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ABSTRACT

ThegoalofthearticleistoimplementtheCTRDairymodelusingtheVisualBasicforApplication
(VBA)languageofMicrosoftExcel.CTRDairyisadynamicsimulationmodelforgrazinglactating
dairycowsthatpredictsmilkproductionandprofitoverfeedingbasedonruminaldigestionand
absorptionofnutrientsunderdiscontinuousfeedingschedules.TheCTRDairymodelwasoriginally
developedasaresearchtoolusingaproprietarycomputersimulationsoftwarecalledSMARTthat
requiredtheSMARTclienttoruntheprogram.AsSMARTsoftwareisnowdiscontinued,andits
clientisnolongeravailable,rewritingthemodelintheVBAlanguageusingMicrosoftExcelfor
inputsandoutputsmakestheprogramavailabletoabroadrangeofusersincludingdairyfarmers,
extensionadvisors,dairynutritionconsultantsandresearchers.Dairyfarmerscanusethenewversion
oftheCTRDairyprogramtomanipulatetheherbageallowanceandtheaccesstimetothegrazing
paddock,aswellasthetimingofsupplementalfeeding,toimprovetheutilizationofthepastureand
toincreasetheproductionofthemilk.

KEywoRDS
Dairy Cattle, Discontinuous Feeding Systems, Feeding Schedule Evaluation, Grazing System, Modeling, Ration 
Evaluation

INTRoDUCTIoN

CTR Dairy is a dynamic simulation model for grazing lactating dairy cows that predicts milk
productionandprofitover feedingbasedonruminaldigestionandabsorptionofnutrientsunder
discontinuousfeedingschedules.ThefollowingbiologicalbackgroundisbasedonChilibroste(2008).
Whilemostrumensimulationmodelsassumerelatively‘steadystate’conditions,thepracticalneedfor
modelsthatcanrepresentdiscontinuousfeedingregimes,causedbynotfeedingcattletotallymixed
rations(TMR)thatcauserumenpoolsizestovarywithtimeoftheday,washighlighted(Dijkstra
etal.,2005).Comparedwithcontinuousfeedinput,discontinuousfeedingmayresultindistinctly
differentprofilesofnon-glucogenictoglucogenicvolatilefattyacids(VFA)andrumenpHvalues
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thatcouldtemporarilynegativelyaffectfiberdegradation.Moreover,deviationsfromwidelyused
Monod-equations,thatrepresentmicrobialsubstrateutilizationandgrowthinmostmetabolicmodels,
maybetransientconditionsoftherumenecosystem(Dijkstraetal.,2002).

Inmoderndairymanagementsystems,ithasbecomecommontooffercowsfeedonanadlibitum
basis.Confinedcowsareoftenkeptinloosehousingsystemsand,topreventfeedselection,areoffered
aTMR.Thus,feedintakebecomesrelativelyindependentofindividuallyexpressedintakebehavior
asthemanagementobjectiveistomakeintakebehaviorafunctionofthediet,ratherthanofthe
animal.Thiscontraststoforagingcattle,whereanimalselectionisintegraltobehaviour.Providing
nutritionallybalanceddietsforforagingcattleisgenerallyachievedbysupplementingpasturewith
feedsupplementsatvarioustimesoftheday.Cattleforagingbehavior,andtheirstrategiestoobtain
a balanced nutrient profile in pastoral ecosystems, are determined by their short and long-term
physiologicalstate,pastureavailability,aswellasthefeedinglevelandtypeofsupplements(Chilibroste
etal.,2005).Feedintakebehaviorofcattleischaracterizedbyalteration,duringtheday,ofeating,
rumination,restandsocialactivities(Gibbetal.,1997).Factorsthatcontroleatingandgrazingtime
arelesswellunderstoodthanfactorsthatcontrolintakerate,suchasbitemass,timeperbiteandthe
ratiobetweenprehensionandmanipulationofjawmovements(Chilibroste,1999;Lacaetal.,1994).
Whereasshort-termchangesinmetabolizableenergysupplyandgutfillareprobablyinvolvedin
controllingmealsizeandfrequency,itislongtermsignals,suchaschangesinbodyenergystores
thatinfluencedrymatter(DM)intake.TheroleoflearningonDMintakecontrolwashighlighted
byProvenza(1995),althoughtotalDMintakeanddietselectionatgrazingaremediatedbydifferent
foragingstrategiesthatresultfromintegrationbycattleofshortandlong-terminformation(Forbes,
1995),suggestingaverycomplexprocess.

