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ABSTRACT:

Theobjectiveofthestudywastoassessthepost-weaninggrowthresponseofSahiwalcalvesrearedonfour
differentpreweaningdietaryregimens.Thefourdietswere:(a)wholecow’smilk,starterration(SR;CP520%,
totaldigestiblenutrients(TDN)572% )andBerseemhay(H;Egyptianclover;CP521%,TDN563%);(b)whole
cow’smilk1Hj(c)milkreplacertMR reconstitutedtosupplierspecification;SprayfoR) ISR 1H;and(d)MR 1H.
TheproteinandfatpercentagesofreconstitutedMRwere2.22andl .84 respectivelyMilkortMRwerefedatthe
rateof10%ofthecalves’bodyweight(BW)until56daysofage,andthenwithdrawngraduallyuntilweaned
completelyby84daysofage. TheaverageinitialBWofcalvesingroupsA,B,CandDwere56.361.0,47.561.0,
40.461.0 and30.361.0kg, respectively. Initially, there were 12 calves in each group with six ofeach sex;
however,onemalecalfdiedfromeachofgroupsBandCandwerenotreplaced Duringthepost-weaningperiod,
13to24weeks,thecalveswerefedasingletotalmixedrationadlibitumbasedonmaize,canolameal, wheat
strawandmolassescontaining16%CPand70%TDN.DailyfeedintakeandweeklyB Wgainswererecorded.
ThedatawereanalyzedbyMIXEDmodelanalysisproceduresusingthestatisticalprogramSAS.Theintakeof
calvesaspercentoftheirBW feedconversionratioandcostperkgofB Wgainwerenotdifferent(P.0.05)across
treatments.Thedailygaina24weeksofageforthepre-weaningtreatmentsA B,CandDwere746633,660633,
654633and527633 g/dayandthefinalliveweightsofcalveswere11964.2,10264.2,9564.2and7564.2kg,
respectively.Gainswereinfluencedsignificantly(P,0.05)bypre-weaningtreatments.ThecalvesfedMRandH
onlyduringthepre-weaningperiodwereunabletocatchuppostweaningwithcalvesonotherdietarytreatments.
Thecalvesfedwholemilkfrombirthattherateof10%ofliveweighttogetherwithconcentrateshadhigher
weaningweightandsuperiorgrowthratepostweaningaswell. Thus,pre-weaningfeedingwasimportantfor
higherweaningweightsandsuperiorgrowthratespostweaning.

Implications

Thecalvesfedmilkreplacer(MR)andhayonlyduringthepre-weaningperiodhadslowergrowthratespost
weaningcomparedwithcalvesonotherdietarytreatments.Thecalvesfedwholemilktogetherwithconcentrates
hadhigherweaningweightsandsuperiorgrowthratepostweaningaswell. Totalfeedingcostwashigher,but
costperkgbodyweight(BW)gainwaslowerinmilk-fedcalvesthaninMrfedcalvesduringthepre-weaning
period.However,feedconversionratioandcostperkgofBWgainwassimilarpostweaning. Thus,forbetter
performanceduringpre-andpostweaningperiods thenutritionofcalvesisimportantfromthedaytheyareborn.
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Introduction

Thegrowthpotentialoflivestockremainsunderutilizedbecauseofunderfeedingandpoormanagement.Neglect
ofdairycalvesduringthepre-weaningorpost-weaningperiodsresultsindecreasedgrowthratesandadelayin
theonsetofpubertyinthefemalecalves.CalvesinPakistanaregenerallyneglectedbecauseoftheithighfeeding
costsandlow- returnsfromtheirsaleatweaning(Bhattietal.,2009).

Hence farmersarenotmotivatedtoraisehealthymalecalvesofanybreedofcoworbuffalo(Ahmadetal.,2009).
Raisingreplacementdairyheifersiscostlyandnocommercialgainisattaineduntilheifersreachlactatingage
(Greteretal.,2010).Strategiestoreducefeedingcostsduringthepre-weaningperiodareneededtomotivatethe
farmerstoraisetheyoungcalvesformeatorbreedingpurposes.Lowcostfeedingstrategiesincludeusingmilk
replacers(Mrs),weaningthecalvesatanearlyageandincreasingconcentratefeedintakefromayoungerage
(Hopkins, 1997;Hilletal.,2010). Thiswillleadtodecreasedageatfirstcalvingthroughacceleratedgrowth
duringthepost-weaningphase(Brownetal. 2005) HoweverthegrowthperformanceofcalvesfedMRs during
thepre-weaningperiod,isinferiortothatofmilk-fedcalvesonanequivalentproteinandenergybasisuntil45
dayspostweaning(Leeetal.,2009).

Kuehnetal.(1994)reportedthatlow-fat(15.6%ondrymatter(DM)basis)MRspromotehigherstarterdry
matterintakethandohighfat(21.6%)MRfedfrom14to42daysofageandresultinhigherliveweightgainof
Holsteincalves Thissuggeststhatthereplacementofenergyprovidedbyfatwiththatinconcentrateledtofaster
growth.LittleisknownothowtropicallyadaptedbreedssuchastheSahiwalrespondtodifferentmilkfeeding
regimesandtheireffectonconcentrateintakeandlong-termgrowthperformancepostweaning. Todevelopan
economicalcalfrearingprotocolforthisbreed,theeffectsoffeedingmilkorMRattherateof10%liveweight
duringthepre-weaningperiodontheirpostweaningperformanceusingasingletotalmixedration(TMR )were
investigated.

Thus,theobjectiveofthestudywastoassesswhetherthepoorgrowthresponsepre-weaningtomilkreplacer
relativetothatformilkwasoffsetbeyondweaningat84to1 68daysofage(24weeks)inSahiwalcalvesfeda
balancedMR.

Materialandmethods

Three-month-old weaned Sahiwal calves procured from the Livestock Experiment Station, Bahadurnagar,
Okara,wereused forthispost-weaning feedingtrial. Beforeweaning, theyhadbeenapartofatwobytwo
factorialpre-weaningfeedingtrialreportedbyBhattietal.(2011). Thetwofactorswere—liquidfeed(milkor

MR )andsolidfeed(starterconcentraterationwithHorHonly). Thus,thefourdietarytreatmentswere:milk
withstarterrationplushay(A:Milk ISR 1H) milkwithBerseemclovethayonly(B:Milk1H),

MRwithstarterrationplushay(C:MR 1SR 1H)andMRwithBerseemhayonly(D:MR 1H).ThemilkandMR
werefedat1 0%ofliveweight,whereastheSRandHwerefedadlibitumandintakemeasured. Theamountof
milkorMRfedwasadjustedforbodyweight(BW)untilS6daysofage,andthentaperedinweeklyincrementsto
zeroby84daysofage.

Berseemcloverhay(Trifoliumalexandrinum)wasfedtoallthecalvestroml4daysofageuntilweaning Starter
rationwasfedtogroupsAandCstartingfrom14daysofageuntilweaningat84daysofage.Duringthepre-
weaningperiod,initiallytherewerel 2calvesineachgroupwithsixofeach

TablelCompositionoftotalmixedration

Ingredients Asfed(%) Ingredients Asfed(%)
Maizegrains 334 Mineralmixture 2.0
Soybeanmeal 4.0 Vitaminpre-mix 0.1
Maizeoilcake 7.0 Sodiumbicarbonate 0.5
Maizegluten(60%) 7.0 Calciumoxide 1.0
Canolameal 15.0 CP 19.5
Molasses 10.0
Wheatstraw 20.0 Totaldigestiblenutrients 70
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sex;however,onemalecalfdiedfromeachoftheBandCtreatmentsandwerenotreplaced Thus 46calveswere
assignedtothecurrentpost-weaningstudy,comprisedof12,11,1 land12calvesfromtheoriginalpreweaning
groupsA,B,CandD respectively,asdescribedbyBhattietal (2011).Duringthepost-weaningperiod,after84
daysofage,thecalvesweregivenasingleTMR(Tablel Juntill 68daysofage. Theexperimentwasconducted
frommid-Maytomid-August2009.Theambientdaytimetemperatureduringthesemonthsrangedfrom25.18C
t040.48C.

Feedingandhousing

Animalswerehousedinseparatecalfpens(14231123112cm:L3W3H) CalveswerefedaT MRcontainingl 6%
CPand70%totaldigestiblenutrients(Tablel Jadlibitumfrom85tol 68daysofageandhadfreeaccesstoclean
water. ThecompositionoftheTMR isshowninTable 1. The TMR and waterwereplacedinplasticbowls
attachedtothepens.Calveswerefedtwicedailyat0900andl 700h,andrefusalsweremeasuredtocalculatefeed
intake Duringthedaycalveswereallowedaccesstoanopenshedtoexercisefor2h.

BWmeasurement

Theanimalswereweighedweeklyusinganelectronicdigitalscaleearlyinthemorningbeforefeeding. The
calveswereofffeedatmidnightbeforeweighingthenextmorning. Theexperimentwasterminatedattheageof
168days(24weeks)foreachealf.

Datarecording

Dailyfeedintake refusalsandweeklyliveweightswererecorded. Thedatarecordedwereusedtocalculatetotal
liveweightgain,averagedailygain,averagedailyfeedintake,totalfeedintake nutrientintakeandtotalfeeding
cost.

Statisticalanalysis

Thedataonweeklyweightand TMR intakewereanalyzedusingrepeated measuresanalysisusingMIXED
proceduresofSAS(SAS,2002),withanAR(1)covariancestructureasdescribedbyLittelletal.(1998).The
effectsofpre-weaningdietsweretestedinthepost-weaningperiod. Thepreweaningtreatmentswere:A:Milk,
SRandH;B:MilkandH;C:MRandSRandH;D:MRandHonly(explainedinBhattietal.,2011).Thecalfwas
usedasarandomeffect ThestatisticalmodelusedforanalysiswasYijklm/zmpsexipF 1jpF2kpWIpdsex F1

F2 WPijklpcalfmbeijklmwhereYijkisthedependentvariable,mistheoverallmean sexiisthesexofthecalf
whereiiseithermaleorfemale,F 1 jisthefixedeffectoffactorl wherejiseithermilkorMR F2kisthefixed
effectoffactor2wherekiseitherSRandHorHonly,Wlistherepeatedmeasureofweeksl,(sex3F 1 3F23W)ijkl
istheinteractionterm calfmistherandomeffectofcalfnandeijklmistheresidualerror.

Fortheotherdescriptivestatistics(averagegrowthrate,weightattheageof24weeks, totalweightgain, total
intakeofTMR) thedatawereanalyzedusingMIXEDprocedures.

ThestatisticalmodelwasYijk'smpF 1ipF2jpoF1 F2PbijpcalfkpEijk;wheremistheoverallmean;Fliis
factor | whereiiseithermilkorMR;F2jisfactor2wherejiseitherSRandHorHonly;(F 13F2)ijisthe
interactionterm;calfkistherandomeffectofcal flandEijkistheresidualerrorThesexwasincludedintheinitial
model,butitseffectwasnotsignificantsoitwasdroppedfromthemodelduringfinalanalyses.Theresultsare
reportedasleastsquaresmeans.ThemeansweredeclaredsignificantlydifferentatP,0.05.

Results
Feedintake

AveragedailyI MRintakeofcalvesinallgroupsrangedfroml.5t02.260.17kg/dayduringthel 3thweekofage
(days85t092)and3.7to5.0kgduring 24thweek ofage (Figure 1). Daily intake of TMR increased with
increasingage(P,0.05).Averagedailyintakeof TMRremainedthehighestingroupAandlowestingroupD
during the post-weaning period (Figure 1). The average daily intake of calves in groups B and C was not
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significantly different(P.0.05). There wasnointeractionbetweenliquid feed sourceandsolid feed source.
However,therewasaninteraction(P,0.05)betweensolidfeedsourcewithage,indicatingthattheresponsein
post-weaningl MRintaketopre-weaningsolidfeedingregimesperiodwasnotlinearwithage.

Thetotal TMR intakeofcalvesduringthepost-weaningperiodwashigher(P,0.05)ingroupAfollowedby
groupsB,CandD(Table2).However,therewasnosignificantdifference(P.0.05)betweentheintakeofcalves
ingroupsBandConas-fedbasis. Themilk-fedcalvesduringthepreweaningperiodconsumedmoreTMRpost
weaning(P,0.05)thantheMR-fedcalves(Table2).Similarly,theSR-fedcalvesduringthepre-weaningperiod
consumedmore TMRpostweaning(P,0.05)comparedwithcalvesfedhayonly. Therewasnointeraction(P
.0.05)amongtreatmentsfortotall MRintake( Table2).

GrowthperformanceofSahiwalcalvespostweaning

Figurel Effectofdietbeforeweaningontheintake(kg/day)oftotalmixedration(as-fedbasis)postweaninginSahiwalcalves. M1SR1H:
milkplusstarterrationplushay;M 1 Hmilkplushay;MR 1SR 1 Hmilkreplacerplusstarterrationplushay;MR 1 Hmilkreplacerplushay.

TheTMRintakeofcalves(onasisbasis),asapercentageoftheirBW,rangedfrom3.8ingroupAto4.860.19in
groupCandwasnotaffected(P.0.05)byliquidfeedsourceorsolidfeedsource(Figure2).However,thepre-
weaningMR-fedcalvestendedtoconsumemore TMR (P50.07)thanmilk-fedcalves,whereasthosefedhay
before weaning tended to consume more TMR (P50.09) than concentrate-fed calves as percentage of their
liveweight during the post-weaning period. The incremental differences in TMR intake post weaning as a
percentageofliveweightbetweenthetreatmentgroupsincreased(P,0.05)withage(Figure2). Therewasan
interaction(P,0.05)betweensourceofsolidfeedbeforeweaningandage,indicatingthattheadditionofSRtoH
fedbeforeweaningdidnotinfluencepost-weaningintake.

Growthperformance

AveragedailyB Wgainofcalvesduringthepost-weaningperiodwashighestingroupA followedbygroupsB,C
andD(Table3).However,thisdidnotdiffer(P.0.05)betweengroupsBandC Thepre-weaningmilk-fedcalves
grew fasterpostweaning compared with MR-fed calves (Table 3). Similarly, SR-fed calvesduring the pre-
weaningperiodgrewfasterduringthepost-weaningperiodthanthosefedhayonlyinthesameperiod(Table3).
Therewasnointeraction(P.0.05)betweenliquidfeedsourceandsolidfeedsourceofthetwofactors liquidfeed
sourceseemedtohavethemostsignificanteffectonB Wgainpostweaning.

Thetotalweightgainduringthepost-weaningperiod thatis fromthel 3thto24thweekofage,wasl Ok ghigher
(P,0.05)incalvesfedmilkthanMRduringthepreweaningperiod(Table3).Similarly,thecalvesfedSRbefore
weaninggained9.7kgmorepostweaning(P,0.05)thanthosefedhayonly. Therewasnointeraction(P.0.05)
betweenliquidfeedsourceandsolidfeedsource.

ThefinalBWofcalvesat24weeksofagewas26.3kghigher(P,0.05)incalvesfedmilkbeforeweaningthan
thosefedMR(Table3).SimilarlythecalvesfedSRbefore
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Main effects Simple effects

Milk v MR SR v hay Milk MR P-values
Parameters intake Mik MR SR+H H se. SR+HI(A) H (B) SR+H (O H (D) F1 F2 F1XF2
TMR intake (kg) 267.8 2163 265.4 2188 80 2825+111 252+116 2468+ 116 1884+ 11.1 *** ** ns
Intake (% of BW) 42 45 42 45 01 39=x01 44+0.1 44+01 45+01 ns ns ns
Total feeding cost (PKR) 5356 4326 5308 4376 160 5650 =222 5040+ 232 4936+ 232 3768+ 222 *** ** ns
Cost/kg liveweight (PKR) 90 88 90 88 2 90+3 91+ 3 90+3 85+3 ns ns ns

MR milk replacer; SR = starter ration; H = hay; TMR = total mixed ration; BW = body weight; PKR: Pakistan rupees (1USS ~ PKR 87).
ns: non-significant, P> 0.05.

**Statistically significant, P <= 0.05.

***Statistically highly significant, P<< 0.01.

F1: factor 1, milk v. milk replacer.

F2: factor 2, SR +H v. H only.

F1 % F2, interaction of F1 and F2.

A, B, Cand D refers to respective treatment groups.

Figure2 Effectofdietbeforeweaningontheintake(kg/day)oftotalmixedration(as-fedbasis)postweaningexpressedasapercentageof
liveweightinSahiwalcalves.M 1SR 1H:milkplusstarterrationplushay;M 1 H:milkplushay;MR 1 SR 1 H:milkreplacerplusstarterration
plushay;MR 1H:milkreplacerplushay.

weaningwere 18kgheavier(P,0.05)thancalvesreceivingonly Hbeforeweaning. Similarly, therewasno
interaction(P .0.05)betweenliquidfeedsourceandsolidfeedsource.

Thepost-weaningfeedconversionratio(FCR)ofcalveswasnotaffected(P.0.05)byanyofthepre-weaning
dietarytreatments(Table3).FeedingcostTotalfeedingcostofthecalvesduringthel 2weekspostweaningwas
Pakistanirupees(PKR) 1030(1US$SEPKR 87)higherincalvesfedmilkduringthepre-weaningperiodthan
thosefedMR(Table2) CalvesreceivingSRbeforeweaningcostPKRs932moretofeedpostweaningthanthose
fedHonly Therewasnointeraction(P.0.05)amongthetreatments.

Thehighestpost-weaningtotalfeedingcostduringthel 2weekswasobservedincalvesreceivingmilkandSR
duringpre-weaningperiodandthelowestwasinthosefedM RandHonlyforthesameperiod. However.thecost
perkgBW gainpostweaningdidnotdiffer(P.0.05)amongcalvesreceivingany ofthepre-weaningdietary
treatments(Table2).

Discussion

Inthepresentstudy,thetotalTMRintakeofcalvespostweaningfedmilkduringthepre-weaningperiodwas
higherthaninMR-fedcalves. DailyfeedIntakeisafunctionofBWoftheanimal. Khanetal.(2011)have
concludedthatpostweaningfeedintakeofcalvesisgovernedbyrumenvolume, metabolicactivityofrumen
epithelium,rumenmotilityandfeedquality.HigherTMRintakeinthemilk-fedcalves,inthepresentstudy,was
probablybecauseoftheirgreaterdigestivecapacity(asaresultothigherB Watweaning)thaninMR-fedcalves.
TheMR-fedcalvesduringthepre-weaningperiodhadlowerweaningweights,andthusatelessthanheavier
calvesatweaning.Khanetal.(2007)reportedthatdepressioninsolidfeedintakepostweaningasaresultof
increasedamountofimilkfeedingduringpre-weaningperiodcouldbeavoidedifthecalvesareweanedgradually.
Graduallyweanedcalveshavenoproblemofdepressedfeedintakepostweaning(JasperandWeary,2002).In
thepresentstudy,thecalvesweregraduallyweaned from9to 12 weeksofage;thus, calveshadadjustedto
consumingsolid feed duringthis period. Thisis perhaps anotherreason fortheincreased TMR intake post
weaningbythecalvesfedmilkduringthepre-weaningperiodcomparedwithothertreatments.
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ThedailyBW gainofmilk-fedcalvesduringthepre-weaningperiodwashigherthaninMR-fedcalvespost
weaning. ThedailyBWgainofgrowinganimalsisafunctionoftheirinitialliveweightandnutrientintake.Inthe
presentstudy,thecalveswerefedadlibitumpostweaning Thus,nutrientavailabilitywasnotthelimitingfactor,
resultinginlowergrowthratepostweaningofMR-fedcalvesduringthepre-weaningperiod Thehigheraverage
daily BW gainofmilk-fed calves was because oftheir higher weaning weights. These calves continued to
maintainthedifferenceintheirliveweightcomparedwiththeothergroups(Figure3).

Table 3 least square means of post-weaning liveweight change and daily growth rate and FCR of Sahiwal calves as affected by different pre-
weaning feeding regimens

Main effects Simple effects
Milk v MR SR v. hay Milk MR P-values
Parameters Milk MR SR+H H s.e. SR+H (A) H (B) SR-+H (Q) H (D) F1 F2 F1XF2
Initial liveweight (kg) 52 35 49 38 0.8 56+ 1 47 =1 40+1 301 FARE kAR ns
Final liveweight (kg) 110.8 845 106.2 883 2.2 119+ 4.2 102 =43 95+ 43 TFA5x 42 *HE wAR% ns
Total weight gain (kg)  59.4 494 59.2 495 1.8 63.0*26 552*+27 55+27 442*+26 *** *** ns
Daily BW gain (g/day) 705 588 702 590 24 746 + 33 660+35 653+35 527=*+33 BE =R ns
FCR 4.5 44 45 44 01 45=*01 46+01 46=*01 43+01 ns ns ns

FCR = feed conversion ratio; MR = milk replacer; SR = starter ration; H = hay; BW = body weight.

ns: non-signfficant, P> 0.05.

**Statistically significant, P 0.05.

***Statistically highly significant, P< 0.01.

F1: factor 1, milk v milk replacer.

F2: factor 2, SR + H v H only.

F1x F2, interaction of F1 and F2.

A, B, C and D refers to respective treatment groups.
SimilarresultshavebeenreportedbylasperandWeary(2002),whoreportedthatweightadvantageofadlibitum
-fed calves persists after weaning. They furtherarguedthatifthisearlyopportunityofrapidgrowthbycalves
ismissed, high levels of intake later in life may not allow forcompensatorygrowth.Thus,ourinitial
hypothesisthattheM Rcalvesmayshowcompensatorygrowthiffedwellafterweaningcouldnotbevalidatedin

thisstudywithSahiwalcalves.

Similarly,the SR componentofthepre-weaningdietwasimportant, with SR-supplemented calves growing
fasterthancomparablegroupsfedhayonly. However,therewasnodifferenceinthe growthperformanceof
calvesreceivingMR+SR 1Handmilk1Honlyduringthepre-weaningperiod.Presumably,thehigherenergy
componentofSReounteractedthesuperiomutrientavailabilityinmilkrelativetoMR Thisstudyhasconfirmed
that weaning weight, which was an indicator of pre-weaning dietary treatment, was the main variable
influencing post-weaning growth performance. This isconsistentwiththeobservationthatintakeaspercent
ofBW,theFCRandthefeedingcostperkgofBW gainpostweaningdidnotdifferamongcalvesreceiving
differentpre-weaningdietarytreatments. Thisindicatesthat,althoughtheefficiency offeedutilization was
similar in calvesacross all groups, calves withhigher weaning weight maintained higher BW post
weaningthanalltheothergroups.Similarly,thecalvesreceivingMR+Hduring the pre-weaning period, with
lower weaning weights,couldnotcatchupwiththeBWofcalvesreceivingmilkandSRevenattheageof24
weeks.Thisunderlinestheimportanceofpre-weaningfeedingforearlyageatmaturity.

The effects of pre-weaning dietary treatments on post-weaning growth performance of Holstein
heifers wereextended out to 600 days of age in the report of Moallemetal.(2010).Intheirstudy,the
Holsteinheifercalvesfedwholemilk (CP525.9 and fat529.4%, on DM basis)ad libitumduringtheirpre-
weaningperiodwereheavierthanthosefedMR(CP 523.7andfat513%,0nDMbasis). Theliveweight

Figure3 Effect of diet before weaning on liveweight change (kg) postweaninginSahiwalcalves. MISR1H:milkplusstarterration
plushay;MIH:milkplushay;MRISRIHmilkreplacemplusstarterationplushay;MRIH milkreplacerplushay
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of milk-fed heifers, in their study, was 16.9 and 27.0kghigher than that of MR-fed heifers at 300 and
600 days ofage, respectively (P0.04). Similarly with beef breeds,Christianet al.(1965) reported that
heavier weaned Here-ford calvesreached slaughter grade of ‘High Choice’in fewer days post weaning
comparedwithlighterweanedcalves Inthis study, the heavier calvesat weaning required more dryfeed/kg
of BW gainimmediately after weaning, which ismostlikelyduetohighetbodymaintenancerequirements.

Similar outcomes were observed by Robelin and Chilliard(1989). They reported that differences in MR
intake (1380v.819g/day on DM basis, respectively) up to 95 days of ageresulted in a 25% heavier
calf; however, subsequent growthrates up to533days ofage were similar (806v.8 14g/days),resultingin
differentialliveweightsatthisageof530and496kg respectively.However,NocekandBraund(1986)reported
thatHolstein calves receiving either all-milk protein replacer (CP524.0andetherextract513.3%,0nDM
basis)oracidifiedmilkreplacer(CP523.0andetherextract56.9%,onDMbasis)andweanedeitherabruptlyor
graduallyreachedl 36kgofliveweightinapproximatelythesamenumberofdays(91ta97).

Totalfeedingcostspostweaningwerchigherinmilk-fedcalvesthaninMR-fedcalvesduringthepre-weaning
period;thesamewastrueforthecalvesfedSR1Hv.Honly. Thiswas because of the higher TMR intake in

the respectivegroups. However, cost per kg BW gain post weaning wassimilar in calves receiving
different pre-weaning dietarytreatments.Thus,thehighertotalfeedingcostspostweaninginthecalvesfed
milkorSRthanthosefedMRorHduringthe pre-weaning period were compensated with theirsuperior
growthratesinthesameperiod.ConclusionsPost-weaning growth performance of Sahiwal calves was
established by the intake of nutrients before weaning.

Feedingwholemilk(CP53.35andfat53.5%,0nas-fedbasis)frombirthattherateofatleast] 0%ofliveweight
withcon-centratesleadtoahigherweaningweightandpost-weaninggrowthrate,andhencemayhaveagreater
possibilityforearlierpubertycomparedwithfeedingamilkreplacer(CP52.22andfat51.8%,0nas-fedbasis)
beforeweaning.Similarly,feedingtheconcentratestarterrationbeforeweaninginpreferencetohayinduced
fasterpost-weaninggrowthrates.ThecostperkgB WgaininSahiwalcalveswasnotdifferentamongtreatment
groupspostweaning.
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ABSTRACT:

Thisstudyaimedtoidentifygeneticevaluationmodels(GEM)toaccuratelyselectcattleformilkproduction
when only limited data are available. Itis based on a data set from the Pakistani Sahiwal progeny testing
programmewhichincludesrecordsfromfivegovernmentherds,eachconsistingof100to350animals,with
lactationrecords dating backto 1968. Different types of GEM were compared, namely: (1) multivariatev.
repeatabilitymodelwhenusingthefirstthreelactations,(2)ananimalv.asiremodel,(3)differentfixedeffects
modelstoaccountforeffectssuchasherd,yearandseason;and(4)fittingamodelwithgeneticparametersfixed

v. estimating the genetic parameters as part of the model fitting process. Two methods were used for the
comparisonofinodels.ThefirstmethodusedsimulateddatabasedonthePakistaniprogenytestingsystemand
comparedestimatedbreedingvalueswithtruebreedingvalues. Thesecond methodused cross-validationto
determinethebestmodelinsubsetsofactualAustralianherd-recordeddata.Subsetswerechosentoreflectthe
Pakistanidataintermsofherd sizeandnumberofherds. Based onthe simulationand the cross-validation
method,themultivariateanimalmodelusing fixed geneticparameters was generally thesuperiorGEM, but
problemsariseindeterminingsuitablevaluesforfixingtheparameters.Usingmeansquareerrorofprediction,
the best fixed effects structure could notbe conclusively determined. The simulation method indicated the
simplest fixed effects structure to be superior whereas in contrast, the cross-validation method on actual
dataconcludedthatthemostcomplexonewasthebest.Inconclusionitisdifficulttoproposeauniversallybest
GEMthatcanbeusedinanydatasetofthissize. However,somegeneralrecommendationsarethatitismore
appropriatetoestimatethegeneticparameterswhenevaluatingforselectionpurposes,theanimalmodelwas
superiortothesiremodelandthatinthe Pakistanisituationtherepeatabilitymodelismoresuitablethana
multivariate.

Keywords: geneticevaluationmodel,Sahiwalcattle geneticparameterestimation cross-validation
Implications

Thisstudyisconcernedwithmethodstoassistinselectingthebestdairyanimalsindevelopingdairysectorssuch
asPakistan. Limiteddataareavailableinthesesectorsandsoselectioncanbedifficult. Geneticevaluation
modelscanbeusedtohelpthisprocessbutmodelsthataretoosimpleorcomplexcanleadtoinaccurateorbiased
results.Basedonthestudyoutcomes,itisrecommendedtousearepeatabilityanimalmodelforevaluatingthe
firstthreelactationsinwhichgeneticparametersareestimatedaspartofthemodelfittingprocess.

Introduction
Thegeneticevaluationmodel(GEM )usedinacountryisdependentonthetypeofdairysystem,thepopulation

ofanimalsandthenumberofanimalsrecordedforbothperformanceandpedigree. Throughouttheworldthere
arevaryinglevelsofdevelopmentindairysectors,andmanyofthemhavetheirownGEM.Indevelopeddairy
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sectorssuchasAustraliaandTheNetherlandswherethenationalherdsizeis~1.5millionanimals,about45%of
animalsarebeingherdrecorded(CRV,2008;AustralianDairyHerdImprovementScheme(ADHIS),2011).In
contrast,indevelopingdairysectorsperformancerecordsareseldomkeptandthereforethereisavastdifference
intheoptionsavailableforthegeneticevaluationofanimals Forexample,inPakistanthereare~2Smilliondairy
cattle,butthemostestablishedprogenytestingsysteminthecountryrecords<1000milkinganimalsperyear.
Furthermore,indevelopingdairysectors,problemscanbeexacerbatedduetothelargeenvironmentaleffects,
poormanagementduetolimitedresourcesandpoordatatquality(Dahlin, 1998;1latsiaetal.,2007). These
problemshavetheirimplicationsandpotentiallyreducegeneticgain.Forexampleindevelopeddairysectors,
evidence shows genetic gains inmilk production of~2% peryear (Hill, 2010), whereas looking at similar
informationfromPakistanwecanseelittletonoincrease(Khanetal.,2008). Thisdifferenceinsuccessisnot
confinedtothePakistanidairysystem,butiscommoninlow-inputsmallholdersystemsthroughouttheworld
(Regeetal.2011).

TheprimaryaimofanyGEMistoselectanimalsbasedonperformance-recordeddataasaccuratelyaspossibleto
maximizegeneticgaininthepopulation.Indevelopeddairysectors,complexGEMssuchasrandomregression
test-daymodelsareusedtoaccountforasmuchvariationaspossiblewithinthedata(Interbull,2009) Althougha
theoretically superior model, it requires sufficient recorded data to ensure the evaluation is accurate. In
developingdairysectorsthenumberofrecordedanimalscanoftenbeverylowandhencecomplexGEMsmay
notbefeasiblewithintheirsystem.Thiscanalsooccurindevelopeddairysectorswherethereareanimalsbeing
evaluatedfromsmallherdsorwheretraitsarerecordedonlyonresearchfarms.Inthesecases,simplermodels
involvinglesscomputationandrequirementsforrecordedinformationmaybehelpful.

A particular problem with a low number of animals in an evaluation is to account for environmental or
managementeffectsforanimalsrecordedfromthesameherd,yearandseason.Thesearegenerallyfittedasfixed
effectswithintheevaluationmodelandaccountfor~40%ofthevariationseeninmilkandfatyield(Chauhan,
1987;VanBebberetal.,1997) Itiswellestablishedthatignoringfixedeffectscanleadtobiasedpredictionsof
breedingvalues(Henderson,1975a) However,itisalsoimportanttoconsiderthatwhenfixedeffectsareoflittle
consequence,theresultantdecreaseinthecontemporarygroup(CG)sizemayleadtoanincreaseinprediction
errorvariance.Furthermore,ifrecordsarcobtainedfromcloselyrelatedanimals,thentheserecordscontribute
littleinformationtotheevaluation(VanVleck,1987;VisscherandGoddard,1993).

Therefore theaimofthisstudywastoassessthebestGEMstopredictbreedingvaluesindairycattleinPakistan
wheretherearelimiteddataavailable. Toaddressthisaim,simulateddatasetswithknownbreedingvalueswere
used and compared with the estimated breeding values (EBVs) from various GEMs. Second, actual herd
recorded data fromanAustralian progeny testing system was divided into subsets resembling the Pakistani
progenytestingsystem.ThesesubsetswerethenanalysedusingGEMsandbreedingvalueswereestimatedand
comparedusingcross-validation(CV).

Materialandmethods

Overall this study compares anumber of different types of GEMs. The main factors considered are: (1) a
multivariate(MV)v.arepeatability(RP)modelinaccountingforproductioninthefirstthreeparities;(2)an
animal(ANIM)v.asire(SIRE)modelinmodellingtherandomgeneticeffects;(3 )differentfixedeffectsmodels
toaccountforeffectssuchasherd,yearandseason;and(4)fittingamodelwithgeneticparametersfixedyv.
estimatingthegeneticparametersaspartofthemodelfittingprocess.

