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Summary

Corn hybridsfor silagevary inyield and
severa quality traitsthat affect farm profitability,
whichistheprimecriterion onwhich hybridsshould
beranked. Thepartial budget approachistheonly
way to rank corn hybridsfor silagefor individual
farmsaccording to their effects on farm profits.
Partid budgetscongder only thosecostsand returns
that changein responseto the corn hybridsbeing
compared and ignore those that are not affected.
Torank corn hybridsfor slage, partid budgetsmust
calculatefor each corn hybrid thetotal amount of
corndlagerequired; thecost of growing, harvesting,
storing, and feeding the corn silage; supplemental
feed cogts, and returnsfromdifferencesinmilk yield.
Economically important traits that must be
consderedincludesilageyield, concentrations of
dry matter (DM ), neutral detergent fiber (NDF),
crude protein (CP), and NDF digestibility. The
partia budget approach alowsthegeneticvariaion
among corn hybridsto be used to increase farm
profits.

I ntroduction

Cornhybridsvary inforageyield aswell as
severa quality traits, and recommendations for
ranking hybridsfor dlagevary widdy. Traditiondly,
hybridswiththehighest grainyield havebeen chosen
for both grain and silage purposes. However, we
now know that other factorsaffect farm profitability
and smply selecting hybridswithhighgrainyield

will not maximizeprofit. For instance, selection of
slagehybridsfor forageyiedisbetter thanfor grain
yield becausethereisconsderablevariationinyield
of thenon-grain (stover) fraction across hybrids.
Quadlity dsovariesconsderably among hybridsand
important quality factorsare not related to grain
yidd. Somequdity traitsaffect diet cost, whileothers
also affect feed intake and milk yield. Selection
indices, suchasMilk per Acre, havebeen deve oped
to combineyield and quality factorsinto oneterm
to simplify hybrid ranking (Shaver et al., 2006).
However, selectionindicesareunableto accurately
rank hybridsfor their effectson farm profitsacross
farmsand over time (Allen, 2005). Theobjective
of this paper isto explain why thisis so and to
present the partial budget approach to rank corn
hybridsfor slageaccordingtotheir effectsonfarm
profitability.

Grain Concentration

Thequality factor most often emphasized
for corn silageisgrain concentration, which varies
widely by corn hybrid. Because grain consists
mostly of starch and haslittlefiber and becausethe
rest of the plant consists mostly of fiber with no
starch, grain concentration of thewholeplantis
positively related to starch concentration and
negatively related to NDF concentration. Dietsare
typicaly formulated for forage NDF and (or) energy
concentration so corn silagewith high NDF (low
grain) concentrationwill besupplemented withmore
corn grain than corn silage with low NDF (high
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grain) concentration. Theresultingdietswill varyin
cost depending upon the costs of corn silageand
corngrain. Because properly formulated dietswith
cornslagesvaryingingrain concentration will have
the sameforage NDF and energy concentrations,
feed intake and milk yield will not be affected.
Therefore, therelationship between grain (or NDF)
concentration and farm profitability isrelated only
tothecost of cornsilageand corngrain. Selection
indexes cannot accurately rank hybridsvaryingin
grain concentration for their effectson farm profits
because the cost of growing or purchasing corn
slageand corn grain variesgreatly fromfarm-to-
farmand over time.

Therecent increasein corn prices because
of increased demand for ethanol production greetly
changed therelative ranking of hybridsfor farm
profitability. Corn grain prices have more than
doubledin most marketsinthelast year or so, while
the cost of growing corn silage hasincreasedto a
much less extent. Because the price per unit of
DM of corngrainwasactually lessthan the cost of
producing corn silage on somefarmsin previous
years, it was more profitable for those farms to
choose a hybrid with less grain and more fiber.
However, thedramaticincreasein corngrainprices
haschangedthestuationdramaticaly, andfew farms
would find thisto bethe casein 2007.

Calculatethe TrueCost of Corn Silage

Torank cornslagehybridsaccuratdly, itis
essential to know the cost of cornsilageand corn
grain. Whilecorngrainiseasily transported and
haswell established pricing, cornsilageisnormally
produced on the farm because it is difficult and
expensiveto transport. Whileranking hybridsis
relatively smplefor thefew farmsthat purchaseboth
corngrainand cornsilage, itismoredifficult for
thosethat grow corn silage becausefew producers
know how muchit coststo produce cornsilageon
their farm. The cost to grow, harvest, store, and
feed corn silagevariesgreatly acrossfarms. This

variaion, aswdl asthevaidaionintherdativeprice
of corngrainto cornslageover time, precludesthe
useof selectionindexesfrom ranking corn hybrids
accurately for effectsonfarm profitability.

