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Livestock wastes have been considered an asset 
to crop production since the beginning of organized 
agriculture. . B,ecause these wa~tes contain ~~yeral 
essential plant ~µ-ients, they contribute to in-... 
creased crop yields when properly applied to soils, 
Thus, manure represents a valuable nutrient re
source for crop producers. 

and nutrients, lessens wind and water erosion, and 
promotes growth of ·beneficial organisms. 

Dutjng the last s~veral years,_ livestook p,r,o'." ... 
ducers have been shifting toward confinement.op
eratio,ns, with more animals being.raised on smaller. 
units of land. In most cases, the shift to confinef 
ment livestock operations a1so has resulted in ishift' 
to_ liquid manure·~andlmg·systems, Hpwevet, mfaiy' · .· .... 
livestocJc pI"oducers are applying excessive,1:atei·1:0 .. 

. ·•. theirp.',_•~-d.ssmerely···tqqi.~pos_._e qf. the wa_ ste·.· ·.;o_ ;.fte,n, 
\ normal lbnounts ofitlorganic fertilizers aretheli·•••·•.· 
. addedt~;;the ~elds--"--a,practlce that is neither·•.> 

economicaUy'nor ,env:irbmnentally souriq; 

· . Nonetheless, manure can benefit afannfeirtili-}, .. ,, ., 

•~iae:a1:t ,j,i:111
·~ 
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Manure Characteristics 

Nutrient Values 
The nutrient content of manure is affected by a 

variety of factors, many of which are unique to a spe
cific farming operation. Some of these factors include 
animal specie, type of manure handling system, live
stock housing and bedding system, diet, temperature, 
and miscellaneous contamination. All of these factors 
affect the amounts of nitrogen (N), phosphorus (P), 
potassium (K), and micronutrients (zinc being of most 
concern in Minnesota) in the manure. 

Depending on which animal specie and handling 
system a producer has, several tables are available that 

. approximate the amount of nutrients in the manure. 
There are many tables published from many different 
sources-all having slightly different values. Since each 
manure pile or pit is unique, the table values are only 
meant to be approximate and slight variations are 
expected. Table 1 contains values from liquid and solid 
manure systems. Since several thousand pounds or 
gallons of manure are applied per acre, small deviations 
caused by under- or overestimations can result in 
significant nutrient differences. 

The most reliable and accurate way to determine the 
nutrient content of a particular farm's manure is to have 
a sample of the manure analyzed by a laboratory. This 
eliminates the numerous approximations made by using 
means tables. Most soil testing laboratories do manure 
testing for a nominal charge. The ideal time to sample 
the manure is just prior to spreading. For liquid manure 
systems, it is important that the pit be agitated before 
sampling, while for solid manure several cores should be 
taken throughout the piles. Good sampling procedures 
are necessary since the nutrients in manure are not 
distributed evenly between the liquid and feces portions, 
as shown in Figure 1. 

Figure 1. Distribution of nutrients betwBBn I/quid and 
solid portions of manure. 
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P and K Availability 

The total amount of nutrients in manure is not as 
important as the availability of the nutrients. Nutrients, 
such as nitrogen and phosphorus, that are in some 
organic portions of the manure are not available until 
they are transformed into inorganic nutrients. The con
fusion as to the available versus unavailable, organic 
versus inorganic, and liquid versus solid fractions of 
manure makes rate calculation difficult. Generalized 
statements for phosphorus and potassium are straightfor
ward: 70-80% of the phosphorus and 70-90% of the po
tassium in animal \Vastes is available the first year. 
Therefore, when using a generalized table or a labora
tory report, multiply the P and K values by these con
stants to determine your first year's amounts. 

N Availability 
Nitrogen is more complex in manure than is P or K. 

Of all the nutrients in manure, nitrogen has the greatest 
potential both for. adversely affecting the environment 
and for increasing crop yields. It is important to under
stand all forms of N when using manures since they are 
continually changing. Several of the transformations 
needed to understand manure N will be discussed in the 
following paragraphs with Figure 2 being a reference. 

