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Factors Affecting Manure Output on Dairy Farms
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Summary

Theamount of manure produced ondairy
farms can affect thefinancial bottom line. Labor,
equipment, and facilitiesare needed to moveand
storemanure, all of which haveacost. Increased
output of manure can represent lossesin potentially
digestible nutrients (increased feed costs). Lastly,
theenvironmenta impact of dairy farmingisstrongly
rel ated with the quantity and compaosition of manure
produced. Based on our research, the average
lactating cow fed atypicd Midwesterndiet produces
about 150 Ib/day of manure (in our measurements,
no bedding isused so manureisonly the sum of
fecesand urine). Dry matter intake and manure
output have a strong positive relationship. On
average, manureoutput increases gpproximately 3
Ib of manure per additional pound of intake.
Although, on average, manure output increasesas
milk productionincreases, therdaionshipisnot very
strong, which means we can have high milk
production without necessarily increasing manure
output. Indeed, because cows produce manure
evenwhenthey arenot lactating (approximeately 84
Ib/day), high producing cowsusualy produceless
manure per pound of milk than low producing cows.
Thedietary factor that had the greatest effect on
manure production in our dataset wastheratio of
cornsilageto haycrop forage. Asthe percentage
of foragethat was corn silageincreased (resulting
inadecreaseinthe percentage of haycrop forage)
urine output decreased substantially, resultingina
significant decrease in manure output. As the

percentage of forage ascorn silageincreased 10
units (and haycrop decreased 10 units), manure
output decreased by about 4 1b/day.

Introduction

Manureisaninevitablebyproduct of the
production of milk. Although manure can be a
valuableresourcefor crop production, it aso has
associated costs and excessive production of
manure can adversdly affect profitability of adairy
farm. Manuremust bemoved fromthe pens, stored,
andthenmovedtofields, dl theseoperationsrequire
equipment, energy, and labor (i.e., money).
Excessive production of manurea so can mean that
some dietary nutrients are not being digested
efficiently, which can elevatefeed costs. Lastly,
society, and therefore, thegovernment, isbecoming
increasingly concerned about the environmental
impact of animal agriculture, and severd statesand
thefederal government have enacted regulations
regarding manurenutrients.

Current regulationsare mainly concerned
with excretion of gpecific nutrients(i.e., nitrogenand
phosphorus). Theinfluenceof diet on excretion of
those nutrients has been discussed at previousTri-
State Dairy Nutrition Conferences (Beede and
Davidson, 1999; Broderick, 2005) and will not be
covered inthis paper.

Profitability of adairy farm often can be
enhanced when feeding and management practices
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are used that reduce manure production per unit of
milk produced. Fortunately, diet hasasubstantial
influence on the amount of manure excreted, and
therefore, we can formulate diets that result in
reduced production of manure.

Variability in ManureOutput

Over thelast decade, our laboratory has
conducted numerous experimentsthat involved
measuring fecal and urinary output by dairy cows.
The current data base contains data from 15
experimentswith lactating cows (339 observations)
fed 67 different diets. Wedso havedatafrom one
experiment with dry cows (17 cows). Measuring
manure output istime-consuming and expensive.
Inour experiments, cowsarefed thediet of interest
for at least 2 weeks and then they are moved to
ddlsdesgnedfor totd collection of fecesand urine.
Cows spend 4 to 6 days in those stalls and feed
intake, milk production, fecal output, and urine
output were measured and sampled each day. No
bedding is used during these measurements;
therefore, manureiscomprised only of fecesand
urine. Descriptive atisticsconcerning thelactating
cows (all cows used in these experiments were
Holstein cowsintheir second or greater | actation)
used in these experiments are in Table 1. The
‘averagecow’ inour databaseisvery smilar tothe
‘averagecow’ intheTri-statearea. Thedietsfed
wereextremdy diverse, but dmog dl dietsincluded
corndlageand/or dfdfaslage(afew dietshad dfdfa
hay and a few diets had orchardgrass silage).
Ground, dry corn was the main source of
supplementd starch and soybean med wasthemain
source of supplemental protein. In some
experiments, dietscontained soyhulls, wheat midds,
distillers grains, and/or animal protein meals.
Overdl, thisdataset contained dietsthat aretypica
of thosefed inthe Midwest.

Our data base for dry cowsisextremely
limited andwill not bediscussedindetall. Thedry
cowsproduced an average of 231b of urineand 63

Ib of fecesfor atotal of 86 |b/day of manure (data
not shown). Dry cow data are shown in some
figures, but the data were not included in the
datistical anayses.

