third year, the
average manure value per barn had risen to
$1,392 but was as high as $5,331/barn in
one case. This translates to an average cash
contribution of $17/A in 2007, and as high
as $55 per acre in one case and a signifi-
cant cost of $39/A for manure removal and
application in another case.

Rising commercial fertilizer prices will
make manure much more valuable in 2008
than it was during this project. In early
2008, fertilizer prices were considered
quite volatile but were around $0.44/
pound for nitrogen, $0.62/pound for P,O,,
and $0.44/pound for K O. Application
costs for both manure and commercial
fertilizer are rising as well, but their impact
is less than for fertilizer prices. Fertilizer
application costs of $5.00/A for anhydrous
and $5.41/A for dry fertilizer were as-
sumed for 2008. The economic value of the
deep-pit finishing manure was recalculated
for all three years at the 2008 projected
prices previously mentioned. Since the
manure application costs varied by site,
the actual costs were indexed to projected
2008 levels using index numbers of 100 for
2005, 105 for 2006, 111 for 2007, and 116
for the 2008 projection. The indices are

a weighted average of the U.S. Bureau of
Labor Statistics Producer Price Indices for
fuel, farm machinery, and labor, weighted

by the percentages that these three cost components
make up in a typical liquid manure tank application
system at 2005 prices, as calculated using the MA-
NURCST.XLS spreadsheet.

To gauge the economic benefit of targeting ma-

nure application rates more precisely, the per-barn
and per-acre net values were recalculated under a
hypothetical scenario where the actual rates were
adjusted to exactly meet the University of Minnesota

recommended rates for nitrogen needs of a corn



TABLE 3. Application Rates and Costs, Deep Pit
Finishers

2005 2006 2007 Average

Rates applied (gallons/A)
Maximum 9,887 7,031 6,936 7,951
Average 5,723 5,086 4,975 5,261
Minimum 4,057 2,333 2,988 3,126
Application costs (S/gallon)
Maximum $0.0117 $0.0120 $0.0250 $0.0162
Average $0.0098 $0.0095 $0.0128 $0.0107
Minimum $0.0065 $0.0073 $0.0077 $0.0072

FIGURE 1. Commercial Fertilizer Prices Used in the
Economic Value Calculations

$0.70

$0.60 A

$0.50 /

$0.40 //‘

$0.30 - r%'

$0.20

$0.10

$- T T T
2005 2006 2007 Projected

2008

== Commercial fertilizer price per unit of N, $/Ib.
=m= Commercial fertilizer price per unit of P, $/lb.

== Commercial fertilizer price per unit of K, $/Ib.

FIGURE 2. Observed Impediments to Maximizing Economic
Value: 2005-2007, Percent of Sites Where Observed

2005 2006 2007

7%
20% 33%

40%

790 27%

H No P orKneed B Over-applied N
B No P need (K needed) M Under-applied N
¥ No K need (P needed) W Crop selection

H Low nutrient manure
(<30 1b N/1000 gallons)
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crop. In the 2005 data, rates would need

to be decreased at seven of the sites and
increased at three in order to maximize the
economic value of manure, with no change
at the other five sites. Rates at around half
of the sites needed to increase and half
decrease in 2006 and 2007 to maximize
economic value of manure. The net value/
barn at projected 2008 prices increased
from $2,382 to $3,461 when averaged over
all three years.

The most commonly occurring impedi-
ment to maximizing manure value was the
application of manure to fields that did not
require either P,O, or K,O or both because
of both high soil test P and K levels (Figure
2). Low nutrient concentration in ma-

nure (defined arbitrarily as less than 30 1b
N/1000 gallons) was observed at only one
site in 2005 but at five sites (50% of the to-
tal) in 2007. This low concentration limited
value creation, in that higher application
costs were incurred to achieve target nutri-
ent application rates. Significant over- or
under-application of nitrogen occurred

at a number of sites in 2005 and 2006.
Nitrogen was over-applied at six sites (40%
of the total) and under-applied at three
(20%). In 2006, nitrogen under-applica-
tion was the most common impediment at
twelve sites (55%)*. Under-application can
lower crop yields if not compensated for
with commercial fertilizer. Fields that did
not require either P,O, or K,O were nine
sites (41%). No K was required at seven
sites (32%), and nitrogen was over-applied
at 32% of sites.