Table 1. Average nutrient composition of manure. (Adapted from Midwest Plan Servlce-18) 

1 Numbers in parentheses are pounds of nutrients per 1,000 gallons. 

2 



Figure 2. Nitrogen components of manure and some 
transformations that occur In the soil. 
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The two main forms of N of concern in manure are 
the organic N, which is also designated unavailable N, 
and ammonium N, which is the predominate component 
of available N. Although manure also contains nitrate 
N, nitrite N, and ammonia N, these forms comprise a 
relatively small fraction of the inorganic N. Sometimes 
nitrite N and ammonia N can cause germination prob
lems when seeds are planted too close to concentrated 
wnes of manure. 

A. Organic N 
When manure is applied to soil, the organic N 

begins to break down to inorganic N that is available to 
plants. This process is termed ammonification or 
mineralization. This process is affected by temperature 
and moisture, as well as time. Warm, moist soils will 
have more organic N converted to plant available N with 
time than will cool, dry soils. Between 33-50% of the 
organic N will be converted to ammonium N each year 
after the manure is applied. This value is affected 
greatly by the method of application. 

The residual capacity of manure's organic N can last 
for several years. Second and third year contributions 
from the manure's organic N should be accounted for. 

If 50% of the organic N will become available each year 
and if a specific manure sample contains 50% organic N, 
the second year's N credit should be 12% of the total N 
and the third year's N credit should be 6%. 

Long-term residual effects from high rates of 
manure's organic N fraction can also be beneficial. 
Experiments at the University of Minnesota's West 
Central Experiment Station exemplify this. Plots are 
still reaching their top yields 12 years later with residual 
nutrients from the manure. While large amounts of 
manure applied in a short time frame may have sound 
agronomic basis many years later, the environmental 
hazards associated with these applications must be a 
concem 

B. Ammonium N 
Besides the organic N fraction of manure, the other 

major portion of the manure N is ammonium N. When 
organic N is converted to available N, it starts as ammo
nium N. Ammonium N, which is available to plants, is 
immobile in the soil and is not subject to any loss 
mechanisms. The process of nitrification eventually 
converts ammonium N to nitrate N. While nitrate N is 
also available to plants, it is also susceptible to denitrifi
cation on wet, fine-textured soils and to leaching on wet, 
coarse-textured soils. Except in very dry environments, 
most of the available N in one year will not be available 
the following year due to these various losses. 

One other important N loss mechanism is volatiliza
tion. When manure is exposed to the atmosphere, the 
small amount of ammonia N is quickly lost to the air by 
volatilization. As time progresses, however, the ammo
nium N can chemically convert to ammonia N and be 
lost. This loss is a function of temperature and time. In
corporation of the manure eliminates this concern. 

Application Factors 
Methods and N Losses 

The oldest method of spreading manure, either solid, 
liquid, or slurry, is by broadcasting over a field. This 
method can be used throughout the winter as well as in 
the fall and spring. From a nutrient standpoint, substan
tial amounts of the available or inorganic N are lost via 
volatilization. This loss occurs within several days after 
application on warm spring and fall days or within a few 
weeks on winter days. Remember, however, that none 
of the organic N is lost and a percentage of this will be
come available during the growing season. As long as 
the manure is just on top of the soil, the breakdown rate 
is slow. 

A second method, which is mainly a variation of the 
previously mentioned method, involves broadcasting the 

3 

manure and incorporating the manure into the soil 
within a day or two. The volatilization losses are not 
eliminated but greatly reduced. The other primary 
benefit is that by incorporating the manure gets thor
oughly mixed into the soil and promotes conditions for 
the mineralization of organic N. 

Other application methods are appropriate for liquid 
manure users. The concern of volatilization losses, as 
well as odor problems, created the demand for injecting 
manure with chisel-type knives. While volatilization 
losses were minimized, the potential for denitrification 
losses was present. The injection zones favored denitri
fication because of waterlogged conditions, organic 
material for energy, and a supply of nitrate and nitrite. 
The denitrification losses seem to be less than the vola-



' 
tilization losses that occur when the manure is left on the 
soil surface'. 

in response to the denitrification loss potential from 
conveiitional injector systems, a sweep knife injection 
· system was developed that reduced the concentrated 

. · zones of manure beneath the soil surface. Instead of 
' creating a vertical band of manure where a knife shank 

tan through the soil, .a broaq horizontal band was 
created. This method effectively eliminates volatiliza
timi potential, reduces denitrification potential, and 
encourages rapid breakdown in the soil since there is 
goo(f mixing of manure and soil. 