Fiber Digetibility

Another factor that variesby corn hybrid
and hasalargeeffect onfarm profitability isinvitro
NDF digestibility (IVNDFD) of cornsilage. We
reported that enhanced IVNDFD significantly
increased DM intakeand milk yield of dairy cows
Inastatistical analysisof treatment meansacrossa
widerangeof foragesreportedintheliterature (Oba
andAllen, 1999b). A one-unitincreasein VNDFD
measured invitro or in situ was associated with a
0.55Ibincreasein 4% fat-corrected milk. Normal
commercial corn hybridsvary by ~5 percentage
units of IVNDFD when averaged over many
growing environments, and the brown midrib
mutantsincrease thisvariation by another ~5%.
Theserdatively smdl differencesin VNDFD can
havelargeeffectson animal performance; a5-unit
differenceinVNDFD among corn hybridsshould
resultinadifferenceinmilk yied of 2.75 Ib/day per
cow. Werecently validated thisrelationship using
datafrom experiments published sincethat study
(ObaandAllen, 2005); therelationship between
IVNDFD and milk yield was similar to that
previoudy reported.

Theeffectsof enhanced [VNDFD of corn
silageon feedintakeand milk yield is dependent
upontheamount of corn silageinthediet; response
increases as the proportion of corn silage as a
percentageof theforageNDFincreases. Inaddition,
responseisgreater for cowswith highmilk yield
(ObaandAllen, 1999a); high producing cowswith
feedintakelimited by gut fill respond much more
than low producing cowswith feed intakelimited
by metabolic mechanisms. Therefore, effects of
IVNDFD onfarmprafitsvary greetly fromonefarm
to the next and cannot be considered by selection
indexes, effectsaregreater for herdswith highmilk
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yield, thosethat feed the silage to more lactating
cows, and those that feed more corn silage asa
proportion of thetotal forage.

Proten

The CP concentration of cornsilagevaries
acrosshybridsby ~1.2 percentage units. Forages
are supplemented with high protein concentrates,
such as soybean meal, to increase the protein
concentration of ruminant diets, and corn hybrids
with high protein concentrations require less
supplemental protein, lowering feed costs. Corn
silages with different composition can be
supplemented with corn grain and soybean med to
havenearly identica concentrationsof NDF, starch,
and CP. Differencesin protein concentration, like
differencesin concentrationsof NDF and starch,
affect diet cost, but not animal performance, in
properly formulated diets.

Sarch Digestibility

Starchislocated in the endosperm of corn
grain, and endospermtype, floury or vitreous, affects
sarch digestibility; starchinvitreousendospermis
lessdigedtiblethan starchinfloury endosperm. The
vitreousfraction of the endospermisaffected by
geneticsand increaseswith maturity at harvest and
rangesfrom 0to >60% for dry corn (lessfor corn
silage that is harvested earlier). While starch
digestion affectsfeed intakeand milk yield, itisnot
possibleto attribute thiseffect exclusively to corn
hybrid because, although there is a genetic
component, itseffectsare highly dependent upon
management, such asmaturity at harvest, kernel
processing, andtime sinceens ling beforefeeding.
Inaddition, supplementationwith other grainsaffects
production response; corn silage with highly
fermentabl e starch should be supplemented with a
lessfermentable starch sourcethan cornsilagewith
lessfermentable starch. Therefore, whilestarch
digestionisaffected by cornhybrid, itisnot possble
torelate starch characteristics of corn hybridsto

71

anima performance. However, hybridswith highly
vitreous endosperm should be avoided for corn
slagebecauseof their potentid effectsonfeed costs
and animal performance.

Partial Budget Approach

All economically important traitsthat vary
by hybrid for corn silage production can be
considered using a partial budget for the farm.
Cadculationsinclude only those costsand returns
that changein responseto the corn hybridsbeing
compared, and ignorethosethat are not affected.
Input variables include data about the specific
hybridsand theindividual farm, aswell asmarket
information that variesover time, and theoutput is
an estimate of the profitability onehybrid compared
to another.