4 “Nitrogen under-application” here refers to manure N,
not necessarily total N if fertilizer N was also added but not
reported to us.



Concluding Observations on the
Economic Value Calculations

Getting arrangements and oversight in
place to collect data reliably enough for
comparative conclusions is difficult with
manure. The forty-seven fields in this
study represent a very small sample of the
manure applied in Minnesota over these
three years.

Manure value potential is high. However,
varying crop need, existing high soil test
levels, equipment availability and capa-
bility, and supply and available land may
diminish the capture of that potential

in some cases. It is important to analyze
each situation to determine manure value
rather than to rely on thumb rules. In-
creasing fertilizer prices are increasing the
level of management and planning that is
employed to capture manure value.

More research and field observation is
needed to determine why manure analysis
dry matter levels and other results vary so
much. Results from individual barns and
operations tend to be reasonably consis-
tent over time. Dilute manure (low nutri-
ent concentration) increases application
cost and thus decreases net manure value.
If some other benefits do not occur (such
as feed cost savings) there is a significant
net value reduction with low nutrient

manures.
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TABLE 4. Economic Value of Deep Pit Finishing Manure:
Summary Statistics from Three Years of Data at
Current and Projected 2008 Prices, Per Acre and Per

Building?

2005 2006

2007 Average

net value/acre

As actually applied, valued at current prices

Maximum $40 $48
Average $0 $20
Minimum $(27) $(23)

As actually applied, but valued at projected 2008 prices

Maximum $65 $112

Average $12 $54

Minimum $(27) $(23)
“Best case”

Maximum $67 $124

Average $23 $67

Minimum $(8) $29

$55 $48
$17 $12
$(39) $(29)
$108 $95
$44 $37
$(19) $(23)
$111 $101
$64 $51
$19 $13

net value/building (300,000 gal.)

As actually applied, valued at current prices

Maximum $1,800 $3,623
Average $140 $1,103
Minimum $(1,421) $(1,017)

As actually applied, but valued at projected 2008 prices

Maximum $2,898 $7,042
Average $859 $3,108
Minimum $(1,421) $(1,027)

“Best case”
Maximum $3,702 $10,728
Average $1,582 $4,203
Minimum $(304) $1,430

@ There were 15 sites in 2005, 22 in 2006, and 10 in 2007.

$5,331  $3,585
$1,392 $878
$(3,331) $(1,923)

$7,878  $5,940
$3,179 $2,382
$(1,620) $(1,356)

$12,576  $9,002
$4,598 $3,461
$1,002 $709




Variation in Manure Test Dry
Matter: Dilution Versus Other
Factors

Manure value cannot be determined and managed to
maximize its value without knowledge of the nutri-
ent content of nitrogen, P,O, and K,O. Swine finish-
ing barn manure samples from the 47 sites showed
substantial variation in levels of these nutrients

and variation in dry matter content. In addition,
another 68 samples from a companion project deal-
ing with soil test nutrient level in response to liquid
swine manure applications also varied widely®. One
explanation often suggested is that low dry matter

is due to dilution of the manure with water wasted
by drinkers or added during pressure washing or
from cooling sprinklers. The dilution hypothesis was
explored by calculating the amount of water that
would need to be added to reduce the dry matter
percentages to the levels observed. The amount of di-
lution required is described below, and other possible

explanations are also discussed.

The 117 samples from the two studies averaged
4.59% dry matter with 51 Ib of nitrogen, 27 Ib of
P,0,, and 31 1b of K,O per 1000 gallons. Dry matter
levels varied from 1.0% to 8.8% in the present study
(discussed in Section 2) and from 2.34% to 9.74%

in the companion study discussed in Koehler et al.
Results are shown in Table 5.