ThiswascarriedoutbyusinghistoricaldatafromPakistan’sSahiwalprogenytestingsystemtoprovideabasisof
theherdstructuresandsizes. Subsequently,twomethods wereused forthecomparisonofmodels. Thefirst
methodusedsimulateddatabasedonthePakistaniprogenytestingsystem.Thesecondmethodusedsubsetsof
actualherdrecordeddatafromtheAustraliandairysystemtoprovideanindicationothowthemodelscompare
basedonactualindustrydata.ModelcomparisonswerenotcarriedoutontheoriginalPakistanidatasetasitwas
onlyasingledatasetwithsmallnumbersofrecordsperyearandasmallnumberofherdsmaking CVless
reliable.
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Data

Pakistanmilkyielddata.HistoricaldatafromtheR esearchCentrefortheConservationofSahiwalCattle, Jhang,
Pakistan(RCCSC,http://www.rccsc.com.pk/),wereusedinthisstudyasthebasisforsimulationandanalysis.
TheserecordsincludedbothlactationandpedigreerecordsfromfivemajorgovernmentSahiwalherdsinvolved
inherdrecordingsince1968.Theherdsizeofthesefarmswasbetween100and350milkinganimals.Intotal
therewere29790lactationsfrom3 1 Osiresand6895damswithanaveragenumberoflactationsperdamof4.3.
Theinformationavailable foreachlactationrecord was theherd, dateofcalving,ageatcalvingandinthe
majorityofcases thesireandthedamofthelactatinganimal.

Simulateddata.Dataweresimulatedbasedongeneticparametersestimatedfromapreliminaryanalysisofthe
RCCSCherdrecordeddata(seeSupplementarymaterialS1).

Specifically,additivegeneticeffects (breedingvalues,a)weregenerated foreachofnanimalsandforthree
paritiesfromaM VnormalN(0,G)distributionwhere

a an ains
G an a as A
2
as asn as

whereAisthenumeratorrelationshipmatrixbasedonthe RCCSCpedigree,andwheretheadditivegenetic
variancesandcovariances(6aij)werebasedontheoutputofthepreliminaryanalysisofthefirstthreeparities.
Residualeffects(e)weregeneratedfromaM VnormalN(0,R Jistribution,where
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wheretheresidualvariance-covariancematrix(fPeij)wasalsobasedonthepreliminaryanalysis,M Vnormal
dataweregeneratedwiththermvnorm(Genzetal.,2013)functioninR Version3.0.2(R CoreTeam,2013).
Theseadditiveandresidualeffectsweresummedtoobtainphenotypesforthefirstthreeparitiesofeachanimal(y
=a+e).NotethatnoMcGill, Mulder,ThomsonandLievaartl 578fixedeffectswereaddedtothesimulateddata
(thoughfixedeffecttermswereincludedinthemodelfittingtoassesstheimpactofCGsizeontheanalysis,see
below).Subsequently,asampleofsecondandthirdparitylactationswereremovedtomimicthecullingand
mortalitylevelsseenintheoriginalRCCSCdataset. Thisresultedin1138,92 1and698first,secondandthird
parities,respectively,thesameastheoriginal RCCSCdataset. Thisprocesswasrepeated 500timestoyield
multiplesimulateddatasetstocomparetheGEMsinthestudy.

Actualherdrecordeddata.ForassessingtheGEMsonactualherdrecordeddataitwouldbedifficulttoobtain
sufficientdatasets fromPakistantocomparenumerousmodels. Soinstead, historical test-dayrecords were

obtained fromthe ADHIS (http://www.adhis.com.au)and ~ wereusedasapoolofdatatodrawsubsetswhich

resemblethegeneralherdstructureoftheprogenytestingrecordsfromPakistan.

Intotal 1 78dairyherdsfromVictoriawithbetween100and350milkingHolstein.Friesiananimalseachyear
from1993to2002wereusedtoselectfiveherdsatrandomtorepresentthesizeofthePakistanidataset. Thiswas
repeated500timesandforeachsubsetofdatathetest-dayrecordswereusedtodetermineanadjusted305-day
lactationyieldforthefirstthreeparitiesusingthetest-intervalmethod(ICAR 2009).

ItisevidentthatAustralianHolstein.FriesiananimalsdonottrulyrepresentthesituationoftherecordedSahiwal
populationinPakistan.However,forthepurposesofthisstudybyrepeatingtheprocessofrandomlyselecting
fiveherdsofsimilarherdsizestothePakistanisituation500times,wecanassesstheeffectofdifferentmodels
withrespecttofixedandrandomeffectsusingCV.SoalthoughnottrulyrepresentingthePakistanisituation,
conclusionscouldbedrawnfromtheAustraliandatabylimitingthedataincludedinitsanalysis. GEMstested
TwotypesofGEMweretested;theRP model(1)andM Vmodel(2) TheRP modelis
y.Xb+Zla+Z2pe+e(1)

whereyisthevectorofrandomvariablesoftherecordedtrait;bthevectoroffixedeffectswithanincidence
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matrixXrelatingobservationstoeffects;athevectorofadditivegeneticeffects(oranimalorsirecffects)withan
incidencematrixZlrelatingobservationstorandom(polygenicanimalorsire)effectswherethea NdO; D2
aATwhereAisthenumeratorrelationshipmatrixandfD2aistheadditivegeneticorsirevariance;pethevector
ofrandompermanentenvironmentaleffectswithanincidencematrix Z2 relating observationstopermanent
environmentalrandomeffectswherepe NdO; fB2 pelTwherelistheidentitymatrixand fD2peisthe
permanentenvironmentalvariance;andethevectorofindependentresidualeffectswhereeNdO;/D2elT.
TheM Vmodelis:

Vi Xibj-Z;a; e )

wherethetermsinthemodel(2 representthesameasin(1) Howevertherearenowthreetraitsindexedbyi(that
isparityone,twoandthree)andinsteadofapermanentenvironmentaleffect(pe)foreachanimalthereisa
genetio(Glandresidual(R)variance-covariancematrixsuchthat:
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assumingthedatavectorisstoredintheformy’0y01;y02;y03P0.ForboththeRP(1)andM V(2)modelthe
randomeffectsstructure(Za)andthefixedeffects(Xb)canbealtered. Inthisstudy,therandomeffectswere
alteredtocomparethe ‘ANIM’ model withthe ‘SIRE’modelandthe fixedeffectsstructures(Table 1) were
comparedtoseetheimpactofCGsizeandstructureonanimalevaluation.

Thenumberoflevelsofeachfixedeffectwasherd(five),year(uptol 0)andparity(three). Thenumberoflevels
ofseasonwastwo,fouror12asdepictedwithinthebracketsofTable1.Ageatcalvingwasfittedasasecond
ordempolynomialeffect.

Ineachofthesimulatedandactualherdrecordeddataruns,therewere20modelsfittedandcompared. Thatis,
twomodeltypes(RPandMV), withtworandomeffectstructures (ANIM and SIRE)and five fixed effects
structures(F 1toF 5, fromTablel).AllmodelswerefittedusingASReml-RDiscoveryEditionl.0(Butleretal.,
2009).

Table 1 Specification of fixed effect model structures

Model number Fixed effects structure

F1 Herd x parity + year x parity +season[2] x parity + AgeAtCalving x parity + AgeAtCalving® x parity'
F2 Herd : year : parity + season[2] x parity + AgeAtCalving x parity + AgeAtCalving? x parity'

F3 Herd : year : season(2] x parity + AgeAtCalving x parity + AgeAtCalving? x parity'

F4 Herd : year : season[4] x parity + AgeAtCalving x parity + AgeAtCalving?® x parity’

5 Herd : year : season[12] x parity + AgeAtCalving x parity + AgeAtCalving® x parity’

The symbol * " indicates fields fitted with an interaction and " indicates concatenated fields which were fitted without the main effects.
"The number of levels of season was twe, four or 12 as depicted within the brackets.

Themodelswerefittedwiththeestimationofgeneticparametersincludedinthemodelfittingprocess,aswellas
fitted using fixed genetic parameter values. These fixed parameter values were obtained from the different
analysesof:(1)theoriginal RCCSCdatathatwereusedforthesimulationstudyand(2)theentireAustralian
datasetofl 78herds.DetailsofthesevaluescanbefoundinSupplementarymaterialS landS2.

Comparisonofmodels

Convergenceandestimationofgeneticparameters.Whengeneticparametersarefixed themodelfittingprocess
requiresonenon-iterativeBLUPruntosolvethegeneralizedleastsquaresequationsandthereforeeverymodel
successfully returns estimates of fixed andrandom effects (e.g. breeding values). If genetic parameters are
estimated as part of the model fitting process, the REML iteration process may fail to converge. Where
parameterswereestimated thepercentageofimodelfittingsthatconvergedwasusedtoassesstherobustnessof
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eachmodel.Inaddition,theheritability(h2),geneticcorrelation(rg)andothergeneticparameterestimatesof
thesemodelswerecomparedtothethesemodelswerecomparedtothe‘true’simulatedvalues(Supplementary
material S1) and ‘gold standard’ values obtained from the analysis of the ADHIS data set of 178 herds
(SupplementarymaterialS2).

Meansquareerrorofprediction.Fordeterminingthe best’ modelineachstudy,ameansquareerrorofprediction
(MSEP) was calculated and used to compare the ability of the model to estimate breeding values. In the
simulationstudy,thesimulatedbreedingvalueswerecompareddirectlywiththeEBVspredictedbyeachofthe
models.FortheM Vimodels theEBVswereaveragedoverthethreeparitiestoyieldasingleEB Vforcomparison
withtheRPmodels. TheMSEPwascalculatedforeachmodelaccordingtoequation(3 ) MevikandCederkvist,
2004). n

MSEP; " EstimatedBV A (3)

i 1SimulatedBV

wherenisthenumberofrecordsinthesubsetofdata.

InthestudyusingsubsetsofactualherdrecordeddatafromAustralia,thetruebreedingvalueswereunknown.
Therefore,adjustedmilkyieldswerecalculatedbysubtractingthefittedfixedeffectsfromtherawmilkyields
usingthemostcomplexmodel(MV-ANIM-F5)tothewholeAustraliandatasetof178herds. Theseadjusted
yields(yY4 at+"efortheM Vandy'/4 at+"pet"efortheRP)werecomparedtopredictedsireeffects(predicted
yields;y/4*sfortheSIREmodels)oradditivegeneticeffects(predictedyields; y"4 afortheANIMmodels).

ACVprocedurewasconductedtoassesstheability ofthemodelstoestimatebreeding values withsmaller
subsetsofdata. Thiswasrepeatedtentimesforeachmodelineveryrun.Inthisprocedure,90%oftheanimalsin
thesubsetofthedataforeachrunwereselectedatrandomandusedtofitthemodel Theremainingl 0%hadtheir
yields predicted using the model output. The MSEP for the analysis using actual herd recorded data was
calculatedforeachofthel 0C Vproceduresusingthefollowingequation(MevikandCederkvist,2004):

n
MSEP, Z PredictedYield °p  (4)
i 1AdjustedYield

Anaverageofthel 0CVswastakentobetheM SEP2forthatparticularmodelandrun.Forboththesimulation
methodandtheC Vmethodusingactualdata,themodelyieldingthelowestMSEP2foreachrunwasconsidered
tobethe‘best’ modelforthatparticulardataset.

Sireranking. The correlationand correspondingrankings ofthe EBVsofthesiresevaluatedwasusedasa
secondarycheckonthedifferencesbetweenmodels.Foreachsubsetofdata,theEBVofallsireswithgreater
thanfivedaughterswascomparedwiththerankingaccordingto:(1)thetrueBvsforthesimulationstudy;and(2)
the EBVs from the ‘gold standard’ model output (MV-ANIM-F5) for the study on actual data. This is an
important verification step as the sire ranking and selection is the primary outcome following the genetic
evaluationprocess.

Results
Convergence

Whengeneticparameterswereestimated,theresultsforboththesimulateddatasetsandthesubsetsofactual
herdrecordeddata(Table2)showtheR Pmodelwasthemostrobustmodelasithadthehighestsuccessrateof
modelfittings. WiththeM Vmodels,theconvergenceratesaremuchlowerthantheR Pmodelssuggestingthat
thesemodelsfailtoestimatethegeneticcovariancebetweenparitiesone,twoandthree. Withinthesimulated
datasets,theSIREmodelwasslightlymoresuccessfulthantheANIMmodelincontrasttotheresultsfromthe
actualherdrecordeddatainwhichtheANIMmodelwasmoresuccessful. Modelsthatfailedtoconvergewere
notincludedinsubsequentanalysisorcalculations.

Table2 Percentageofconvergedmodelsforthe500simulateddatasetsand500subsetsofactualherdrecordeddatawhere
geneticparameterswereestimatedaspartofthemodelfittingpro
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Table 4 Percentage of times from 500 simulated data sets that the
specified model had the lowest MSEP,;

Genetic parameters fixed ~ Genetic parameters estimated

Table 5 Average estimates of heritability h?) of the actual herd
recorded data and their standard deviations for the repeatability
madels of 500 subsets of data

Animal Sire
Multivariate Repeatability Multivariate  Repeatability
Fixed Fixed model' h? s.d. h? s.d.
model' Animal Sire Animal Sire Animal Sire Animal Sire
F 0.329 0.089 0.255 0.252
F1 76.20 000 500 0.00 2520 020 4320 0.00 F2 0.311 0.090 0.205 0.181
F2 10.40 000 0.80 000 6.20 000 1020 0.00 F3 0.312 0.090 0.209 0.183
F3 460 000 040 0.00 4.00 000 420 000 F4 0.316 0.093 0.218 0.185
F4 240 000 000 000 2.80 0.00 140 0.00 F5 0.321 0.095 0.222 0.186
E:tal ggég ggg ggg ggg 3353 ggg E;gg ggg "Fixed model: F1 to F5 refer to the fixed effects structures described in Table 1.

This was calculated separately for models when genetic parameters were fixed
and estimated.
"Fixed model: F1 to F5 refer to the fixed effects structures described in Table 1.

Simulateddata

the‘goldstandard’ thanthatoftheRP-SIRE.ConsideringonlytheRP models,theRP-ANIM-F Imodelwasthe
onewiththeclosesth2estimatetothe‘goldstandard TheaverageestimatesofgeneticparametersfortheM V
analysescanbeseeninTable6. TheresultsfortheF2andF4modelsarenotshownhere buttheyweresimilarto
thosepresentedforF 3 .FromTable6wecanseethattheh2estimatesfortheF larehigherthanthatofF3andFS.
Inaddition theestimatesforthergbetweenparitieswhenusingtheF Imodelarelower.Comparingthesevalues

Table 6 Average estimates of genetic parameters (t,, h) for parities one, two and three and their standard deviations as
calculated from the F1, F3 and F5 multivariate models on actual herd recorded data

Fixed model' Random model Parity h? s.d. Correlation between parity X and Y Iy s.d.
F Animal 1 0.413 0.107 1 with 2 0.770 0.140
2 0.355 0.106 2 with 3 0.873 0.132
3 0397 0.128 1 with 3 0.715 0.161
Sire 1 0.648 0.301 1 with 2 0.677 0.217
2 0.540 0.252 2 with 3 0.816 0.178
3 0.550 0.255 1 with 3 0.557 0.264
= Animal 1 0.369 0.104 1 with 2 0.886 0.110
2 0.300 0.109 2 with 3 0.974 0.140
3 0.348 0.132 1 with 3 0.879 0.125
Sire 1 0.296 0.122 1 with 2 0.801 0.196
2 0.239 0.124 2 with 3 0.946 0.230
3 0.287 0.160 1 with 3 0.803 0.237
F5 Animal 1 0.381 0.106 1 with 2 0.894 0121
2 0.318 0.117 2 with 3 0.973 0.135
3 0.355 0.143 1 with 3 0.873 0.163
Sire 1 0.294 0.124 1 with 2 0.782 0.407
2 0.234 0.126 2 with 3 0.953 0.356
3 0.291 0.161 1 with 3 0.797 0.291

"Fixed model: F1 to F5 refer to the fixed effects structures described in Table 1. The results for the F2 and F4 models are not shown here, but they
were similar to those presented for F3.

toeachother,itseemsthattheh2oftheM V-ANIM-F Imodelaretheclosesttothe‘ goldstandard’ (0.429,0.344
and0.378).However,thegvaluesoftheF Imodelareverylowcomparedwiththe‘ goldstandard’ (0.945,0.926
and0.996).Contrastingly,theM V-ANIM-F5modelestimatesofrgaremuchclosertothe‘ goldstandard’than
thatoftheM V-ANIM-F 1 buttheh2estimatesareslightlylower.Despitethis,itseemsthattheM V-ANIM-F5
modelestimatesaretheclosestoverall.

Thegreatestdifferencefromtheseresultsisbetweentheh2andrgestimatesfromtheANIMandSIREmodels.
Notonlydotheestimatedvaluesdiffer,butthestandarddeviationvaluesfromtheSIR Emodelaremuchhigher
thantheANIM. ThisagainsuggeststhattheANIMmodelismoreprecisewithdatasetsofthissize.Model
comparison.UsingMSEP2 Table7showsthepercentageoftimeswherecachmodelwasconsideredbestwhen
geneticparameterswerefixedorestimated Whengeneticparameterswerefixed,theM Vmodel(69.6%)was
superiortotheRP(30.4%),theANIMmodel(92.0%)wassuperiortotheSIRE(8.0%)andthefixedeffects
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modelsF3(24.2%),F4(23.8%)andF5(23.8% )wereconsideredsuperiommoreoftenthantheF 1(10.4% )andthe
F2(17.8%)models. Whengeneticparameterswereestimated,theMV(44.4%)andRP(37.8%)modelswere
similar,theANIMmodel(82.2% )wasstillsuperiortotheSIRE(17.8% Jandmodelswithincreasingcomplexity
offixedeffectsweremorefrequentlythebestmodel(F 1toF5:9.6%,18.4%,21.0%,24.0%and25.0%).

Theoveralloutcomeusingactualherdrecordeddatashowsthatwhengeneticparametersarefixedorestimated,
theM V-ANIM-F5modelisconsideredtohethesnineriormaodel Thisisincontrasttotheresnltsfromthe

Table 7 Percentage from 500 runs that the specified model had the

lowest MSEP; for the subset of five selected herds from the actual herd

recorded data

Genetic parameters fixed ~ Genetic parameters estimated

Multivariate Repeatability =~ Multivariate  Repeatability

Fixed
model' Animal Sire Animal Sire Animal Sire Animal Sire

F 58 04 40 02 28 1.0 56 02
F2 108 1.0 56 04 9.8 2.8 72 06
F3 148 1.0 66 1.8 9.4 2.8 74 14
F4 16.2 1.2 54 1.0 104 3.8 92 06
F5 182 0.2 46 08 12.0 3.6 84 1.0

Total 658 38 262 42 44 140 378 38

"Fixed model: F1 to F5 refer to the fixed effects structures described in Table 1.

simulateddatastudywhichdeterminedtheM V-ANIM-F Imodeltobesuperiorwhenparameterswerefixedand
theRP-ANIM-F lwhenparameterswereestimated.

Sireranking.DespitethedifferencesintheMSEP2 thecorrespondencebetweenthesirerankingsfromthe
outputofeachofthemodelsvariedverylittlefortheherdrecordedAustraliandata(seeTable8). Theseresults
showthatthenumberofsiresrankedinthetop 1 0siresfromeachmodeloutputhadanarrowrangewiththe
lowestaverageacrossallmodelsbeing3.37(MV-SIRE-F1)andthehighestaveragevalueat4.31(MV-ANIM-
F2andRP-ANIM-F2).Furthermore thecorrelationbetweentheEB Vsofthedifferenttestedmodelswiththe

Table 8 Mean number of corresponding sires with the ‘gold standard” model in the top 10 breeding value rankings when calculated from actual
Australian herd recorded data using both fixed and estimated genetic parameters

Genetic parameters fixed Genetic parameters estimated
Multivariate Repeatability Multivariate Repeatability
Random model Fixed model' Mean s.d. Mean s.d. Mean s.d. Mean s.d.
ANIM F1 339 1.38 3.39 1.39 3.56 1.39 3.59 1.42
F2 431 143 431 1.42 4.00 138 4.15 1.35
F3 428 1.46 430 1.45 3.99 134 413 1.35
F4 4.19 152 422 1.43 4.04 138 411 1.34
F5 4.26 142 413 1.45 3.94 132 4.11 1.34
SIRE Fl 337 141 343 1.44 342 137 349 1.40
F2 4.18 143 41 1.38 3.92 1.40 4.03 1.38
F3 417 144 an 1.39 3.95 1.38 3.99 1.37
F4 418 144 4.07 1.5 3.98 1.4 4.0 1.38
F5 419 1.48 414 1.42 3.86 137 3.99 1.39

"Fixed model: F1 to F5 refer to the fixed effects structures described in Table 1.
‘goldstanaara Ebs vsrangedromu.ysutou.ysd Wit stanaara aeviations oI~U.u 1 Ioralimodaels. 1 nese
statisticsdemonstratethatsirerankingsbetweenthemodelscomparedwerebothhighlycorrelatedandshowed
littlevariationinselectionoutcomes. DiscussionDataTheprimaryaimofthisresearchwastoassessthebest
GEMstopredictbreedingvaluesinPakistanidairycattlewhentherearelimiteddataavailable.

Beforediscussingtheresults,itisimportanttofirsthigh-lightsomekeyassumptionsthatwillaffectbreeding
valueestimationinanysituationwheredatamaybelimitedorofpoorquality.Akeyproblemistheaccuracyof
thepedigreeinformation.Researchshowsthatpedigreemisidentificationiscommon(Visscheretal.,2002;
Welleretal 2004 ,Sandersetal 2006 Jandcanreducetheaccuracyofbreedingvaluesandhencereducegenetic
gain(Sandersetal.,2006). ThisislikelytobeanevengreaterprobleminPakistan,butintheshort-termis

16—




unavoidable.Therefore,forthepurposesofthisstudyitisassumedthatthepedigreeerrorswillhaveanequal
effectonthedifferentmodelstested. Keepingthisinmind, the outcomes ofthiswork are discussed below
relatingtoconvergencerates estimationofgeneticparameters,andfinallythechoiceofinodel.

Convergence

Fromboththesimulateddataandactualdataitwasapparentthatwhenusingsmalldatasets,ahighnumberof
MVmodelfittingsfailedtoconvergewhengeneticparameterswereestimated. Thissuggeststhatthesemodels
maynotbesuitableandinsteadaRPmodelwouldbemoreappropriate,becausefewerparametersneedtobe
estimated.ComparingbetweentheANIMandSIR Emodelstheratesdifferedslightlybetweenthetwodatasets.
However, thisdifferenceismorelikelyareflectiononthedepthofpedigreeratherthananimplicationforthe
modelofchoice.

ThepedigreefortheAustraliandataismoreaccurateandcontainsfewergapsinparentalinformationthanthe
Pakistanipedigrecusedforthesimulation.Forthisreason,theadvantagesoftheANIMmodelovertheSIRE
modelcouldnotbeexploitedwiththesimulateddata,whereasincontrast,theAustraliandatacould.Estimation
ofgeneticparametersResultsfromboththesimulateddataandactualherdrecordeddatashowthatinsomecases
althoughmodelfittingsmay convergeandyield genetic parameterestimates, theymayyield biased genetic
parametersorviolateassumptionsmade.Forexample,theM Vmodelrgestimates,althoughclose,arelessthan
oneandthevariancecomponentsofthefirstthreeparitiesarequitedifferent(SupplementarymaterialS2). These
valuessuggestthattheR Pmodelassumption,thateachparityisgeneticallythesametrait,isnotcorrect.Thisis
consistentwiththeliteraturewhichgenerallyreportsthethreeparitiesasseparatetraits( Weller,1986;Schaeffer
etal.,2000;PowellandNorman,2006).Furthermore,theANIMmodelwouldbemoresuitablethantheSIRE
modelasthegeneticparameterestimatesareclosertothecorrectvaluesandmuchmorepreciseasshownbythe
lowerstandarddeviations.

LookingfurtherintotheM Vresultsfromtheactualherdrecordeddata(Table6),estimatesoth2intheF2toF 5
SIRE models were generally lower, by 20% to 30%, compared with both the ANIM models and the ‘gold
standard *using the whole Australian dataset (Supplementary material S2). This is presumably due to the
inclusionofmorecompleterelationshipsintheANIM modelasignoringrelationshipsthatexistresultsina
reductionofestimatesofgeneticvariance(Henderson,1 975b) Incontrasttotheh2estimates theestimatesofig
werenotsomuchaffectedbytherandomeffectsinthemodel( ANIMorSIRE)asexpected(Dongetal.,1988).
However, the r g estimates from the ANIM model were where genetic parameters are estimated a closer
examinationofthe fixed effectsmodelscanbecarried out. Theseresultsshow clearly thatthe F1 modelis
superior(43.2%)moretimesthanmodelsF2toF5(10.2%,4.2%,1.4%and 1.8%)whenusingthesimulated
Sahiwaldata(Tabled).

However,whenusingtheactualherdrecordeddatathedistinctionisnotasclearwiththemodelsuperioritybeing
verysimilarrangingonlyfrom5.6%t09.2%(Table7) Thereforeasdiscussedearlieritisdifficulttorecommend
aspecificfixedeffectsstructurefordatasetsoflimitedsize.

Thisalignswiththegenerallyacceptedviewthateverydatasetandstructureisuniqueandhenceitisdifficultto
makegeneralstatementsaboutthemostsuitablemodeltoanalyseit(Henderson, 1975¢). Consequently, we
wouldrefertothegen-eralrecommendationintheliteraturetokeeptheaverageCGsizebetween8and2 5andto
havenolessthanthreerecordswithineachCG(Urgateetal .1 992;VanBebberetal.,1997).

Conclusions

ThispaperaimedtoselectandrecommendthebestmodeltouseforgeneticanalysisinPakistansdairysector
wherelimiteddataareavailable.Althoughaspecificfixedeffectsmodelstructurecouldnotbechosen,broad
recommendationscanbegivenregardingthetypeofGEMtobeimplemented Themainoutcomeofthisresearch
suggeststhatapplyingaRPanimal model where genetic parameters are estimatedappearedtobethebest
GEMforthePakistaniSahiwalprogenytestingsystem.
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Abstract

Theobjectivesofthepresentstudywere( 1 )tomonitorthepatternofexcretionofaflatoxinM linurineafterits
conversionfromaflatoxinB1and(2)toobservetheeffectsofdifferentlevelsofaflatoxinBlinfeedonserum
concentrationsofkeymetabolitesglucose,totalprotein,cholesterolandureaasindicatorsofmetabolicstatus.
Nili-Ravibuftaloheifers(n=12)ofsimilarageandweightwererandomlydistributedtofourgroups. Animalsin
GroupsA,BandCwereofferedacontaminatedcottonseedcake-basedconcentraterationat0.5%, 1.0%and
1.5%ofbodyweight,respectively. ControlanimalsinGroupDwerefedwithaflatoxinB 1-freegreenfodder.
BasedonthelevelofcontaminationoftheconcentraterationwithaflatoxinB1(554mg/kg),GroupsA,BandC
consumed953,2022,3202mgofaflatoxinB 1daily.FeedsampleswereanalysedatRomerLaboratoriesPtyLtd,
Singapore by high performance liquid chromatography. AflatoxinM 1 quantification in urine samples was
conductedusingacompetitiveenzyme-linkedimmunosorbentassaywithkitssuppliedbyHelicaBiosystems,
Inc.,USA .Serumsampleswereanalysedforconcentrationsofglucose,totalprotein,cholesterolandureausing
clinical chemistry kits provided by Human diagnostics (HUMAN, Biochemica und Diagnostica mbH,
Germany).Carry-overrateofaflatoxinM linurineforGroupsA,BandCwas15.51%,15.44%and14.04%of
aflatoxinB 1 whilethere wasnodetectableaflatoxinM 1 inthe urine ofthe control group (D). There wasno
significantdifferenceintheconcentrationsofserumglucose, totalproteinandcholesterolbetweentreatment
groups.However,theconcentrationofserumureawassignificantlyhigher(P<0.05)inthegroupofteredthe
highest level of aflatoxinB1-contaminated concentrate. This result suggests that mycotoxicosis may
compromiseproteinmetabolismandaccretioninaffectedanimals. Thisleavesopenthepossibilitythathigh
concentrationsofaflatoxinsinmilkmayultimatelyaffectthehealthstatusothumanmilkconsumers.

Additionalkeywords: AFLB1AFM I mycotoxinstransferrate.

Receivedl 8March2014.acceptedl 7June2014 publishedonlinel YAugust2014
Introduction

Aflatoxins(mycotoxinsproducedbyAspergillusflavusandA .parasiticus)arereadilyabsorbedanddistributed
toalmostallvitalorgansandbodyfluidsafteringestion(Stubblefieldetal.1981). Themicrosomalcytochrome
P450systeminliverfacilitatesbothactivationanddeactivationofaflatoxinB1(AFB1).OxidationofAFB1
resultsintheformationofthebiologicallyactivemetabolite, AFB1-8,9-epoxide(Kuilmanetal.2000).This
metabolitecanthenreactwithRNA andDNA leadingtohepatocellularcarcinomasorwithliverprotein(Judahet
al.1993)tocauselivertoxicity.AflatoxinB1-8,9-epoxideisthenconvertedintoseverallesstoxicmetabolites
suchasaflatoxinM 1(AFM1),aflatoxinQ1(AFQ1)andaflatoxinP 1(AFP1)afterhydroxylation(Kuilmanetal.
2000).ThebodyhasamechanismtoregulatetoxicitythroughconjugationofAFB Iwithglutathione, facilitated
byglutathioneS-transferases(Hayesetal.1991).Thekidneys,lungs,liverandmammaryglandswerefoundto
sequesterthehighestconcentrationsoftotalaflatoxins(Stubblefieldetal.1983)whilebrain,gallbladder,bile,
smallintestine, heart,skeletalmuscles,spleen, supramammarylymphnodesandtonguewerealso foundto
retainconsiderableamountsofaflatoxins Trucknessetal (1983 )foundthatthetransferofaflatoxicol AFB land
AFM 1tomilk,plasmaandredbloodcellsofthecattleisveryrapid,reachinghighlevelswithinlhofdosing.
Consistentwiththisrapidincrease,thecirculatorysystemishighlyefficientateliminatingaflatoxinmetabolites
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throughmilkandurine Stubblefieldetal (1983 )foundconcentrationsofAFM linkidneystobealmostOtimes
higherthantheintactAFB 1 showingextensivemetabolismoftheoriginalfeedcontaminantincattle. Thusurine
isoneofthemajormroutesforexcretionofAFM lafteritsconversionfromAFB lintheliver(Nabneyetal.1967).

Pakistanissecondintheworldinbuffalomilk(22.96milliontonnes)andmeat(0.775milliontonnes)production
after India (FAO 2011). Ingredients used as concentrate are often contaminated with fungi, which secrete
mycotoxinsthatarethenincorporatedintothefeedbase(SultanaandHanif2009).

CSIROPUBLISHING

Animal Production Science, 2014, 54, 1671-1675 http://dx.doi.org/10.1071/AN14302 Journal compilation
CSIRO2014www.publish.csiro.au/journals/anThepatternofsecretionofAFM linbuffalourinemayprovidea
meansformeasurementofmycotoxinlikelytobestoredincarcassesprovidingmeatenteringthehumanfood
chain.Theobjectivesofthepresentstudywere( 1 )todeterminetherelationshipbetweenfeedAFB I statusand

urinary AFM1 contentsand (2)to observetheeffectof mycotoxins onkey serum constituentsin Nili-Ravi
buffaloheifers.

Materialsandmethods

ThegovernmentBuffaloResearchlnstitute,Pattoki(latitude:31050Nandlongitude:73520E)districtQasurof
provincePunjabinPakistanprovidedNili-Ravibuffaloheifers(n=12)ofsimilarage(18.7-20.4months)and
liveweight(339-387kg),whichwererandomlyassignedtofourgroupsofferedwithdifferentlevelsofAFB1
naturallycontaminatedconcentratefeed GroupsA BandCwerefedwithcontaminatedconcentrateat0.5(1.72
kg),1.0(3.65kg)and 1.5(5.78kg) % ofbodyweight, respectively; while Group D waskeptasthe control
(animalswereonlyfedwithfreshgreenfodder,freeofAFB1).Animalsineachgroupwereofferedindividually
abovementioned contaminated concentrate and ad libitum AFB1-free green fodder (Berseem, Trifolium
alexandrium)forl Odaysbeforethestartoftheexperimentalperiodof5days. Theconcentraterationwashighly
contaminatedwithAFB1(554mg/kg).TotaldailyintakesofAFB1foranimalsinGroupsA,B,CandDwere
953,2022,3202and0mgovertheSdays,respectively. The AFB1-free greenfodderwasalsoavailablead
libitumduringthe5-daytestperiodanddailyintakewasrecordedbyweighingbackfeedresiduals. Waterwas
madeavailableadlibitumandintakewasmeasuredonadailybasis. Totaldailydrymatter(DM)intakewas
calculatedbyaddingtheDM%ofconcentrateandgreenfodder TotaldailyexcretionofAFM Iwascalculatedby
multiplyingconcentrationofAFM 1(mg/L )bytotalurineproductionofthatday.