Corn Picker

CornPicker for SllageisaMicrosoft Excel
Spreadshest that cal culatesapartial budget for the
effect of achangeincornhybridsfor slageonfarm
profits by comparing one hybrid (Challenger) to
another (Defender; your current favorite or a
reference standard). SeeAllen (2006) for amore
detailed description of CornPicker than appears
here. Hybrid inputs include yield of DM,
concentrations of NDF and CP, IVNDFD, and
seed cost. Thecalculationsareasfollows:

1. Total corn silage needs from the hybrids
compared for theentirefarm,

2. Cogtof cornsilage produced from each hybrid
including seed, production, harvest, gorage, and
land costs,

3. Adjugmentfor differenceincost of supplementa
corn grain and soybean meal because of
differencesin concentrationsof NDF (or starch)
and CPR,

4. Vaueof differencesinmilk yiddandfeedintake
because of differencein VNDFD,

April 24 and 25, 2007

<=, Tri-State Dairy Nutrition Conference

®

iﬁ;}



72

5. Thenumber of acresof land required for each
hybrid, and

6. The total cost of corn silage plus/minus
adjustmentsfor Challenger compared to cost
of cornsilagefor Defender.

Cornsilagerequired

A partia budget analysisfor corn hybrid
selection needs to account for all corn silage
consumed by different groupsof animasonthefarm.
CornPicker calculatescorn silageintakefor upto
three lactating cow groups (e.g. fresh, higher
producing, and lower producing), up to two dry
cow groups (e.g. far-off, and close-up), and up to
two heifer groups (e.g. < 12 months, and > 12
months). Withinagroup, cornslageintake depends
on the number of animalsin the group and corn
dlageintakeper animd. CornPickercdculatescorn
slageintake per animal considering farm-specific
inputs, such as DM intake, forage NDF
concentration of thediet, thefraction of forageNDF
from corn silage, and the NDF concentration of the
corn hybrids being compared. Forage NDF
concentration isused to cal culatethe corn silage
concentration in dietsbecauseforage NDF limits
feedintake, and dietsare normally formulated to
thesameor smilar forage NDF concentrations.

Cost of corn silage

Someof thecostsof producing cornsilage,
such asthosefor seed, fertilizer, lime, insecticide,
herbicide, irrigation, fudl, [abor, insurance, interest,
etc., are more obvious than others. These costs
are actually aminor fraction of thetotal costs of
producing cornsilage. Machinery (fixed costsand
repairs) must beincluded aswell as harvest and
doragecosts. Storagecostsvary widdy andinclude
the cost of the structure, aswell asfilling, packing,
covering, and removing thesilage. Horizonta silos
generally cost less per unit of silagethan vertica
slos, andlargesloscost lessper unit of silagethan
small silos. Cornsilageismoreacidic than other

silageswhich decreasesthelife of concretesilos,
and storageiscostly for corn silage because silos
areoftenfilled only onceper year. Theopportunity
cost of theland must aso beincluded: if theland
isn't used to produce corn silage, what could it be
rented for? Lastly, shrinkage and spoilage must be
included which also vary widely and havealarge
effect onthepriceof cornsilagefed.

Adjustments

Oncethetota cogsof producing cornsilage
from the Defender and Challenger hybrids have
been cal culated, cost adjustments must be made
for differencesin supplementa feed and milk yield.
Differences in concentrations of NDF and CP
between hybrids affect the amount of corngrain
and soybean meal fed per year, and differencesin
IVNDFD affect annual milk yield and feed intake
of lactating cows. CornPicker accountsfor these
differences by adjusting (credit or debit) the cost
per year of the Challenger hybrid relativeto the
Defender hybrid.

Supplementation

Annua amountsof CPsupplied fromeach
hybrid are cal culated astotal cornsilage DM fed
multiplied by the CP percentage of each hybrid.
Differencesin amountsof CP supplied per year for
the two hybrids are converted to soybean meal
equivalents and then multiplied by the price of
soybean medl (48% CP, user input) to get theva ue
of the protein adjustment for the Challenger hybrid.
This might be a positive or negative amount,
depending upon the differencesin yield and CP
concentrations of thetwo hybrids. Differencein
the amount of corn grain fed per year between
hybridsiscalculated asthedifferenceincornsilage
DM fed per year minusthe differencein soybean
mesdl required (because soybean med replacessome
corngrain). Thefinancid vaueof thisdifferenceis
then cal culated by multiplying by the priceof dry
ground corn delivered tothefarm.
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Milkyield