A regression of P,O, pounds per 1,000 gallons on dry
matter percentage yielded an R? value of 0.834. The
R? for N pounds on dry matter was 0.729. Thus, dry
matter levels appear to be a significant predictor of

both nutrients in these samples.

Midwest Plan Service publication MWPS-18 esti-

mates the dry matter content of swine finishing

5 Results from the companion study are discussed in publication AG-BU-
084242007, “Effects of Swine Manure Applications on Soil Nutrient Levels
and Phosphorus Loss Risk, Results from a southwest Minnesota monitoring
project and the application of the Minnesota Phosphorus Index,” By Robert
Koehler, Ann Lewandowski, and John Moncrief, University of Minnesota
Extension Service and University of Minnesota Department of Soil, Water,
and Climate.

14 The “Other Fertilizer”

manure to be 11% at excretion and daily excretion
of a midpoint finisher pig to be 0.89 gallons per day.
With a stocking rate of 340 days per pig space, a barn
with a capacity of 1000 head will have 340,000 pig
days per year. Annual excretion from 340,000 pig
days with 0.89 produced per pig is 302,600 gallons
per year. Assuming that the barn is washed 3 times
per year, 10 hours per time, with a washing rate of 5
gallons per minute, another 9,000 gallons of liquid is
added to the pit. This 9,000 gallons of water plus the
302,600 gallons excreted totals to 311,600 gallons
per year with a 10.68% dry matter content (bottom
line of Table 6).

The other lines in Table 6 show the additional water
required to reach a range of dry matter levels if
starting from the MWPS-18 excretion amounts. It
appears from these calculations that large amounts
of additional water must be added to the pit, or large
amounts of dry matter must escape the sampling
process, to reach the low dry matter levels of 2-4%
that were observed in some of the samples analyzed
in this study.

It is highly unlikely that the amounts of liquid re-
quired to go from 10.68% DM to 4% or 2% can come
from drinker waste water. The 2% level would require
that 1,352,700 gallons be added to the pit in some
way, or that 81% of the dry matter escape detection
in the dry matter analysis. Going to 4% requires
832,150 gallons of extra liquid or a 62.5% reduction
in estimated dry matter. A pit for this barn will likely
have a capacity in the 400,000-450,000 gallons.
Thus with the level of water additions required to
reach the 2 and 4% dry matter levels barns would
need to be pumped 2-3 times annually. This was not
observed.

It is likely that a combination of factors must be in
place to reach dry matter levels that do not seem
mathematically plausible by any one factor. Some
suggested influences are:

+ Manure sampling error (due to poor agitation).
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+ Manure sampling time relative to

TABLE 5. Deep-Pit Swine Finishing Manure Dry Matter
and Nutrient Content: Summary Statistics from Three
Years of Manure Analysis Data from This Project and
Six Years of Data from a Companion Study?

pump-down.
+ Lab analysis errors.

«  Water additions from wash wa-

Companion
This Project Project

ter, sprinklers, drinker waste, and

possibly showers and other human
2005 2006 2007  1999-2006 Total

Number of Analyses 12 18 19 68 117

generated liquids associated with
employee break rooms if they are al-

lowed to enter the pit. Dry Matter, Percentage

+ Finisher diet characteristics that may Maximum 8.8 8.5 7.8 97 97
results in reduced dry matter excre- Average 384 32 >2 46
Minimum 1.8 1.9 1.0 23 1.0

tion or increased water consumption.

« Barn environment such as warm Manure Test-# N per 1000 gallons

temperatures have an influence. Maximum 58 80 75 95 95
Warm temperatures may increase Average 43 48 40 56 51
Minimum 31 24 19 29 19

water waste. In warm barns water

loss through respiration will also be
g p Manure Test-# P205 per 1000 gallons

a means of controlling body heat at

Maximum 48 51 40 80 80
higher temperatures, thus impacting Average 19 21 18 33 27
the amount of water lost to slurry®. Minimum 7 10 6 6 6

«  Breakdown of solids in manure over
Manure Test-# K20 per 1000 gallons

time.