Samplecollection

Feedsamples

Arepresentative sample of green fodder was dried andpreserved on Day 1 togetherwitha representative
concentratesample ThesewereanalysedforAFB latRomerlaboratories,Singapore.

Serumsamples

Bloodsamples(10mL)werecollectedbyvenipunctureusingdisposablesyringes(19-gaugeneedles)andstored
at23Cfor2hforserumtoform. Theywerethencentrifugedat1200gat25Cfor20mintocollecttheserum,
whichwasstoredat20Cpendinganalysis.Concentrationsofglucose,totalprotein,cholesterolandureawere
determined by using clinical chemistry kits provided by Human diagnostics (HUMAN, Biochemica und
DiagnosticambH,Wiesbaden,Germany).Serumsampleswereanalysedusingachemistryanalyser(Microlab
300) providedbytheELITechGroup,Paris France.

Urinesamples

Foleyballooncatheters(24-gauge,NingboGreatcareMeditechCo.Ltd,Zhejiang,China)werepassedthrough
theurethraintotheurinarybladderofallanimalsonDaylaftertheadjustmentperiodofl Odaysandkeptthere
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forSdays.Thesecathetersweredirectedtoairtightplasticbottles(20L).Urinesamples(SmL)werecollected
every 24 haftermixingandstored at4C pending analysis. All animals were monitored continuously after
catheterintroduction.

AflatoxinBlanalyses

Samples of green fodder and contaminated concentrate ration were sent to Romer Laboratories, for AFB1
analysisandwereanalysedbyhighperformanceliquidchromatography(HPLC).Sampleswerealsoanalysed
forAFB2 .deoxynivalenol fumonisinB 1 ,ochratoxinA andzearalenone.SamplepreparationandcleanupAtotal
of25gofsamplewasground.Groundsamplewasmixedwellandthenextractedwith1 00mLacetonitrile/water

(84 :16) Afterblendingfor3min,itwasfilteredthroughfoldedfilterpaper. Tween2((33mLofl %)inPBSwas
thenadded in2 mLoffiltrate (acetonitrile/watersample extract). Alldiluted sample extract was applied to
AflastarFit(immunoaffinitycolumn)columns. Thesamplewasallowedtopassthroughthecolumnattherateof
1-3mL/min. Thecolumnwasthenwashedwithl 0OmL ofPBS Allexcessiveliquidwasremovedandtoxinswere
elutedfromthecolumnbyapplyingtwotimes0.SmLmethanolfollowedbytwotimes0.5SmLofdeionisedwater.
Aftermixing,1 00mL wasinjectedintoHPLC.

HPLC

HPL CanalyseswereperformedusinganHPLCseries1 100fromAgilentTechnologies(Waldbronn,Germany).
ChromatographicseparationofAFB 1wasconductedbyuseofanAgilentZorbaxSB-Aqcolumn(4.6mm-150
mm,5um).Themobilephaseappliedwaswater/acetonitrile/methanolmixture(5/1/1),including1 00mLnitric
acidand0.3gpotassiumbromideperL.Theflowratewas2mL/min,columnoventemperature30C,injection
volumel00mL.AKobracellwasusedforpost-columnderivatisation,fluorescencedetectorsettingswere3 60
nm(excitation) 440nm(emission).

AflatoxinM1analysesinurine

AFM lquantificationinurinesampleswasconductedwithacompetitiveenzyme-linkedimmunosorbentassay
(ELISA)kit(Cat.No.991AFLMO1Y-96 HelicaBiosystemsInc.,SantaAna,CA,USA). Meanrecovery of
AFM linspikedsamples(0.5and2.0ng/L)accordingtothemanufacturer’sspecificationswere96.40%and
recoveryrangewas78—111%.Carry-overrateofaflatoxinM linurineThecarry-overrateofAFM linurinewas
calculatedbyfollowingtheformula:

Carry-overrate/slotaldailyAFM lexcreted=
TotaldailyAFB lintake-100:

Statisticalanalyses

DataweremeasuredStimesoneachanimalssotheywereanalysedusinglinearmixedmodelswithGroup*Day
asfixedeffectsandAnimal/Dayasrandomeffects Asdataforseruml 6 72AnimalProductionScienceN.Aslam
etal.concentrationsofglucose,totalproteins,cholesterolandureaweremeasuredatonlyonetimepoint,they
wereanalysedbyone-wayANOVA usingacompletelyrandomiseddesign.

Fig.1. TotaldailymeanexcretionofaflatoxinM linurineofbuffaloesexposedtodifferentlevelsofaflatoxinB1(P<0.001:s.e.d=
30.07) Note:AnimalsinGroupsA B,CandDwereexposedt0953,2022.3202and0mg/day respectively.
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GENSTATI 6thedition(HemelHempstead UK )wasusedforallanalyses.
Results

Therewasasignificant(P<0.001)differenceintotaldailyexcretionofAFM linurineamongthefourgroups;
higherlevelsofAFM linurinewereassociatedwithhigherlevelsofconsumptionofAFB1(Fig.1).Therewere
nosignificantdifferencesinurinaryexcretionbetweendays,withlevelsremainingconstantoverthe5daysof
treatment(Fig.2).Ahighlysignificantdifference(P<0.001)wasobservedinurinaryAFM 1 concentrations
(mg/L)amongGroupsA,B,CandD.ThemeanconcentrationsofAFM 1(mg/L)werel14.37,18.96,24.17and0
fortheanimalsfedwith953,2022,3202and0mg/dayofAFB1 respectively Therewasnodifferenceinthedaily
patternofexcretionofAFM 1(mg/L)overthe5-dayexperimentaltreatmentperiod.Astronglysignificant(P<
0.01)differenceinwaterintakewasobservedamongallfourexperimentalgroups(Tablel).Itwaspositively
relatedwithdailyintakeoftheconcentrateration. Therewasahighlysignificant(P<0.001)differenceinwater
intakefromdaytoday MeanwaterintakeonDaylforallanimalswas2 1.72L ,whichwas

Fig.2. DailyvariationinexcretionpatternofaflatoxinM linbuffaloesexposedtovariouslevelsofaflatoxinB1(P>0.05:
s.e.d. =29.00) Note:animalsinGroupsA B,CandDwereexposedt0953,2022 3202and0mg/day respectively.

significantly(P<0.001)lowerthanmeanintakesforthesubsequentdaysi.e.26.37,27.68,28.78and28.2 1Lfor
second,third,fourthandfifthday,respectively(s.e.d.=1.368).Consequentlyurineproductioninanimalsfrom
each group was significantly (P<0.001) different (Table 1). There was no significant difference in urine
productionfromdaytoday.Ahighlysignificant(P<0.001)differenceintotalDMintakewasdetectedbetween
groupsanddays. TotalDMintakewassignificantly(P<0.001)lowerforthecontrolanimals(6.623kg/day)
relativetoGroupsA,BandC(8.139,10.002and12.252kg/day,respectively).TotalDMintakeforallgroupson
Day2was8.945kg,whichwassignificantlylower(P<0.001)thanthevaluesfortheotherdays.Nointeractions
wereapparentbetweengroupsanddaysfortotal AFM 1 excretionperdayandperlitreofurine,daily water
intakedailyurineproductionordailytotal DMintake.

Differenceinthemeanbloodconcentrationsofglucose,totalproteinandcholesterolamongtreatmentgroups
were not significantly influenced by treatment (Table 1). Mean concentration of urea in blood serum was
significantlyhigher(P <0.005)inGroupCexposedtothehighestAFB Iconcentratethanallothergroups.
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Discussion

DeathsofseveralhundredcalvesinAustralia(McKenzieetal. 1981),numerousanimaldeathsonachinchilla
farminArgentina(Pereyraetal. 2008) and the death 0o£493 buffaloes in Landhi colony Karachi, Pakistan
(SultanaandHanif2009)provideexamplesofthepotentialimpactofacuteaflatoxicosesinproductionanimals.
Nabneyetal.(1967)reportedacarry-overofAFM1 inurineofupto5.94%insheep. Thisresultisclearly
differentfromtheresults(14—15.5%)producedinthepresentstudy.Thereasonforthisdifferencemayrelateto
species differences as Nili-Ravi buffalo heifers were used in this experiment. Another reason may be the
resistanceofsheeptomycotoxins. AFM1wascarriedover attherateof1.23-2.18%o0fAFB1intheurineof
humansfedwithcontaminatedcornandpeanutoilinanotherstudyconductedbyZhuetal.(1987)whenaverage
dailyintake of AFB1 was 58 mg/day. Thereason forthisreduced carry-overrate may be the differencein
physiologybetweenhumansandruminants.

Atotalof4.52%oftheaflatoxiningestedwasexcretedthroughmilk(0.18%),urine(1.55% andfaeces(2.79%)
inastudywithbeefcattle(Allcroftetal.1968). Theapparentlowertransferinthisstudycouldrelatetothesingle
doseofaflatoxinadministeredtoanimals.Thesensitivityoftheanalyticaltechnique(ELISA Jusedinthepresent
studyrelativetothemethodologyinuse4Oyearsagomayalsocontributetothedifferences. Themechanismsof
transfermayalsovarybetweentheheifersusedinthisstudyandlactatingcattle Differentfactorsmayinfluence
thevariationincarry-overmate(0.3—6.2%)ofAFM linmilk(Creppy2002).

Transferofmycotoxinstothehumanfoodchainsisparticularlycommonindevelopingcountries.InCameroon
forexample, 35.5%and45.5% oftheurine samples of children suffering from kwashiorkorand Marasmic
kwashiorkor were positive, having mean values of 0.109-2.840 mg/L and 0.109-0.864 mg/L, respectively
(Tchanaetal.2010).AnotherreasonforthedifferenceinAFM 1 concentrationinurinemaybethesynergistic
effectwiththepresenceofothermycotoxins. Theconcentraterationusedinthepresentstudycontained50,166,
230, 31.2 and 18 mg/kg of aflatoxinB2, deoxynivalenol, fumonisinB1, ochratoxinA and zearalenone,
respectively. Various studies (Pozzietal. 2001;Rajmonetal. 2001; Gelderblometal. 2002) havereported
synergisticeffectsofAFB1withothermycotoxinsatcellularandhepaticlevelsindifferentanimals: similar
effectsmayhaveoccurredinthepresentstudyalsoMeanconcentrationsofglucoseandcholesterolobservedin
thisstudywereallhigherthantheconcentrationsreportedbyHagawaneetal (2009).Concentrationsofglucose
andcholesterolwerefoundtobe50.06and26.76mg/dL respectively,inhealthylactatingbuffaloes. Thismost
likelyistheresultoftheseanimalsbeinginfulllactation.Differencesintheexpressionofureawithincreasing
mycotoxinlevelscouldresultfromadisruptionofproteinsynthesiseitherwithintherumeninthesynthesisof
microbialproteinorinthepost-ruminal gastrointestinal tract. Themycotoxinsmayalsobeactinginmuscle
tissueandlivethamperingproteinsynthesisandcausingdeaminationandgreaterexcretionofureaintotheurine.
This mechanism deserves further investigation as it may be important in inhibiting growth or lactational
efficiency.
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Abstract

TheobjectivesofthisstudyweretoobservetheextentoftransferofaflatoxinBlinfeedtotheaflatoxinM 1
metabolite in milk in Nili-Ravi buffaloes and to evaluate the efficacy of a commercial mycotoxin binder
(Mycofix BiominSingapore)incorporatedintofeedtominimisethistransferMultiparousanimals(r=2 8 )were
randomly distributed to four groups corresponding to two treatments each withtwo levels ofaflatoxin B1.
Individualanimalswereexposedtonaturallycontaminatedfeedprovidingatotalofl 475mg/day(GroupsA and
B) 0r2950mg/day(GroupsCandD )ofaflatoxinB 1.GroupsBandDweregiven50gofimycotoxinbinderdaily
mixedwithfeedwhereasGroupsAandCwerekeptascontrols.Feedsampleswereanalysedbyreversephase
highperformanceliquidchromatographyforaflatoxinB landmilksampleswereevaluatedbyenzyme-linked
immunosorbentassayforthelivermetaboliteaflatoxinM 1. ThemeanvalueoftotaldailyaflatoxinM 1 excretion
foranimalsfed2950mg/dayofaflatoxinB 1(112.6mg/day)wasalmostdouble(P<0.001)thantheexcretionin
buffaloesfed1475mg/day(62.2mg/day). ThemeandailyconcentrationofaflatoxinM linmilkofanimalsfrom
bothtreatmentgroupssupplementedwith50g/dayofmycotoxinbinderwas76.5mg/day,nearly22mglower
thanthosewithoutbinderat98.3mg/day(s.e.d.=5.99:P<0.01).Theinteractionofbinderandtreatmentwasnot
significanti.e.the50g/dayofbinderwasabletosequesteraflatoxinB 1 withthesameefficiencyingroupsfed
with high and low concentrations of aflatoxin B1. Carry over was (3.44%) lower (P=0.001) in animals
supplementedwith50g/dayofmycotoxinbinderthanthosefednobinder(4.60%).Thusbuftaloesarehighly
efficientattransferringaflatoxinsinfeedtotheaflatoxinM 1 metaboliteinmilk, whereasmycotoxinbinderis
capableofalleviatingwithoutpreventingthiscontaminationrisk.

Additionalkeywords: AFB1 AFM1 mycotoxinbinder,Nili-Ravibuffaloes transfer.
Received280ctober2014 accepteddMarch2015 publishedonlinel 6June2015

Introduction

Aflatoxins(AF)areoneoftheprincipalmycotoxinsofconcernforhumanfoodsafety(MacLachlan2011). They
areamongthemostacutelytoxicandcarcinogeniccompoundsknown(Lilly 1965). Thenegativeimpactof
aflatoxinB I(AFB1)andaflatoxinM 1(AFM 1 )hasbeenrecognisedbythelnternationalA gencyforResearchon
Cancer(IARC2002). Duetoitsgenotoxicityandcytotoxicity(Hagawaneetal.2009), AFM 1 hasnowbeen
categorisedasacarcinogenforanimals(IARC2002).ThemutageniceffectsofAFM linmilkandmilkproducts
arepotentiallygreaterforchildrenandinfantsduetotheirrapidgrowthanddevelopmentalprocesses(Sadiactal.
2012). However, mycotoxins exertantimicrobial, anti-protozoal and antifungal action directly intherumen
(Fink-Gremmels2008).AFs,whicharedegradedintherumen,arereducedtoformthelessactivemetabolite
aflatoxicol(Pawlowskietal.1977). Theremainingundegradedfractionisabsorbedinthedigestivetractand
convertedintheliverintobAFM 1(Upadhayaetal 2010).

Themaximum permissiblelevel ofAFM 1 inmilkand milk productsis 0.05 mg/kginthe European Union
whereastheUSFDA hassuggestedalevelof0.5Smg/kg(Berg2003) TheextentandrateofiransferofAFM linto
milkfromfeedinNili-Ravibuffaloeshasnotbeenreported Indairycattle transferofAFB 1fromfeedtoAFM 1
inmilkmaybeashighas3%(Veldmanetal.1992). AFM lappearsinmilkwithinl 2hofingestionofAFB 1and
reachesamaximumconcentrationafter3days.Similarly,itdisappearsfromthemilkwithinddaysofremovalof
thesourceinfeed(Diazetal.2004). ThecarryoverofAFM 1dependsonmilkyieldandstage oflactation.

2



https://s.e.d.=5.99:P<0.01
mailto:drnaveedaslam@gmail.com

Furthermore,speciesdifferences,animalvariabilityandhealthofmammaryalveolarcellmembranesmayalso
contributetowardstheefficiencyofAFM Itransfertomilk(Masoeroetal 2007).Therefore,incountriesthatrely
onthebuffalofortheirmilksupply,forexamplePakistan(Wasti2013),itisimportanttoinvestigatetheextentof
carryovertomilkinbuffaloesintheinterestsofconsumersafety.

Severalinvitrostudiesreporting onthe effectiveness of sequesteringagents suchasactivated carbons and
aluminosilicateshaveshownpositivebindingeffectsonAFB1 infeed (Huwigetal.2001) whereasinvivo
studieshavedemonstratedtheeffectivenessofsequesteringagentsagainstAFB Itoxicosisinanimalsandagainst
the secretion of AFM 1 inmilk (Galvano etal. 1996). Charcoals or activated carbons are widely used for
detoxificationofimycotoxins(Diazetal.2004 )butarehighlyvariableintheireffectiveness. Thisvariationmay
be because activated charcoal is a relatively non-specific adsorbent and many essential nutrients are also
adsorbedatequivalentefficienciestothemycotoxins(Huwigetal 2001).

Assuch, theirpracticalapplicationinanimal feedsisquestionable. Inamorerecentstudy, bentonites were
reportedaseffectiveadsorbentsforAFB 1(Vekiruetal 2007).Giventheimportanceofbuffalomilk,thepresent
studywasconductedwiththeobjectivesofinvestigatingtheefficiencyoftransferofAFM lintomilkinNili-Ravi
buffaloesandtoevaluatetheabilityofacommercialmycotoxinbindertominimisethistransfer.

Materialsandmethods

ThisstudywasconductedattheBuffaloResearchInstitute,Pattoki(latitude:31050N, longitude: 73520E)in
districtKasurofPunjabprovince,Pakistan.MultiparousNili-Ravibuffaloes(Tablel )wererandomlyallocated
to four groups corresponding to two treatments each with two levels of AFB1. A cottonseed cake-based
concentratefeedwasobtainedfromalocalcommercialsourceandwasbeingusedatthetimeofthestudyasthe
concentratesupplementforthebuffaloherdacrossthelnstitute Animalsinlow( A andB Jandhigh(CandD)AF
groupswereindividuallyofferedthismycotoxincontaminatedcottonseedcake-basedconcentratefeed(2.5and
Skg/day:88.2%DM)andcorn(200and400g/day:91%DM),respectively. Thisprovidedatotalof1475and
2950mg/dayofAFB Itoanimalsinlowandhighgroups,respectively.Moreover,animalswereofferedeither80
kg/day(GroupsAandB )or70kg/day(GroupsCandD JofAF-freefreshcutberseemclover(17.8%DM).

Therefore,totaldailyDMintakeforlowandhighgroupswas16.62kgand17.26kg,respectively. TheAFB1
concentrationsinfeedforthelowandhighgroupswere88.7and1 71.2mg/kgofDM Both concentratefeedand
cornwerenaturallyfoundtohavetheselevelsofcontaminationandwerebeingfedalreadytoanimals.GroupsB
andDweregiven50gofamycotoxinbinderdailymixed with feed whereas GroupsAand Cwerekeptas
controls Alldataandsamplecollectionwereperformedonindividualanimals. Experimentalperiodwasl Odays
excludinglweekofanadjustmentperiod.

Tablel. Averagemilkproduction,lactationlengthandnumber,bodyweightandbodyconditionscoreofanimalsindifferent
experimentaltreatments

Treatment Low aflatoxin intake  High aflatoxin intake
Without With Without With
binder binder binder binder
A B C D
Number of animals 7 74 7 7
Average milk production 9.5 8.6 8.6 9.4
(kg/day)
Months in lactation 1-4 1-4 1-4.5 0.5-4
Average bodyweight (kg) 510 480 535 550
Lactation number 2-6 3-6 4-7 3-7
Body condition score 2.62 2.5 2.94 2.84

Mycotoxinbinder

Themycotoxinbinderusedinthisstudywasa50—50mixtureofcommercialavailableproductsMycofixSecure
andMycofixPlusofBIOMIN(Getzersdorf,LowerAustria,Austria).MycofixSecureiscomposedof100%of
bentonite/dioctahedralmontmorillonite.MycofixPlusiscomposedofbentonite/dioctahedralmontmorillonite,
BiominBBSH797(Gen.sp.nov.nov.,formerlyEubacterium),BiominM T V(Trichosporonmycotoxinivorans
DSM14153),phytophytic(Ascophyllumnodosum)andphytogenic(silymarin)substances.Alltheseproducts
areauthorisedbytheEuropeanUnionCommissionfortheirsafetyforuseinanimalsandhumans.
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Samplecollection

Milkproductionofeachanimalwasrecordeddailyat0500hoursand1 700hours.Milksampleswerecollected
onDays0,2,4,6and8oftheexperimentalperiod. Milksamples(100mL)fromallanimalsfrommorningand
eveningmilkingsweremixedinproportionwiththemilkproductiontoconstituteonerepresentativesamplefor
eachanimaleveryday.Sampleswerethenstoredat2 0Cuntilanalysed.

Mycotoxinanalyses

Samples of green fodder and concentrate fed to the animals were analysed forAF(B1, B2, G1 and G2),
deoxynivalenol fumonisin(BlandB2),ochratoxinA andzearalenonebyreversephasehighperformanceliquid
chromatography following sample clean up. All samples were sent to Romer Laboratories, Bukit Merah,
SingaporeforanalysisasdescribedbyAslametal (2014).

AflatoxinM lanalyses

Aflatoxin M1 was measured by direct competitive enzymelinked immunosorbent assay (ELISA) using the
AgraQuant AFM 1 Fast ELISA kits supplied by Romer Laboratories Singapore, according to the method
providedwiththekits TherecoveryofAFM lintheassaywas93—119%andcrossreactivitieswithAFB1,B2,G1
andG2were88%,27%,11.5%and4.7% respectively.

Samplepreparation/extraction

A 5-mLmilksamplewasincubatedfor3Ominat4C.Thesamplewasthencentrifugedat3000gat4 Cforl Omin.
After centrifugation, the milk serum below the fat layer was diluted 20 times with double distilled water.
Followingthis,0.4mL ofthedilutedmilkserumwasmixedwith0. ImLofl 00%methanol(4:1 Jandusedinthe
ELISA.

ELISA assayprocedure

OneAFM 1-specificantibodycoatedwellwasusedforeachstandard(0,100,200,500,1000,2000ng/L)or
sample. Toeachdilutionwell,200 mL ofthe AFM 1-specific monoclonal antibody- enzyme conjugate was
dispensed. Thenl 00mLofeachstandardorsamplewasplacedintotheappropriatedilutionwell. Eachwellwas
thenmixedcarefully. Thesesolutions(100mL)werethendispensedintothecorrespondingantibodycoated
microwell.Sampleswereincubatedatroomtemperature( 1 830C )for20min.

MicrowellstripswerethenplacedintoanautomaticELIS Awasher(ELx50,BioTek, Winooski,VT,USA)and
washedfivetimesandthendrainedusingabsorbenttowelstodryresidualsolution.Enzymesubstrate(100mL)
wasdispensedintoeachwellandincubatedfor10mininthedark.Stopsolution(100mL)wasdispensedinto
eachwell.Atthistime,thecolourchangedfrombluetoyellow.Opticaldensitieswererecordedinamicrowell
platereader(MultiskanEX, ThermoScientific,.Schaumburg IL,USA )atawavelengthof450nm.Carryoverof
alfatoxinM lintomilkT hecarryoverofAFM lintomilkwascalculatedbyfollowingtheformula:

Transferd%PbY4100-0TotalA flatoxinM linmilk
TotalA flatoxinB linfeedP

Statisticalanalyses

AlldatawereanalysedusinglinearmixedmodelswithAFB1levelinfeed (highandlow),mycotoxinbinder
(withandwithout),Day(1,2,3and4 Jandallinteractionsasmaineffectsandanimal/dayasrandomeffects. This
useofanimal/dayasrandomeffectidentifiestheindividualanimalsastheexperimentalunitwithrepeated-
measurementonseveraldays GENSTAT( 16thedition)wasusedforallanalyses.
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Results

MycotoxincontentsoffeedsTheconcentrationofAFB linthecottonseedcake-basedconcentrateforthisstudy
was554mg/kg TheconcentrationsofAFB2,deoxynivalenol,fumonisinB1,ochratoxinAandzearalenonewere
50,166,230,31.2and1 8mg/kg respectively. ThecornsupplementusedinthestudyalsocontainedAFB1(454
mg/kg) AFB2(52mg/kg) fumonisinB 1(275mg/kg) fumonisinB2(328mg/kg)andochratoxinA (9.2mg/kg).

TransferofaflatoxinM lintomilk

Therewasadifference(P=0.001)incarryoverofAFM lintomilkofanimalsfedwithandwithoutmycotoxin
binder.Carryoverwaslowern(3.44% )inanimalssupplementedwith50g/dayofimycotoxinbinderthanthosefed
nobinder(4.6%).However,therewasnodifference(P=0.2 19)intransferinanimalsexposedtohighandlow
levelsofAFB1.Carryoverinanimalsexposedtohigh(2950mg/day)levelsofAFB Iwas3.82%whereasitwas
4.22%inanimalsfedlow(1475mg/day)levelsofAFB1 Nointeractionwasobservedbetweenhighorlowlevels
ofAFB landpresenceorabsenceofmycotoxinbinder(P=0.109).Thevaluesoftransferforindividualgroups
arepresentedinTable2.

TotalaflatoxinM lexcretioninmilk

ThedynamicsofAFM ItransferintomilkareshowninTable2.Therewasadifference(P<0.001)intotaldaily
AFM lexcretionbetweenanimalsfed1475mg(GroupAandB )andthosefed2950mg(GroupCandD)AFB1
perday. Themeanforthosefed2950mgwasl 12.6mg/day,almostdoublethemeanofthosefed1475mg,which
was62.2mg/day(s.e.d=5.99).

Additionofthemycotoxinbindertothedietresultedinadecrease(P <0.001 )intheexcretionofAFM lintomilk.
Themeandailyexcretionrateforthecombinedgroupswiththebinderwas76.5mg/daynearly22mg/daylower
thanconcentrationswithoutthebinder(98.3mg/day;s.e.d =5.99).TheinteractionbetweenAFB lintakeandthe
presenceofthemycotoxinbinderontransfertomilkwasnon-significant,showingthatthebinderwasableto
bindmycotoxinwithalmostthesameefficiencyatbothlevelsofAFB lintake.

The effect of binder over a period of 5 days was different (P<0.01), showing a progressive decrease in
concentrationofAFM lexpressedinmilkoverthe5daysofthestudyinanimalsofferedthemycotoxinbinder
(Fig.1) Nosuchdecreasewasobservedintheanimalsfedthemycotoxinwithoutthebinden(Fig.1).

AflatoxinM 1concentrationinmilk

Adifterence (P <0.001) was observed in concentration of AFM1 (mg/kg) in milk between the animals
supplemented with low (1475 mg/day, i.e. Group A and B) and high (2950 mg/day, i.e. Group C and D)
concentrationsofAFB1.TheconcentrationofAFM1was12.4mg/kgfortheanimalsfromGroupsCandD,
almosttwicethatfoundinGroupsA andB(6.9mg/kg:s.e.d =0.44) Therewasalsoadifference(P <0.001)inthe
concentrationofAFM linmilkbetweentheanimalssupplementedwith(8.0mg/kg:GroupBandD Jandwithout
(11.3 mg/kg:GroupA andC)themycotoxinbinder(s.e.d =0.44) Themycotoxinbinderwasequallyeffective(P
=0.051)atsuppressingtransfertomilkirrespectiveoflevelofmycotoxininthediet(Table2). However,the
binderwasmoreeffective(P=0.017)withtimeoverthe5-daycourseofthetrial. Asimilardecreasewithtime
wasnotobservedinthecontrolgroups(P=0.461).

Table2. TheeffectofaflatoxinB lintakeanduseofamycotoxinbinderonconcentrationofaflatoxinM linmilk totalaflatoxinM 1
excretedandcalculatedtransferofaflatoxinM lintothemilkofNili-Ravibuffaloesn.a.,notapplicable;s.e.d.,standarderrorof
difference

Variables Low aflatoxin intake High aflatoxin intake sed. Significance level
Without With Without With Effectof  Effectof  Effect of aflatoxin x
binder A binder B binder C binder D aflatoxin binder binder interaction
Total aflatoxin Bl intake (pg/day) 1475 1475 2950 2950 n.a. n.a. na. n.a.
Concentration of aflatoxin M1 (pg/kg) 8.1 5.6 14.6 10.3 044 P<0.001 P<0001 0.051
Total aflatoxin M1 excreted (peg/day) 74.6 49.8 122.0 103.3 599  P<0001 P<0.001 0.613
ATransfer of aflatoxin M1 into milk (%) 5.06 3.37 4.14 3.50 045 0219 0.001 0.109

ATransfer of aflatoxin M1 into milk calculated as total aflatoxin Bl excreted/total aflatoxin B1 intake x 100.
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Fig.l. ChangesinthedailyconcentrationsofaflatoxinM linmilkfrombuffaloesfedatotalofl475mg(GroupsA andB)or2950mg
(GroupsCandD)ofaflatoxinB1.ThetrianglesrepresentthemeansofGroupsAandCwithoutmycotoxinbinder,whereasthe
squaresrepresentthemeansforGroupsBandDwithS Ogofimycotoxinbinderaddedtotheirdailydiet(s.e.d. =5.814).

Milkproduction

Milkproduction(kg/day)wasnotaffectedbylevelofinclusionofimycotoxininthedietirrespectiveofthelevel
ofadditionofthemycotoxinbinder(Fig2).

Discussion

CarryoverofaflatoxinM lintomilkGiventheprevalenceofinadequatefeedstoragefacilitiesonsmall-holder
farming operations in subtropical environments, the likelihood of fungal contamination of feed is high.
Concentrate feed containing AFB1 at a concentration of more than 500 mg/kg DM is commonly used.
Contaminationlevelsmaybehigherinfieldconditionsespeciallyinperi-urbanareaswherekitchenandbakery
wastes contaminated with fungiareroutinely offered toanimalsindevelopingcountries (Sultanaand Hanif
2009).ConcentratefeedusedinthepresentstudywasnotonlycontaminatedwithAFB 1 butalsocontainedhigh
levels of AFB2, fumonisins, deoxynevalonol, ochratoxins and zearalenone. The influence of these co
contaminantsonthemetabolismandtransferofA Fintomilkisnotknownandshouldbetheobjectiveoffurther
study.

ThemilkAFM Iconcentrationsmeasuredinthisstudyof8. lor14.6mg/kgexceededinternationalstandardsof
0.5 mg/kgbyupto27-fold Thecarry-overefficiencyfromfeedtomilkof4. 14%and5.06%observedwithhigh
(2950mg/day)andlow(1475mg/day)concentrationsofAFB 1 weresimilartothe3.85%observedinltalian
Friesiandairycows(Pietrietal.2009).Intheltalianstudy,however,animalswereofferedonly97.3mg/dayof

Fig.2. Averagedailymilkproductionforanimalswithmycotoxinbinder(GroupsBandD)representedbytrianglesandwithout
mycotoxinbinder(GroupsA andCrepresentedbysquares(s.e.d =0.528).

AFB1 whichtheoreticallyshouldimprovetheefficiencyoftransfer Thesetransferefficienciesaremuchhigher
thanthe(.54%carryoverreportedforHolsteincowsbyGalvanoetal.(1996).However,cowsenrolledinthat
studywereinlatelactation,whentherateoftransferisreducedmarkedly(Veldmanetal.1992) . Withthestudyof
Veldman a transfer of 6.1% and 1.8% for AFM1 was observed for early and late lactation dairy cows,
respectively TheNili-Ravibuffaloesusedinthepresentstudywereinearlylactation.

Bantaokuland Ruangwises (2010)reportedatransferof2.35%inHolstein Friesiancows withmilk AFM 1
concentrationswithintherangeof0.035—11mg/kg,whicharecomparabletothemilkconcentrationsobservedin
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thepresentstudy.Moreover,Masoeroetal (2007 )reportedatransferofl.29%and2.70%inlow(21.2kg/day)
andhigh(41.8kg/day)producingHolsteincows,whichisagainlowerthanthepercenttransferofthepresent
study.Clearlyinordertocomparetheefficiencyoftransferinbuffaloesandcows,acontrolledstudyusingthe
samefeedbaseneedstobeconducted.Studiespublishedtodateshowthatstageoflactation,health,breedand
nutritionalstatusofanimalsallcontributetothesedifferences.Inaddition,AFsarealsoexcretedfromthebody
throughurine(Aslametal.2014)andfaeces(Allcroftetal.1968).Transferof15%ofthetotal AFM lingested
hasbeenobservedintheurineofNili-Ravibuffaloheifersinarelatedstudy(Aslametal.2014).However,the
excretioninfaeceswaslikelytobelessthan3%asdemonstratedpreviouslyinalactatingcowfollowingasingle
doseof300mgofimixedAF44%ofwhichwasAFB1(Allcroftetal.1968).