Onaverage, lactating cows produced about
150Ib/day of manureof which gpproximately 501b
wasurineand 100 Ib wasfeces(Table2). Output
of feces, manure, and especidly urinewasextremey
variable (Table 2). The coefficientsof variation
(standard deviation divided by the mean times 100)
were 22, 39, and 23% for output of feces, urine,
and manure. A mgjor god of our research program
Isto determinewhat factorsaccount for substantial
proportionsof that variation.

Factor sAffecting Excretion of Manure
Cow factors

Dry matter intake (DM1) and milk
production were positively correl ated with manure
output (Figures1and 2). Althoughtherdationship
between milk yield and manure output was
satistically significant (P<0.05), Figure 1 clearly
illustrates that high milk production does not
necessarily mean high manure output. For cows
producing gpproximeately 1001k/day of milk, manure
output ranged from about 125 |b/day to about 250
Ib/day. Conversely, cowsthat produced 150 Ib/
day of manure had milk yieldsranging from50to
100 Ib/day. When manure output was regressed
onmilk yied (experiment wasincludedinthemodel
asarandom effect), the equation was (manureand
milk arein|b/day):

[1] Manureoutput =84 + (0.9 x milk yield)

The dry cows were not included in this
analysis but their data (open circles, Figure 1)
gppearedtofit theequation quitewd |. Thisequation
meansthat, on average, acow will produce about
84 1b of manurewhen sheisnot lactating (thishasa
similar connotation asamaintenance requirement),
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and then, on average, manure output i ncreases about
0.91bfor every pound of milk produced. The poor
fit of thisequation (Figure 1) meansthat Equation
[1] will not producevery preciseestimatesof manure
output. Although theequation rel ating manureoutput
tomilk isnot very precisg, itillustratesanimportant
concept. Sincecowsproduceasubstantial amount
of manure even when they produce no milk, cows
that havehighmilk yieldswill, on average, produce
lessmanure per pound of milk thanlow producing
cows. For example, acow producing 50 Ib/day of
milk will produce 2.6 |b of manure per pound of
milk, but acow producing 100 [b/day of milk will
produceonly 1.7 |b of manure per pound of milk.

Therdationship between manureoutput and
DMI was much stronger than the relationship
between milk yield and manure output. Withina
certain DMI, manure output varied by about 75 1b/
day. Again, the data from the dry cows (open
circles, Figure 2) werenot included inthestatistica
analysis but appeared to fit the lactating cow
equation reasonably well. Thelinear relationship
between DM and manure production (experiment
wasincluded asarandom effect; manureand DMI
areinlb/day) was.

[2] Manureoutput =-1.8 + (3.1 x DMI)

Theintercept wasnot Satisticaly different
from O, but animal s continue to produce manure
evenduring sarvation. Therefore, theintercept from
thelinear relationship isnot biologically accurate.
A quadratic model was evaluated and also was
ddtigicaly sgnficant:

[3] Manure output =47.6 + (1.0x DMI) + (0.022
x DMI?2)

Dataare not available for manure output
by cowsthat are not fed; therefore, the accuracy of
theintercept in equation [3] cannot be eval uated.
The other termsin the equati on show that manure
output increases at an increasing rate as DMI
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increases. Based on Equation[2], increasing DMI
from 35t0401b/day resultsinanincreaseof 2.71b
of manure per pound of increased DMI, but
increasing DMI from 55 to 60 Ib/day resultsinan
averageincreaseof 3.51b/day of manure per pound
of increased DMI.

Dietary factors

Thedataset weareusingisacomposite of
severd experimentsthat were conducted to answer
avariety of questions. Therefore, dietsoftendiffer
in several aspects. For example, dietswith high
concentrationsof afafaslageusualy havehigher
concentrationsof potassium, solublenitrogen, and
rumen degradable protein and lower concentrations
of water than dietswith high concentrationsof corn
dlage. Becauseof multipledifferencesamong diets,
we decided not to eval uate rel ationships between
specific nutrientsand manure output in thisdataset
(we are finishing a large experiment that was
designed to examine specific nutrients, but at this
time, the experiment isnot complete). Instead, we
examined theeffect of dietary ingredientson manure
output. Using thisapproach, we cannot definitely
state which specific nutrient (if any) causes
differencesin manure output, but we can determine
if specific feedsarerelated to manure output. In
our original dataset (232 observations), the most
important dietary variablethat wasrelated to manure
output was the concentration of corn silage
(expressed asapercentage of total forage). Asthe
concentration of cornsilageincreased (resultingin
asubsequent decreasein the percentage of haycrop
forage), manure output decreased substantially
(Figure3). Onaverage, cowsfed dietsinwhichall
the forage was corn silage produced about 16%
lessmanure (equal to about 25 Ib/day) than cows
fed dietswith haycrop (mostly afadfasilage) asthe
soleforage. Milk production was not affected by
changesinforages. Thepreiminary anadysisof the
experiment we are now compl eting supportsthis
relationship. Inthat study, cowsfed adiet with
75% of theforage ascorn silage (25% wasadfafa
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slage) produced 14% lessmanure (165 versus 191
Ib/day) than cowsfed adiet with 25% of theforage
ascornslage (75% asdfafa).