Maximum 53 46 38 51 53
Average 30 29 22 34 31
The lab receiving these samples reports Minimum 17 18 10 18 10

similar results and ranges in the large

@ The number of analyses shown here does not agree with the number of sites
included in the previous table because multiple analyses were done at some
sites and a few sites are not represented in this table because of missing dry
matter data. The companion project is described in AG-BU-08424, “Effects of
Swine Manure Applications on Soil Nutrient Levels and Phosphorus Loss Risk” by
Koehler, Lewandowski and Moncrief.

number of samples they process. This
wide range is common in the industry.
Samples in most cases studied were taken

by Commercial Animal Waste Technicians

certified in Minnesota. Many were taken
at the midpoint of pit draw down, while a
few were composite samples. All were from and/or on-site management factors are a source of
agitated pits with the exception of several using a the variation observed among barns.

pre-agitation core sample.
If low dry matters and correspondingly low nutrient

When observing the data, it appears that variation is
far greater among farms and barns than among years
for the same barn. Patterns exist for individual barns

from year to year, indicating that the barn itself

6 See O'Connell-Motherway, S., Lynch, P. B., Carton, O.T., and O'Toole, P.
Aspects of Slurry Management on Pig Farms. 9/1998. Teagasc, Oak Park, Car-
low, Ireland, Irish Agriculture and Food Development Authority. http://www.
teagasc.ie/research/reports/environment/4336/eopr-4336.htm, for more
information on barn environment factors.

levels are the result of high water waste, practices to
reduce that waste should be addressed since the eco-
nomic value of such manure is significantly less due
to hauling many more gallons to achieve the required

crop nutrient levels.

If diets and management are actually reducing dry

matter excretion to these low levels, the manure
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TABLE 6. Water Dilution Required to Reach Different Dry Matter Percentages When Starting from
Typical As-Excreted Levels

ActualLab  Expected MWPS-18 Lab Predicted Unaccounted Gallons required for MWPS Extra Gallonsto % Extra Dilution

Dry Matter Gallons from Excretion Dry Matter  Dry Matter, Predicted Pounds DM at Reach Lab Reported These Gallons
as Reported and Washing' Hauled? pounds?® Reported % DM* Dry Matter® Represent

2% 311,600 51,726 224,548 1,664,300 1,352,700 434%

4% 311,600 103,451 172,823 832,150 520,550 167%

6% 311,600 155,177 121,097 554,767 243,167 78%

8% 311,600 206,902 69,371 416,075 104,475 34%

10% 311,600 258,628 17,646 332,860 21,260 7%
10.68% 311,600 276,274 0 311,600 - 0%

1 0.89 gallons/pig day x 340,000 pig days (1000 spaces x 340 days per space) + 9000 gallons wash water

2 Lab Predicted DM hauled = 311,600 gallons x 8.3 pounds per gallon x Lab Dry Matter Reported

3 Unaccounted DM, pounds = MWPS-18 DM pounds predicted (-) DM based on reported DM% x 311,600 gallons
4 Gallons needed to contain 276,274 pounds DM at Lab Reported DM %

5 Gallons needed to contain 276,274 pounds DM at Lab Reported DM % (-) 311,600 gallons

value losses would likely be offset by the feed ef-
ficiency savings. While data on performance in these
barns does not exist, there were no observations that
performance was any better in these low dry matter

barns compared with other barns in the study.

The authors do not draw conclusions on this issue at
this point. Most of the “easy” answers do not hold
up upon further study. Poor sampling techniques,
extreme water waste or pit solid build-up, or unique
diet formulations alone do not seem to be believable
answers for these barns. Discussions with lab techni-
cians, agricultural engineers, and nutritionists also
have not resulted in definitive answers for this range

of lab reported dry matter levels.

Keeping records from year to year and establishing

a multiple year average for each barn may be useful.
Also, taking several samples over the pumping period
(such as early, mid, and late) may give some indica-
tion as to the effect of sample time differences due to
factors such as agitation effectiveness.