EffectofamycotoxinbinderoncarryoverofaflatoxinM l inmilkTheeffectivenessofmycotoxinbindersin
minimisingAFtransferfromfeedtomilkvarieswidelydependingondose,breedandspeciesofanimalstudied.
TheadditionofthesamequantityofMycofixPlusasusedinthepresentstudyinthefeedofHolsteinFriesian
cattleconsumingonly5.6mgofAFB 1perdaydecreasedmilkconcentrationsofAFM 1by3 1%or 41%(Pietri
etal. 2009). In the present study using the same concentration of a related but more advanced
mycotoxinbinderproductat300-foldhigherdosesofthecontaminantinfeed,34%ofthetransferwas
prevented. Whenthedose wasincreased furtherto 600-fold higher, theefficiency ofbinding was
decreasedtol 6%.Howeverthefactthattheefticiencyofsequestrationofthemycotoxinbythebinder
wasnotcompromisedwhenexposurelevelswere300-foldhigherinthepresentstudy,suggeststhat
thisproductsubtypeisequallyeffectiveacrossawiderangeofcontaminationlevels.

ThestudybyPietrietal.(2009)withlowerlevelsofcontaminationandthepresentstudywithhigher
levelofcontaminationshowednoeffectonmilkyield,suggestingthatthemammaryepitheliumisnot
damagedbythecirculatingconcentrationsof AFM 1. Theefficacy ofvariousothercarbonmatrix-
basedmycotoxinbindershasalsobeenassessed:

Galvanoetal.(1996).forexampleinvestigatedtheefficacyoftheinclusionofthreeactivatedcarbon
productstoreducetransferoflowlevels(56.4—67.2mg/day)ofAFBlintomilkofHolsteinFriesian
animals.Thereductionintransferwas27%,36%and50%forthethreeproducts,respectively,which
arecomparabletotheefficiencyreportedinthepresentstudy.

Inanotherstudy,theefficacyofmontmorillonite-basedmycotoxinbinderswasassessedatinclusion
levelsof0.2%andl %ofDMinthedietofanimalsoffered75mg/kgoffeed(Queirozetal 2012).The
higher concentration of binders reduced milk AFM1 concentration by 17% whereas the lower
concentrationwasineffective.InanotherstudyDiazetal .(1999)exploredtheefficiencyofactivated
charcoal(0.25%0fDM),MTB-100,anesterifiedglucomannan(0.05%o0fDM),calciumbentonite
(1.25%o0fDM )andsodiumbentonite(1.25%0fDM )inreducingtransferofAFM linmilkagainin
HolsteinFriesiancowsofferedlowlevelsofcontaminant.

Sodiumbentonite,calciumbentoniteandmycosorbreducedA FM 1transfertomilkby64.6%.,31.4%
and58.5%,respectively. Furthermoreusinganinvitromodel,Diazetal.(2003 )foundthatactivated
charcoals,sodiumbentonites,calciumbentoniteandesterifiedglucomannanwereabletobindSmgof
AFB linasolutionwithefficienciesof99%,98%,98%and97% respectively. Thisstudyinessence
simply assessed the maximum potential binding capacity of the matrix withoutassessing its bio-
effectivenessintheanimal. PerhapsthemostcomprehensivestudyhasbeenprovidedbyDiazetal.
(2004)whoevaluatedsixdifferentsequesteringagents: SA-20,anactivatedcarbon(AC-A);Astar -
Ben-20,asodiumbentonite(AB-20);MTB-100,anesterifiedglucomannan(MTB-100);RedCrown,
acalciumbentonite(RC);FlowGuard,asodiumbentonite(FG)andMycosorb,asodiumbentonite
(MS),fortheirpotentialtoreduceA FM Itransfertomilk. RCMTB-100,MS FGandA Bwereableto
reducethecarryoverofAFM 1by31%,59%,50%.,65%and6 1% respectively.Again theseresultsare
comparabletotheefficacyofthemycotoxinbinderusedinthepresentstudy.Althoughmycotoxin
bindersareabletoreducetheriskofincorporationofAFM lintothehumanfoodchain,theydonot
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seemtobesufficientlyeffectivetoreducecontaminationofmilktotheminimumlevelsof0.05mg/kg
ofimilksetbytheEuropeanUnion.

Conclusion

ThepresentstudyshowsthatthetransferkineticsofAFB 1fromfeedtoAFM linmilkisverysimilarintheNili-
Ravibuffaloestothatobservedindairycows.Furthermore,itwasdemonstratedthatacommercialmycotoxin
binderproductisaneffectivesequestrationagentforfeednaturallycontaminatedwithA Fwhenfedtobuffaloes.
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ABSTRACT:

Provisionofanoptimalenvironmentforthecalfiscriticaltoestablishingthepatternsofgrowthanddevelopment
essentialtoallowtheheifertoexpressitsgeneticpotentialformilkoutputandreproductivecapacityduringits
productivelife. Maternalnutritionduringgestationisnowrecognisedasakeytogeneticprogramminginutero
and this influence is extended through the complexity ofhormones, growth factors and immunostimulants
incorporatedintocolostrumandmilkconsumedbytheneonatalcalf.

This natural process is most often disrupted as calves are weaned abruptly to maximise milk output for
commercialexploitation.Thekeythenistoacceleratetherateofmaturationoftheruminalepitheliumthrough
the provision of concentrate starter rations and high quality forage, which promote VFA production.
ManagementsystemstopromotetheseprocessesinHolsteinFriesiancattlearewelldeveloped however,littleis
knownoftheseprocesseswithbuffaloandBosindicusdairycattlesuchastheSahiwal. Thedevelopmentof
methodstoprogramtheneonatetogrowfastertopubertyinthesespecieswillbeimportanttoimprovingtheir
productivity for the dairy industries in tropical and sub-tropical environments in the future. (Key Words :
PerinatalNutrition,Calf,Buffalo Productivity)

INTRODUCTION

Thepotential for growthand highhealthstatusinthenewborn calfislargely influenced by the healthand
metabolicstatusoftheirdam.Muchofthefocusofcowmanagementhasbeenontheperinatalperiodasthecalf
preparesfordeliveryintoatotallyforeignenvironmentinwhichplacentallyderivednutritionisreplacedbythe
initiallacteal secretion fromthemammary gland, colostrum. Thecompositionofthissecretionisextremely
importantinestablishingthegrowthpotentialandlife-longproductivityofthecalf. Thisthenrevertstonormal
milkwhichactsasasourceofdietaryenergyandproteinthroughtothepointwhenthecalfisabletobeweaned.
Thisinitialphaseismostoftentermedthepre-ruminantperiodduringwhichmilkispasseddirectlyintothe
abomasumthroughthereflexclosureoftheoesophagealgroove Thisinitialperiodofdevelopmentistermedthe
pre-ruminantphaseandvariesindurationfrom14-2 ldaysdependingontheanimal’sabilitytoinitiatetheintake
ofdryfeed.Duringthesubsequent3-6weeksruminalfunctiondevelopsandthecalfderivesmoreofitsnutrient
substratefromthissourcethanfrommilk.Atthispointtheanimalisweanedandderivesitsnutrientsubstrate
solelyfromdryfeedsthroughtheactivityofthenewlyestablishedruminalmicrobialpopulation:thisdescribes
theruminantphaseofcalfdevelopment.

Thisprocessisuniversalforbovinespeciesalthoughtherearemanyvariationsinproceduresusedindifferent
partsoftheworld.
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PROGRAMMINGDEVELOPMENT
FROMCONCEPTION

Feedingcowstosupporttheprotein,energy,vitaminandmineralrequirementsofthegrowingconceptusisnow
recognisedasjustonefactorthatinfluencesthelife-long productivity ofthe calf. Wearenowaware ofthe
importanceofenvironmentalfactorsongeneexpressionpatternsandthereforedevelopmentmuchearlierduring
embryogenesis. Theseso-called epigenetic mechanisms challenge the very basis of Darwinianevolutionary
theorythatthevariabilityinpopulationsoccursexclusivelythroughrandommutations. Themechanismthrough
whichthisoccursisbyalteringgenemethylationpatterns(Khoslaetal.,2001)whichmightnotonlyregulatethe
growthpotentialofthecalfbutalsoalterthegermlinewhichmaythenpersistasmutationsacrosssubsequent
generations(Surani,2001).Factorsthatinitiatethesechangeswhichmaypersistdifferentiallyacrossdifferent
regionsofDN Aareinfluencedbychangesindietarycomponentsprovidingmethylgroupsforthismechanism.
Syntheticxenobiotics(Danzo,1998),theestrogenicmoleculesinplantsthephytoestrogensandisoflavones,all
ofwhichcanbefoundinthecow’sdietcontributetothesechanges(Guerrero-

Bosagnaetal.,2005).

Thusatcalvingthegrowthpotentialoftheanimalmayhavealreadybeencompromisedbyfactorsotherthanthe
meresupplyofhutrientsubstratetosupportthegrowthprocess.

THEIMPORTANCEOF COLOSTRUM

Itisgenerallyconsideredthatthenewborncalfshouldreceive4Lofcolostruminthefirstl 2h,althoughuptooL
isoftenrecommendedforthefirstday(UniversityofSydney,2007).Requirementswilldependonthequalityof
colostrumusuallydeterminedbyassessingitsdensityassociatedwithimmunoglobulin(Ig)content:thepresence
ofenzymes to form curd in the abomasum is also a rate limiting factor for [g absorption (Gregory, 2003;
Mastellonietal.,2005).

The observation that over 100 hormones and growth factors have been identified in colostrum or milk
(Koldovsky, 1995;Koldovsky, 1996)suggeststhatthesesecretionsarecomplexbiological fluidsdesignedto
extendtheinfluenceofthedamoverdevelopmentalprocessesbeyondtheuterineenvironment. Theseinclude
hormonesofthehypothalamic-pituitary,thethyroid-parathyroidgroup,gastrointestinalregulatoryhormonesas
wellasgrowth factors. Whilethe physiologicalsignificanceofgrowthhormoneregulatorypeptidesismost
apparenttheimportanceofthegonatropinregulatorypeptideGnR Hatthisearlystageismoreobscure However
thedevelopmentalprocessesthatthesehormonesregulatearemostlikelyimportantwhencalvesarebornintoa
challengingenvironmentinwhichambienttemperaturevariessignificantlyfromthatexperiencedinuteroand
whenpathogenloadsarehigh. Theprovisionofkeynutrientstosupportgrowthisalsoanintegralfunctionof
milk with proteins, essential and non essential amino acids, lactose, fatty acids, vitamins and minerals all
contributingtotheserequirements.Othernon-nutritionalfactorsincludenucleotides,polyamines,enzymesas
wellasfunctionallyimportantproteinssuchaslactoferrin(BlumandHammon,1999;2000)servespecificroles
indirectinggrowthprocesses.Lactoferrinhasalsobeenextensivelycharacterizedinbuffalomilk(Sharmaetal.,
1999).

Cellular components are also incorporated including mammary epithelial cells, erythrocytes macrophages,
polymorphs,lymphocytes,plasmacellsandepithelialcells(Uruakpaetal.,2002)whileanumberofthenon-
nutritional and bioactive molecules are sequestered from the circulation. These include growth hormone,
prolactinoestrogen,insulinandglucagon,allofwhichplayaroleinregulatingproteinandenergymetabolism.It

is often difficult to envisage a functional role for these protein hormones since they will be hydrolysed
extensivelyintheabomasumpriortoaccessingfunctionalreceptors. Howeverthekeymayresideintheirco-
secretionwiththeimmunoglobulins,mostmotablylgG1.

Thesemacromoleculescomprisemorethan90%oftheproteincontentofcolostrumandappearatconcentrations
5-10-fold higherthaninthe circulation (Larson, 1992). Their sequestration coincides initially with higher
oestrogenlevelsuptolmonthpre-partumandsubsequentlywithelevatedcorticosteroids,growthhormoneand
prolactininthelastweekandthenwithdepressedprogesteroneat4 8hpre-calving.
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Thefunctionalsignificanceoftheserelationshipsisyettobeestablished. Equallyintriguingisthemechanism
thatfacilitatespreferentialuptakeoflgG 1,whichistypically10-foldhigherthanlgG2incolostrum,butpresent
inequivalentconcentrationsinthecirculation. Thisimbalanceprovidesadefinitivecharacteristicofcolostrum
andisexplainedbythepresenceofspecificreceptorsonthebasalmembraneofsecretoryepithelialcellswhich
activelyendocytoselgG landpassittothesecretorylumenofthealveolus(Butler,1 983;Barringtonetal.,2001).
Itisimportanttonote that this mechanismis only in place during colostrum synthesis and therefore [gG1
concentrationfallsmarkedlyafterthecolostralphase(Kemleretal.,1 975) Theimmunestatusofthebuftalocalf
post-colostrumfeedingisinfluencedalsobythevitaminstatusofthedam:circulatinglglevelswereincreasedby
80% in calves fed colostrum from their dams receiving bolus injections of vitamins A., D3 and E late in
pregnancy (SikkaandLal,2005). VitEandseleniumalsolimittheadverseeffectsofendotoxinfromEcoli
infectionsassociatedwithmanycalfrearingsystems(Sharmaetal.,2005).

Furtherprotectionagainstpathogenicbacteriaandvirusesisprovidedbythepresenceofantimicrobialproteins,
lactoferrinandlysozyme.Lactoferrinisanironbindingmoietythatpreventsmicrobialgrowththroughdepriving
microbial of this essential mineral and by binding to bacterial cell membranes thereby compromising their
permeability (van Hooijdonk et al., 2000), while lysozyme lyses bacterial cell walls (Lonnerdal, 2002).
Interestingly these two proteins are capable ofacting synergistically to enhance theirbacteriostatic activity
(PakkanenandAalto,1997).

The immunoglobulins are accompanied by arange of protease inhibitors including trypsin inhibitor, f;2-
macroglobulin, f;2-antiplasmin, antithrombin III, C1-inhibitor, inter-f;-trypsin inhibitor, bovine plasma
elastaseinhibitorandbovineplasmatrypsininhibitor,allofwhichservetoprotecttheirfunctionalintegrity
(Christensenetal.,1995).

Othermulti-functionalproteinsarecomingtolightincludingaproline-richpolypeptidecolostrinin. Thiswas
originallyfoundasafractionaccompanyingsheepcolostralimmunoglobulinswhichpromotedTcell-tropicand
maturational activity. It is also associated with the development of precognitive functions which inhibit
pathologicalstatescentrally(Zimecki,2008).

Inadditiontotheroleofthesimplecarbohydratelactoseinprovidingenergy,morecomplexcarbohydratesalso
addtothemulti-functionalityofcolostrum.Sialyloligosaccharidesarepresentinhighconcentrationsforthefirst
12hoflactationinthecowandarethoughttobeimportantinpreventinginfectionsactingagainstrotavirus,
rheovirusandHelicobacterpylorum(Nakamuraetal.,2003) Interestinglytheyalsoappeartobeinvolvedinthe
developmentofcognitiveprocessesinthebrain, withthesupplementationofmilkforpigletswithsialicacid
improvinglearningandmemoryinthepiglet(Wangetal.,2007).Thereislittlereasontosuspectthatsuckling
behaviourinbothcowsandbuffaloisnotinfluenced by thesemolecules,althoughbovineand humanmilk
divergesintheconcentrationandcompositionoftheirsialyloligosaccharidecontent:thishasimplicationsforthe
developmentofinfantformulae(Martin-Sosaetal.,2003).Interestinglybuffalomilk gangliosidesappearto
havegreatertoxinbindingandantiinflammatorypropertiesthancowsmilksuggestingsomepotentialnovel
applications forthe productfrombuffalointhe future (Colarowetal.,2003). Thisisalsoimportantforthe
survivalofthebuffalocalfinenvironmentswithhighpathogenloads.Certainlybuffalomilkishighlyvaluedas
analternativetobreastmilkamonglndianmothers(Kaushaletal.,2005).

Thecompositionofcolostrumchangesrapidlyanditsprovisiontothecal fduringthefirst24hoflifeiscriticalto
thecalf fssurvival.

COLOSTRUMANDTHEDEVELOPMENT
OF THEGASTROINTESTINALTRACT

Therichmixothormones,growthfactors,cytokinesandnutrientsincolostrumprovidetheidealdevelopmental
mixtoinitiatedigestiveactivityintheabomasum,smallandlargeintestines. Theinitiationofthe functional
integrityoftheintestinalepitheliumisessentialfortheabsorptionofnutrientsandbioactivemoleculestodirect
developmental processesinthebody. Inparticularthe apical junctional complex playsanimportantrolein
maintainingtheintegrityofthisepitheliumandpreventsaccessforpathogenstothecirculation. Awiderangeof
cytokinesandgrowthfactorsinfluencetightjunctionintegrity,withlFN- f A TNF- f; HGF. TGF-4,IGF-LIGF-
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-ILLVEGF]IL-1,IL-4andIL-13alldecreasingbarrierfunctionwhileEGF, TGF-a, GDNF,neurturin,IL-10,and
IL-17havetheoppositeeffect(Sawadactal.,

Table 1. The composition of colostrum and milk (Blum and Hammon, 2000; Klimes et al., 1986)

Nutrient Colostrum (1% milking day 1) Mature milk (5-14days postpartum)
Total protein (%) 17.12 3.57

Fat (%) 4.69 5.26

pH 6.31 6.43

Gross energy (MJ/L) 6.0 2.8

Crude protein (g/L.) 133 32

Immunoglobulin G (g/L) 81 <2

Lactoferrin (g/L) 1.84 0.36 (at 4™ milking)
Transferrin (g/L) 0.55 0.21 (at 4™ milking)
v-glutamyltransferase (pkat/L) 509 52

Alkaline phosphatase (ukat/L) 19 4

Asgpartate aminotransferase (pkat/L) 1.5 0.1

Tumour necrosis factor-c (ug/L) 3 <2

Insulin (ug/L) 65 1

Glucagon (pg/L) 0.16 0.01

Prolactin (pg/L) 280 15

Growth hormone (pg/L) 1.4 <1

Insulin-like growth factor-T (ng/L) 310 <2

Insulin-like growth factor-TI (ug/L) 150 ND

ND = Not determined.

2003).Clearlythisisacloselyregulatedandfunctionallyimportantpropertywhichcanbeinfluencedbythe
balanceofthesefactorspresentincolostrum.Againthereisevidencetosuggestthattheintestinalepitheliumin
thebuffalocalfismoreresistanttosomeinfectionsincludingparatuberculosis(Sivakumaretal. 2006).

NUTRIENTREQUIREMENTS
FORTHENEWBORNCALF

Thecalfrequiresnutrientsforbothmaintenanceandgrowthanditisimportantthattherequirementsforthese
twoprocessesarecombined. Environmentalfactorsareextremelyimportantindeterminingrequirementswith
bothextremesofheatandcold, highpathogenloadsandphysicalandpsychosocialstressorscontributingto
requirements.

Theactivationoftheimmunesystemandtherolethatmaternalimmunityplaysinthisprocessisimportantto
animals calving insub-optimal environments (Chaseetal.,2008). As a guideline the metabolisable energy
requirementsfora4 Skgcalfunderthermoneutralconditionsis7.3MJ/day.Sincecow’smilkcontains22.5MJ
ME/kgofsolidstheyrequire2.5Lofwholemilk,whiletheequivalentwithlowerfatstatusmilkreplacersis
around3 L(Drackley,2008).Othersrecommendhigherintakesupto 10and 12%ofbodyweightperdayto
supportgrowth(UniversityofSydney2007) Milkrequirementswillbelowerinthebuffaloasmilkfatcontentis
higherthanincowsmilk althoughcolostralfatcontentisthesameineachspecies(Ganovski,1979).

Proteinrequirementsformaintenancearelowintheneonate(30g/dfora4 Skgcalf)andreflectratesofprotein
turnoverintissue. Howevertherequirementsforgrowthareapproximately6-foldhigherthanthis,equatingto
250-280gofcrudeproteinfrommilkreplacer(Drackley,2008).Ingeneralmilkreplacerscontainingupto25%
crudeproteinarerecommendedaslongasdietaryenergyisnotlimiting.

Aminoacidcompositionofreplacersisalsoimportantwiththosemostcloselyresemblingthecompositionof
cowsmilkbeingmosteffective.Changesinenergyrequirementsincoldandhotenvironmentsarequitedramatic
asbodytemperatureisnotbufferedbytheheatoffermentationintheundevelopedrumen. MaintenanceME
increases by approximately 20% foreach 10°C incremental decrease from 20to-20°C (National Research
Council,2001).Incontrasttheeffectsotheatstresshavenotbeenpublishedalthougholderanimalsrequirean
additional20-30%ME(NationalResearchCouncil,2001):thereadyavailabilityofiaterondemandandshade
forcalvesiswellestablishedyetotalwaysadheredtoinmanycountries.

Thewatercontentofbodytissuesisinthevicinityof70%(Diazetal.,2001),thustheconstantavailabilityof
waterismandatoryinanyproductionsystem.Promotingtheintakeofdryconcentratefeedstoenhancerumen
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developmentisalsodependentonconstantwateravailability.Requirementsformineralsandvitaminshavealso
beendocumented(Council,2001).Wholemilkprovidesanadequatesourceofallmineralswiththeexceptionof

ironandsometimesseleniumandmanganese. Asmostmilkstartersare supplemented withmineralsand fat
solublevitaminstheserarelycompromisecalthealthandgrowth.

TheonlymajorconcernsarewithVitaminsAandE:NR CrecommendationsforVitaminAareconsideredtobe
toohighleadingtopotentialtoxicity,whilethoseforvitaminEareunder-estimated(Drackley,2008).Whilea
state of deficiency will rarely be found, finding the correct dose for optimal growth represents a greater
challenge.

DEVELOPINGTHERUMEN

Thegeneralruleofthumbistoadoptstrategiesthatallowcalvestoconsume700-900gofconcentraterationby
thetimethattheyareweaned.Essentiallythisrequirescalvestocommenceintakeofconcentrateswithinl 4days
post-partum(UniversityofSydney,2007). Animalsconsuming 1 0%oftheirownbodyweightasmilkperday
willingeneralbeconsumingupto300gofconcentratebyday25 Themicrobialpopulationaccumulatinginthe
rumenwill fermentcarbohydrateto formpredominantly butyricacidand then propionicacid whichinturn
promote the differentiation of the ruminal epithelium to form the characteristic papillae (Heinrichs and
Lesmeister,2005).

Different sources of fermentable carbohydrate yield different responses, with corn and wheat based diets
promotingruminaldevelopmentfasterthanoatsorbarley(Khanetal.,2008).Similarlyprocessingcanexertand
influencethegrowthresponse:steamflakingofcornforexampleinducedruminalepithelialdevelopmentfaster
thaneitherdryrollingonleavinggrainwhole(LesmeisterandHeinrichs,2005). Thesestudiesshowedalsothat
processingcaninfluencethepatternofvolatilefattyacidsreleased.

Other alternative concentrate sources such as phalaris minor seeds have also been assessed as providing
appropriatecarbohydratesourcestosupportvolatilefattyacidsynthesisandrumendevelopment(Kauretal.,
2006).Muchhasbeenwrittenontheroleoffibreandthesocalled*ticklefactor”inthedietofthepre-ruminant
calf.

Resultsvarywidelywithconcentratepersebeingmoreeffectiveinsomestudies(Kleinetal.,1987),whilein
othersforagesprovidedataspecificparticlesize(8-19mm)withconcentratesgavesuperiorresults(Coverdale
etal.,2004).Infurtherstudiespelleteddietsyieldedsuperiorresponsestomixedlengthfibrewithotherdietary
ingredientsheld constant(Bachetal.,2007). Clearly ourunderstanding of the development of the ruminal
environmentrequires furtherinvestigation,althoughtheroleofthevolatilefattyacidsinthisprocessiswell
established. Theinclusionofcellulolyticenzymesasfeedadditivesalsoprovidesabeneficialgrowtheffectif
includedasasubstituteformoreconventionaladditivesinbuffalocalfdiets(El-Kadyetal.,2006).

CALF REARING:THEPAKISTANIEXPERIENCE

Pakistan,likemanydevelopingcountrieshasanagrarianruralbasedeconomy.Thelivestocksectorisamajor
contributortothenational (12%)andagricultural (50%)economy (Pakistan Economic Survey, 2006). This
sector is growing quickly and provides a livelihood for more than 35 million people. The productivity of
livestock formeatand milkislow, withimproper calfmanagement programming animals foralife oflow
productivity. Highmarketpricesformilkdictatethatcalvesareweanedveryearlywithoutappropriatequality
milkreplacersbeingusedtomeetthedemandofthecalfforgrowthanddevelopment.

Malecalvesaremostoftensoldforslaughterorlefitofeedonpoorqualityroughages. Theslowgrowthotheifer
calvesresultsindelayedpubertyandageatfirstcalving Thusboththeefficiencyofimilkandbeefproductionare
compromised.

FEEDINGTHETRANSITIONBUFFALO

LatepregnantortransitionHolsteincowscanbeaffectedbyarangeofproductiondiseasesassociatedwiththeir
inability to cope with the metabolic demands of high production. These include hypocalcaemia,
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hypomagnesaemia, ketosis, retained placenta, displacement of the abomasum and laminitis (Mulligan and
Doherty,2008).Theseareoftenassociatedwithanimbalanceinmetabolitesenteringkeybiochemicalpathways
(Payne,1972)whichmayleadtoinfertility.

Similar problems are associated with buffalo production, although the causes are most likely related to
undernutrition. Thepregnantbuffaloneedstosupportthenutrientdemandsofbothlactationandgrowthofthe
foetus. Yettheconditionscoreofmostsmall-holderbuffaloremainsverylowdespitetheneedforadditional
nutrientstomeetthesedemands. Veryfewstudieshavebeenconductedtoinvestigatetheserelationships,buta
positiverelationshiphasbeenshownbetweenliveweightofthecalvingdamandthecalf Atlowerbodyweights
(350-573kg)calfbirthweightincreasedbyl 8gforeachkgincreaseinweightofdam Thisincrementdecreased
to5.5gperkgliveweightindamsweighing576-8 1 5kg(Usmanietal.,1987;Usmaniandlnskeep,1 989).

Aswiththecowthefirst24hpost-calvingarecriticalforthebuffalocalftoabsorbecolostrum.Infacttotalprotein
andlglevelsarehigherinthebuffalothanincross-bredcows(SinghandAhuja,1993).Inthisstudy75%oflg
and68%ofcolostralproteinwereabsorbedwithinlhoffeedinga7holdcalf. Thisrateofabsorptiondeclined
rapidly after the first feed. However little other data are available on colostrum usage to account for high
susceptibilitytoinfectionofbuffalocalves.

CALFMORTALITY

Neonatalcalfimorbidityandmortalityaremajorcausesofeconomiclossesinlivestockproduction.Itisroughly
estimated thata calfmortality of20 percent canreduce the net profit ofan enterprise by 60% (Blood and
Radostits,1989).IdeallycalfimortalityshouldbelessthanSpercentwithgrowthratesof0.5-0.7kg/d(Bloodand
Radostits,1989).Mortalityratesfordifferentcountriesemployingdifferentproductionsystemsaredetailedin
Table2.Veryhighmortalityratesofover50%havebeenreportedinbuffalocalvestoonemonthofage.Footand
mouthdisease(FMD)andhaemorrhagicsepticaemia(HS )areendemictoPakistanandaccountforupto3 land
21.5%respectivelyofdeathsinbuffalocalvesaged from6-12months(Ramakrishna,2007).Onotherfarms
extrememortalityratesofupto80%havebeenrecorded(Tiwarietal.,2007).Althoughdiseasecontributedto
thisstatistic thefailuretoprovidecolostrum todeworm todisinfectnavalcordsandtoprovideanadequatemilk
substituteandappropriateshelterandwaterallplayedtheirroleintheetiologyofthesemortalities.Othercauses
ofcalfimortalityincludethegreatersusceptibilityofcrossbredandprimiparousanimals(RaoandNagarcinkar,
1980).Thefailuretoprovidecolostrumhasalsooftenbeenimplicated(Afagetal.,1992).

Thegivingofcolostrumtofriendsisacustomfoundinsomeregionsandassuchthecalfisinevitablydeprived.
Overallfarmersinmanyregionsconsidercalfrearingaverylowpriority,asthecommercialvalueofthispractice
isnotapparenttothem.

SUCKLINGANDHANDFEEDING
OF BUFFALOCALVES

The average birth weights for buffalo and Sahiwal calves are 34.85+0.46 and21.87+0.20 kgrespectively
(Ahmad, 1988). Themethodofprovisionofmilk forthesecalveshasbeenshowntoinfluencetheirgrowth
efficiency. For example calves reared by restricted suckling of their

Table 2. Incidence of mortality (%) among buffalo and cow calves in different countries

Age (days) Mortality (%) Country Reference
Buffalo calves
30 7 | Pakistan (Khan, 1994)
1-30 51.8 India (Ramakrishna, 2007)
30 275 India (Bhullar and Tiwana. 1985)
90 34.0 India (Bhullar and Tiwana. 1985)
15 12.6 Vietnam {Sharma et al., 1984)
16-30 299 Vietnam (Sharma et al., 1984)
30 51.7 India (Khera. 1981)
Cow calves
30 11.0 Pakistan (Khan, 1994)
15 32.5 India (Veerapandian et al., 1993)
Q 61.6 U.S A (Bellows et al.. 1987)
1-10 234 US.A. (Bellows et al.. 1987)
2 82 Ireland (Mee, 1988)
14 564 Germany (Fink., 1980)
4-7 1.2 Italy (Mariani et al., 1986)
28 3.0 Norway (Simensen. 1986)
90 8.7 Nigeria (Umoh, 1982)
28 12.5-26.0 Libyia (Gusbia and Hird)
30 6.9 Iraq (Maarof et al., 1987)

< (P>



https://21.87�0.20
https://34.85�0.46

efficiency.Forexamplecalvesrearedbyrestrictedsucklingoftheirdamsyieldedbettergrowthratesthanifthe
milkwasprovidedinafeederorpale(552vs.370g/d)(KhanandPreston,1992)and500vs.350g/dinthestudy

of{l Gayaetal.,1977).Ifadequatemilkisprovidedtheschighgrowthratesareattainable:theprovisionofl 5%of
themilkproductionfromSahiwalcowsorbuffalowhichequatestol 0%ofthecalf’sbodyweighthasresultedin
thesegrowthrates(Ahmad, 1988). Thetrainingofbuffalocalvestotheuseofautomaticsucklingunitsmay
compromisetheirgrowthperformancebylimitingintake(Rossietal.,2004).

Giventheseproblemsitismostlikelymoreeffectivetodelaytheweaningofbuffalocalvesrearedinsub-optimal
environmentsparticularlyasthebuffalodamsdisplaystrongmaternalinstinctsThustheprovisionofsomemilk
to calvescombined withthe harvestofmilk fromasecond milkingeach day forcommercial saleorhome
consumptionmay providethemosteffectivemeansofrearingthecalvesofSahiwal cattleandbuffalo. This
methodalsonegates theneedtouse oxytocintoinduce milklet-down: use ofthecalfisbiologically more
sustainable.

STARTERRATIONSFORCALVES

Poorgrowthratesresultfromthelimitedmilksupplylowproteinandenergyoffoddersandconcentratesthatare
availableforcalves.Inorderforthefarmertosellahighproportionothismilk cost-effectivemilkreplacersneed
tobedeveloped.Starterrationscontainingl 7%crudeproteinandtotaldigestiblenutrientsof75%haveresulted
ingrowthratesofupto470g/d(AhmadandJabbar,2000).

Similamresultshavebeenachievedthroughthesubstitutionofmilkwithsoybeanmilkcontainingl %soybeanoil
(Matteretal.,2005). ThelevelsofproteinusedinthesestudiesarebelowrecommendationsforHolsteinFriesian
calves:thusproductivitycouldbeboostedfurtherthroughtheuseothigherproteinsupplements. Theimportance
ofofferingcalvesasolubleconcentraterationhighinproteinandenergyfromcalvingshouldbeconsidered.

FEEDINGPOST WEANING

Feeding strategies used post-weaning involve the use of low quality crop residues, straws and stovers
characterizedbyhighfibreandlow crudeprotein. Numerousstudieshavebeenundertakentoimprovetheir
efficiencyofutilizationlargelythroughtheirtreatmentoruseinconjunctionwithstrategicsupplements(Sarwar
etal.2002).

UreatreatmentofstrawispopularasitincreasestheNcontentofroughages. Theadditionofmolassesthen
providesabalance of Nandenergy fortherumenmicrobial populationtoutiliseindigestingtheinsoluble
carbohydrates. Wheatstrawtreatedwithvaryinglevelsofurea(0%,2%and4%)andmolasses(2%and4%)
ensiledwith30%cattlemanure(ondrymatterbasis)fordifferentfermentationperiods(20,30and40days)
provedtobeanidealsupplementprovidinglineargrowthresponseswithamountfedinbuffalocalves(Sarwaret
al.,2006).SimilarresultswereachievedbyKhanetal.(1992)whoreportedthatcrudeproteinincreasedby
18.4%t022.2%insugarcanebagasseensiledwithcattlemanurefor30and60days,respectively.However,the
increasingcostofureaworld-widemaymakethisoptionprohibitive.