The effect of the ratio of corn silage to
haycrop forage on manure output was caused
amost entirely by itseffect on urine output. Cows
fed dietswith 100% of theforageashaycrop forage
produced about twice as much urine per day as
cowsfed dietswith 100% corn silage (Figure 3).
Themost likely reasonfor thiseffect isdifferences
in potassium concentrationsin diets. Cornsilage
produced at our research farm averages about 1%
K and afalfaaveragesabout 3% K. Wemadeno
attempt to balance dietsfor K. Supplemental K
was only added when normal ingredientsdid not
meet NRC requirements (occurred very rarely).
Therefore, dietswith al theforage asafafahad
about 1 percentageunit moreK thandietswith corn
silage as the sole forage (because forage K
concentrations are highly dependent on soil K;
differencesbetween forageswill vary among farms
depending on soil K). Bannink et d. (1999) showed
that increasing theintakeof K subgtantialy increases
urineoutput indairy cows. Increasing thedietary
concentrations of protein and sodium can also
increase urine output (Bannink et a ., 1999; Weiss
and Wyaitt, 2006), but compared to the effectswe
observed by changing theamount of cornsilagein
thediets, effectsof sodiumand proteinaresmall.

Conclusions

Theoutput of manureisinfluenced by digt,
and we canformulate dietsthat resultin good milk
production with reduced manure output. Theratio
of corn slageto haycrop foragehasamgjor impact
on manure production but does not have an effect
on milk production when diets are balanced
correctly. Feeding more corn silage and less
haycrop forage should reduce manure output, but it
generdly doesnot grestly affect excretion of nitrogen
and phosphorus (these are more related to
concentration of protein and phosphorusinthediet).
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Tablel. Smpledtatisticsdescribing the Holstein cowsand dietsused in thetotal collectiondigestiontrials.
Dataarefrom 15 experimentswith 67 dietary treatments (n=315).

Mean SD?* Minimum Maximum

Cow characteristics

Daysinmilk 163 57 67 272

Body weight, Ib 1331 141 906 1780

Dry matter intake, |b/day 48.2 8.1 21.6 67.1

Milk yield, Ib/day 68.6 16.0 17.6 129.8
Diet characterigtics

Forage, % of DM 54 9 40 80

Cornsilage, % of forage DM 59 35 0 100

NDF, % of DM 334 51 24.7 45.8

Crude protein, % of DM 16.8 1.6 105 20.9

18D = Standard deviation.

Table2. Productionand characteristicsof manurefrom lactating Holstein cows. Dataarefrom 15 experiments
with 67 dietary treatments (n = 315 except as noted).

Mean SD? Minimum Maximum
Wet feces, Ib/day 98.5 21.8 38.9 169.8
Urine, Ib/day 52.4 20.2 185 137.7
Manure, [b/day 150.9 35.1 59.6 249.7

Manurecomposition

DM?2, % 12.5 1 8.2 15.1
Urine, % of wet weight 34.1 7.8 16.5 62.4
N3, % of wet weight 0.59 0.07 0.38 0.80
P, % of wet weight 0.077 0.017 0.028 0.12

1SD = Standard deviation.
2Dry matter cal culated using measured DM concentration of fecesand assuming urine contained 4% DM.
3Number of observationsfor N was 202 and 161 for P

April 24 and 25, 2007 <=, Tri-State Dairy Nutrition Conference

®

Lrjﬂ;;)



60

300
250 ~ +
.
S o ¢
>\ LS “ *
ac ¢ o, e 0t
E 200 7] . . * W "‘ ¢ ’o
Q YIS L
ju— L 2 D B4
- 0’ o . ’0’ *
5 o, 0’:¢~:‘$ *
.8' . . 300: 0& 0”0{“00" ..
5 150 - RIS A N .
o RIRRMER £ SO JRPEY .
) 00"‘:’: 3“ *
= T e Tl
AN e 4
c - * MRS 3
< 100 . FIF2 NG Te
PN
2 . * ¢ ’Q
.
.
20
0 I T T
0 50 100 150

Milk yield, Ib/day

Figurel. Relationship between milk production and manure (feces plusurine) output. Theopen symbolsat
Omilk yield aredatafromdry cows. Dry cow datawere not included intheregression analysis. Overall,
manure output increased asmilk yield increased, but therel ationship wasnot very strong.
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Figure2. Relationship between dry matter intake and manure production. Open symbolsrepresent data
fromdry cowsand werenot included intheregression anaysis.
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