Manure dry matter levels, if accurately measured, are
highly associated with nutrient concentration which
in turn greatly affects manure value since it takes
less gallons, and thus less application cost, to meet
crop nutrient requirements. For that reason produc-
ers are encouraged to evaluate their management to
avoid dilute manures unless other offsetting benefits

are gained.



Related References

From an economic perspective, gross manure value
will be determined by the value of commercial fertil-
izer that is replaced plus other economic impacts
such as yield effects. This gross value minus manure
application costs will determine net value. One of
the more controversial topics in determining manure
value is the appropriate amount of phosphorus to re-
place, both in year one, and possibly for year two and
after. Often land grant university recommendations
are used (the basis for calculations in the “Calculated
Economic Value of Liquid Swine Finishing Manure
on Minnesota Farm Fields” section above). Some-
times crop removal is used. Similarly, impact of yield
response from manure application may have a large

influence in estimating value.

The topic of soil phosphorus chemistry is complex
and attitudes toward crop yield response is varied.
Three references are listed below with paragraphs
that summarize the conclusions of each and reflect
assumptions by the authors.

Zublena, J. B, “Nutrient Removal by Crops in North
Carolina,” Publication AG-439-16, North Carolina
Cooperative Extension Service, March 1991, http://
www.soil.ncsu.edu/publications/Soilfacts/AG-439-
16/#Phosphorus.

“Much of the phosphorus added to soil is
“fixed” by chemical reactions with iron, alumi-
num, and calcium and becomes unavailable for
uptake by crops. The quantity of phosphorus
available to plants is much smaller than the
total quantity of phosphorus in the soil. This
amount can be determined only through soil
tests. The quantity of available phosphorus in
soils is the fraction that is affected by plant

removal.”
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Rehm, George, “Fertilizing when Soil Test Phospho-
rus Values are in the Medium Range,” Department
of Soil, Water, and Climate, University of Min-
nesota, Minnesota Crop eNews, October 4, 2004,
http://www.extension.umn.edu/cropenews/2004/
04MNCN34.htm.

“Results show, with commercial phosphate
fertilization, that with soils starting in the
medium testing range for phosphorous there
was no yield difference in corn or soybeans
resulting from application at crop removal
rates versus U of M recommended rates. Crop
removal rates did result in increased soil test
phosphorus levels.”

Randall, Gyles, “Hog Manure: Gunk or Gold?”
(completed research project summary), Southern
Research and Outreach Center, University of Min-
nesota, , undated, accessed March 28, 2008, http://
sroc.cfans.umn.edu/research/soils/projects/hog_ma-
nure_gunk_or_gold. htm.

“Results from these six studies clearly show a
yield enhancing effect of hog manure compared
to fertilizer N. Obtaining a 6 to15 bu/A yield
response compared to fertilizer N is definitely
a good reason to use management practices
that efficiently utilize manure rather than just
disposing of it. Although manure may not
shine like the gold in jewelry, it definitely has

a strong economic value and should not be
treated as gunk.”
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Appendix: Spreadsheet and Instructions

MANURWKST.XLS is a spreadsheet that will calculate net manure value considering first year fertilizer replace-
ment value, possible residual value, and yield impacts, along with application cost, for specific farm situations.
It is available at http://swroc.coafes.umn.edu/Bob/docs/manurwkst.htm. The spreadsheet and instructions are

shown on the following pages.

In addition, for those seeking a more comprehensive analysis, another spreadsheet referred to as MANURCST.
XLS is available from author Lazarus. This approach calculates fertilizer replacement value in a manner similar
to MANURWKST.XLS but also calculates application costs based on machinery ownership costs, labor, fuel, and
other factors. It is more complex to use and so is not included in this publication.

What is Manure Worth? Yellow cells are for data entry.

Bob Koehler - Southwest Research & Outreach Center, University of Minnesota
Bill Lazarus - Department of Applied Economics, University of Minnesota

White cells are calculated.

The example prices and other numbers in the spreadsheet printout are included in order to Gray cells are unused.
demonstrate the methodology, but may not apply in the future as market conditions change.
Download the electronic version of the spreadsheet and enter your own information in order
to arrive at results that apply to your situation.