In aclcfitionto .the method of application, other 
factors do influence the N loss potential from manure 
. applicati<>ris. · These include rainfall amounts and soil 
characteristics, such as texture and organic matter levels. 
A:bove-normal rainfall in the month preceding applica
tion will encourage greater potential for leaching and 
denihiticati.on losses. Coarse~textured soils favor 
· leaching fos.ses and :fine-textured soils favor denitrifica
tion losset . 

Thne of Application 
-~e other factor regarding N availability from 

manur,e· applications is the time of application. Many 
:times,tl:1e logistics of the livestock operations, with their 

. \9niq11~bandling systems, etc., determine when the 
. (,manureJinist be applied to the soil. 
. . t/Fa1Lapplications of manure, either injected or 
; pwag~~;-aIIow more time for the organic portions of 

· · , , th~~ahili,"e to break down before the plant needs the 
~: nuffi.eritsJ Fall applic~tions provide more time for 

;: ·~: ,:-:. 
--,-'.·A-:\'~;}· J/ 

potential loss of N from any of the processes. Fall 
applications of manure should be avoided on coarse
textured soils where leaching can be a threat to the 
environmental quality of the region. • 

Manure applied in the spring has the least amount of 
time for loss potential to occur. However, the rapid 
breakdown surge in the spring is more likely to tempo
rarily tie up some of the otherwise available Nin the 
soil, thus creating some short-term N imbalances. 
Waiting to apply all manure in the spring may also slow 
down other spring field operations to the point of 
delaying crop planting. 

While winter application of manure to cropland is 
inevitable for a number of livestock producers, the 
practice is not widely encouraged. First, in the winter, 
incorporation of the manure into the soil is not possible; 
therefore most of the available, inorganic N will be lost 

Second, the manure is lying on the soil surface, 
susceptible to movement by runoff into waterways, 
ditches, streams, etc. If manure must be spread in the 
winter, select level pieces ofland and apply only conser
vative rates of manure to minimize nutrient concentra
tions susceptible for movement With good manage
ment, winter-applied manure should provide the same P 
and K amounts and about a third of the available N 
amounts as fall- or spring-applied manure. 

Integrating all of the factors affecting manure's N 
availability is quite complex. Rarely have research 
projects attempted this. Table 2 was developed from 
various pieces of theoretical and applied data examining 
N availability. This data should provide relative esti
mates of N availability using all of t!Ie preceding factors. 

1·· 

;< r•:,))✓~~t~) ~•<>./ •, 
· ~~l:i.le,2; • Estimated N availability as a function of soil properties, environment, and application time 
·· •· <:it " · ··r ,and metho.d for first year after application and assumption that 50% of the N Is organic N and 

.'• > ?2::~::'({,){l $()% N is organic N. 



Manure Use and Crops 

Corn and Small Grains 
With corn and small grains, manure management 

consists largely of the N management component. Fall, 
winter, and spring applications are all feasible options 
with injection or incorporation application methods 
preferred. Due to the high variability in N availability, 
one option to reduce this uncertainty would be to apply 
rates of manure that would supply the P and K require
ments of the crop arid then supplement the N needed 
with commercial N at plantlug time. 

Alfalfa 
Alfalfa produces its own N; thus, the added N from 

the manure is not used efficiently. The plants in an 
alfalfa field that benefit from the added manure N are 
weeds and grasses, which can decrease the productivity 
of the alfalfa. An indirect effect of manure application 
on alfalfa is possible compaction of the soil and damage 
to the crown of the plant. Despite the shortcomings, 
manure can offer good nutritional benefits to the alfalfa. 
Perhaps the most beneficial use of manure on alfalfa is 
to apply very high quantities of manure and incorporate 
onto a field that will be seeded to alfalfa in the proceed
ing year. Building high levels of P and K in the soil 
prior to seeding is usually more efficient than 
topdressing. Manure can also benefit older stands, 
where the N will boost grass growth and add to dry 
matter production. 

If manure must be applied to alfalfa fields, follow 
these guidelines. Try to sel.ect the field that has the most 
grass in it since the nitrogen will benefit these stands the 
greatest. The rate of liquid manure should be limited 
(1,500-2,500 gals/A) to curb the_amount ~f~ being. . 
applied. The manure should only be applied unmedi
ately after a cutting to reduce possible leaf burn from the 
manure and lessen the damage to the crop by the wheel 
tracks. Solid manure applications should be limited due 
to these reasons and a concern for smothering the 
crowns with clumps of straw, etc. 