Torepresentandpredicttheuniqueprocessesofingestionanddigestionunderdiscontinuous
feedingsituations,suchasgrazing,itisessentialthatarumenmodelsimulatetheresultingdiurnal
fermentationprocesses.Recently,resultsofaseriesofgrazingexperimentsthatvariedtheallowed
grazingtime,aswellasthecombinationsofrumenfillandfastinglengthbeforegrazing,wereused
toevaluateamechanistic,dynamicmodel(Chilibrosteetal.,2001)thataimedtopredictdigestion
andabsorptionofnutrients,andwasbasedonapreviouslydevelopedmodel(Dijkstraetal.,1996),
inwhichcattlewerefedsugarcanebaseddiets.Theincreaseinpredictionerrorwithincreasedlength
betweentwoconsecutivemeals(Chilibrosteetal.,2001),highlightedtheneedfordiurnaldefinition
ofmodelparameters,suchasfractionalpassageanddegradationrates,andthedynamicsandkinetics
ofsolublefeedfractionsintherumen.

TheCTRDairymodelwasoriginallydevelopedasaresearchtoolusingaproprietarycomputer
simulationsoftwarecalledSMARTthatrequiredtheSMARTclienttoruntheprogram.AsSMART
softwareisnowdiscontinued,anditsclientisnolongeravailable,rewritingthemodelintheVisual
Basic for Application (VBA) language using Microsoft Excel for inputs and outputs makes the
programavailabletoabroadrangeofusersincludingdairyfarmers,extensionadvisors,dairynutrition
consultantsandresearchers.

Asitsnamesuggests,theVBAlanguageiscloselyrelatedtoVisualBasicandusestheVisual
BasicRuntimeLibrary.However,VBAcodecanonlyrunwithinahostapplicationsuchasExcel,
ratherthanasastand-aloneprogram.CodewritteninVBAiscompiledtoMicrosoftP-Code(packed
code),whichthehostapplication(Excel)storesasaseparatestreaminitsfiles(e.g.,.xlsx,.xlsm).
Theintermediatecodeisthenexecutedbyavirtualmachine(hostedbythehostapplication).CTR
DairysavesdataintextfilesencodedusingtheExtensibleMarkupLanguage(XML).Thesedata
filesarebothhuman-readableandmachine-readableandalsotheCTRDairyprogramtointeract
withotherprogramswritteninotherprograminglanguages.

AsCTRDairydoesnotformulatearation,theusermustfirstusearationformulationprogram
suchasPCDairy(Ahmadietal,2013)toformulatealeastcostration,andthenusetheuniquefeature
ofCTRDairytofindthebestfeedingscheduletooptimizemilkproductionandtomaximizeprofit
overfeeding.
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OurgoalistoimplementtheCTRDairymodelusingtheVBAlanguageofMicrosoftExcel
asadecision-makingtool.CTRDairyasimulationmodelthataimstofunctionundernon-steady
stateconditionsinordertoallowpredictionofnutrientavailabilityindairycowsmanagedunder
discontinuousfeedingsystems.Theultimateaimofthismodelistoprovidescientistsandadvisersa
soundtooltoevaluateactualfeedingstrategies,aswellasfacilitateresearchonnewones.