Scenario 1

Scenario Description:

Line Steps Total N PO K,0

Step 1: Determine The Value of Nutrients Needed for First Year Crop Production

1 Nutrients that would be applied to this field with commercial fertilizer if no manure was used 140 45 40
-N,P,0,, KO #Per Acre

27

2 Commercial fertilizer value per unit of N, P,0,, K,0 $/lb. $0.44 $0.62 $0.44
3 Value of individual fertilizer nutrients that would be applied to this acre (line 1 x 2) $61.60 $27.90 $17.60
4 Value of micronutrients that would be purchased - $/acre $0.00
5 Value of commercial fertilzer application costs (the per acre cost to distribute product) that are $10.41

avoided because of manure application (per acre) (see comment box)

6 Total value of fertilizer nutrients that would be applied to this acre (sum of line 3 values plus $117.51
any micronutrient value from line 4 and also the application cost shown in line 5)

Step 2: Calculate the Value of Required Nutrients That Are Applied With Manure (for First Year Crop Production)

7 Specie of livestock (select with drop down menu) Swine Finishing v 7

8 Select type of manure (liquid or solid) from drop-down menu Liquid v 1

9 Nutrients per 1000 gallons 53 39 29
10  Manure application method (select with drop down menu) Injection-sweep

11 Estimated nutrient availability (%) of manure to be used in scenario 80% 80% 90%
12 Do you want to use the default numbers for nutrient availability? Yes

13 If No, enter your own numbers 80% 80% 90%
14 Do you wish to have an N or P,O_ based application rate? (select with drop down menu) N

15  Application rate needed to meet the rate (N or P205) chosen in line 14 in gallons/acre 3,302

(continued)
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16  Gallons of manure actually applied (or planned) per acre -ENTER YOUR DESIRED RATE HERE=> 3,500

17  Pounds of available nutrients applied with manure per acre (line 8 x nutrient availability x (line 148.40 109 91
16 + 1000))

18  Value of “needed” N, P,0,, & K,0 nutrients applied with manure $61.60 $27.90 $17.60

19  Estimated value of micronutrients in this manure that will replace purchased micronutrients. $0.00

20 Total value of “needed” nutrients applied with manure for first year crop production (sum $117.51

of N, P,0,, &K,0in line 18 + value of micronutrients in line 19 + cost of applying commercial

,P,0,,
fertilizer shown in line 5)

Step 3: Calculate the Value of Applied Nutrients That Will Replace Second Year Purchases Or Are Desired to Improve Soil
Fertility Levels

21 % of applied nitrogen available for year 2 15%

22 Potential nutrients available in year 2 28 64 51
23 Nutrients that will be used and credited in year 2 (or later for P,0, & K,0) 0 0 0
24 Individual value of residual nutrients, per acre $- $- $-
25  Total value of residual nutrients per acre $0.00

Step 4: Adjust For Yield or Other Factors

26  Per acre adjustment for yield impact ($ Plus or Minus) $20.00

27  Per acre adjustment for tillage or other impacts ($ Plus or Minus) $0.00

Step 5: Subtract Application Costs

28  Cost of applying these manure nutrients ($/gal) $0.0130

29 Total cost of manure application per acre (line 16 x line 28) $45.50

This Section Calculates Total Net Value of Manure Application Per Acre and Per 1000 gallons

30 Net per acre value of manure application in excess of application cost (line 20 + line 25 + line $92.01
26 + line 27 - line 29)

31  Net value of manure per 1000 gallons (line 30 + line 16) $26.29

Calculated Facility or Farm Totals-Manure Perspective

32  Gallons of manure available to be applied 300,000
33  Acres receiving manure (line 32 + 16) 86
34  Net value of manure application in excess of application cost (line 30 x line 33) $7,887

Calculated Facility or Farm Totals-Acres to Be Covered Perspective

35  Acres needing manure 100
36 Gallons of manure per acre (from Line 16) 3,500
37  Gallons of manure that will be needed to cover all acres shown in line 35. 350,000