Caution must be used in the evaluation of supplements. In one study sunflower meal was substituted for
cottonseedmealat0,12,24and36%onanisonitrogenousbasisto 1 1month-oldbuffalocalves(Yunusetal.,
2004).Thesunflowermealyieldedinferiomresponsesbothbiologicallyandonacostbasis.suggestingthatitsuse
shouldbeapproachedwithcaution. Maizehasprovedtobeaneffectiveconcentrateforbuffaloand Sahiwal
calvesinanumberofstudies Incomparingstartemrationsbasedonmaize,oatsandtheircombinationnormalized
t020% crudeproteinand 80% TDN, growthrates on the maize based diet were 18% higher (Rafique and
Manzoor,2000).

Supplementingwithproteinthatisresistanttoruminaldigestioncanalsoyieldexcellentresponses,suchashas
beenachievedthroughtheuseofformaldehydetreatedmustardcake(ChatterjeeandWalli,2003) Againcaution
shouldbeusedasifthebasaldietconsistsofpoorqualityroughagemorecosteffectivesupplementsproviding
anysourceofNandenergytotherumenmayyieldsimilamresponses.
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CONCLUSION

Thekeytosuccessfulcalfrearingcommenceswiththeappropriatefeedingofthelatepregnantortransitioncow,
asanymetabolicdisturbancewillhaveconsequencesforthegrowthpotentialofthecalf.Increasinglyweare
becoming aware of the key metabolic cues responsible for programming the growth and ultimately the
production potential of the calf. Disturbingly most of the available literature pertains to the growth and
developmentoftheHolsteinFriesiancalf:inspiteoftheimportanceofthebuffaloandtheSahiwalcowtothe
provisionofdairyproductsforAsia,ourfundamentalunderstandingoftheseprocessesintheseanimalsispoorly
developed.Futureresearchshouldfocusonthenutritionalregulationofthesedevelopmentalprocessesinlate
pregnancy through to weaning: if this is not optimised then research on feeding of the weaner calf is
compromised.
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ABSTRACT:

ThebuffaloisanimportantlivestockresourceinseveralcountriesofSouthAsiaandtheMediterraneanregions.
However, reproductive efficiency is compromised due to known problems of biological and management
origins,suchaslackofanimalselectionandpoomutrition.Underoptimalconditionspubertyisattainedatl Sto

18 months in river buffalo, 21 to 24 months in swamp buffalo and is influenced by genotype, nutrition,
managementandclimate. However,underficldconditionsthesevaluesdeteriorateuptoasignificantextant. To
improvereproductiveefficiency,severalprotocolsofoestrusandovulationsynchronizationhavebeenadopted
fromtheiruseincommercialcattleproduction. Theseprotocolsyieldencouragingpregnancyratesof(30%to
50%),whicharecomparabletothoseachievedinbuffaloesbredatnaturaloestrus. Theuseofsexedsemenin
buffaloheifersalsoshowedpromisingpregnancyrates (50%)whencompared withconventionalnon-sexed
semen.Assistedreproductivetechnologieshavebeentransferredandadaptedtobuffalobuttheefficiencyof
thesetechnologiesarelow.Howevertheselatesttechnologiesoffertheopportunitytoacceleratethegeneticgain
inthebuffaloindustryafterimprovingthetechnologyandreducingitscost.Mostbuffaloesarekeptunderthe
smallholderfarmingsystemindevelopingcountries.Hence,futureresearchshouldfocusonsimple,adoptable
andimpact-orientedapproacheswhichidentifythefactorsdetermininglowfertilityandoestrusbehaviourinthis
species.Furthermore,roleofkisspeptinneedstobeexploredinbuftalo.(KeyWords:Buffaloes,Reproduction,
Developments,Techniques)

INTRODUCTION

Buffalohasasignificantroleintheagriculturaleconomyofianydevelopingcountriesbyprovidingmilk,meat
anddraughtpower.Theworldpopulationofbuffaloisestimatedtobel 99million(FAOSTAT,2012)withmore
than96%0ofthepopulationlocatedinAsiaincludingl 6.4%o1fPakistan’scontribution.Inrecentdecades,buffalo
farminghasexpandedwidelyintheMediterraneanandLatinAmericaaswellas,inCentral/NorthernEurope
whereseveralherdswereintroduced.

DairybuffaloeshavebeenusedformilkproductioninIndia,Pakistan,someotherSouthAsiancountries, the
Middle EastandItaly; whiledairycharacteristicsarebeinginducedinthelocal populationofIndo-Chinese
RegionandSouthAmericathroughcrossbreedingwithPakistaniNiliRaviandIndianMurrahbuffaloes. The
milkyieldincreasedfrom700to2,000kg/yeannChinathroughcrossbreeding( Yangetal.,2007).

Thebuffaloscanutilizepoorerqualityroughages,adapttoharsherenvironmentsandaremoreresistanttoseveral
bovinetropicaldiseases.Despitethesemerits,buffalohaverelativelypoorreproductiveefficiencyirrespective
oftheirlocationthroughoutthe world. Buffaloexhibitmany oftheknownreproductivedisordersincluding
delayedonsetofpuberty,pooroestrusexpression,longerpostpartumovarianquiescence,andmostimportantly
loweredconceptionratesparticularlywhenbredartificially(Gordon,1996). However,higherfertilitycouldbe
achievedthroughbetterfeedingandmanagement(Pereraetal.,1 98 7;Usmanietal.,1990;Qureshietal.,2007).
Itappearsthatbecausebuffaloarelocatedmostlyindevelopingcountrieswithmeagerresources thereislimited
qualityresearchintheareaofbasicphysiologyhealthjmanagementnutritionandappliedreproduction.
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Theobjectiveofthisreviewistoexaminethemajorrecentdevelopmentsinbuffaloreproduction.Wediscussthe
impactofthevarioustechniquesaswellasbottlenecksandpossible futuredevelopmentswhichwillleadto
improvereproductiveperformanceinthisspecies.

PUBERTY

Buffalousuallyattainpubertywhentheyreachabout60%oftheiradultbodyweight(250to400)kg buttheage
atwhichtheyattainpubertycanbehighlyvariable,rangingfrom1 8to46months(JainudeenandHafez,1993).
Thefactorsthatinfluencethis are genotype, nutrition, managementand climate. Itcould be attained under
optimizedconditionsatl Stol 8monthsinriverbuffaloand2 1to24monthsinswampbuffalo(Borghese,2005).
Thedelayinpuberty,consequentlydelaysconceptionandresultsinlowreproductiveefficiencyandlengthening
ofthenon-productivelife.Amajorcauseofdelayedpubertymaybepoorfeedingandmanagementunderfield
conditions.

OESTROUSCYCLE

Inordertoenhancereproductiveefficiencyofbuffalo,athoroughunderstandingoftheregulatorymechanisms
involvedintheoestruscycleisrequired. Thedurationoftheoestrouscycleinbuffaloissimilartothatincattle,
rangingfrom 1 7to26dayswithameanofaround2 1 days(JainudeenandHafez, 1993).However,thereisa
greatervariabilityoftheoestrouscyclelengthinbuffalocomparedtocattle, withagreaterincidenceofboth
abnormally short and long oestrous cycles. This may be attributed to various factors including adverse
environmentalconditions,nutritionandirregularitiesinsecretionofovariansteroidhormones(KaurandArora,
1982;Nandaetal. 2003).

Inbuffaloes,ovarianfolliculardynamicsduringtheoestrouscycleissimilartothatincattle.StudiesfromIndia
(Tanejaetal.,1996),Brazil(Barusellietal.,1997)andPakistan(WarriachandAhmad,2007;Figure 1 )have
shownclearlythatthemajorityofbuffalohavetwowavesoffollicularactivityduringtheiroestrouscycle.More
investigationsontheeffectoffolliclestimulatinghormoneandnutritiononnumberoffollicularwavesneedtobe
studiedinbuffaloes.

Studiesonoestrousbehaviorandendocrinologyinbuffalo(RoyandPrakash,2009;Singhetal.,2000)indicate
considerablevariationsinreproductiveendocrineactivity withoutexternal signs of oestrus (silentheat) are
common. The low intensity of oestrus in buffaloes may be due to low circulating concentrations of 17-a
oestradiolincomparisonwithdairycattle(Serenetal.,1 995).
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Figurel Observedpatternsofdevelopmentforthelargestfollicleduringoestrouscycles. Shownaretheaverage
diametersofthefirst( m—m)second( @——e)andthird( A——aA)sequentiallylargestfolliclesinbuffaloesthat
had(a)two(r=9)or(b three(r=3 )wavesoffolliculardevelopmentrespectively( WarriachandAhmad 2007).

Furthermore,tyinguptheanimalsaspernormalhusbandrypracticesinmanydevelopingcountriesrestrictsthe
abilityofbuffalofarmerstoobserveheatsigns(Warriachetal.,2009).Buffalosalsotendtoshowheatsigns
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duringthenightwhenfarmersarenotobservingtheiranimals(Unpublisheddata).Seasonisanotherextrinsic
factorsthatinfluencesthecharacteristicsofoestrousbehaviour.Inthetropics highambienttemperaturereduces
sexualactivityduringtheday(Jainudeen, 1977)andshortenstheoestrousperiod(Gilletal., 1973)withthe
incidenceofsilentoestrousmorecommonduringthehotsummerseason. Theseadverseeffectsotheatstress
makeoestrousdetectionmuchmoredifficultinbuffalo. Oestrousdetectioncouldbesignificantlyimproved
throughtheintroductionofateaserbulloranandrogenziedfemale(Chohanetal.,1992).

Theintervalbetweenstandingoestrousandovulation,whichisveryimportantforartificialinsemination,was30
hoursinbuffaloes(Warriachetal.,2008). Underfieldconditions,theam-pmruleofinseminationoriginally
developedforcattle(Trimberger, 1948)isgenerally followedinbuffaloes. To followthisrule, thebuffaloes
shouldbebred 12hafterthedetectionofstandingoestrus. However,onsetofheatsignsinstead ofonsetof
standing oestrushasbeen erroneously considered as the land mark with buffaloes often being inseminated,
earlierthanrequired.Thisearlybreedingispotentiallyresponsibleforloweredfertility,andcanbeexplainedby
thefact,thereisanintervalofabout8to10hbetweenonsetofheatsignsandonsetofstandingoestrus. This
indicatesbuffaloesshouldbeinseminatedl 2hafterthedetectionofstandingoestrus(detectionbybull/teaser)or
alternativelyl 8to24haftertheonsetotheatsigns.Inordertoconfirmthisapproach,investigationsarerequired
onthetimingofinseminationinrelationtostandingoestrusandpregnancyrate.

SYNCHRONIZATIONOF OESTROUSCYCLE

Variousstudiesusingprotocolsforsynchronizationbasedonprogesteroneandgonadotropinreleasinghormone
(GnRH)administrationtogetherwithprostaglandintoinduceluteolysisduringbreedingseasonhaveyielded
quitepromisingconceptionratesrangingfrom30%to50%( Tablel ) Howeversomebuffaloesdonotrespondto
treatment,especiallyduringthelowbreedingseason Therecouldbeseveralreasonsforthis,butamongthemost
likelyistheanimal’sfollicularstatusatthebeginningoftreatment Theidealtimeofireatmentcanbeestablished

by determining ovarian activity by ultrasound (De Rensis and Lopez-Gatius, 2007). The presence of the
dominant follicle and an active corpus luteum (CL) indicate the success of synchronization. Protocols for
buffaloeswithlimitedfollicularandlutealactivity,remaintoberefined,buttheymostlikelywillbedevised
around the strategic timing ofadministration of reagents currently used in synchronization protocols while
ensuringthatthesupplyofdietaryenergyandproteinarenotlacking.

Reference Treatment Pregnancyrates(%)
Warriachetal.,2008 GnRH+PGF2a+GnRH 36
Naseeretal.,2011 CIDR 37
PaulandPrakash,2005 GnRH+PGF24+GnRH 33
Berberetal.,2002 GnRH+PGF24a+GnRH 56.5
Negliaetal.,2003 GnRH+PGF24+GnRH 36
Chohan, 1998 PGF2a(cloprostenol) 53
RaoandRao,1983 PRID 41
SEXEDFROZENSEMEN

Semensexinghasbeensuccessfullyusedforproducinglivingoffspringinbovinespecies(Seideletal.,1999).In
buffalo,adifferenceinDN AcontentbetweenXandYspermwasfound,andbasedonthisdifferenceithasbeen
furtherdemonstratedthatprocessingbuffalosemenwasfeasible(Luetal.,2007).Inarecentstudy,promising
pregnancy rates (50%) were achieved when inseminating a dose of sexed semen containing 4 million
spermatozoa(Gaviraghietal.,2013).Inordertoexpanduseofthistechnology,thereisaneedtofurtherrefine
thisprotocolforbuffalobreedsofcommercialsignificancesuchastheNili-RavibuffaloofPakistan.

ASSISTEDREPRODUCTIVETECHNOLOGIES
ThefirstsuccessfulembryotransferinbuffalowasperformedintheUnitedStatesofAmerica(Drostetal.,1983).

Subsequentsuccessfultransfershavebeenreported frommanyothercountries. However, thesuccessrateis
muchlowerinbuffaloes,ductotheirinherentlylowfertilityandpoorsuperovulatoryresponse(Misraetal.,
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1990).Theaverageyieldoftransferableembryosislessthanonepersuperovulateddonor. Thebuffaloovaryhas
asmallerpopulationofrecruitablefolliclesatanygiventime;anaverageof12,000primaryfollicleshasbeen
reported(Danell, 1987),comparedtotheaverageintheovaryofthecow,whichhasanaverageof133,000
(Erickson, 1966). Thistechnique comprisesaseries of carefully integrated sequential steps including donor
selection,donortreatment recipientselection inseminationofthedonorembryorecovery,embryohandlingand
evaluation,embryotransfer,andrecipientcare. Thetechnologyhastoberefinedtoaccountforthelower,less
responsivefolliclepopulationinthebuffalo.

Assistedreproductivetechnologieshavebeenintroducedtoovercometheinherentreproductiveproblems,fast
propagation of superior germplasm, and to reduce the generation intervals. These technologies provide an
excellentsourceofembryosforcarryingonbasicresearchindevelopmentalphysiology,farmanimalbreeding,
andforcommercialapplicationoftheemergingbiotechniqueslikecloningandtransgenesis Duringthepasttwo
decades, considerable advances have been made in our understanding of buffalo reproductive physiology,
howeverpreviousreviews(PaltaandChauhan,1 998;Gasparrini,

2002)andmorerecentstudiessuggestthattherateofiransferableembryoyieldremainsataplateau(Manjunatha
etal.,2009).Resultshavebeenquitevariablebetweenlaboratoriesandaremostlikelyrelatedtodifferencesin
embryophysiologymetabolism,andculturerequirementsamongbuffalobreeds Furtherstudiesarealsoneeded
toimprovethecryopreservationofinvitroembryoproductionembryos.

FUTURERESEARCH

The hypothalamo-pituitary-gonadal axis is the regulatory system for reproduction in mammals. A newly
discoveredneuralpeptide kisspeptin,hasopenedanewerainreproductiveneuroendocrinology.Asshownina
variety ofmammals, kisspeptinisapotentendogenoussecretagogue of GnRH, and thekisspeptinneuronal
system governs both the pulsatile GnRH secretion that drives folliculogenesis, spermatogenesis and
steroidogenesis,andtheGnR Hsurgethattriggersovulationinfemales(Okamuraetal.,2013) .Roleotkisspeptin
needstobeexploredinbuffalo.

CONCLUSIONS

Buffaloesareanimportantlivestockresourceformanycountries Mostbuffaloesarekeptunderthesmallholder
farmingsystemindevelopingcountries.Futureresearchshouldfocusonsimple,adoptableandimpactoriented
approacheswhichidentifythefactorslimitingfertilityandoestrusbehaviourinthiscommerciallysignificant
species.

Despitetheinheritedproblemsinbuffaloslowprogresshasbeenmadeintheapplicationofassistedreproductive
techniques.Artificialinseminationispracticedcommercially;embryotransfer,invitroembryoproduction,and
nucleustransferremainintherealmofexperimentation Iftheircostsarereducedtheselatesttechniquesofferthe
opportunitytoacceleratethegeneticgaininthebuffaloindustrywiththeprovisothattheyareusedinconjunction
withefficientmationalprogenytestingandsireevaluationprograms.
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Strategictest-dayrecordingregimestoestimatelactationyieldin
tropicaldairyanimals

DavidMMcGilll,2*,PeterCThomson3{,HermanAMulder4 tandJanJLievaart2 ¥
ABSTRACT:

Background:
Indevelopingdairysectors,geneticimprovementprogramshavelimitedresourcesandrecordingofherdsis
minimal. Thisstudyevaluateddifferentmethodstoestimatelactationyieldandsamplingscheduleswithfewer
test-dayrecordsperlactationtodeterminerecordingregimesthat(1)estimatelactationyieldwithaminimal
impactontheaccuracyofSelectionand(2Joptimisetheavailableresources.

Methods:

UsingSahiwal cattleasatropical dairy breedexample, weekly milk records from464 cows wereusedina
simulation study to generate different shaped lactation curves. The daily milk yields from these simulated
lactationcurvesweresubsettoequallyspaced(weekly,monthlyandquarterly)Jandunequallyspaced(withfour,
fiveorsixrecordsperlactation)test-dayintervals.Lactationyieldestimateswerecalculatedfromthesesubsets
usingtwomethods: thetest-intervalmethodand Wood’s(Nature216:164-165,1967)lactationcurvemodel.
Usingtheresultinglactationyields,breedingvalueswerepredictedandcomparisonsweremadebetweenthe
samplingregimesandestimationmethods.

Results:
Theresultsshowthat,basedonthemeansquareerrorofprediction,useofWood’slactationcurvemodelto
estimatetotal yieldwasmoreaccuratethanuse ofthetest-intervalmethod. However, the differencesinthe
rankingofanimalsweresmall.i.e.alto5%differenceinaccuracy.Comparisonsbetweenthedifferenttest-day
samplingregimesshowedthat,withthesamenumberofrecordsperlactation(forexample,quarterlyandfour
test-days),strategicallytimedtest-dayscanresultinmoreaccurateestimatesoflactationyieldthantest-daysat
equalintervals.

Conclusions:
AnimportantoutcomeoftheseresultsisthatcombiningWood’smodelforlactationyieldestimationandasfew

as four, five or six strategically placed test-day records can produce estimates of lactation yield that are
comparable with estimates based on monthly test-day records using the test-interval method. Furthermore,
calculationsshowthatalthoughusingfewertest-daysresultsinadecreaseintheaccuracyofselection,itdoes
provideanopportunitytoprogeny-testmoresires.Thus,usingstrategicallytimedtest-daysandWood’smodelto
estimatelactationyield.canleadtoamoreefficientuseoftheallocatedresources.

Background

Breed improvement and selection in dairy systems of developing countries is a challenge because field
conditionsarerestrictedbylimitedresourcesandinfrequentmilkrecording Inthesesituations,frequenttest-day
(TD)recordingthroughouttheentirelactationforgeneticevaluationpurposesisdifficultandimpractical[ 1].
Thislackofdataavailabilityhighlightstheneedtooptimisethecontributionofeachcollectedrecordtothe
geneticevaluationprocess[2].Therefore,insuchsituations,thereisaneedtodevelopanefficientT Dsampling
regimeandsubsequentgeneticevaluationsystemthatoptimisesselectionoutcomesgiventhecurrentresources
forTDrecording.Indairysystems,genetictest-daymodels(TDM )provideasolutiontothelackofdatasince
they can effectively use fewer records [3-5]. However, TDM require accurate estimates of many genetic
parameterscalculatedfromlargedatasets[6,7],whicharedifficulttoobtainindevelopingcountryscenariosand
hencecancauseinaccurateresults|3,8]. Therefore,anapproachinwhichlactationyieldisfirstestimatedand
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subsequentlyusedforbreedingvalueestimationmaybemoreappropriate. Therearenumerousmethodsto
estimatelactationyieldbasedonT Drecords.Thetest-intervalmethod(TIM )isthereferencemethodtocalculate
lactationyield [9] and is particularly useful in developing dairy sectors. Other methods involve the use of
mathematicallactationmodelstopredictmilkyield. TDdatafromSahiwalcattle,atropicaldairybreedfrom
Pakistan[10],havebeenusedinanumberofstudiesthatcomparedifferentlactationmodels. Thesestudies
indicatedthatsuitablemodelsincludetheinversepolynomialfunctionproposedbyNelder[ 11],theincomplete
gamma-typefunctionproposedbyWood[ 12JandtheWilminkmodel[ 13-16].Variousstudieshaveinvestigated
whichofeachthesemodelsisthemostappropriateindifferenttropicalorsub-tropicalconditions[11,17-20].
Althoughsomeresultsofthesestudiesareconflicting,itisclearthatthemostsuitablemodelistheWoodmodel
becauseofitsabilitytofitdifferentshapedcurvesanditsrelativeeasetodescribecharacteristicsofthelactation
curve[20-22]. Furthermore,werecentlyreportedthattheWoodmodelismorerobustthanotherswhenfitting
lactationcurvestoinfrequentandirregulartest-daysamplingregimes(TDSR) whicharecommonindeveloping
country scenarios [23]. Forthese reasons, the Wood model was used for datamodelling and simulation of
datasetsforthisstudy,althoughitisexpectedthatothermodelsofsimilarcomplexitywouldgivesimilamresults.

Previousstudieshaveclearlyshownthatasmilkrecordingfrequencydecreases,theaccuracyofthelactation
yieldestimatesalsodecreases[24-27] Despitethis,itispossibletorecordmilkyieldmonthlyorevenjustfouror
five times throughoutalactation and still estimate lactation yields sufficiently accurately to rank cows for
selectionbasedonmilkproduction[25-27].Somestudiesconsideredusingunequallyspacedsamplingregimes
withmore TDaroundthepeakoflactationortimedaccordingtothevisitsofanAl (artificialinsemination)
technician. Thesestudiesfoundthat,althoughthelactationyieldestimateswerelessaccuratewhenTDwere
unequally spaced[28],theydid provide anopportunity toassess more bulls with the sameresources while
maintaining thereliability of theresulting sires’estimated breeding values (EBV) [27]. Whathas notbeen
directlyconsiderediswhetherasfewasfour,five orsixT Dstrategicallytimedthroughoutlactationwouldhave
aneffectontheaccuracyofEB Vforlactationyield.

Therefore, the aim of this study was to investigate whether using fewer, but more strategic TD sampling
approaches,andtheWoodlactationmodelwouldimprovetheaccuracyoflactationyieldestimatesandEB Vfor
milkproduction.MilkrecordsfromSahiwalcattlewereusedtosimulatelactationcurvesasanexampleofthe
productionintropicaldairybreeds. ThesimulateddatawerethenusedtocomparedifferentT DSRwithonlyfour,
fiveorsixsamplingdayswithinonelactation. Then,comparisonsof EBVbetweensamplingandestimation
methodswereassessedtodeterminethemostefficientapproachtoestimatebreedingvaluesgiventheresources
available.

Methods

Rawdata

Sahiwalcattlewercusedasanexampleofatypicaltropicaldairybreed. Sahiwallactationrecordscollected
between 2005 and 2010 from the Livestock Production Research Institute (LPRI), Bahadurnagar Okara,
Pakistan,wercused.Therawdataconsistedof839lactationswithweeklyTDrecordsfrom464damsfrom82
sires,withanaverageof5.65daughterspersire. Thedamsrangedinage fromthreetoovertenyears, with
approximately25%oflactationsfromcowsintheirfirstlactation,45%fromthesecondtofourthlactation,and
theremaining30%fromthefifthlactationandabove .UsingtheseT Drecords,Wood’s[ 12 Jlactationcurvemodel
wasfittedtoeachlactation. Thismodelisdefinedasfollowsinitsoriginalnonlinearform( 1 )anditslinearform
2):

W(t) = at’e™ (1)

W(t) = exp(k + blnt—ct), (2)

whereW (t)isthemodel-basedlactationyieldattimet(daysinmilk(DIM)) k=Ina,andwherek b,andcspecify
theshapeofthelactationcurve.

Analysisofrawdata
ToobtainestimatesofthevariouscomponentsoftheWoodmodelforthesimulationstudy,therawSahiwalTD
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recordswerefittedusinganonlinearmixedmodel. Thiswasdonebythenlme()functionofRVersion3.0.2[29],
usingthemethodsdocumentedinPinheiroetal [30] Inthiscasethemodelfittedwas:
yit

¥, = exp(k; + b;Int—c;t) + &4, (3)

TwherefAiteNO; /D2 fA iindexestheparticularcow,withi=1,2,+ ¢, nandnisthenumberofcowsinthe
dataset.Thelinearform(3)oftheWoodmodelwasusedherebecauseofitscloserapproximationofparameters
(ki,bi,ci)toamultivariatenormaldistribution[22] asrequiredforthemodelassumptionstobemet. TheWood
modelcanbedevelopedfurtherasanonlinearmixedmodelwithadditive(linear)sub-modelsforki,biandci
suchthat:

ki =k + kamoc + Ktear +kage + Kig + Kix

b; = b+ byoc + byear + bAge +Big+Bir (4)

€;i = €+ cpmoc + Cear + €age + Cig + Cik

wherek bandcareoverallfixedparameterintercepts kMOC/Year/AgebMOC/Year/AgeandcMOC/Year/Age
arethefixedeffectsofeachparameterformonthofcalving(MOC),yearofmilking(Year)andage(Age)ofthe
cowatcalving Ki.G,Bi.GandCi,Garecow-specificpolygenicrandomeffects,andKi.E.Bi.EandCi,Earecow-
specific environmental randomeffects.Theserandomcomponentswillhavemultivariatenormaldistributions

suchthat: i
Kig 0 Ok OKBG OKCG
Big |*N[|0],| oxse ©0he Osce ;
Cig 0 OkcG OBCG Obg

and (5)

Kir 0 0%y OKBE OKCE
Big |"N| |0 |,| oksr 0% OBCE "
Cik 0 OKCE OBCE Ofp

(6)
whereiindexesthecow,withi=1,2,¢ c,nandnisthenumberofcowsinthedataset.First,consideringthe
polygenicterms(Ki.G,Bi.GandCi,G),itwillbeassumedthatf"G<K1.G,K2.G,* ¢ Kn.G)* (E,fGSB1.G,
B2.G,* ¢,Bn.G)* EandCG=(C1.G,C2.G, ¢,Cn.G)* (Ehavethefollowingdistributions: /" GeNO; fD2
K:GZAZ- EBGeNO0;fD2B:GZAZ+ EandCGeNO;fD2C:GZAZ- (E,whereZlinksthes gphenotypese h
(ki,biorci)totheanimalpedigreerecords,andAisthenumeratorrelationshipmatrix.Inthecurrentsituation,it
was assumed that only one lactation is simulated per cow, so Z = In. It is also assumed that the
» genvironmental® hcomponentsf " EHK1 EK2E,s cKnE)* E,fE5B1.EB2E,* cBnE)s EandCE
=(C1.E,C2.E,* c,Cn.E)* (Eareallindependentandtheircovariancesareassumedtobe0,i.e. f "EeNO; fD2
K:EIn,BEeNO;fD2B:ElnandCEeNO;/D2C:Eln

Puttingthesetogetherequation(5)yields:

Kg 0, Oy OKBG OKCG
B |"N (|04 |,| oxs6 0hc 0scc |®A
Ce 0, OxcG OBCG  Ofg

7
(assumingZ=In),andequation(6)yields @)

Kg 0, 0%y OKBE OKCE
By |-N|[ [0, ],| oxkse 0%y opce |®l
Cr 0, OKCE OBCE Obp

Simulateddata (8)

Fromtheinitialnlme()modeloutputthatfittedtheWoodmodeltotherawSahiwallactationrecords.estimatesof
the fixed effects of k, b, and ¢ and the variance and covariance matrix of the combined random effects
(Ki.G+Ki.E, Bi.G+ Bi.E and Ci.G+Ci.E) were obtained. This variance-covariance matrix was split up to
resembletheseparaterandomcow-effects(Ki.G,Bi.GandCi.G)andtherandom‘“environmental "effects(Ki.E,
Bi.EandCi.E),suchthatsimulatedlactationcurvesyieldedrealisticcurves.Forthepurposesofthesimulation,
non-zerocovariances wereused inequation(7)butall covariancesinequation (8) weresetequalto 0 (see
Additionalfile1).Thesetwovariance-covariancematricesandtherelationshipmatrix(A,basedonthe LPRI
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pedigree)wereusedwiththermvnorm()[3 1 ]functionofRVersion3.0.2[29]togeneraterandomeffectsdrawn
frommultivariatenormaldistributions(equations(7)and(8))forasimulatedpopulation. Thesewerethenadded
totheestimatesoffixedeffectsparameters(fromtheSahiwallactationdata)toyieldrealisticsimulatedvaluesfor
kibiandciaccordingtoequation(4).

Theoutcomesofthissimulationwerevaluesforki,biandciforapopulationofSahiwalcattle(wheren=464)
thatcalvedinJanuary2006at4yearsofage. Theresultinglactationcurveshadageneralshapethathadan
averagepeakofproductionandhighpersistency(APHP;aslowlydecliningcurve).Asecondsetofdatawas
simulatedinwhichonlythefixedeffectofagewaschangedto9yearstogeneratelactationcurvesthatonaverage
hadahigherpeakandalesspersistenttail HPLP).Thefixedeffectsofdand9yearsofagewereselectedforthe
simulationsincetheyyieldedlactationcurvesthatwerequitedifferentinshape,yetstilltypicalofSahiwalcows.
Plotsoftheaverage simulated lactation curvesthat highlightdifferences betweenthese fixed effectsarein
Figurel.

ToensurethatthesimulateddatasetswererealistictothePakistanisituation,arandomerrortermaitwasaddedto
eachsimulatedday ofmilking(accordingtoequation(3))totakeintoaccounttheimportantenvironmental
variationthatoccursinmilkproductionduetodailyvariationinnutrition,managementandotherfactors.Note
thattherandomerrorsweretakenasindependent,althoughinrealitytheymaybeseriallycorrelatedwithan
autoregressiveerrorstructure.

Tocalculatethetruesimulatedlactationyield(Y Yforanimaliwithintheherd theyieldoneachDIM(t=1,

23,...280)wassummedaccordingtothefollowingequation;
280
YiTruE = Zi_l exp(k; + b;Int—c;t) + &;. (9)

This value Yi,TRUE was calculated for each animal and is considered the ‘true’ lactation yield from the
simulations. Thiswasdoneseparatelyforthesimulateddatasetsforwhichanimalswere4(APHP)and9(HPLP)
yearsold.Anassumedlactationlengthof280dayswasusedheresincetheaveragelactationlengthinSahiwal
cattleinPakistanis235days[ 10Jandonlyasmallproportionofanimalsproducemilkformorethan305days
[32].

Test-daysamplingregimestestedStandardlactationyieldestimationmethodsusetheTIMbasedonTDrecords
collected at equally spaced weekly, monthly and quarterly intervals. By sub-setting the simulated data to

representtheserecordingregimes,lactationyieldswerecalculated(Yi, TIM,WKL,Yi, TIM,MON,Yi,TIM,QTR)

andusedforcomparisonwithotherTDSRandestimationsusingWood’smodel. Themainaimofthisstudywas
toinvestigatethepossibilityofusingfewen(m)T Dperactation(wheremisequaltod,Sor6) strategicallytimed
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throughout lactation to estimate lactation yield. In order to determine the ‘ideal’ TDSR, numerous TD
combinationsweretestedandcompared.

ThenumberofpossibleT DSRwithinasinglelactationisverylarge Forexample, fromalactationof280DIM,if
eachcombinationoffive(m=>5)randomlyselected TDwastested, therewouldbeover1.6x1012possible
combinations.SinceitisunrealistictocompareeachofthesepossibleTDSR ,amethodwasdevelopedtorefine
theselectionprocessoftheTDSRtobetestedbasedonpreviousresults. AdiagramofthisprocessisinFigure2,
anddetailsaregivenbelow.

TheprocessofTDSRcomparisonwascarriedoutoveranumberofloopsbyselectingcombinationsofm(=4,5
o16)T DfromthepoolofDIM.InthefirstloopthepoolofT DincludedalIDIM(1,. .. ,280).Insubsequentloops,
thepoolofDIMwasreducedbyonequarterbasedonthe

s

Loop-Stepl: TDSRs (m =4, 5 | (Loop-Final Step: The bottom

or 6) are selected at random quarter of TDs are removed

from the pool of DIMs from the pool for the next loop

Step 2. This is repeated until Step 3: Each individual TD is
every TD is represented in LOOP! ranked based on its mean
25 different TDSRs x19 ability to help estimate yield

Step 4: The estimated TDSR

Step 3: The simulated milk
yields from each TDSR are

lactation yields are evaluated

used to estimate total yield. | [with respect to the true yields

Figure 2 Flow diagram describing the process of the random test-day sampling regime (TDSR) selection. This diagram outlines the
method in which the pool of days in milk (DIM) to select m = 4, 5, or 6 test-days (TD) from is refined following each loop.

resultsfromthepreviousloop(seeFigure2) Thestepstocomparel Dwithineachloopwereasfollows:

e Step 1:SelectmTD atrandom from the pool withoutreplacement. This will make up one TDSR for
comparison(TDSRj).Thiswasrepeateduntilevery TD fromthepoolwasrepresentedatleastonceina
selected[DSR;.