CTR DAIRy MoDEL DESCRIPTIoN

ThefollowingmodeldescriptionisbasedonChilibroste(2008).Theoriginalmodelisanadvanced
versionofthemechanisticanddynamicnon-steadystaterumenmodelofChilibrosteetal.(2001).
Newelementsinthemodelincludeinclusionofchewingactivities,adiscretelagtimetorepresent
thedelaybeforerumenfermentationorpassagecanoccur,aswellasdiurnalvariationinrumenDM
content(DMC),rumenpHandinfractionaldegradationratesofneutraldetergentfibre(NDF)and
rumenVFAabsorption.Thecurrentmodelwasbuilttooperatewithuptothreediscretefeeds,where
pastureisdefinedasafeed,whichcanbeofferedinindependentpatternstogroupsofcows.The
expandedversionofthemodelhas42statevariables,30ofwhichdealwithinsolublefeedfractions,
8withsolublefeedfractionsand4aretherumenpoolsofammonia,VFA,longchainfattyacids
andmicrobialmass.

Althoughtheunderlyingmotivationtobuildthemodelcamefromdairysystemsinwhichcows
are grazed, and supplementedwith forages(s) and/or concentrates (e.g.,Chilibroste et al., 2003;
Mattiaudaetal.,2003),itcanalsofunctionunderawiderangeofotherfeedingconditionsinwhich
cattlehaveunlimitedaccesstofeed.Forexample,feedingstrategiesthatusegrazedforage,silageor
hay,supplementsandconcentratesfedatdifferenttimesoftheday,aswellasTMR,canbeevaluated.
InthecaseofTMRfeeding,themodelprovidesuptothreefeedcomponentsoftheTMRasthe
differentfeeds.Modeloutputsarethepredictedrumenmetaboliteconcentrations(includingpH),
rumenpoolsizesofseveraldefinedfractions(includingwater),andabsorptionofclassesofnutrients
(i.e.,glycogenic,aminogenic,lipogenic)attherumenandintestinallevel.

Software Description
TheCTRDairyprogramiswritteninVBAlanguagethatusesMicrosoftExcel’sworksheetsfor
inputandoutput.Figure1showsthemainmenuoftheprogram,whichallowstheusertoenterinput
information,runthesimulation,andviewtheoutputs.Todescribetheprogramweuseanexample
ofHolsteindairycowsgrazingonalegumepasturetwiceadayandbeingfedamixeddietanda
supplementtwiceaday.

Input Module
Theuserstartsbyenteringanimalinformationsuchasbodyweight,milkfat,proteinandlactose
proportions,milkprice,numberofcowsinmilkanddailybodychange.Theusercanthenspecifythe
samefeedsusedintherationformulation,becausebothCTRDairyandPCDairyshareacommon
feedlibrarywhichcontains102feedswiththesamenameandnumber.Finally,theuserspecifies
amountsoffeedsprovidedatanyhourofthedayupto24timesdaily.

Animal Information
Theuserusesthe‘AnimalInformation’tab(Figure2)toenteranimalbodyweight,milkfat,protein
andmilkproportions,milkprice,numberofcowsinmilk,bodyweightchangeandrumenliquid
passagerate.Inourexample,thebodyweightis645kgandthemilkfat,protein,andlactoseare3.9,
3.4and5.0%,respectively.Themilkpriceis0.30USdollarsperliterandthereare1000cowsinmilk
thatdonotgainorloseanybodyweight.Therumenliquidpassagerateisusuallyabout0.121/h.
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Figure 1. Main Menu Screen

Figure 2. Animal Information Screen
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Feed Lists
FeedsinCTRaredividedintothreefeedlists:Feedlist1containspasturefeeds,Feedlist2contains
mixedfeeds,andFeedlist3containssupplementfeeds.However,anycombinationoffeedstuffscan
beusedtocreateanyfeedlist.Theusercanalsochangethenamesofthefeedlists.