Break-Even Application Costs

38  Gross value created per acre (line 20+line25+line26+line27) $137.51

39 Gallons applied per acre (line 16) 3500.0

40  Value per gallon $0.039




20 The “Other Fertilizer”

Line-By-Line Instructions for the “What Is Manure Worth” Worksheet

20

Enter per acre rates of N, P205, & K20 that would be purchased if no manure was used on this field. Usually this is the amount recommended by
aland grant institution or crop consultant to produce a crop in the most cost efficient manner in the crop year following application. If there is a
goal to increase soil test nutrient levels for P and/or K, amounts above anticipated first year needs are sometimes applied. Those nutrients can be
credited in Step 3 (Line 23).

Enter quotes on commercially applied fertilizer per pound for individual nutrients.
Calculates line 1 x line 2 for each individual nutrient
Enter the value of micronutrients (on a per acre basis) if they were to be purchased in a commercial fertilizer program.

Enter per acre cost of physically applying commercial fertilizer if there is a charge above the unit price reported in line 2, unless commercial fertilzer
will also be used in addition to manure, in which case there is no saving due to manure application.

Calculates total per acre value of nutrients that would be applied as commercial fertilizer, including application costs.
Select the specie and class of livestock from the drop down menu.

Select whether manure is in the solid or liquid form from the drop down box. If liquid is selected calculations will be made in gallon units. If solid is
selected, calculations will be reported on a ton basis. Input line text will adapt accordingly. A separate set of default values exists for each form and
species.

Enter manure test information for the manure source in question.

Test results should be in pounds per 1000 gallons for liquid manure and pounds per ton for solid manure. Estimates are sometimes necessary if
decisions on value are made before testing is done at agitation and/or hauling. Previous years’ results for the facility in question may be a good
predictor of current test levels if management factors have not changed. Similarly designed and managed facilities may also be the basis for
estimates if necessary. Using book values may result in significant error. Default values will appear based on specie and manure form. However, use
your own values if you can.

Select the appropriate manure application method from the drop-down menu.

Default percentage of applied nutrients available to the crop from the manure application. Default value is influenced by nutrient, application
method, specie, and the time (year) after application. In some cases soil chemistry, moisture and temperature conditions will have an influence. A
manure test identifying the amounts of nitrogen in the ammonia and organic forms will help in estimating available N. Values may be 20-80% for
N, 80% for P205, and 90% for K20 in many Minnesota situations. Nitrogen default values are shown on the sheet labeled N Availability. Various
references report P205 and K20 availabilities at 70-100%. This program uses a default value of 80% for P205 and 90% for K20.

Select from the drop-down menu if you wish to use default values for nutrient availability. In most cases this is recommended.
Enter your own numbers if you feel justified in doing so.

From the drop-down menu select if you wish to use a nitrogen or phosphorus based application rate.

Calculated application rate (gallons or tons) needed to meet the method selected in line 14.

Enter the manure application rate (gallons or tons) that is planned for this situation. Use the amount reported in line 15 as a guide. Appropriate
rates are calculated based on crop need, application costs, and environmental risk. Rates that supply nutrients above crop needs will generally be
less cost effective due to the cost incurred in applying unneeded nutrients. However, many variables can affect individual situations. Calculating a
rate that supplies the needed nitrogen for the next crop is a common approach with highly concentrated manure or manure that has an N:P ratio
similar to crop need.

Calculated available nutrients to the crop from manure application in crop year 1 following application.

The commercial replacement value of needed individual nutrients for crop year 1 that are applied with manure. Nutrients applied beyond that
“needed” by the crop in year 1 are not given a value at this time (see line 24 for subsequent year nutrient values).

Enter the value of micronutrients in this manure that will replace purchases that would have been made in a commercial fertilzer based (no manure)
system.

Calculated total per acre value of “needed” available nutrients in manure that would have been applied as commercial fertilizer, including
commercial fertilizer application costs.
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Default estimated % second year nitrogen available from manure applied for year one. Default values are shown on the sheet labeled N Availability.