Soybeans 
Manure has also been used on soybean fields due to 

the benefits of the P and K additions. As with the 
alfalfa, soybeans produce their own N and an increase in 
soil N decreases the amount produced by the plant. 
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However, by limiting the amount of manure applied and 
incorporating it well with the soil, producers can provide 
a positive effect on soybean growth and yield. While 
the P and K are always beneficial to the soybean plant, 
the small amount of N may benefit the plant early in the 
growing season. 

Calculating Application Rates 
Based on the information regarding N availability 

and transformations and the generalities based on time 
and method of application, manure application rates are 
easily calculated. More difficult will be attempting to 
calculate or calibrate the spreading rates in the field. A 
seven-step procedure, outlined in Worksheet 1, follows. 

The first step is to determine the field's recommen
dation for N, P 205, and ~O on a per-acre basis. This is 
best accomplished by talcing a soil test and following a 
recommendation based on the University of Minnesota's 
research. Next, the total nutrient value of the manure 
must be determined, regardless of its form. The ideal 
method would be to have the manure sampled and tested 
just prior to application. A less desirable way would be 
to use a table value, such as from Table 1. · 

The next step would be to adjust the total nutrient 
values for N, P 205, and ~O to the amounts that would be 
available for the upcoming growing season. For N, 
Table 2 can be used. For P, use 70-80%, the higher 
value when higher dispersion occurs within the soil, e.g. 
broadcast and tilled with offset disk. For K, use 70-90% 
and the same criteria as P. 

Knowing what is needed and what should be avail
able for the growing crop makes it possible to calculate 
application amounts necessary for each nutrient. Divide 
the total nutrient amount needed by the available nutri
ent amount per 1,000 gallons or per ton, and this will 
provide the number of thousand gallons or tons per acre 
required for each of the nutrients. 

Step 5 is to determine the manure rate. If the 
manure is the only source of nutrients, select the highest 
number from the previous step and use that as the rate of 
application. This will mean that extra amounts of the 
other two nutrients will be applied. Or, for maximum 
efficiency, select and apply the lowest rate calculated 
from the previous step. This leads to Step 7, which cal
culates the supplemental fertilizer necessary to supply 
the crop's needs for that year. 



Worksheet 1 : 

Step 1. Nutrient needs of the crop (lbs/A) 
Use soil tests and recommendations based on N= 
University of Minnesota data. P20s= 

Step 2. Determine total nutrient value of the manure. 
~0= 

These values can be based on a manure analysis N= 
test or can be approximated using Table 1. P20s= 

~0= 

Step 3. Determine available nutrient value of the manure. 
Multiply the values from Step 2 by the N= 
availability indices from Table 2 found P20s= 
in the text. ~0= 

Step 4. Calculate the rates of application needed for each nutrient. 
Divide values from Step 1, amount of nutrient N= 
needed, by values from Step 3, the available P20s= 
nutrients per ton or thousand gallons. ·~o= 

Step 5. Select the rate of manure to be applied; 
Choose the nutrient for which the manure rate 
is to be based. If the measure is to be used as a 

Rate= 

complete fertilizer, select the highest of the three 
values as the application rate. For maximum use and 
efficiency, select the lowest of the values 
and supplement with commercial fertilizer .. 

Step 6. Determine amount of available nutrients being applied. 
Multiply the rate of application, Step 5, by N= 
the available nutrients, Step 3. This can be P20s= 
compared to the crop's needs, Step 1, to show K20= 
where deficits and excesses occur. 

Step 7. Determine amount of supplemental nutrients needed. 
Subtract the nutrients needed, Step 1, from N= 
nutrients being applied, Step 6. If the P20s= 
difference is zero or less, nothing needs K20= 
to be added. For all positive differences, 
that amount of supplemental fertilizer if needed. 

Issued 1n furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 10, 1914, in cooperation with the U.S. 
DepartmenfofAgrici.llture, Patrick J, Borich, Dean and Director of Minnesota Extension Service, University of Minnesota, St Paul, Minnesota 55108. 

The University. of. Minnesota, including the Minnesota Extension Service, is committed to the policy thatall persons shall have equal access to its 
· prqgrams,. fagliti~~. and employment without regard ~o rac;:e, religion, color, sex .• national origin, handi~, age, veteran status, or sexual orientation. 
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