Foreachfeedlisttheuseraddstheirneededfeeds(upto20totalfeeds)fromtheStandardor
Alternatefeedlibraries.Theusercanmodifyanynutritivevaluesintheirselectedfeeds,buttheuser
mustenterthepriceforeachfeedanditsamountinthisfeedlist,withallfeedsaddingto100%(in
E27).Calculatedaveragevaluesforthefeedlistsarelistedinthegreycellsbelowthelistoffeeds
inthefeedlist(Figure3).

Feeding Schedule
Theuserspecifiestheamountandtimeoffeedingforthreefeedlistsinthedailyfeedingschedule
tab(Figure4).Feedsprovidedatanyhourofthedayisassumedtobeeatenover60minutes.Use
ofallthreefeedlistsisnotrequired,butthosethatareselectedcanbefedupto24timesperday.
Feedlistnamescomefromthe‘Feedlist’tabsandtheusercanchangenamesinthosetabsifdesired.
Inourexample,thefirstgrazingsessiononthelegumepasturestartsat8:00amandendsatnoon.
Thesecondgrazingsessionstartsat5:00pmandendsat7:00pm.Thetotalpastureintakeis8.05
kgperdayperhead.Thefirstsupplementationintheamountof4.72kgisgivenat6:00amandthe
samesupplementationforthesameamountisgivenforthesecondtimeat8:00pmforatotalof9.44
kgperdayperhead.Thefirstcornsilagedietintheamountof3.86kgisgivenat3:00pmandthe
samedietintheamountof2.57kgisgivenforthesecondtimeat9:00pmforatotalof6.44kgper
dayperhead.Thedailyintakeis23.92kgperhead.

Figure 3. Feed List Screen
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Theusercanchangethefeedingscheduleandre-runthesimulationmodeltodetermineeffects
ofchangesinthefeedingscheduleonmilkproduction,profitprojectionandotherkeyoutputs.This
isakey,andunique,featureoftheCTRDairyprogram.

Execution Module
Theruminaldigestionandabsorptionofnutrientsunderdiscontinuousfeedingschedulesarecalculated
basedontheoriginal2008versionofCTRDairy(Chilibrosteetal.,2008),butwiththeaddition
oftheabilitytopredictmilkproductionandprofitoverfeeding.Theprogramrunsasimulationfor
7daysand,ineachday,itsimulatesrumendynamicsminutebyminuteatotalof1,440times,or
10,080timesinthe7days.

output Module
Theoutputtab(Figure5)showsmilkproduction,profitprojectionandotherkeyparameters.Forour
sampleherd,theprogrampredicts29.83litersofmilkperdaypercow.Althoughthemilkproduction
canbeashighas37.03litersbasedontheamountofavailableenergy,butthelimitingfactorinmilk
productionistheamountofavailableprotein.Themilkrevenueis8.95USDperdayperhead,the
feedcostis$7.02USDperdayperheadandtheprofitoverfeedingis$1.93perdayperhead.

Theprogramalsoplotsthekeyrumenparameterssuchasvolume,pH,solublecrudeprotein
pool,solublecarbohydratepool,liquidpool,microbialpool,volatilefattyacid,andammoniaover
hoursofday(Figures6and7).

Data Files
CTRDairyusestheExtensibleMarkupLanguage(XML)toencodeandsavedatafiles.Figure8
showsasectionoftheXMLfilethatstorestheanimalinformationdata.Thename,valueandunit

Figure 4. Feeding Schedule Screen
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Figure 5. Output Screen of CTR Dairy Program in a Tabular Format

Figure 6. Diurnal plots of Key Rumen Parameters (Rumen Volume, Soluble CP Pool, Soluble Carbohydrate Pool, and Liquid Pool) 
over the Day
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Figure 7. Diurnal plots of Key Rumen Parameters (pH, VFA, Ammonia, and Microbial pool) over the Day

Figure 8. CTR Dairy data file encoded using XLM format
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ofeachparameterarestoredinapairofpointedbracket.Forexample,line4showsthevalueof645
kgforthebodyweight.Thisencodingisbothhumanandmachine-readabletherebyallowingCTR
Dairytointeractwithotherprogramswritteninotherprograminglanguages.