® Step 2:Repeat'Stepl’ untileachT Dinthepoolisrepresentedinatleast2 SdifferentT DSRj,toensurethat
thereareenoughrepeatedmeasurementstojustifyvalidcomparisonswhenT Dareevaluated.Fewermrepeats
couldhavebeenused(forexample5),butforthepurposesofthisstudy,25wereusedtoallowforgreater
certaintyintheassessmentofthecontributionofeachDIMtothelactationyieldestimate.

® Step 3:ForeachrandomlyselectedTDSRj,thecorrespondingTDyieldsinthesimulatedpopulationwere
usedtoestimatelactationyieldsforeachcow.ThiswasdonebyfittingWood’slactationcurvemodelusing
thenonlinearmixedeffectsmodelbythenlme()functionofR Version3.0.2[29]. Thefittingprocessand
lactationyieldestimationfollowedtheprocessesoutlinedbyRaadsmaetal [22] Thisresultedinalactation
yieldestimateforeachcow,usingWood’smodelbasedonT DrecordsfromtheTDSRj(Yi, WOOD, TDSRj).

e Step4:ForeveryTDSRj,themeansquareerrorofprediction(MSEP)wascalculatedusingthefollowing

formula: "
] 2
MSEPwoop, tpsy, = = Z!._l ( Ys,TRUE—Yf,WQOD,TDSR,) :

(10)
wherenisthenumberofsimulatedlactationyields.
StepS5:The25differentTDSRjthatcontainedeachT DwereaveragedtoyieldasingleaverageM SEPfor

eachTD.Usingthisvalue,eachTDfromthepoolwasrankedfromthehighestMSEP(mostinaccurate)to
thelowest.
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Step6:0One-quarteroftheTDwiththemostinaccurateaverageM SEPwereremovedfromthepool. This
reducedthepoolofT DforthenextlooptotheoreticallyincludeT Dthatonaverageallowformoreaccurate
estimationoflactationyield.ThisloopprocesscantheoreticallycontinueuntilthenumberofT Dinthepool
islessthanthenumberofT D(m)perTDSR ItwasexpectedthattheMSEP wouldinitiallyreduceasthesize
ofthepooldecreasedbuttheneitherreachaplateauorincreaseagain,i.c.decreaseinaccuracy. Forthe
purposes of this study, the looping process was repeated ten times, when the pool had only 20 DIM
remaining.

Comparisons

Themethodsusedtoestimatelactationwerecomparedinthreeways: (1)MSEPbetweentrueandestimated
lactationyield,(2)comparisonofEB Vbasedontruelactationyieldandestimatedlactationyieldand(3 )number
ofsiresthatcouldbetheoreticallytestedforagivennumberoftest-dayrecordings Moredetaileddescriptionsof
thesecomparisonsaregivenbelow.

Firstthesimulatedlactationyieldswerecompareddirectlywiththevariousestimatesoflactationyieldusingthe
MSEPSimulatedlactationyields(Yi, TRUE)werecomparedwiththeestimatesobtainedwithmethodsbasedon
fewer TDrecords. Thisincluded the estimation methods already described ( Yi; TIM; WKL; Yi; TIM;MON;
Yi;TIM;QTR;Yi; WOOD; TDSRj)andadditionally,theTIMatthedifferentTDSR;(Yi; TIM; TDSRj)andthe
Woodmethodattheequallyspacedsamplingregimes(Yi, WOOD,WKL,Yi,WOOD,MON,Yi, WOOD,QTR).
Usingtheestimatesoflactationyield, MSEPwerecalculated(similarlytothatdescribedinequation(10))and
usedtocomparetheaccuracyofthedifferentlactationyieldestimationmethods.

Second,thepredictedEB Vfromeachmethodwerecomparedwiththe‘true’EB Vbasedonthesimulateddata.

EBYV foreachcow werecalculated based onthelactationyield estimates using the TIM (EB Vi, TIM,WKL,
EBVi,TIM,MON, EBVi,TIM,QTR, EBVi;TIM;TDSRj ) and the Wood method (EBVi,WOOD,WKL,
EBVi,WOOD,MON,EBVi,WOOD,QTR,EBVi;WOOD;TDSR}j).TheseEBVwerecalculatedinASRemI-R
DiscoveryEditionl.0[33 ] ,usingtheA matrixbasedontheL PRIpedigreedata. TheEB Vbasedonthesimulated
datausingthetruelactationyields(Yi, TRUE)werealsocalculated(EB Vi, TRUE).EB Vofthedifferentlactation
yieldestimationmethodswerecomparedbyusingthenumberofcowsinthetopl 00EB Vthatcorrespondedwith
the‘true’topl 00EBV(Top100).Thisenabledanassessmentofthesimilaritiesbetweenmethodstoestimate
lactationyieldintermsofthecowsthatwouldbetheoreticallyselected.

Lastly,thenumberofsiresthatcouldtheoreticallybeprogeny-testedwasusedasacomparisontodetermine
whichmethodcoulduseallocatedresourcesmosteftficiently.AccordingtothemethodoutlinedbyDuclosetal.
[27] thetheoreticalreliability(R Jofasirecanbecalculatedas:
Fe dn’
4+ (d-1)h* + 4(0%/03)’

(11)

whereh2istheheritabilityofYi, TRUE disthenumberofdaughtersandd2
PisthephenotypicvarianceofYi, TRUE.

The fD2 fé¢representstheincreaseintheresidualvarianceduetothe TDSRrecording protocolandcanbe
calculatedasthevarianceofthedifferencesbetweentheestimatedyieldunderthéT DSRrecordingprotocol,Yi,
ESTIMATE,andyieldunderafullrecordingprotocol,Yi,TRUE, fD2

a5 = Var(Y;gstivate—Y i TRUE) - (12)
Thed12TUsingtheseequationsandsimplealgebra,anexpressioncanbedevelopedtodeterminethetheoretical
numberofdaughtersnecessarytoproveasirewithaspecificreliabilitylevel Thenthenumberofsiresthatcould
possiblybeprovengivenalimitednumberofresourcescanbecalculatedandcomparedaccordingtothemethod
usedtoestimatelactationyield.

InPakistan,thecurrentSahiwalprogenytestingsystem(notincludinggovernmentfarms)recordsdatamonthly
fromapproximately3Oprivatefarms,whichweassumed,had2 Smilkinganimalseach Thismeansthat7500(30
x25x10)T Drecordscanbecollectedwithinagivenlactation. Thusthenumberofpossibleprovensiresisequal
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wheremisthenumberofT Drecordedperlactationanddisthenumberofdaughtersnecessary(calculatedusing
equation(11))toproveasirewithagivenreliability (R)and fD2 f¢ basedonthemethodoflactationyield
estimation.

Results

TDSRselectionandcomparisonweredoneseparatelyforthetwolactationcurveshapes(APHPandHPLP)and
formrecorded TD (wheremisequalto4,5or6)withinalactation. Thisallows forcomparisonofthekey
outcomesandpracticalapplicationsoftheseresultsbasedonbothshapeofthelactationcurveandthenumberof
TDrecorded.Test-daysamplingregimestestedSelectionoftheT DSRtobecomparedwithinthisstudywasdone
usingaprocessthatremovedDIMwitheachloopinordertoreducethenumberofpossiblecombinationsof
TDSRwhilemaintainingtheDIMthatcontributedtoaccurateestimatesoflactationyieldusingWoode fsmodel.
WecantesttheefficacyofthisprocessbyexaminingthetrendofthemedianM SEPofalltheT DSRtestedwithin
eachloop(Figure3).Theseplotsshowthat,ingeneral themedianMSEPdecreasedwitheachsubsequentloop.
HoweverthiswasnotthecasewhentheshapeofthecurveswereAPHP andm=4TD forwhichasmallincrease
inthemedianMSEP wasobserved(Figure3a).

Test-daysamplingregimestested

SelectionoftheTDSRtobecomparedwithinthisstudywasdoneusingaprocessthatremovedDIMwitheach
loop in order to reduce the number of possible combinations of TDSR while maintaining the DIM that
contributedtoaccurateestimatesoflactationyieldusingWood’smodel. Wecantesttheefficacyofthisprocess
byexaminingthetrendofthemedianM SEPofalltheTDSRtestedwithineachloop(Figure3) Theseplotsshow
that,ingeneral themedianM SEPdecreasedwitheachsubsequentloop.Howeverthiswasnotthecasewhenthe
shapeofthecurveswereAPHPandm=4TD,forwhichasmallincreaseinthemedianMSEPwasobserved
(Figure3a).ThegeneraldownwardtrendofthemedianMSEP witheachloopshowsthat,overall theaccuracyof
theTDSRimprovedwithanincreasingnumberofloops.HoweverthisdoesnotmecessarilymeanthattheTDSR
withthelowestMSEPwillbeinthelastloopbecausetheT DSRwerechosenatrandomfromtheremainingpool
ofT Dineachloop.Thus,itispossibletorandomlychoosethe TDSRwiththelowestMSEPintheearlierloops,
althoughthisisnotverylikelybecausetherearemoreDIMtochoosefrom.

Comparisonoflactationyieldestimates

Thekey questioninthisstudy washowlactationyieldsestimated with Wood’smodel [ 12]using fewer TD
records compare with estimates from the recommended TIM method [9]. The plots in Figure 4 show the
distributionoftheM SEPvaluesfortheTDSRusingfour,fiveorsixT Dtoestimatelactationyield.Lowervalues
ofMSEP indicatemoreaccurateestimatesoflactationyield.

TheTDSRmethodbasedonsixTDperlactationresultedincomparableestimatesoflactationyieldasthe TIM
withmonthlyrecords,whichhadMSEPvaluesof1 238 5(APHP)and13587(HPLP),asshowninTablel .This
isindicatedinFigure4aand4bbythelocationoftheleft-tailofthedashedM SEPcurve(m=6),whichindicates
thatasmallproportionoftheT DSRtestedhadM SEPvaluesthatwerelessthanorequaltotheM SEP fortheTIM
monthlyestimates.SimilarlythepositionofallthreeprobabilitydensityplotsshowthattheuseofWood’smodel
withmTD(wherem=4,5016)toestimatelactationyieldproducedmoreaccurateestimatesthanthe TIMwith
quarterlyrecords(MSEPvalues;4362 1 forAPHPand7163 1forHPLP)butlessaccurateestimatesthanTIM
withweeklyrecords MSEP values;2936forAPHP and3 112forHPLP).

Comparisonofestimatedbreedingvalues

Theaccuracyoflactationyieldestimates,measuredbytheM SEPisanimportantparametertocomparedifferent
methodsofestimation.However,aneasiertoapplymeasurewhendealingwithanimalselectionistodetermine
thecorrespondenceoftherankingsofEB Vcalculatedusingthealternatemethodscomparedwiththe‘true’ EBV
rankingsbasedonthesimulatedlactationyields FigureSshowsthedistributionofthenumberofcowsinthetop
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100EBYV thatcorrespondedwiththe‘true’ topl 00EB V.Inthisfigure,valuesclosertol OOareconsideredmore
accurate.

InbothFigureSaandSb,theprobabilitydensityplotsshowthattherewasalargeproportionof TDSRthathad
greaterTop100valuesthantheestimateswiththeTIMbasedonquarterlyrecords(Tablel;APHP- 73, HPLP-
77) andtoalesserextentthemonthlyrecords

\(Tablel;APHP- 85,HPLP- 88).Asthenumber(m)ofTDrecordedperlactationincreased,theproportionof
TDSRthathadagreatercorrespondencewiththe ‘true’EB Vrankingsalsoincreasedcomparedtoestimates
obtainedbasedonmonthlyrecords.Thiswaseventruerwhenthegraphshapeshowedarapiddecline(HPLP)as
comparedtoaslowdecline( APHP).ThemedianvaluesfortheprobabilitydensityplotsareinFigureSandTable

1. ResultsinTablelshowthat,asthefrequencyofrecordingincreased,themedianM SEPdecreased.Similarly,
as the median MSEP decreased the correspondence between the EBV rankings and ‘true’ EBV rankings
increased. ThevaluesoftheTop 100correspondinganimalsshowthatusingfour,fiveorsixTD,strategically
timedthroughoutlactation,allowedfortheselectionofanimalsthatalignedbetterwiththe‘true’EB Vthanthe
‘TIMQuarterly’ regimeandinsomecasesthe' TIMMonthly’ regime.

AnothemeasurethatcanbeusedtocomparemethodsisthecorrelationoftheresultingE B Vwiththe'true’ EBV.
Forthe APHP curves using four, five orsix TD, these correlations were equal to 0.882,0.905 and 0.923,
respectively.FortheHPL Pcurves,correlationswereequalto0.931,0.947and0.959.Thesevaluesconcurwith
thetrendsseenintheTop 1 00valuesbutgiveamoredirectindicationofthepotentialamountofgeneticgainlost
becauseofusingfewerT Dperlactation.

Comparisonsofsirestested

By applying selection index theory, the EBV results can be further extrapolated for application within a
progenytestingsituation. Table2showsthebiasandd Aofthedifferentmethodstoestimatelactationyield The
6Aisthestandarddeviationofthedeviationsbetweentrueandestimatedlactationyieldsusingequation(12),
whereasthebiasisthemeanofthedifferencesbetweentrueandestimatedlactationyields,(Yi,ESTIMATE.
Yi,TRUE). Theresulting values of 62 A were used in equation (11) to calculate the number of daughters
necessarytoproveasirewithareliabilityof50%.Subsequently,assumingthatagivenamountofT Drecording
resourceswasavailable,thenumberofpossiblesiresthatcouldbetestedwasdeterminedusingequation(13).
ResultsshowthataccuracyofthelactationyieldestimatetendedtoincreaseasthenumberofTDperlactation
increased.Hence,withthemoreaccuratemethodstoestimatelactationyield,fewerdaughterswererequiredto
proveasirewithagivenreliability. However, theresultsalsoindicatethat, withlimitedresources, themore
frequentI DsamplingreducedthenumberofSiresthatcouldbeproven.
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‘Ideal’ test-daysamplingregimeUsingtheM SEPvaluesfromthesimulationstudy,anidealsamplingregimefor
collectingTDrecordscanberecommended. Theaccuracyoflactationyield estimatesandsubsequentEBV
predictions with the TDSR evaluated varied greatly. To develop possible recommendations for sampling
regimes,acriterionwasestablishedtosubsettheTDSRintothosethatwereaccurateenoughforselectionand
thosethatwerenot Forthisstudy,the
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criterionwassetsuchthattheestimationmethodhadtohaveover80animalsinthetop100rankedEB Vwhich
correspondedwiththe‘true’EB Vranks.OfalltheTDSRtestedwithm=4TDwithinalactation,18.1%o0fthe
APHP and63.9%HPLP shapedcurvesmetthiscriteria Figuretshowsthedistributionofthesamplingdays(one
tofour)fortheTDSRthatmetthesecriteria.Similarfigurescouldbeproducedform=Sandm=6aswell butfor
thepurposesofthediscussionwewillfocusonm=4 . Figure6showsthatitwasnecessarytohavethefirstT D
earlyinlactation,aroundthepeakoflactation(wheretheaveragepeakoccursat34DIMforAPHPand35DIM
forHPLP).

UsingKolmogorov-Smirnovgoodnessoffittests[34],thedistributions fromFigure 6wereshowntodiffer
significantlyfromthedistributionsofir4orderstatisticsfromauniformU(0,280)distribution(allP <10-11).
Therefore,theresultsfromthisstudysuggestthatstrategicallytimingTDsamplingthroughoutthelactation
yieldedmoreaccurateestimatesoflactationyieldthanrandom(uniform)sampling.

Discussion

Thisstudyinvestigatedmethodstoestimatelactationyieldmoreaccuratelyinadevelopingdairysectorwhere
resourcesfordatacollectionandprogeny-testingarelimited. Thefocuswastoinvestigateestimationmethods
usingfewer,yetmorestrategic, TDsamplingregimesandtoproposeamethodologytoprogeny-testbullsfor
milkproductionwhenmilkrecordingislimited. The twokey comparisonswere: (1)the TIM with Wood’s
lactationcurvemodeland(2)TDrecordingregimeswithequalintervals(weekly,monthlyandquarterly)with
TDrecordingregimeswithfour,fiveorsixrecordsperlactationmorestrategicallyplacedthroughoutlactation.
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TheMSEPMedresults(Tablel)showthatinallcases,theTIMhadhigherMSEPMedthanthecorresponding
recordingregimeusingtheWoodmodelwithdifferencesrangingfrom5%(HPLP-Weekly)tomorethandouble
(forHPLP-Quarterly).ThissuggeststhatestimatinglactationyieldwiththeWoodmodelismoreaccuratethan
withtheTTM Therefore,ifgeneticgainwaspredictedbasedontheaccuracyofEB Viromthisanalysis,usingthe
Woodmodelwouldbesuperior.However,thedifferencesbetweentheestimationmethodsarenotaslargebased
onthecorrespondingTop100Medvalues,whichwereeitherthesameordifferedbyonlyoneortwoanimals
rankedinthetopl 00,withamaximumdifferenceof5forHPLP-Quarterly.ThissuggeststhattheTIMandWood
model methods ranked the animals similarly for selection purposes and hence genetic progress would be
essentiallythesameregardlessofthemethod.

Althoughtheselection outcomes ofthe TIM and Wood model estimation methods may be the same, if we
extrapolatethisinformationfurther,thedifferenceintheaccuracyoftheestimationwillhaveaneffectinthe
longterm.Basedontheoreticalcalculations,theWoodmodelestimationmethodcanprovemoresires(Table2)
thantheTIMwiththesameTDsamplingregime.Therefore,foragivenT Dsamplingregime,wewouldexpect
theWoodmodelmethodtoyieldmoreaccuratelactationyieldestimatesandhenceusetheavailableresources
moreefficiently.Nonetheless,itshouldbenotedthatnonlinearmodelsotherthantheWoodmodelmayalsobe
appropriate. Themainconsiderationherewastoadoptamodelwithrelativelyfewparameters,bearinginmind
therelativelysmallnumberofobservations(m)perlactation.

WithregardtothenumberofT Drecordedperlactation theresultsinTable2showthatasthenumberofrecords
withinlactationdecreased, theresidualstandarddeviation(0A)ofthebiasintheestimationmethodincreased
consistentwithotherstudies[26,28]. UsingthisoAvalueandequations(11)and(13),wecandeterminethe
theoreticalnumberofdaughtersrequiredtoproveasiretoattainareliability(R)of50%(Table2). Theseresults
showthatasoA increases, moredaughtersarerequiredtoproveasirewithagivenreliability. Despite this,
recordingfewerT Dperlactationprovidesanopportunitytorecordmorecowswiththesameresourcesallocated
totheprogeny-testingsystem(Table2) Thus,recordingregimeswithfewerT DperlactationandusingtheWood
modelmethodtoestimatelactationyieldarethemostefficientintermsofuseoftheresources. Theimplications
ofthistotheoveralloutcomeoftheprogenytestingprogramisagreaterpoolofprogeny-testedsirestoselect
from,whichmeansthatgeneticgaincanbeincreasedbyincreasingselectionintensity.Duclosetal.[27],using
similarcalculations,alsoconcludedthatmoreanimalscanbetestedbyusingfewerTDrecordsinalactation,
withoutaffectingthereliabilityofthebulls’ EBV.




ThenoveltyofthisstudyliesinthetestingofdifferentstrategicallyplacedTDSR ,withtheaimoffindingTDSR
thatprovidethemostaccuratelactationyieldestimatesandthehighestaccuracytoselectanimals. Thepurposeof
theloopsandselectionprocessfortheTDSRwastofindtheseidealrecordingregimes. Theresultsofthisstudy
showthatmoreDIMarerequiredintheearlierportionofthelactationthaninthelatterportion. Thisagreeswith
theideadiscussedinpreviousresearchthatsuggeststheearlierportionoflactationismoredifficulttomodelthan
thelaterportion[27,28].LookingatalltheTDSRtestedandtheirlactationyieldestimates,Figure3showsthe
medianMSEPfromeachloop.Thegeneraltrendofboththeseplots(forAPHPandHPLP)isthatthemedian
MSEP decreasedwitheachloop . Thissuggeststhatastheloopprocesscontinues,itistestingl DSRthatallowfor
moreaccuratelactationyieldestimatesandhenceismorelikelytofindtheidealTDSR.

DespitethepositiveoutcomesoftheloopprocessandtheselectionofsuperiorTDSR anumberofissuesmustbe
considered.First,inreality,eachcowhasadifferentrecordingregimesincenotallcowswillgivebirthatthe
sametime.Furthermore,datacollectionoccursatdifferentfarmsatdifferenttimes.Therefore,evenifoneideal
TDSRwasfound,itwouldbedifficulttoimplementthatpreciserecordingregimen.Therefore,amorerealistic
outcomeofthisresearchistodeveloprecommendationsaboutpossiblerangesofT Dsamplingtimesthatyield
goodestimatesoflactation. Figure6showsthedistributionofthe fourTDofthe TDSR tested withover80
animals in the top 100 ranked EBV which corresponded with the true EBV ranks. The distribution and
intersectionofthesecurvesindicatethatthereisarangeforeachTD,which,iffollowed,allowsforadequate
lactationyieldestimation TherangesshowninFiguretsugges
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that,althoughthefrequencyofT Dinthelaterstagesoflactationwasnotashigh,itisimportanttohaveTDboth
prepeakandpost-peaklactation. Otherstudieshavereportedsimilarresults, whichsuggestthatthe first TD
shouldberecordedearlyinlactation[26Jandpost-peaksamplingisimportantintheestimationprocedure[28].
ThereisevidencetosuggestthatunequalintervalsbetweenTDleadtomorebiasedestimatesthanequidistant
records[27].However,thisstudyhascompletedamorethoroughanddirectcomparisonofthesedifferencesand
foundthatunequal TDsamplingintervalsstrategicallyplacedthroughoutthelactationcanprovidelessbiased
lactationyieldestimates. Thesimulationprocessusedinthisstudyassumedalactationlengthof280daysandan
approximatcheritabilityforcumulativemilkyieldof0.2(seeAdditionalfilel ).

ThesevalueswereusedtoensurethatthesimulatedlactationsweresimilartothoseoftheSahiwalpopulationin
Pakistan.Ifalongerlactationlength(forexample,305days)wasused theonlydifference,ifany,couldbeslight
changesintherecommendedtimeframesfromwhichoneshouldtakeTDsamples(Figure6).Thisisbecause,
althoughtheoveralllengthofthelactationwouldbelonger.thekeycharacteristicsofthecurve(peak,inflection)
wouldnotchangeandsotheideal




TDsamplingtimes,whichpresumablyrevolvearoundthesecharacteristics,wouldalsonotchange.Withregard
toheritability,ifforexample,ahigherheritabilitywasused,partitioningofvariationintherawestimatesofthe
parametersofthe Woodmodelbetweenpolygenicrandomeffectsand cowspecific “environmental”’random
effectswouldbedifferent(seeAdditionalfile1). Thiswouldleadtosimulatedlactationcurvesthatwouldbe
moresimilarthanthelactationcurvessimulatedinthisstudy.TheimplicationsofthiscouldleadtolowerM SPE
valuesinal[TDSR butthegeneralcomparativedifferencesandrecommendationswouldultimatelybeexpected
tobethesame.

Itcanbearguedthattheuseof TDMordailymilkyieldswouldbebeneficialindevelopingprogeny-testing
systemssinceitwouldallowfortheinclusionofunfinishedlactationsandhandletheanalysisoflactationswith
fewrecords[25]. Several publications suggestthat TDM cansupersede selection based oneven completed
lactationyields[35,36 ]becausewithimprovedstatisticalmethods.,bothenvironmentalandgeneticeffects[4,37]
arebetteraccountedforandcanyieldmoreprecisedefinitionsofcontemporarygroupsandstageoflactation[38-
40].However,forthesemethodstobeeffective,accurateestimatesofgeneticandphenotypicparametersare
required[3,8]whicharedifficulttoobtainindevelopingcountries| 3 Jbecauseinmanycasesficldrecordingis
inefficientandpoor{41].ResearchondatafromPakistanshowsthatT DMcouldbeused[42 [butthiswasbased
onalimiteddataset.Inthefuture,asmoreT Ddatabecomeavailableelectronically,theuseofafixedregression
TDMcouldbeaviableoption.Furthermore,ifT Darestrategicallyplaced,assuggestedinthisstudy,itcouldaid
inthe estimation ofthe parameters that describe the lactation curve shape in the fixed re- gression TDM.
However,duetothecurrentlevel ofrecordingandelectronicdataentry, thisstudy didnotconsideraTDM
suitableforthePakistanisituationandinsteadlookedatvariousapproachesforwhichlactationyieldisfirst
estimatedandsubsequentlyusedforbreedingvalueestimation.

Conclusions

TheresultsofthisstudyshowthatusingWoodsmodeltoestimatelactationyieldismoreaccuratethantheTIM,
althoughselectionoutcomesintermsoftherankingofEB Vwereverysimilar.Resultsalsoshowthatusingfew
TDrecords(sayfour,fiveorsixT Dwithinonelactation)thataremorestrategicallyplacedthroughoutlactation
canproducemoreaccurateestimatesoflactationyieldthanaquarterlyrecordingregimeandhavethepotentialto
beasaccurateasamonthlyrecordingregime.Lastly,althoughusingfewerT Dcausesanincreaseintheresidual
standarddeviationforthelactationyieldestimate, theyprovideanopportunitytoprogeny-testmoresiresand
thusforamoreefficientuseoftheallocatedresources AlthoughthisstudywasbasedondatafromSahiwalcattle
inPakistantheserecommendationscanbeappliedtoanydairybreedwithsimilardactationcurvecharacteristics.

Additionalfiles

Additionalfilel :-Variancematricesusedforsimulation.
Thisfilecontainsadescriptionofthevariancematrixvaluesforthegeneticandenvironmentaleffectsusedfor
thesimulationoflactationsinthisstudy.
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ParticipationofWomeninDairyFarmPracticesunderSmall
HolderProductionSysteminPakistan
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Theobjectiveofthestudywastoinvestigatetheparticipationofwomenindairyfarmpracticesinthesmall-
holderproductionsysteminPakistan.Aquestionnairewasdesignedtocollectthedatafromfemalefarmers(n=
200) ofdistrictsBhakkarandJheluminthePunjabprovince.Ourresultsindicatethattheparticipationofwomen
indairyfarmpracticeswassignificantlyhigher(p<0.05)inBhakkarascomparedtodistrict/helum.Thepresent
studysuggestedthat,inordertomaximizethesmall-holderdairyfarmproductivity,astrongextensionprogram
shouldbeimplementedtoenhancetheskillsandknowledgeofwomen.

KeyWords:Women Dairyfarmpractices,Smallholder

INTRODUCTION

Livestock are considered akey asset forrural livelihoods and offer significant opportunities forimproving
household incomes. Women traditionally play a major role in conducting various livestock management
activitiesallovertheworld.Pakistaniwomenhaveasignificantroleinagricultureandlivestockrearing Nearly
65.9 Y%ofPakistan’spopulationarelivinginruralareasthataredirectlyandindirectlylinkedwiththeagricultural
related sector for their livelihood (Farhana et al; 2008). Women comprise halfofthe rural population and
contribute60to80%oflabourintheanimalhusbandry(Younasetal.,2007). Womennotonlyperformnormal
household chores suchas cooking, cleaning, mending clothes and raising children (Kazmi, 1999), butalso
participateinrearingoflivestockandcarryoutvariousdairyfarmpractices. Thesepracticesincludefeedingand
watering,foddercutting cleaninganimalsandtheirsheds,caringforsickanimals,calfrearing,milkingandthe
processingofdairyproductslikeghee,butterandyogurt.Someoftheseactivities,likefodderproduction,are
generallyconsideredtheresponsibilityofimen butinmanycasesthewomenarealsoinvolved

Theparticipation of womenindairy farm practices varies by region, age, culture and social status and are
changingrapidlyinsomepartsofthecountry. Theexistinginformationregardingparticipationofwomenin
dairyfarmpracticesisverylimited. Therefore,thepresentstudywasaimedtoinvestigatetheparticipationof
womenindairyfarmpracticesinthesmall-holderproductionsystemwithinthedistrictsofBhakkarandJhelum.
Additionally,possiblefactorsaffectingtheirparticipationindairyfarmpracticesinvestigated.Itisanticipated
thattheinformationgeneratedfromthisstudywillbehelpfulinidentifyingtheextensionneedsandareaswhere
womencanimprovedairyproductionbyenhancingherskillsandknowledge.

MATERIALSANDMETHODS

A dairyextensionproject(no.LPS/2010/2007 fundedbyA CIAR )isworkinginPakistanaimedatstrengthening
thedairyvaluechainsinPakistanthroughimprovedfarmmanagementandmoreeffectiveextensionservices.A
questionnairewasdesignedtocollectdatafromprojectworkingareas,92femalefarmersfromBhakkarand102

from Jhelum. These two districts provide a contrast between anundeveloped arid region poorly served by
irrigationand statelivestock services (Bhakkar)andamoreadvancedregion where farmershaveaccessto

extensiveirrigationandsupportfromthestatelivestockveterinarians(Jhelum). Eightvillageswereselected
fromBhakkarandninefrom/helum.

Statisticalanalysis

ParticipationofwomenindairyfarmpracticesundersmallholderproductionsystemincomparisontoBhakkar
andJhelumwasanalyzedusingChi-squaretest.AlltheanalysiswascarriedoutwiththeStatisticalPackagefor
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SocialSciences(SPSS-13.0) A p-valueof0.05wasregardedassignificant.
RESULTS

Participation of women in dairy farmpracticeswas significantly higher(P< 0.05)inBhakkar as
compared to district Jhelum A comparisonof femaleparticipationinvariousdairy farm practices between
thetwodistricts(Tablel ).

Tablel. Comparison of participation of women invariousdairy farm practices between districtBhakkarandlhelum

Districts

Livestockmanagementactivities Bhakkar(%) Jhelum(%)

ShedCleaning 71(78.3) 80(73.1)
Foddercuttingfromfield 19(20.7)a 17(15.7)b
Feedandwatering 58(64.1)a 22(19.4)b
Careofcalf 67(73.9)a 32(28.7)b
Milking 71(78.3)a 22(19.4)b
Milksale 64(69.6)a 61(56.5)b
Careofsickanimals 37(40.2)a 10(9.3)b
Valueadditionofmilk 71(78) 98(89.9)

a,bmeanswithadifferentsuperscriptwithinrowsaresignificantlydifferent(P<0.05)

Socio- economic status and cultural norms areaffectingwomen’ sparticipationindairyfarmpracticesinthe
small- holderproductionsystemsofbothBhakkarandJhelum.InJhelum15.6%o0fwomenarenotparticipating
indairyfarmpracticesduetotraditionalculturalbarriersand 24 % do not contribute because of their
relativeaffluence In contrast, in district Bhakkar only 4.4 % areprohibitedfrom participating because of
cultural barrierswhile 9% are not participating because of their relativeaffluence. The education level
for women was observedtobealmostthesameinbothBhakkarand/helum(FiglandFig2).

DISCUSSION

The present studyrevealsthat the participationofwomenindairyfarmpracticeswassignificantlyhigherin
Bhakkarthan indistrict Jhelum. Womencontributeexclusively in various dairy farm practicessuch as
routinehusbandryandnutritionalmanagement. The presentstudyproposethattheprovision ofappropriate
extension services to womenin theseactivitiescansignificantly improve the productivityofanimals.
The working competencies of the rural womencan be strengthened and upgraded by providing training
on livestock rearing practices(Iftikharet al.,2007) Trainedwomenwillhelptoincreasedairyproductionand
enhance household incomes. Furthermore, to enhance the social standards and participation of women in
economicactivities, there is need toprovidethem with qualityeducationandknowledgeofthelatest
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technicaladvancesin the fieldsof agriculture and livestockproduction(Khalida,2009).Social
mobilizationand agriculturalproductivitycanbeadvancedthroughactiveinvolvementof women inthe
development ofland livestock,educationextension,financialandemploymentresourcesFAO2010- 11).

Factorsthatlimitparticipation of women indairy farmpractices are socioeconomicstatus andcultural
norms.Ideology,religion,economicsandculturearethelimitingfactorsintermsoftheprovisionofgender
specificservicesandopportunities(Moser,1989) Fromaculturalperspective of Pakistan the role of women
hasalwaysbeenmisconceived.Constrainsrelatingtowomenincludecultural values, normative patterns and
customs,most of which are without religious and ethicalsanction(Khan, 2012).Present studyshowsthat
from Jheluml 5.6%womenarenottaking partindairyfarmpracticesdue to cultural barriers and 24 % due

to their higheconomical status. The womenfrom affluentfamiliesdonotworkthemselvesbuttheyhire
laborers whereasmostofthe ruralandtribal womenfromdisadvantagedcommunitiesdomost of the on

farm work themselves(Rangnekaret al,1992).Thefindings of Rathodetal (2011) arealso consistent with
the earlierthatthesewomen can afford labor which in turn reducestheirparticipationinlivestock
managementactivitiesLand holdingis an important determinant oftheir economicalstatus.Although the
average landholdinginBhakkar(9acres)ismorethaninJhelum(6.9acres) thepoorerfertilityandlack of
Irrigation watercombined withmore hot weather are major factorslimitingproductioninBhakkar
comparetoJhelum The present study indicatesthat the educationlevelwasalmostthesameinthetwo
districts. Theoverallliteracyrate(aged 1 Oyearsandabove)inPakistanis57.7(PakistanEconomic Survey,
2010- 11). It is important toknow that equal opportunities (schools and colleges) areavailablefor
femalesinboth of the districts, whichwasconsistentwiththeresultsofoursurvey.