CornPicker adjusts the cost of the
Chdlenger hybridfor changesinexpected milk yield
and feed intake of lactating cows based on
differencesinIVNDFD between thetwo hybrids.
Thepercentageunit differencein IVNDFD between
hybridsismultiplied by 0.55 (user input by cow
group) to get the expected differencein 4% fat-
corrected milk yield per cow per day for thetwo
hybrids. Thisvaueisadjustedlinearly for thecorn
slageNDF asaproportion of thetotal forageNDF
and multiplied by the number of lactating cowsand
365 daysper year to get thedifferenceinmilk yield
per year, whichinturn,ismultiplied by theadjusted
milk price (user input) to adjust the cost of the
Chalenger hybrid. WhentheChalenger hashigher
IVNDFD than the Defender, this amount is
subtracted from the cost and viceversa. Greater
milk yield with enhanced IVNDFD isbecause of
greater feed intake, so the partial budget must
account for increased feed costs. The marginal
increasein feed intake per |b of 4% fat-corrected
milkis~0.41bof DM. Thisismultiplied by the cost
of thediet (user input by cow group) to adjust for
thedifferenceinfeedintaketo support themilk yield
difference.

Landrequired

Theamount of land required for cornsilage
production per year is cal cul ated asthe amount of
cornslage DM required asdescribed above, which
isadjusted for shrink, spoilage, and feed refusals
(user inputs) and divided by the DM vyield of the
corn hybrids. Differencesintheamount of land
required between hybridsis dependent upon DM
yieldsand NDF concentrations.

Partial budget cost
CornPicker comparesthe adjusted annual

cost of corn silagefrom the Challenger hybrid per
year totheannual cost of production of cornsilage
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from the Defender hybrid. The cost for the
Challenger hybridisthe cost of production of the
required amount of corn silage, whichisadjusted
(credit or debit) for thedifferencein feed costsand
milkyield.

Sensitivity Analysis

The sensitivity of farm profit responseto
changesin hybrid inputs varies depending upon
inputs, such asthe price of corn and soybean mea
(Tablel). Withthedefault responseinmilk yield of
0.55 Ib/cow/day per unit of IVNDFD for all
lactating cows, profitability ismuch moresengtive
toIVNDFD than al other inputs, including yield,
whichisthenext most sengtiveinput. Sengtivity to
increased NDF concentrationishighly dependent
uponthepriceof corn, ranging fromincreased profits
if the priceislow (asit has been the last several
years) to decreased profitsif thepriceishigh (asit
iscurrently). Although cornslagecontainslow CP
concentration, differences in protein affect
profitability and must be considered. Seed priceis
theleast sengtive of the corn hybridinputsbut aso
themost variable, varying over 100%.

Quiality of Data

Environmenta conditionschangefrom year
to year and affect rankingsfor yield and quality
traits; therefore, itisvery important to use datafor
hybridsgrown acrossdifferent environments. Don't
usedatafrom just onelocation (such asyour farm
or a neighbor’s farm) for this very important
economic decision. Cornhybridyield and quality
information can be obtained from seed companies
to compare within their product lines and from
university corn hybrid testing programssuch asthe
Michigan Corn PerformanceTrials(Thelenet al.,
2006) to compare hybrids across companies.
Although hybrid yield must be entered onaDM
basi sto account for differencesin moisturethat have
no value, harvest moisture should also besimilar
for afair comparison because maturity at harvest
affectsbothyield and quality.
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Concluson

Thepartia budget approach employed by
CornPicker accountsfor economically important
information related to corn hybrid selection that
variesfromfarmto farm and over time. Selection
indicesthat rank corn hybridsfail to consder many
important differencesamong farmsand should not
be used because they may provide the wrong
ranking for specificfarms.

Download CornPicker Excel spreadsheet at:
www.msu.edw/~mdr/cornpicker.html
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Tablel. Changeinoutput for a20% increasein various hybridinputsfor a500-cow dairy farm feeding corn
silageas 2/3 of total forage. Basevaluesfor inputsare asfollows: $100 /bag for seed, 26.5ton/acreyield as
fed (8 ton/acre DM yield), 40% NDF, 50% IVNDFD, and 7% CP. Resultsare shown for 2 scenariosof corn
grainand SBM input cost. Responsein milk yield per unit of IVNDF was0.55 |b/cow/day for all lactating
cows.!

Corn: $85/ton; SBM: $200/ton Corn: $140/ton; SBM :$230/ton

Input 20%increase  Partia budget,$ Land, acres Partial budget,$ Land, acres
Seed cost 20 $/bag ($2,580) 0 (%$2,857) 0

Yidd 5.3ton/acre $18,790 (57) $27,454 (64)
NDF 8units $1,970 (57) ($12,588) (64)
IVNDFD 10units $62,145 10 $62, 145 10

CP 14 units $10,460 0 $8,018 0

DM =dry matter, NDF = neutral detergent fiber, VNDFD =invitro NDF digestibility, CP= crude protein,
and SBM = soybean meal.
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