BIoLoGICAL INTERPRETATIoN oF oUTPUTS

The rumen is essentially a fermentationchamberwhereplant fiber isbrokendown into smaller
digestiblecomponentsbybacteriaandothermicrobes.Torepresentandpredicttheuniqueprocesses
ofingestionanddigestionunderdiscontinuousfeedingsituations,suchasgrazing,itisessentialthat
arumenmodelsimulatetheresultingdiurnalfermentationprocesses.Figures6and7showtheplots
ofthekeyrumenparameterssuchasvolume,pH,solublecrudeproteinpool,solublecarbohydrate
pool,liquidpool,microbialpool,volatilefattyacid,andammoniaareplottedoverhoursofday.

ThefirstplotinFigure6showsthediurnalplotofrumenvolumeovertheday.Thecapacityofan
adultdairycow’srumenisabout184liters.Inourexampleherd,therumenvolumerangesfrom78
to100liters.Theplotshowsaraiseat6:00amwhenthefirstsupplementaldietisgivenandanother
smallerraiseat8:00amwhenthefirstgrazingsessionisstarted.Thethirdraiseintheplotappears
at3:00pmwhenthecornsilagedietisgiven.Thefourth,fifth,andsixthraisesappearat5:00pm,
8:00pm,and9:00pmcorrespondingtothetimingoftheafternoongrazingsession,theafternoon
supplementaldiet,andtheeveningcornsilagediet,respectively.

ThesecondplotinFigure6showsthediurnalplotofsolublecrudeproteinpoolovertheday.In
ourexampleherd,thesolubleCPpoolrangesfrom1to90grams.At6:00am,justbeforethefirst
supplementaldietisgiven,thecurveisatitslowestlevelduetonightfasting.Thecurveraisesrapidly
oncethesupplementaldietisgiven.Itraisesagainat8:00amwhenthemorninggrazingsession
starts.Itraisesforthethirdtimeat3:00pmwhenthecornsilagedietisgiven,andforthefourth
timeat5:00pmwhentheafternoongrazingsessionisstarted,andforthefifthtimeat8:00pmwhen
theafternoonsupplementaldietisgiven.ThesolubleCPpoolkeepsraisingwhentheeveningcorn
silagedietisgivenat9:00pm.Itreachesitspeakat11pmandthenstartsdroppinguntilitreaches
itslowestlevelat6:00am,justbeforethefirstsupplementaldietisgiven.

ThethirdplotinFigure6showsthediurnalplotofsolublecarbohydratepoolovertheday.In
ourexampleherd,itrangesfrom1to90grams.Carbohydrateisthemajorcomponentofruminant
dietsanditdifferswidelyintherateandextentoffermentabilityintherumen.Inforage-baseddiets
thecellwallpolysaccharides(structuralcarbohydrates)aretheprimarysourceofenergywhereas
incerealbaseddietsthestoragepolysaccharides(starchandfructosans)providemostoftheenergy
requirements.Microbesconvertboththecellwallandstoragepolysaccharidestofiveandsixcarbon
sugars.Thesesugarsare rapidly fermented intoSCFAandcanprovideup to70%of theenergy
requirementsofthecow(Fellner,205).

ThefourthplotinFigure6showsthediurnalplotofliquidpoolovertheday.Inourexampleherd,
itrangesfrom200to400gramsandfollowsthesamepatternoffluctuationsasofthesolubleCPpool.