The present studysuggeststhat,in ordertomaximize the dairy farm productivity a strong extension
programneedstobe implemented totransfer adoptabletechnologies and enhance theknowledgeand skills
ofwomeninallaspectsoflivestock managementpracticesincludinghusbandrynutrition,calf rearing, health
andvalueadditiontomilk Additionalsurveys of this naturewillhelp to identify other regions ofPakistan

in whichwomen need to be the focus of specialist workshops.This ~ will then lead to
improvements in thepr osperity ofv illagec ommunitiesacrossthecountry.
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ABSTRACT

Theobjectiveofthelongitudinalstudywastoevaluatetheproductionandreproductiveperformanceofbuffalo
onsmall- holder dairy farms inPakistan. The data werecollected from 207farmslocated inthedistrictsof
Okara and Bhakkar.Milk production and reproductive parameters were recorded onaweekly basis by
trained extension workers in specifically designed herd books for 18 months from November 2007.
Preliminary,resultsindicatethattheaveragemilk productionperlactationwashigher (P<0.05)inbuffaloes
(1226.63+43.50lit)thanin  cows(1027.04+44.88lit). Thepercentage of oestrus detection, A.I, natural
serviceand pregnancy rateforbuffaloes were(0.38%,7.29%,19.17%,78%), respectively,during the
wholeyear.Weconclude thatneither theNili- Ravibuffalo nor cows are attaining theirpotentialformilk
production.Thelowreproductiveefficiencyoftheseanimalsismostlylikelyrelatedtoboththepoortechnical
acumenandthenutritionalstatusofanimals.Provisionofappropriateextensionservicesforthesefarmerswill
improvetheproductiveandreproductiveperformanceofbuffaloes.

Keywords: Buffaloes ProductionReproduction

INTRODUCTION

The world population of domestic buffaloes,Bubalusbubalis hasbeenestimatedtobemorethanl 5Omillion
(Bhat, 1992) or one- eighth the population ofcattle, with the numbers steadily increasing. Two main
types of domestic buffalo are the river buffalo and theswampbuffalo.TheNili-Ravibreedofbuffalois
classedasa river type and isthebestmilk producer amongstotherbreeds of buffaloesin theworld They

have awedgeshape,massiveframe,smallcurlyhorns,andwalleyes. They often have white markings on
the forehead,face,muzzleandlegsandwhiteswitchoftail(buffaloeswithsuch markings are highly desired
and popularlycalled ‘PanjKalian’(Warriachetal.,2008)

Pakistan like many developing countries has anagrarian rural based economy. Livestock is amajor
contributor to the national (12%) and agriculture (50%)economy(PakistanEconomicSurvey,2006).Milk
isthekey livestock product. Pakistan is rankedthe4thlargestmilk- producing country in theworld.
Seventy percent(70%) of the milk and fiftypercent (50%) of total meatproducedinPakistancomesfrom
buffalo(Usmanietal.,1987). An important point considering milk constituentsareitshighervaluesin
buffalothancows:milkfat6.5-8.0% versus3.5-4.0% andsolids-not-fat9.0-10.5%vs.7.5-8.5%

(Gordon, 1996). Thus theprice ofbuffalomilktends to be higher than the milk produced bydairycattle.
Furthermore, buffalo utilize poorer qualityroughages, adapt to harsher environments and are more
resistant to several bovine tropical diseases (Gordon,1996).

Despitethese merits,buffalo hasrelativelypoorreproductive efficiency that varies little with location
throughouttheworld. Buffaloexhibitmany oftheknownreproductive disordersandhave delayed onsetof

puberty,poor oestr us expression, longer post partum ovarianquiescence, and most importantly
lowered conceptionratesparticularlywhenbredartificially(Gordon,1996) Itappears that because buffalo
is populated mostly indeveloping countries with meager resources, it remainedneglectedor
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underutilizedintermsofqualityresearchinthe arca of health, management, nutrition and
reproduction.The role of extension has been to provideresearch- based education and
information to theproduction sector. Services to the dairy sector are beingprovided by government
agencies and a range of NGOs,and virtually all services providers who interact with thefarmers are
veterinarians or para- veterinarians whoperformed vaccination, treatment and A.I. Limitations inthe
extensionserviceandtheresearch/extensioninterfaceare considered to be bottlenecks in the development
ofthedairysectorinPakistan.Keeping in view these facts the majorobjectiveof this studyis to
evaluate the production andreproductive performance of buffaloes on small- holderdairyfarmsunder
fieldconditionsofPakistan.

MATERIALSANDMETHODS

Dairy ProjectBackground:

In 2007, a 2 > year dairyproject “Improving dairy production in Pakistan throughimproved extension
services” was started in the twocontrasting environments of districts Okara (welldeveloped) and
Bhakkar (less well endowed) with theobjectives of increasing dairy production throughimproved
extensionservices. Smalldairyfarmershaving3- 10 (buffalo and/or cattle) for production arethe main
target group in the project. Improved extension servicesas well as veterinary services are being
provided to thefarmersbyalreadyexistingagencies(Livestock&DairyDevelopment Department, Punjab,
National RuralSupportProgram and Idara-e- Kissan) in both of thedistricts.

Longitudinal survey:

Thedata werecollected from207farmslocatedinthedistrictsofOkaraandBhakkar.Milkproductionand
reproductiveparameterswererecordedona  weekly basis by trained extension workers in
specifically designed herd books.Milk was measuredwith weighing scales. One yeardata of milk
productionfrom(n=222)and (n=163) buffaloes and cowsrespectively, were collected for analysis.
Reproductiveparametersweretrackedfrom (n=385)animalsforanalysis.

Farmersandextensionworkerstrainings:

Theprojectemphasized oncomprehensiveinterdisciplinaryeducational program ofdiscussion group
meetings,workshops and trainings of both farmers and extensionworkers separately Table 1. Basic
husbandrynutrition,forages health and calf management were the first areasaddressedduringthefirstsix
monthoftheproject.

Statistical analysis

Data was collected on a weeklybasis and entered into a data base containing all theinformationabout
cachofthefarm A singlelactationofimilkproduction was calculated from each animal basedonthe weekly
production as well as the duration of theparticular animal’s lactation. Then these estimates of thetotal
milkproductionduringthelactationwerecomparedbetweenthedifferentbreedsandspeciesofanimalsusingan
ANOVA. The reproduction data values are based onobservations from the field and counts of
observationsmade by farmers and field workers. These values aresimply reported as percentage values
of the observationsandnostatisticalanalysiswascarriedout.

RESULTS

Average milk production per lactation washigher(P <0.05)inbuffaloes(1226.63+43.50lit)thanincows
(1027.04+44.88lit).Averagemilkproductionperlactationin buffaloes and various breeds of cows have
been presented in Fig 1.The percentage of reproductiveparameterslikeoestrusdetection,A.I,natural
servicedryandpregnancy rate for buffaloesduring the whole oneyeathavebeenpresentedinFig3.
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Fig 1. Average milk production per lactation was

higher (P<0.05) in buffaloes than in cows
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Tablel. Topicsandvisitationscheduleofthetrainingoffarmersandextensionworkersduringfirstyearofthe
project.

Visiting Farmers trainings Extension workers
order trainings
1. Basic husbandry Ultrasonograpy in
management practices  animal reproduction
2. Fodder demonstration ~ Basic farm
plot training management
principles
3. Herd health and calf Herd health and calf
managemment management
4. Animal health and Animal health and
nutrition module nutrition module
5. Calf nutrition and Calf nutrition and
health health

DISCUSSION

Thepresent study demonstrates that inbuffaloesaverage milk productionperlactation washigher
than in cows under field conditions.Milkproduction potential is about double the present level of
milkproduction(IgbalandAhmad,1999) Thisisevidentbycomparingthemaximummilkproductionobserved
inthe elite herds maintained at Government researchstationswith those on private livestock farms.
Several researchers havereported data on maximum milkproduction potential of the breeds. Shah
(1991) reportedthatNili- Ravibuffalohaveaproductionpotential of 5000 lit perlactation of305 days.
Similarly,HusnainandShah(1985) reported that maximum breed potential observedin the elite animals
of Sahiwal is up to 6500 lit of milkper lactation of 305 days.A possibleshort term strategyfor
increasingthe milk production on any farmisby thebettermanagementoftheexistingfeedresources
throughbalancedfeeding.Pastresearchhasshownthatthisyieldincreases of 30% are achievableif this is
carried out(Burkiet al., 2005),as well assignificant reductions inproduction costs (Mahmoodet al.,
2004). However,forlongtermsuccessandsustainablegrowththereisaneedtoplan and implement a simple
and effectiveselectivebreedingregime to allow for anincreaseinmilkproductionfortheentirecountry.
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Thispresentstudyshows a gradual decline inaverage milkproductionperdayofdairyanimalsduringthe
year.ThisisshowninFig2.

InPakistan thisdeclinecoincides with an increase in demand during the hotsummer months. This is due
to the fact that most of thebuffaloes calving takes place during July- September( Ahmadetal.,1981)
andveryfewcalvingoccursduringFebruary- June. Furthermore, milkproduction isassociated with the
availability of green fodder and is atits maximum between January and April and hits a lowfrom May
to August. Alternatively, milk consumption islow during the winters and is atits peak during the
summerduetohigherintakeofconsumerintakeofimilkproductssuchaslassi,yogurtandicecreamFigd.

In the present study, oestrous detection inbuffaloes was observedinonly 0.38% of the small- holder
farmers. Thiscouldbeduetoanumberoffactors.One of themost likelyreasons for the lowoestrous
detection ratescould be due to husbandry practicessuchasthepracticeofkeepingdairyanimalstiedup.In
doingthisthe animals are unable to show as many signs ofoestrousasthey could if they were kept free

and untied Furthermore, buffaloes have more tendencies to showheat signs during night and negligible
number ofthefarmersobservedtheoestroussingsduringthenighttime(Warriachetal.unpublisheddata).
Seasonisalsooneoftheother extrinsic factor that influence on the oestrousbehaviour symptoms. In the
tropics, high ambienttemperature reduces sexual activity in the day time(Jainudeen, 1977) and
shortens the oestrous period (Gilletal.,1973),andtheincidenceofsilentoestrousismorecommon during
the hot summer season. These adverseeffects of heat stress make oestrous detection moredifficult
and may exert a considerable influence on theoestrousbehaviourinbuffaloes.

In conclusion, preliminaryresults indicated thatneithertheNili- Ravibuffalo norcowsareattainingtheir
potential for milk production. The low reproductiveefficiency is mostly likely related both to poor
technicalacumen and nutritional status of animals. Provisionofappropriate extension services for
these farmers willimprove the productive and reproductive performance ofbuffaloes.It is hoped that
the data generated fromthislongitudinal survey will be helpful to devise betterstrategies for
improved extension services In order tooptimizethedairyproductionofsmallholderfarmersandwillhavea
rippleeffectfortheotherstofollow.
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Abstract

TheobjectivewastostudythegrowthpotentialofSahiwalcalvesgivenmilkormilkreplacerwithorwithout
concentrates.Forthispurpose,forty-eightSahiwalcalvesweredividedintofourgroupsofl 2animalseachwith
equalsexratio.Ineachgroup thecalveswereofferedeithermilkoramilkreplacer( MR Jatarateofl 0%oftheir
bodyweightadjustedweekly.Inadditiontothis,calveswerefedeitherastarterrationplusEgyptiancloverhay
(SR+H)orhayonly(H)untiltheendoftrial. ThemilkorMR waswithdrawngradually fromday56until
animalswereweanedcompletelybyday84.CalvesofferedmilkgrewfasterthanthoseofferedMR(35749vs.
162+9¢g/day;p<0.05)anddisplayedhigherweaningweights(51.6+0.8vs.35.24+0.8kg; p<0.05).Thecalves
offeredSR+Hgrewfaster(311+9vs 208+9g/day;p<0.05)anddisplayedhigherweaningweights(48.7+0.8vs.
38.1+0.8kg;p<0.05)than

thosefedHalone CalvesofferedmilkplusSR+Hshowedthehighestgrowthrateandweaningweights(401+13
g/dayand56.3+1kg respectively). Thelowestgrowthrateandweaningweightswereobservedincalvesoffered
MRandHonly(115+13g/dayand30.3+1kg,respectively).CalvesofferedtheMRhadhighemumberofscour
daysthanthoseofferedmilk(13.5vs.3.3).Thefeedingofivholemilkincombinationwiththestarterrationand
hay resulted in superior growthrates, higher weaning weights, and healthier calves than the other feeding
regimens.

Keywords
CalfhutritionMilkreplacerConcentrates.Growth
Introduction

Highfeedingcostscoupledwithahighmortalityinpreweanedbuffaloandcowcalvesduringthepreweaning
periodisamajorlimitationtoproductivityinthePakistandairysystem.Thisleadstoareductioninthenumberof
heiferandbullcalvesraised forbreedingand meatproductionpurposes. Thecostoffeedingwholemilk to
calves,throughtoweaningunderthetraditionalfeedingsystemrangesbetween7—8and10-12,000Pakistani
rupees(US$94and1 30 respectively Yforacowandbuffalocalfrespectively(Bhattietal.,2009 )Jandstilimaygo
higherwithincreasingpricesofwholemilkperliter. Themarketpriceforaweanedmalebuffaloorcowcalfis
usuallylessthanhalfthemilkfeedingcosttoweaning Incommercialenterprises,malecalvesaremostoftensold
ondayoneornotofferedmilkaccordingtotheirgrowthrequirements(Ahmadetal.,2009).Thisistoconserve
milkforhumanconsumptionortosellatahigherpricethanacalfiwouldreturn.However,thefemalecalvesare
keptasthefuturedairyreplacements(Ahmadetal.,2009) buttheyarestillnotfedappropriatelytoreachpuberty
inminimaltimeandthereforelifetimeproductivityiscompromised.

Differentalternativesarcavailabletoreducethefeedingcostofthecalvesduringthepreweaningperiodwithout
compromisingtheirgrowthrateandhealth.

Theseincludeweaningthecalvesatanearlyageorsubstitutingmilkreplacersforwholemilk Milkreplacersare
generallycheaperandofferanalternativetowholemilkfeedingtoweaning Thesepracticesarecommonplacein
themanagementofcalvesfromtemperatebreedssuchasHolstein-Friesiansincontemporarydairysystems.
However,comparablegrowthresponsedatatosimilarfeedingregimesincalvesoftropicalbreedslikeSahiwal
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(Zebucattle),whichisfamousforitsheattoleranceandtickresistancetheworldover(Berman,2011),areless
welldocumented.

Sahiwal cow originated and developed in Pakistan and has been imported to 29 countries of the world for
crossbreedingindifferentagroecologicalzonesincludingAustralia, tropical LatinAmericaandAfrica(FAO,
2007).

Theobjectiveofthestudywastocomparetheeffectsoffeedingwholemilkormilkreplacerwithorwithout
concentratesonthegrowthandhealthstatusofSahiwalcalves.

Materialsandmethods

Animals

Forty-eight3-day-oldcalvesbornduringthemonthsofJanuaryandFebruary,2009wereprocured fromthe
LivestockExperimentStation(LES),Bahadurnagar,Okara.Thecalvesreceivedfreshcolostrumattherateof
10%oftheirbodyweightwithinbhofcalvingthatcontinuedtoday3. Theanimalswerehousedunderhygienic
conditionswithamplecleanstrawasbeddingandtheirnavelcordsweredisinfectedbeforebeingtransported
fromtheL.EStotheUniversityofAgricultureFarmsatFaisalabad(UAF).

Housingandmanagement

Calveswerethenhousedinseparatecalfpenswhichwere142x112x112cm(lengthxwidthxheight)insize. The
woodenslattedfloorofthepenswasraised23cm.Paddyricestrawwasusedasbeddingandreplacedonadaily
basis Animalshadaccesstowateradlibituminbucketsthatwerecleaneddaily Thepresentstudywasconducted
inthewinter—springmonthsofJanuarytoApril. Inordertoensurethermoneutralityofcalvesatnightwhenthe
ambienttemperaturefellbelow20°C theywerehousedtogetherinanadjacentindoorfacility.

Feeding

Thecalveswererandomlyallocatedtofourtreatmentgroupsinatwobytwofactorialarrangement.Ineach
treatmentgroup therewerel 2calves(sixmalesandsixfemales) Factoronewasliquiddiet,eitherwholemilkor
milkreplacer. Thesecond factorwasthesoliddiet, eitherstarterration (SR; Table 1) plusberseemhay (H)
(Egyptianclover: Trifoliumalexandrium; CP: 16.1%)orHonly, offeredadlibitum fromday 8 ofageuntil
weaning.

WholemilkwasobtainedfreshfromSahiwalcowsonadailybasis Milkreplacef MR :Sprayfo® )wasprocured
fromSloten,B.V.,(Deventer,Netherland)andreconstitutedtothemanufacturer’srecommendations. Themilk
andMRconsistedof11.49and11.11%drymatter,3.35and2.22%protein3.20and 1.84%fatand4.29and
4.00%lactose,respectively.MilkorMRwasofferedattherateof10%ofthecalf’sbodyweightwithanimals
weighedweeklyandfeedadjustedaccordingly. Thedailymilkofferedwasdividedequallyandfedat0900and
1600hatatemperatureo40 C."[%emilkwasfedthrouglmipplefeederSﬁttedinfeedingbuckets.

Table1Compositionofcalfstarterration

Ingredient(%) Calfstarterration
Maizegrains 20.0
Canolameal 258
Wheatbran 11.2
Maizeoilcake 20.0
Maizegluten30% 20.0
DCP 2.0
Salt 1.0
TDN 78.0
Drymatter% 97.83
CP% 19.6
CF% 4.95
EE% 3.7
Ash 4.5
Energykcal/kg 4,046




Thus thetreatmentswere:milkwithSR+H(Groupl) milkwithHonly(Groupll),MRwithSR+H(GrouplIl),
andMRwithHonly(Groupl V) MilkorMRwasoffereduntilday63ofage,andthentaperedtozerobyday84.
Thecalveswereweighedweeklyinthemorningbeforefeeding.Recordswerealsomaintainedontheoccurrence
ofcalfScoursineachanimalandanymedicaltreatmentsthatweregiven.

Economicsofproduction

ThecostsofwholemilkandMRwere PKR30and 19perliterandofSRandHwere PKR20and 7perkg,
respectively (1US$.PKR87). Thecostoffeeding foreachanimaleachdaywascalculatedandusedforthe
statisticalanalysis.

Statisticalanalysis

Therecordedinformationonweeklygrowthandliquidandsolidfeedconsumptionwasanalyzedusingrepeated
measures analysis. This was conducted using the MIXED Procedures of SAS (SAS, 1996) withan AR(1)
covariancestructureasdescribedbyLittelletal (1998).

Theeffectofcalfwasconsideredtoberandom. ThestatisticalmodelusedforanalysiswaswhereYijkisthe
dependentvariable,fEistheoveral]mean,sexirepresentsth@sexoﬁhecalfhndiindicateseithennaleorfemale,
Fljisthefixedeffectoffactoronewherej=eithermilkormilkreplacer,F2krepresentsthefixedeffectoffactor
twowherekiseithertheSR+HorHonly,Wlistherepeatedmeasureofweeksl,whiledsex F1 F2 WTijkl
representstheeffectofinteractionofsex factorone factortwoandweeks,calfmrepresentstherandomeffectof
calfmandeijklmtheresidualerror.

Forotherdescriptivestatistics(averagegrowthrate,weaningweight totalweightgain totalintakeofmilk,milk
replacer,hayandstarterration),thebirthweightwasusedasacovariate. ThedatawereanalyzedusingMIXED
procedures Thesexwasalsoincludedinthemodel.

Howeversexhadanonsignificanteffect(P=0.07) soitwasdroppedfromthemodelinthefinalanalysis.

Thestatisticalmodelwas:wherefEistheoverallmean,F 1jistheliquidfeedeithermilkormilkreplacer,F2k,
thesolidfeedeitherSR-+HorHonly,(F 1+ ~F2)istheinteractionsofliquidfeedandsolidfeed, BW Tkisthe
birthweightofcalvestakenascovariate calflistherandomeffectofcalvesandeijklrepresentstheresidualerror.

Oneanimaldiedfromgroupllandgroupllleachduringtheexperiment,butthisisaccountedfortheintheAR(1)
covariance analysis structure. The results are reported as least square means. The means were declared
significantlydifferentatP<0.05.

Results

Birthweights

ThebirthweightsofSahiwal calveswere22.7¢ }0.9and 20.3« }0.9kginmalesand females, respectively.
IntakeofmilkormilkreplacerTotalintakeofwholemilkwassignificantlyhigher(P<0.05)thantheintakeof
MRinthecalvesoverthe84daypreweaningperiod(Table2).Figure1showsthechangesinconsumptionof
milkorMRduringthisperiod IntakeofStarterrationandhayThetotalintakeofSRwasnotdifferent(P>0.05)in
calvesfedmilkorMR(Table2) buttendedtobehigherintheformer TheSRconsumptionwasnegligible(<200
g/day)untilday42ofageinallcalvesandthenincreasedgradually(Fig.3). Theintakeofstarterrationwas
similarincalvesfedeithermilkorMRuntilday63.However,fromday70theSRintakewashigherincalvesfed
milkthanthoseofferedMR.Byday84,theSRintakeswere943and693g/dayincalvesofferedmilkandMR,
respectively. Thetotalhayconsumptionwasnotdifferent(P>0.05)incalvesinallthetreatmentgroups(Table2).
Hayintakewasnegligible(<200g/day)inallthecalvesuntilday42(Fig 4 )andincreasedgraduallytomorethan
400g/dayby63dayspost-partum.Fromday70,thecalvesofferedmilkplushayonlyconsumedmorehaythan
theotherthreegroups,reachinglkg/daybyweaningatday84.Dailyhayintakeinothergroupsdidnotdifter

significantlytoday84 rangingfrom653to785g/day.




Averagedailygrowthrate

AveragedailygrowthrateofSahiwalcalvesofferedmilkwas195g/dayhigher(P<0.05)thanthoseofferedMR
(Table3). The SR +H-fed calvesdisplayed 103 g/day higher growthrate (P<0.05) than calves offered the
berseemhayonly(311¢ } 8vs208¢ } 8g/day).Thehighestgrowthrate

Table2 LeastmeansquaresoffeedconsumptionofSahiwalcalvesoffereddifferentdietarytreatmentsduringpreweaningF 1
milkvs MR F2SR+Hvs H MRmilkreplacer,Hhay,SRstartemration

Intake Milkvs.MR SR-+Hvs.hay F1 F2  F1.F2
Milk MR SR+H Hay

Milk/MR(1) 217.5+1.7 184.5+1.7 209.9+1.7 192.0+1.7 0.0001 0.7 0.8

SR(kg) 25.0£2.1 22.1+£2.2  23.6+2.1 0 0036 N/A N/A

Hay(kg) 21.3£1.2 184+£1.2 17.8+1.2 21.9£1.2 0.08 0.001 0.4

Flmilkvs MR F2SR+Hvs H MRmilkreplacer,Hhay,SRstartemration

(401+13g/day)wasobservedincalvesfedmilkandSR+Handthelowest(115+13g/day)incalvesgivenMR
andhayonly.Weeklyweightsofthecalvesondifferentfeedingregimensreflectedsimilartrends(Fig2).

Weaningweights

WeaningweightsofSahiwalcalvesofferedmilkwere1 7kghigher(P<0.05)thanthoseofferedMR(Table3).
TheSR+H-fedcalveswerel 1kgheavieratweaningthanthoseofferedberseemhayonly. Thehighestweaning
weight(561kg)wasobservedincalvesofferedmilkplusSR+Hfollowedbythecalvesofferedmilkwith
berseemhay(Table3).Thelowestweaningweight(30+1kg)wasobservedincalvesgivenMRandberseemhay
only.

EfficiencyofmilkorMRutilization

TheefficiencyofutilizationofiilkorMR(FCR)wascalculatedinthisstudy,bydividingliveweightgain(kg)
bythevolumeofmilkorMRconsumed(liters)whenofferedSR-+Horhayasthesupplement.Thiscalculation
doesnotaccountfordifferencesinhayandSRconsumedand therefore,isonlyindicative. Theconversionratio
ofmilktoliveweightwassignificantlyhigher(P<0.05)thanforMR(7.4+0.8and15.8+0.8lofmilkandMR,
respectivelyconsumedperkgofliveweightgain). Therewasnodifferenceinmilkconsumedperkgoflive
weightgainincalvesofferedSR+Horhayonly(8.1+1. 1vs.6.8+ llperkgliveweightgain respectively).

However,lessMR wasrequiredperkgliveweightgainin SR +H fed calvesthancalvesofferedhayonly
(11.1£1.1vs 20.2+1. 1 respectively).

Incidenceofcalfscour

NumbersofscourdayswerehigherincalvesofferedMRthanthoseonmilkonly(13.5vs.3.3).ThecalvesfedH
onlyhadmorescourdaysthanthosefed SR plusH(10.1vs.6.2). Economicsoffeeding Total feedingcost
(includingbothliquidandsolidfeed)washigher(P<0.05)inmilk-fedcalvesrelativetothoseofferedMR(Table
3).ThetotalfeedingcostwashighestincalvesfedmilkplusSR+HandlowestincalvesofferedMRplushay
onlyOverall theproductioncostperkilogramoflive-weightgainwashigherinMRfedcalves
thanforthosefedmilk.

Fig.1 Intake(l/day)ofmilkormilkreplacer(MR)inSahiwalcalvesofferedmilkplusstarterration(SR )andhay(H),milk
plusH MRplusSRandHorM RplusHduringpreweaning




Table3 GrowthperformanceandfeedingcostofSahiwalcalvesoffereddifferentdietarytreatmentsduringpreweaning

Intake Milkvs.MR SR+Hvs.hay F1 F2 F1.F2
Milk MR SR+H Hay
Birthweights(kg) 21.6+0.6 21.5£0.6  22.6+0.6 20.6+0.6 0.9 0.01 0.75
Weaningweights(kg) 51.6£0.8  35.2+0.8 48.7+0.8 38.1+0.8 0.0001  0.0001 0.66
Totalweightgain(kg) 30.0+0.8 13.6+0.8 26.1+0.8 17.5+0.8 0.0001  0.0001  0.66
Dailygrowthrate(g/day) 35749 16249 31149 208+9 0.0001  0.0001 0.67
Totalfeedingcosta(PKR) 6,935+£32  3,842432  5,878+32 4,898+32 0.0001  0.0001 0.44
Feedcost/kglive-weight 236+15 323+15 232+15 327+15 0.0005 0.0005  0.005
gain(PKR)

Flmilkvs. MR,F2SR+Hvs.hay, Hhay, MR milkreplacer, SR starterrationa Thetotal feeding costis
calculatedfromthefeedcosts:wholemilkPKR3OperlitermilkreplacerPKR19perliter,starterrationPKR20
andhayPKR7perkg (1US$.PKR85)

Discussion

Thecalvesgrewfasterandhadhigherlive-weightwhenfedmilkcomparedwithMR Thiswasbecauseothigher
intakeoftotalnutrientsincalvesofferedmilkthanMR TheintakeofmilkorMRwasnotinfluenced(P>0.05)in
calvesfedSR+HorHonly.However,itwasnumericallyhighincalvesonSR+HthanonHonly(210+1.7vs.
192+1.71).ThecalvesofferedSRhadbetterliveweightgainthanthoseofferedhayonly. Thisisbecauseof
increasedsupplyofhutrienttocalvesofferedSRthanHonly.

Calveswereofferedstarterrationfromthesecondweekoftheirage. TheSRconsumptionwasnegligible(<200
g/day)untilthesixthweekoftheirageinallcalvesandthenincreasedgradually(Fig.3).Similarresultsare
reportedbyKhanetal.(2011a)inHolsteincalvesgivenhigherquantitiesofmilk(approximately20%otbody
weightofcalves). Theintakeofhayandstarterrationintheirstudywasnegligible(<200g/day)untilthefifth
weekoftheageofcalvesandthenincreasedgradually.

Inthepresentstudy,theintakeofstarterrationwasnotaffectedbyeithermilkorMRuntiltheninthweekoftheir
age(Fig.3).However,fromthetenthweek theSRintakewashigherincalvesfedmilkthanonMR Inthel 2th
week,theSRintakeswere693and943g/dayincalvesfedMRandmilk,respectively. Thiswascontrarytoour
initialassumptionthatcalvesonMRmayconsumelessSRthanmilk-fedcalvesduringtheinitialweeksoftheir
agebutwillconsumemoreandthuswillbeequalinperformancetothemilk-fedcalvesintheirlaterage TheMR
fedcalvescouldnotcatchuptheirgrowthandwerenotatparwithothergroupsevenduringlaterweeksoftheir
age.Thetendencytoconsumemorestarterrationincalvesonmilkmaybeduetotheirmoredevelopedrumenas
aresultofgreatersupplyofenergyandnutrientsfrommilk(Shenetal (2004 )reviewedbyKhanetal (2011b))
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Fig2 Weeklyweight(kg)ofSahiwalcalvesofferedmilkplusstarterration(SR )andhay(H),milkplusH,milkreplacef MR)
plusSRandHorMRplusHduringpreweaning

Fig.3 Intake(g/day)ofstarterrationinSahiwalcalvesofferedmilkplusstarterration(SR)andhay(H)ormilk
replacerf MR )plusSRandHduringpreweaning
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thoseonmilkreplacer.Adlibitumfeedingofmilkdiscouragessolidfeedintakewhereaslimitedmilkfeeding
encouragessolidfeedintakebycalves(Khanetal.,2007;Khanetal.,2011b).Inthepresentstudy,thecalves
wereofferedlimitedquantity(10%oftheitbodyweight)ofimilkratherthanadlibitum Thecalvesofferedhigher
quantityofimilk(15.20%oftheirbodyweight)perdayshowedlowersolidfeedintake(Khanetal.,2007).This
mayhavebeenthesecondreasonothigherintakeofSRbycalvesfedmilkthanmilkreplacer.Higherincidence
ofcalfscoursinMrfedcalvesmaybeanotherreasonfortheirpoorperformanceandlessSRintakethanmilkfed
calves.

ThecalveswereofferedSRandhayinthesecondweekoftheiragebuttheystartednibblingoreatingSRorhayin
thefourthweek. Theystarted eatingareasonablequantity of SR orhayintheninthweek. Itseemsthatthe
SahiwalcalveswithalowerbirthweightthanHolstein-Friesiancalvesremainedmainlydependentonmilkor
milkreplacerthanonsolidfeeduntilthecighthweekofage. WeaningofSahiwalcalvesatanearlierage(.eighth
week)mayaffecttheirsubsequentgrowthrate. However,aseparatestudyisneededtodrawafinalconclusion.
CalvesoftemperatedairybreedslikeHolstein-Friesiancanbeweanedattheageday2§(Quigleyetal.,2006) By
thattime,theystartconsumingsolidfeedtosupporttheirgrowth.However,Sweeneyetal .(2010)reportedthat
Holsteincalvesweanedatanearlierage(day19)hadpoorergainsthanlaterweanedcalves.Resultsfromour
studysuggestthatSahiwalcalves,fedmilkattherateofl 0%oftheitbodyweight,mayshowpoorerweightgains
postweaningifweanedearlierthanday56thanthoseattheageofday84.Onhighermilkfeedingplan,weaning

P>




age of Sahiwal calves may possibly be reduced without compromising postweaning weight gain; however,
furtherresearchisrequiredtobecarriedouttodetermineifthisisaccurate.

Fig.4 Intake(g/day)ofhayinSahiwalcalvesofferedmilkplusstarterration(SR)andhay(H),milkplusH,milkreplacer
(MR )plusSRandHotM RplusHduringpreweaning

GrowthrateofcalvesofferedMRwaslowerthanforthoseofferedmilk. Thiswasbecauseofalowerintakeof
nutrientsincalvesofferedMR.ThereconstitutedMRwasofferedtocalvesatequalvolumeswithmilkrather
thanonanisocaloricorequal proteinbasis. Ideally, thereconstituted milk shouldhave had similarnutrient
densitiestomakeacomparison. However,inarecentstudywithHolsteincalvesweanedatday49,Leeetal.
(2009)havereportedthattheweaningweightswerelowerinMRfedcalvesthanonwholemilk(64comparedto
72.2 kgrespectively).despitesimilarDMintakeandgrosscompositionofbothMRandwholemilk.