In cases where fertilizer would be applied in the second crop year following manure application, nutrients not used in the first crop year may be
available in the second year. An example is another crop requiring nitrogen in year 2 or a soybean crop on low P soils following a corn crop that
was fertilized with manure. In many cases second year value may not be significant. The amount of potentially available nitrogen is calculated and
amounts of P and K are estimated by subtracting first year needed nutrients from total first year application.

Enter the amount nutrients, if any, estimated to be available in line 20, that are deemed to have value in this scenario. These should be nutrients
that will replace purchases that would have occurred in the second year. In many cases this amount is zero.

Calculated value of all year two individual nutrients that have economic value.
Calculated total value of year 2 nutrients.

Some research indicates manure has a positive yield effect on crops beyond the expected contribution of the N, P205, & K20 in the manure.

This positive yield effect might be due to soil structure contributions, organic matter additions, trace elements, or possible impact of above
recommended levels of additional nutrients in high yield potential situations. Data from the University of Minnesota Southern Research & Outreach
Center indicates a 7-10 bushel corn yield advantage from manure applications when compared to non-limiting commercial fertilizer applications.
Some producers also feel that soybeans planted in the second year after manure application may yield an additional 4-5 bushels. Subsequent
manure applications on fields with a manure application history may not show additional yield advantage from repeated manure applications.
Little is known about the persistence of this yield boost. In some cases compaction resulting from manure application or uneven application rates
may result in reduced crop yields when manure is the source of nutrients. Individual conditions will dictate manure impact on yields. The user is free
to make judgments for the circumstances under consideration and enter an appropriate value. Zero may be appropriate in many cases and as much
as a positive $50 or more might be justified in others.

Enter the per acre adjustment for tillage impacts of manure application. In many cases this will be a positive number reflecting the tillage operation
that is no longer required as a result of soil tillage accomplished by the manure application sweeps. However, in some cases, especially with surface
applied solid manure, additional tillage passes may be necessary because manure was applied. In that case enter the value of the additional tillage
per acre as a negative value. Other factors, like possible increased weed control cost due to manure could also be entered here as a negative.

Enter the cost of application per gallon for liquid manure and cost per ton for solid manure. If application equipment is owned, cost of application
can be estimated/calculated based on factors including machinery ownership costs, labor costs, etc. Manurcst, an Excel Spreadsheet designed by
the authors, or similar approaches may be used to arrive at this cost. The range of reported custom rates per gallon in 2007 was from $0.0075 for
high volume application to $0.025 for some low volume applications. Where hourly rates are charged, divide that rate by expected gallons (or tons)
to be applied per hour to arrive at per gallon (or ton) charges.

Calculated manure application cost per acre.
Calculated net value per acre of manure in excess of application cost.

The net value per acre calculated above in 30 and divided by the total gallons (in 1000 gallon units for liquid ) or tons applied per acre can estimate
the value of manure per 1000 gallons or ton. This value is very specific to individual case assumptions and is not transferable to other situations.
For example, if high rates are applied well beyond the amount that will supply needed nutrients, manure may have a negative net value. Likewise,
the first increments applied have a very high value since all the nutrients are needed. But once P205 & K20 needs are met only the N is contributing
value. When N needs are exceeded subsequent manure may have a negative value and manure application becomes a “disposal” operation.

Enter gallons (or tons) for facility or farm under analysis.

Calculated acres that will receive manure under the per acre rate and gallons or tons to be applied.

The calculated total net value of the manure from the facility or farm under analysis.

From a crop producer, or manure purchasers perspective, the number of acres they wish to have fertilized with manure.
Reports the application rate selected in line 16.

Calculated amount of manure that will be needed to cover the acres shown in line 35 at the rate shown in line 36.

Gross value created per acre (line 20+line25+line26+line27) (no application cost subtracted).

Gallons or tons applied per acre (from line 16)

This is the gross value created and then divided by gallons or tons to show the break even cost of application. When manure and application are
offered at one price, enter a zero in line 28. The value in line 40 shows the cost that can be paid for the applied manure. This is often the situation
with poultry manure.
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