ThefirstplotinFigure7showsthediurnalplotofrumenpHovertheday.Inourexampleherd,
thepHrangesfrom6.0to6.8.AhighpH(>7)isseenonpoorqualityforagedietssupplementedwith
urea.Inhigh-producingdairycows,acidosis(rumenpH<6.0)isacommonproblem.Thisoccurs
whenthecoweatstoomuchrapidlydigestiblestarchorsugarthatcreatesacidandoverwhelmsthe
rumen’sbufferingsystem.Mostofthebufferintherumencomesintheformofsalivathatisgenerated
whenthecowchewshercud.Inadequateintakeoflongfiberthatpromotesrumination(cud-chewing)
canalsoresultinacidosisbecauseitprovideslesssalivarybuffertocounteracttheacidproduced
bygrainfermentation.Therumenmicrobes,especially thosethatprimarilydigestfiber,areacid
intolerant.Theydonotgrowwellinacidandtheydon’tdigestfeed,especiallyforages,wellunder
acidconditions(deOndarza,2000).Inourexampleherd,therumenpHisatitspeakat6:00amdue
tothenightfasting.Itdropsrapidlywhenthefirstsupplementaldietisgivenat6:00am.By8:00am
therumenpHapproachestheacidosislevelofabout6.0,butitraisesagainwhenthefirstgrazing
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sessionstartsat8:00am.Eachtimeasupplementdietoracornsilagediesisgiven,therumenpH
drops,andeachtimeagrazingsessionstarts,therumenpHraises.Dairyfarmerscanusethisplot
toavoidtheacidosisproblemintheirherds.

ThesecondplotinFigure7showsthediurnalplotoftherumenVFA(VolatileFattyAcid)pool
overtheday.Therumenprovidesasitewheretherumenmicroorganismscandigestcarbohydrates,
proteins,andfiber.Throughthisdigestionprocess,energyorvolatilefattyacids(VFA’s)andmicrobial
proteinareproduced(PennStateUniversity,2017).VFAareactuallywasteproductsfromtherumen
microbesbutthecowabsorbsthemfromherrumenandusesthemasmajorsourceofenergy.Inour
sampleherd,theVFArangesfrom80to130mM/L.At6:00am,justbeforethefirstsupplemental
dietisgiven,thecurveisatitslowestlevelduetonightfasting.Thecurveraisesrapidlyoncethe
supplementaldietisgivenat6:00am.Itraisesslightlyat8:00amwhenthemorninggrazingsession
starts.Thenitdropsslowlyandreachesitssecondminimumat3:00pm,justbeforethecornsilage
dietisgiven.Thecurvekeepsraisingduringtheafternoongrazingsessionat5:00pm,theafternoon
supplementaldietat8:00pm,andtheeveningcornsilagedietat9:00pm.Itreachesitspeakat11pm
andthenstartsdroppinguntilitreachesitslowestlevelat6:00am,justbeforethefirstsupplemental
dietisgiven.

ThethirdplotinFigure7showsthediurnalplotoftherumenammoniaovertheday.Ammonia
isthemostimportantsourceofnitrogenforproteinsynthesisintherumen.Ammoniaconcentration
intherumencanfluctuatebetween<17mg/L(lowproteinroughage)andashighas680mg/L
followingfeedingofrapidlydegradedprotein(Fellner,2005).Manymicrobesthatuseammoniacan
alsouseaminoacidsorpeptides.Theuseofammoniaisreducedinthepresenceofaminoacidsand
peptidesexplainingthevariabilityinammoniaconcentrationsintherumen.Inourexampleherd,
therumenammoniarangesfrom50to350mg/Landfollowsthesamepatternoffluctuationsasof
thesolubleCPpool.

ThefourthplotinFigure7showsthediurnalplotofthemicrobialpoolovertheday.Ruminants,
suchascattle,relyuponarichanddiversecommunityofsymbioticruminalmicrobestodigesttheir
feed.Thesesymbiontsarecapableoffermentinghost-indigestiblefeedintonutrientsourcesusable
bythehost,suchasvolatilefattyacids.Thehostrequiresruminalfermentationproductsforbody
maintenanceandgrowthandmilkproduction(Kelseaetal,2015).Inourexampleherd,themicrobial
poolrangesfrom1800to2400gandfollowsthesamepatternoffluctuationsasofthesolubleCPpool.

DISCUSSIoN AND CoNCLUSIoN

AnimportantfeatureofthenewversionofCTRDairyprogramcomparedtootherdairycattlefeeding
programsisitsuniqueabilitytopredictmilkproductionandprofitoverfeedcostbasedonthetiming
ofgrazingsessionsandsupplementfeeding.TodemonstratetheeconomicimpactofusingtheCTR
Dairyasadecisionsupporttool,thesimulationprogramisrunbytwoscenariosasdescribedbelow.

Inthefirstscenario,aherdof1000cowsinmilkisgrazedonceadayfor threehoursfrom
7:00amto10:00amonalegumepasture.Thedrymatterintakefromgrazingis6.60kg/cow/day.
Asupplementalfeed,intheformofacornconcentration,isgiventwiceadayat5:00amand3:00
pmattherateof3.05kg/cow/feeding.Anothersupplementalfeed,intheformofacornsilage,is
givenonceadayat4:00pmattherateof4.30kg/cow/feeding.Thecowbodyweightis550kgand
thebodyweightlossis0.3kg/day.Milkhas3.7%fat,3.0%protein,and4.9%lactose.Milkpriceis
$0.30/litter.Thelegumepasturecosts$35.0/metrictonAsFed,thecornconcentrationcosts$120/
metrictonAsFed,andthecornsilagecosts$80/metrictonAsFed.

Runningthesimulationwiththefirstscenariowiththefeedintakeof17.0kg/cow/dayandthe
feedcostof$4.08/cow/day,predictsamilkproductionof23.65litter/cow/daywithamilkrevenueof
$7.10/cow/day.Theprofitoverfeedingis$3.012/day/cowor$3,012/day/herdor$1,102,239/year/herd.

Inthesecondscenario,alltheinputinformation,includingcowbodyweight,cowbodyloss,
milkcomposition,milkprice,feedintake,feedcost,andfeedingscheduleisthesameasinthefirst
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scenarioexceptthesupplementalfeedintheformofacornsilageisgivenat9:00aminsteadof4:00
pmatthesamerateof4.30kg/head/feeding.

Runningthesimulationwiththesecondscenariowiththesamefeedintakeof17.0kg/cow/day
andthesamefeedcostof$4.08/cow/day,predictsadifferentmilkproductionof24.23litter/cow/day
withadifferentmilkrevenueof$7.27/cow/day.Theprofitoverfeedingis$3.186/day/cowor$3,186/
day/herdor$1,166,245/year/herd.Asinglechangeinthefeedingschedule(givingthecornsilage
supplementalfeedat9:00aminsteadof4:00pm)increasestheprofitoverfeedingfrom$1,102,239/
year/herdto$1,166,245/year/herd,adifferenceof$64,006/year/herd.

DairyfarmerscanusethenewversionoftheCTRDairyprogramtomanipulatetheherbage
allowanceandtheaccesstimetothegrazingpaddock,aswellasthetimingofsupplementalfeeding,
toimprovetheutilizationofthepastureandtoincreasetheproductionofthemilk.Dairynutrition
consultantscanusetheplotsofthekeyrumenparametersasdiagnostictoolsfortheingestionand
digestionprocessesingrazingdairycows.

Intermsofsoftwareengineering,usingMicrosoftExcelwithitsembeddedVBAlanguagefor
implementingtheCTRDairymodelhasseveraladvantages:(1)TheExcelsoftwareiswidelyavailable
andintendedusersaremostlyfamiliarwithitsoperation;(2)Excelworksheetscanbeusedforinput
screensandoutputtablesandplotswithminimalcoding;(3)TheExcelworksheetscanalsobeused
tostoreandmanagefeedlibrariesneededforthesimulationprogram;(4)Advanceduserscaneasily
addnewworksheetsandplotstotheoutputmoduleusingthefamiliarExcelmenu;(5)TheVBA
language,embeddedinExcel,isafull-featuredprogramminglanguagethatcanbeusedtorapidly
implementasimulationmodelandmakeitavailabletoabroadrangeofaudienceswithouttheneed
foraproprietarysimulationsoftwarepackage.
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