They described that better weaning weight of calves on whole milk was probably because of the better
bioavailabilityofhutrientsandsomeunknowngrowthfactorsfromthewholemilk Increasingfatinmilkormilk
replacerincreasedbodyweightgainduringthefirstmonthsofthelifeofcalves(Jasteretal.,1990)butdidnot
increasetheleantissuegain(Hilletal.,2008) Atsimilarenergyintake,increasingproteincontentofMRresulted
inincreasedaveragedailygaininmaleHolsteincalves(Blomeetal.,2003).Leeetal.(2008)hasreportedno
differenceintheperformanceofHolsteincalvesfedvaryinglevelsofproteininenergyintheMR-fedHolstein
calves.However,intheirstudy,thegeneralappearanceandoverallperformanceofcalveswaspoorinallgroups
comparedwithreportedfigureswithmilkintheliterature.

Hilletal.(2011)havereportedthatsupplementationofMRwithablendofbutyrate,mediumchainfattyacids
andlinolenicacidreducedtheincidenceofscourandclostridiumsicknessinyoungHolsteincalves.

LowfatMRarereportedtopromotehigherstarterDMIthanhighfatMRduringpreweaningperiod(Kuehnetal.,
1994;Cowlesetal.,2006). However,resultsofthepresentstudyarecontrarytothesefindings.Inthepresent
study,weaningweight,SRandhayintakewerchigherincalvesfedmilkthanMR. WeaningweightofSahiwal
calves at the Livestock Production Research Institute, Bahadurnagar, Okara has been reported as 45 kg
(Anonymous, 1989).Thisweaningweightislessthanthatobtainedinthepresentstudyofferedwholemilk
(Table3).Higherweaning weightsinthepresentstudy were probably duetohighermilk consumptionand
improvedhousingfacilitiessuchasraisedcalfpensandacleanenvironment. TheweaningweightsofHolstein
calvesmostoftenarehigherthantheweaningweightsofSahiwalcalvesinthisstudy.Khanetal.,(2007)have
reportedweaningweightoffemaleHolsteincalvesas65kgat50daysofage. Thehigherweaningweightsof
Holsteincalvesintheirstudy,wasduetotheirhigherbirthweights(44.6+1.3kg)andgreatermilkconsumption
(4.63 I/day)thanSahiwalcalves(21.4+0.9%kgand2.6+0.05l/dayrespectively).

TherewerehighernumbersofscourdaysinthecalvesfedMR thanmilk. Thismaybeareasoninthelower
performanceofcalvesfedMRthanmilk Theseresultsarecontrarytotheworkofleeetal (2008 )whoreported
nodifferenceinscourdaysinHolsteincalvesfedeithermilkorMR . Thereasonforhigherincidenceofdiarrhea
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inMRfedcalves,inthepresentstudy,couldnotbeestablished.

Totalfeedingcost(includingbothliquidandsolidfeed)washigher(P<0.05)inmilk-fedcalvesthanonMR
(Table3).ThiswasduetohigherpriceandintakeofmilkthanMRbythecalves. Thetotal feedingcostwas
highestincalvesfedmilkplusSRandlowestincalvesonMRplushayonly.Thetotalfeedingcostsofcalveson
milkplushayandMRplusSRwerenotdifferent. Thecosttogain 1 kgliveweightincalveshadanopposite
responseandwashigherinMR fedcalvesthanonmilk.AlthoughcalvesonmilkplusSRhadthehighesttotal
feedingcosttheyrequiredthelowestmoneytogainlkgofliveweightgain.

Thiswasdespitethefactthatthecostofveterinarymedicineusedfortreatmentofscourswasnotincludedinthe
costcalculationsofMRfedcalves.Duringthepreweaningperiod,thetotalfeedingcostofMRfedcalveswas
about45%]essthanthatofthetotalfeedingcostofmilkfedcalves.However,thecosttogainlkgliveweight
gainwas37%higherinMRfedcalvesthanonmilk.ThecalvesonMRandhayonlyhadabout53%lessertotal
feedingcostthanoncalvesfedmilkplusSRbutrequiredabout78%moremoneytogain1kgofliveweight.
Thus,inthepresentstudy,feedingMRtoSahiwalcalvesdidnotseemeconomicalcomparedwithwholemilk
feeding.

Conclusions

Milk-fed Sahiwal calves grew better and were healthierthan those on MR during preweaning period. Milk
replacerdidnotsupportgrowthaswellaswholemilkfedcalvesatequalvolumes Feedingmilkandstarterration
wasmoreeconomicalthanmilkreplacerforhavingacceleratedgrowthinSahiwalcalves. Theadditionofcalf
starterrationtothepreweaningfeedingregimewasbeneficialinhelpingtheanimaltogrowatafasterandmore
economicalrate.Undertraditionalpreweaningfeedingplan,weaningofSahiwalcalvesatlessthan56daysof
agemaynotbepossiblewithoutcompromisingontheirgrowthrate. However, furtherstudiesarerequiredto
drawafinalconclusion.
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SUMMARY

Animals are extremely important to the livelihood of smallholder dairy farmers in developing countries.
However,duetolimitedresources,investmentintolong-termgeneticimprovementisrareandherdrecordingis
minimal.Therefore,obtainingadequateperformancerecordsforgeneticevaluationandselectionisdifficultand
henceitisimportanttooptimizetheselectionoutcomesfromanydatathatarecollected. Theaimofthisstudyis
todeterminearobustandefficientmethodforestimatinglactationyieldforlowproducingdairycattleandtheir
subsequentgeneticevaluation.UsingSahiwalcattleasanexample,simulateddatasets,basedonlactationdata
fromPakistan,wereusedtocomparedifferentmethodsoflactationyieldestimation(i.e. test-intervalmethod,
andthreenonlinearmodels). Furthermore,theseestimateswereanalysedtoexploretheirimplicationsonthe
subsequentestimatedbreedingvalue(EBV)rankingandselectionoutcomes. Utilisingtheseresults, different
test-daysamplingscheduleswerecomparedtoinvestigatepossiblerecordingregimesinvolvingfewrecordsthat
canaccuratelyestimatelactationyieldwithoutsignificantlyaffectingselection Resultsindicatethatthelactation
modelsproposedbyWood(1967)andWilmink(1987)yieldsimilarselectionoutcomestotherecommended
test-intervalmethod. Theseresults provide opportunities for furtherresearchintotest-day schedulingwhich
couldreducethenumberofrecordsrequiredandhaveconsiderableimplicationsonprogenytestingsystemsof
lowproducingdairycattleanddevelopingdairysectors.

INTRODUCTION

Breed improvement and selection in developing dairy systems can be challenging as field conditions are
generallyconstrainedbyalackofinfrastructureforregulartest-dayrecording. Forthisreason,regulartwice
dailyrecordingofimilkyieldforentirelactationsisnotfeasible(Khanetal 2008). Thelimitedresourcesanddata
exacerbatetheneedtoutiliseeachrecordefficientlytomaximizetheircontributiontotheevaluationprocess
(Bajwaetal.2002).Therefore,foranydevelopingdairysectorthereisaneedtodevelopageneticevaluation
systemwhichoptimizesselectionoutcomesgiventhecurrentresourcesfortest-dayrecording.

Therearenumerousmethodsforgeneticallyevaluatingmilkproductionbasedontest-dayrecords.Indeveloped
nationscomplexmethodssuchastest-daymodelsarecommonlyused.Thesemodelsrequireaccurateestimates
ofgeneticandphenotypicparametersbasedonmanydailymilkyieldsfromlargepopulationsofanimalswhich
areunlikelytobeavailableinadevelopingdairysector(Ilatsiactal 2007).Forthisreason simplemrmethodssuch
asatwo-stepapproachcanbeused. Thisiswheretest-dayrecordsarefirstusedtoestimatelactationyieldand
thenthesevaluesareusedasthephenotypeforgeneticevaluation.Methodsoflactationyieldestimationfrom
test-dayrecordsarewellresearched.Inadevelopingcountryscenario,theTest-IntervalMethod[ TIM|(Sargent
etal. 1968) is recommended by the International Committee for Animal Recording (ICAR 2009). Other
approachesinvolvefittingamathematicalmodeltolactationdataandusingthemodeloutputstoestimateyield.
Manymodelshavebeenproposedfordescribingthelactationcurveofdairyanimals(Dongreeta.12011).A
handfulofstudieshaveinvestigatedtheabilityoflactationcurvemodelstodepictSahiwalcattlelactationdata.
Kolteetindustryl

al.(1986),foundthattheinversepolynomialfunctionproposedbyNelder(1966)wasthesuperiorfittingmodel,
followed by the gamma function proposed by Wood (1967). Contrary to this, Rao and Sundaresan (1979),
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reportedthatWood’s(1967) functionwasthemostappropriate. The Wood(1967)modelisoneofthemost
widelyacceptedlactationmodelsandiscommonlyusedinresearch (Swalve2000). Similarly, the Wilmink
(1987) model is frequently used within test-day evaluations to model the lactation curve of dairy cattle
(Naranchuluumetal 2011).

ThiscurrentstudyisconcernedwithSahiwalcattleinPaktistanandwillfocusonhowdifferentlactationmodels
behavewhenfittedtothelactationcharacteristicsofthisparticularbreed.Specifically,thisstudyaimsfirstlyto
determinewhichlactationmodelisthemostrobustatmodellingthelactationcurveofSahiwalcattleatdifferent
test-dayrecordingschedules. Thesecondaimistodiscusswhatimplicationthismayhaveonthefutureoftest-
daysamplinginPakistanandhowitcanbeusedtoimprovetheircurrentprogenytestingprogram.

METHODSANDMATERIALS

LactationEstimationModelsandMethods Thelactationestimationmethodsusedwithinthisstudywere:

1. The test-interval method (TIM) described in Sargent et al. (1968) which is based on an

approximation of the area under a curve

1
a+b+dim;+c+dim?

2. The inverse polynomial model proposed by Nelder (1966): yield; =

—crdim;

3. The gamma function proposed by Wood (1967) yield; = a * dim? = e
4. The lactation model proposed by Wilmink (1987): yield; = a + b9™i 4 ¢ « ¢ ~0-05+dim;

wherea,bandcaredifferentparameterstobeestimatedseparatelywithineachmodelanddimarethedaysin
milk(il,... 280)foralactationlengthof280days.

Data.Weeklytest-daySahiwallactationrecordstrom839lactationsfrom464dams,collectedduring2005-2010
fromtheLivestockProductionResearchlnstitute(LPRI),BahadurnagarOkara,wereusedasthebasisfordata
simulationinthisstudy.Dataweresimulatedusingthreedifferentlactationmodels( Wood,WilminkandNelder).
Varianceandcovariancematricesoftheparameters(a,bandc)andaresidualvarianceofeachofthesemodels
wasdeterminedbasedontherawPakistanidata.Usingthesevariancestructuresandthepedigreerelationship
matrix(A),phenotypiclactationyieldsweresimulatedforentirelactationsforallthedamsinthepopulation.
Thiswasrepeatedl 00timesforeachofthesimulationmodelstoyieldthreebatchesofonehundreddatasetsfor
comparison.Dataweresimulatedusingthreedifferentlactationmodelsbecauseitallowsforamorethorough
comparisonoflactationyieldestimationmethodsasitgivesanindicationoftheirrobustnessacrossdifferent
lactationcurveshapes.

ModelComparison.Fourlactationyieldestimationmethodswereusedtofitandcalculatethelactationyieldfor
everydamforeachsetofsimulationdata. Theseincludedtherecommended TIM aswell asthreelactation
models, Wood, Wilminkand Nelder, fitted and estimated using thenonlinearmixed effects (NLME) model
functioninRVersion2.13.0(RDevelopmentCoreTeam2008 ))followingasimilarprocessoutlinedbyRaadsma
etal (2009).Thiswascarriedoutforfourdifferenttest-dayschedulingregimes(weekly,monthly fivetest-days;
randomselectionand fivetest-days; stratified selection). Foreachmethod, the percentage ofmodels which
successfullyconvergedwasrecordedaswellasthelactationyieldestimates.Thelactationyieldestimateswere
compared with the true simulated lactation yield and summed to calculate amean square error (MSE) of
estimationforeachsimulateddataset. TheM SEwasthenusedtodirectlycomparebetweenthelactationyield
estimationmethods. Lastly, the lactation yield estimates for each simulated data set were used to calculate
estimatedbreedingvalues(EBVs)foreachoftheanimalsinthedatasetusingA SReml-RDiscoveryEditionl.0
(Butleretal2009).Theoutputsofthisanalysisallowedfurthercomparisonbetweenmodelstodetermineifthe
lactationyieldestimationmethodhadanyeffectontherankingandsubsequentselectionofanimals.

RESULTSANDDISCUSSION

TherobustnessofeachofthelactationmodelsforfittingSahiwaltest-daydatacanbedeterminedbycomparing
thepercentageofsuccessratesofeachmodel’sabilitytobefittedtothedifferentsimulateddatasets(Tablel).
TheseresultsshowthatoveralltheWoodmodelissuperiortotheWilminkandNeldermodelsasitgenerallyhas
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higherratesofsuccess,mostimportantlywhenfittingdatafrombotharandomandstratifiedselectionoffive
test-dayrecords. Thishasanimportantpracticalimplication,asinthe field conditions of Pakistan, test-day
recordingislikelytobeirregularandinfrequent.

Tablel. Percentageoflactationyieldestimationmodelsthatweresuccessfullyfittedtoeachsetofsimulatedlactationdataat
eachofthefourdifferenttest-dayrecordingregimes(weekly,monthly,Stest-days:randomsampleandStest-days:stratified
sample).

_ Data Fitted Test-Day Recording Regime
Simulation

Model Model  \eekly  Monthly ~ Random  Stratified
Wood 100 100 82 92
Wood Wilmink 100 100 76 83
Nelder 100 100 70 72
Wood 100 100 88 86
Wilmink Wilmink 100 100 74 83
Nelder 100 100 78 75
Wood 97 08 60 67
Nelder Wilmink 94 100 69 82
Nelder 75 74| 82 83

UsingtheMSEvaluesfromeachofthelactationyieldestimationmethodswecandirectlycomparebetween
modelsforthesamesimulatedlactation. TheaverageMSEvaluesacrosslactationyieldestimatescanbeseenin
Table2.Thesearepresentedforonlytwoofthedatasimulationmethods( WoodandWilmink).Theresultsfrom
theNeldersimulateddataarenotreportedhereasthenumberoffailedmodelscausedunreliablevalues.From
Table2theM SEvaluesshowthattheWilminkandWoodmodelsweresuperiortotheTIMandNeldermethods.
Furthermore,theWilminkmodelhasaloweraverageM SEthantheWoodmodelinbothsetsofsimulateddata
(5,124,550vs5,327,934forthe Wilminksimulateddataand5,234,436vs 5,235,715 fortheWoodsimulated
data).ThissuggeststhattheWilminkmodelissuperiortotheWoodmodelinitsabilitytoaccuratelyestimate
lactationyieldondifferenttypesoflactationdata.

DespitethedifferencesintheM SEseeninTable2 theimportantoutcomeofthisanalysisrelatestotheanimalsin
thetopproportionofthepopulationthatwouldbeselectedforbreedingandhowtheycomparewiththetrue
(simulated)superioranimals.Forthedifferentmethodsoflactationyieldestimation,usingtheWoodsimulated
datatheaveragenumberofcorrespondinganimalswiththetruetopfiftysuperioranimalswere;TIM39.242.22,
Woo0d39.7+2.27andWilmink39.6+2.28.Forthe Wilminksimulateddatasets,theresultswereverysimilar;
TIM 36.8+2.33, Wood 37.1£2.38 and Wilmink 37.14+2.41. The results show that the average number of
correspondinganimalswiththetruetopfiftywereallwithinoneanimaloftheotherestimation
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methods.Thissuggeststhatthesemethodsofestimatinglactationyield,foragiventest-dayschedulingregime,
areeachcapableofSelectingthesuperioranimalsfromagivenpopulation.

Table2: AverageMeansSquaredErrorvalues(+st.dev)forfourdifferentmethodsoflactationestimation(TIM,Nelder,
WilminkandWood)whencalculatedusingmonthlyrecordsfromtwomethodsofdatasimulation(theWilminkandWood
models)

Model used for data simulation

Moddused fox: Wilmink Wood
lactation yield estimate

Average MSE (£sd) Average MSE (4sd)
TIM 6,102,273 (+385.457.5) 6.143.607 (£377.174.1)
Nelder 5.962.774 (+413.556.1) 3.696.461 (+387.860.5)
Wilmink 5,124,550 (£311,253.8) 3.234.436  (+347.630.8)
Wood 5.327.934 (+£342,708.3) 5,235,715 (+368,8254)
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CONCLUSIONS

Thebenefitofmodellingtest-dayyieldsistheabilitytosubsequentlyestimatelactationyieldonfewerrecords.
Thisthenprovidesanopportunitytorecordmoreanimalstewertimeswhichwillhelptoimprovetheaccuracyof
evaluationsaswellasincreasethepopulationofanimalsfromwhichselectioncantakeplace. Theoutcomesof
thisstudyshowthatalthoughtheNeldemrmodeliscapableoffittingandmodellinglowproducingdairycattlelike
theSahiwal,itisunreliablewithdifferentlactationcurvesandtest-daysamplingregimes.Theresultsfromthe
otherlactationmodelstested theWoodorWilmink,showthattheyarebothrobustindifferentscenarioswiththe
Woodmodelbetterfittingirregularandinfrequenttest-dayrecordingregimes.Despitethis,boththeWoodand
WilminkmodelsprovideanopportunitytofurtherinvestigatetheiruseinestimatinglactationyieldinSahiwal
cattleandthepossibilityofreducingthenumberofrequiredtest-dayrecordswhilstmaintainingtheaccuracyof
selectionoutcomes.

REFERENCES

Bajwal.R.,KhanM.S.,AhmadZ.andGondalK.Z..2002.Pages1-56inProc.7thWorldCongr.Genet. Appl.
LivestProd. Montpellier,France.

ButlerD.G.,CullisB.R.,GilmourA.R.andB.J.Gogel.2009.DepartmentofPrimarylndustriesandFisheries,
Queensland.

DongreVB.,GandhiR.S. AvtarS. andAtulG.2011 IntlJ Agric Res.andRev.1 :6ICAR 2009 International
CommitteeforAnimalRecording NiagraFalls,USA.

IlatsiaE.D. Muasyal K. MuhuyiW.B.,andKahiA K 2007 Animall : 185

Khan M S. BilalG. Bajwal.R. RehmanZ.andAhmadS 2008 PakistanVeterinary] 28: 13 1KolteD.V. Gore
A K., andDeshmukhS.N.1986.PK VResearchJournall 0:145 Naranchuluum,G.,OhmiyaH. Masuday.,
HagiyaK.,andSuzukiM 2011 Anim.Sci.82:383Nelder] A.1966 Biometrics22:128.

RDevelopmentCoréTeam2008 R F£S.Computing,ed,Vienna Austria.

RaadsmaH.W. JonasE. McGillD. HobbsM.,LamM.K. andThomsonP.C 2009 .Genet.Sel. Evol 41

RaoM K.andSundaresanD.1979 J ofAgric.Sci92:393

SargentF.D.,LyttonV.H.,andWallO.GJr.1968.J DairySci.51:170SwalveH.H2000J DairySci.83:1115

Wilmink] BM.1987 Livest.Prod.Sci.1 7:1WoodP.D.P.1967 Nature216:164




Factorsaffectingmilkpriceundersmallholderdairyproduction
systeminPakistan

M.IshagA,F,S.LatifA,D.M.McGillB,H.M.WarriachA,B,Z.BatoolA,S.MajeedA,
M. AijazA,P.C.ThomsonCandP.C.WynnB

AUniversityofVeterinary&AnimalSciences,Lahore,Pakistan
B GrahamCentreforAgriculturallnnovation,CharlesSturtUniversity,Australia
CFacultyofVeterinaryScience,UniversityofSydney,CamdenNSW2570,Australia
FCorrespondingauthorEmail:drishaq rai@yahoo.com

Abstract

Thesmallholderdairyfarmersallovertheworldarefacingdiverseproblemstomaketheirbusinessesprofitable.
Theproductioncostisgrowingwiththeincreasingrateofinputcosts,whilethemilkpricesarenotequally
supporting them. Due to these reasons small-holders are converting their dairy farms to other profitable
businesses. Thepurposeofthisstudywastobetterunderstandthefactorsthataffectmilkpriceforthesmall-
holderdairyproducerstohelpthemderivemoreprofitfromtheirbusinesses. Themajorfactorswhichhavea
directinfluenceonmarketratesofmilkincludegeographiclocationofthefarm,natureofbusiness,literacyof
farmer,season,circumstancesofthemilkbuyer,termsandconditionsforsellingmilk,andnatureofprimary
business.

Abaselinesurveydatawascollectedduring2011fromregisteredfarmers(n=523)infivedistrictsofPunjab,
Pakistan.Datawereanalysedusinguni-variateandmultivariateanalysis.Theresultsshowthateducationlevel
(p=0.029),geographicarea(p<0.001),season(p<0.001)andmilkbuyer(p<0.001)affectsignificantlythemilk
price,whereastheotherfactorslikenatureofthecontractandprimarybusinessdidnotaffectthemilkprice
significantly. Weconcludethatifsmallholderdairyfarmersareeducatedaboutthefactorsandcircumstances
whichinfluencemilkpricing theycanthenderivegreaterprofitsfromtheirproduce.

Keywords: Milkpricecontractseason,education,geography
Introduction

Milkpriceisamajorissuethataffectsprofitabilityofdairyfarmersandmustnotbeignored. Thesmallholder
dairyfarmersindevelopingcountrieslikePakistanarefacingproblemstounderstandthecostofproductionand
marketpricesfortheirlivestockanddairyenterprises.Ifdairyfarmerscanbetterunderstandthosefactorsthat
affectmilkpriceandfindoptionstobettermarkettheimmilk theyabsolutelybeabletogainabetterpriceforwhat
theyproduce.

InPakistan,withinthelivestocksector,milkisthesinglemostimportantcommoditywithavaluethatexceeds
thecombinedvalueofwheat,rice,maizeandsugarcane(EconomicSurveyofPakistan,2013-14).Mostofthe
milkvolumeisproducedbymorethan8.5millionsmallholderfarmersowninglessthanl Oanimalskeptonsmall
areasofoneto fivehectares(Khanetal,2010). Milkactsasanexclusive source ofanimal proteinthereby
improving household nutrition as well as providing money to purchase goods for household consumption,
payingtheutilitybillsandfortheeducationofchildren.Researchondiversefactorsthataffectmilkpriceare
generallylimitedtosimplecomparisonswhichprovidelittleinformationthatcanbeusedtohelpfarmersmake
better decisions. The smallholder dairy producers are faced with daunting challenges in the areas of
infrastructure financialsecurity,qualityassurance priceregulation trainedmanpower,andseasonality(Umme
Zia,2007). Pakistanis gifted with outstanding dairy breeds of buffaloes (Nili-Ravi & Kundhi) and cattle
(Sahiwal,Cholistani&RedSindhi). Theconsumer'spreferenceforbuffalomilkascomparedtocattlemilkis
basedontasteand itshigherbutterfatpercentage.Thetotalvolumeofbuffaloandcattlemilkproducedduring
2013-14was31,252,000& 18,027,000tonnes,ofwhich25,001,000& 14,421,000tonnesrespectivelywere
consumedbythehumanpopulation(EconomicsurveyofPakistan,2013-14).
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ThebasepricesofmilkinPakistanaresetbythegovernmentaswellasprivateagenciesbuttherearemanyother
playerswhohasavibrantroleindecidingmilkprices. Thereisalsoseasonalvariationininsupply anddemand
thataffectmilkprices.Profitsvaryacrossdairyfarms,andvariousstudieshaveinvestigatedfactorsthataffect
milkprices(MorekiJ.C. 2013 JonasH.,2012 Sikawaetal. 2011 Omoreetal.,2009,LucyS K..2009 Khanet
al,2008 & TakashiK,1997).Thesestudieshaveconcludedthatfactorslikelocation,educationlevel,season,
milkcontractsandprimaryfarmingactivityhaveasignificanteffectonthepricingofmilk.However,therehas
beenverylittleresearchcarriedoutinPakistanonthismajorarea. Therefore,themainobjectiveofthepresent
studywastodeterminethemostcritical factorsthatsignificantlyaffectmilk priceundersmall-holderdairy
productionsysteminPakistan. Theresultsandconclusionsfromthisstudywillprovidefarmerswithabetter
understandingofthedecisionmakingprocessesthatwillleadtomoreprofitabledairybusinesses.

Materials&Methods

Datacollection

TheAustralia-PakistanAgricultureSectorLinkagesProgram(ASLP)dairyprojecthasbeenworkingwithsmall-
holderdairy farmerssince 2007 to enhance theirearning through improved extensionactivitiesand market
linkages.Aquestionnairewasdevelopedtoobtaindataonlocation,levelofeducation,season,milkmarketing
channels, milksellingcontractand primary farmingactivities. Acopy ofthe questionnaire canbe found as
Appendix 1. Thesmall-holderdairyfarmers(n=>523)registeredwiththeprojectwereinterviewedtostudy
differentfactorsaffectingmilkpriceduring2011.Thewidegeographicdistributionoffarmersisrepresentative
ofthepredominanceofsmallholderfarmersofPakistan.

Statisticalanalysis

Dataonbothbuffaloandcowmilkwereanalysedstatisticallyusinguni-variateandmultivariateanalysesto
determinetheeffectofeachfactoronmilkprice.Datawerelogtransformedtonormalisevarianceandfactors
wereanalysedindependentlyinauni-variateanalysisusingGenStat(VSNInternational,London).

Results

Toassessthefactorsaffectingmilkpriceinbuffalosandcows theanalysiswasconductedintwostages. Firstly,
theeffectofeachfactoronpricewasconsideredinisolation,inseparateunivariateanalyses,althoughspecies
(cowvs.buffalo)andtheinteractionwithspecieswasfittedusingalineammixedmodel Farmnumberwasadded
tothe model as arandom effect to account for any clustering. Secondly, all these factors were considered
simultaneously inamultivariatemodel. Aswellastheinteractionofspecies with each ofthe factors, an
interaction term was included between geography and season, to allow for district-specific effects. Non-
significanttermswereremovedfromthemodelusingabackwardseliminationprocess.Inallmodels,becauseof
thenon-normalityandunstablevariance,themilkpricedatawerelog-transformed. Model-basedmeanswere
back-transformed,withapproximatestandarderrorscalculated.

Univariateanalysis:Thetablelshowstheunivariateassociations,aswellasindividualinteractionswithspecies
(Sp:Buffalo&Cow). Thefactorslikeadefined contractamongtheseller&buyer contractfree,geography,
seasonand whomthe milk sell to, are significantly related to price (all P<0.05), with those terms with a
significantinteractionwithspeciesindicatingdifferenteffectsoncowsandbuffalos. Inaddition,theeducation
leveloffarmerstendedtobeassociatedwithfarmprofitability(P=0.080)andspeciesdifferencesinmilkprice
duetotheeffectofprimaryfarmingactivity(P=0.095).

Multivariable analysis: When putting the variables education, geography, season and sell toina combined
multivariablemodel,allvariableswiththeexceptionofeducation(P=0.822)weresignificant.Thenconsidering
interactionsamongstallvariables onlythatbetweengeographyandseasonwassignificant(P =0.006).

Thefinalformofimodelfittedtothedatawas;
logePrice=constanttEducation.SpeciestGeography.SpeciestSeason.Speciest

Geography.SeasontSellTotFarmNo+?




GeographyxSeason:Therewasageneraltrendothigherpricesinsummercomparedwithwinter,butthisvaried
withlocation. MilkpricesweresignificantlyhigherforbuffalomilkinbothwinterandsummerinKasur(P<
0.001),andPakpatan(P=0.029) butnotsignificantlydifferentforOkara,JhelumandBhakkar(allP>0.8). The
highestpriceswereobtainedinJehlum,inbothsummerandwinterandlowestpricesobtainedinOkarainwinter
andPakpattaninsummerirrespectivewhethemilkwascollectedfrombuffaloorcows.

Discussion

Theresultsobtainedfromthisstudyrevealedthatspecies,locationoffarms,seasonandthetypeofmarketing
systemaffectmilkpricesignificantly(P<0.001).ItisclearthatthepriceinJhelumdistrictremainedhighestas
comparedtoothersandthereasonmayprobablyasthislocationisnearthebigcitieswhereasthepriceobtained
inPakpattandistrictremainedlowestduetotherelativeremotenessofthisareafromitstargetcommercialmilk
outlets. TheresultsareinaccordancetothereportofDairyCo(2012)whichshowsthatlocationandfarmsize
willhaveanimpactonthetypeofcontractsonofferforindividual farmers. Similarly, theresultsofastudy
conductedby Sikawaetal.(2011)showedthateducationisavital factorthatassists farmerstomakebetter
informeddecisionslikelinkingwithassociationsthatattractbetterprices. Thisisconsistentwiththepresent
resultswhichshowthateducationhasasignificanteffectonpriceofmilk.Similarly,theresultsofanotherstudy
conductedbyMeraletal. (2012)on factorsinfluencing packed and unpacked milk consumption gender of
consumer, age, education level, professional status, marital status, household size, income, the type of
commercial outlet,milkpreferences,andmilkpricealsorelateswiththeresultsofcurrentstudy. Therefore,
educationofthesmallholderdairyfarmersmightbringachangetotheirunderstandingofthesefactorsresulting
inhighemilkpricesforallsmall-holderdairyfarmersinPakistan.

Theretailersappeartodominatemarketingchainsandexploittheirsuppliersbyofferinglowpricesandbinding
contractsaswellaskeepingadditionalreturnsforthemselveswhenpricesareseasonallyhighduetolowermilk
supply(JonasH.,2012):thesefindingsarecloselyrelatedtotheresultsofthecurrentstudythatshowsifthereis
monopolyexploitedbymiddlementhenmilkpriceislowered.Similarlytheseasonhashigherinfluenceasprices
riseinsummeranddecreaseinwinter.

Theresults from the current study also show that when farmer sell milk directly to consumers and not to
middlementhentheyhaveabetterchancetoattracta highermilkpricesimilartothatreportedbyOmoreetal.
(2009).Thisisalsodirectlyproportionaltothedistanceofthefarmfromtheconsumermarketwithhigherprices
beingattractedformilktransportedlongerdistancestothemarketplacealsoreportedbyStephenetal (2009)and
LucyS.K.(2009).Theresultsofthissurveystudyindicatedthatwherethereisadefinedcontractamongthe
sellerandbuyer,therethemilkpriceismoreandviceversawhichiscomparabletothefindingsofthereport
publishedbyDairyCo(2012),whichshowedthatthemilkbuyersprefertocollectmilkfromthosefarmswhich
arclocatedintheircollectionarcaandalschaveeasycontractconditions.

Conclusion:

Itisconcludedthattherearemanyfactorsthathavedirectorindirecteffectonmilkpriceundersmall-holder
dairyfarmingsysteminPakistan. Thefarmersshouldbewellawareofthesefactorstoincreaseprofitabilityof
their dairy farms. There isaneed to explore other factors that can affect milk selling price. In this regard
awarenessaboutthesefactorsisnecessarytoeducate farmersthroughimplementationofeffectiveextension
strategies.
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Tablel: Thisshowstheuni-variateassociations,aswellasindividualinteractionswithspecies (spp.Buffalo&
Cow).

Predictor P-value Group Buffalo Cow
Mean SE Mean SE
Contract_FreexSp 0.043 Contracted 34.40 0.55 34.88 0.38
Contract_Free 0.797 Freearrangement 31.06 0.65 30.17 0.42
EducationxSp 0.275 None 33.58 0.74 28.33 0.93
Education 0.080 Primary+Middle 34.40 0.41 29.84 0.45
Matric 35.66 0.53 31.79 0.60
Intermediate 35.41 1.17 30.39 1.40
University 34.61 1.18 31.56 1.61
GeographyxSpp. <0.001 Bhakkar 34.92 0.59 30.17 0.60
Jehlum 39.33 0.71 34.33 0.79
Kasur 36.49 0.66 30.94 0.74
Okara 33.48 0.44 28.62 0.57
Pakpatan 30.54 0.61 28.70 0.69
PrimaryFarming
ActivityxSpp. 0.095 Cropping 34.99 0.42 29.99 0.45
PrimaryFarming
Activity 0.846 Dairying 34.33 0.45 30.60 0.49
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Cropping+Dairying 34.74 1.11 31.37 1.44
Other 35.73 1.43 31.06 1.77
SeasonxSpp. 0.027 Winter 33.75 0.30 29.90 0.33
Season <0.001 Summer 35.69 0.32 30.85 0.34
SellToxSpp. 0.497 Bigmilkcompany | 35.48 1.21 30.85 1.14
SellTo <0.001 Dodhi 33.31 0.30 29.37 0.35
Neighbour/Villager] 39.77 0.72 34.16 0.82
Other 32.72 1.96 30.88 241
No.ofMilking
AnimalsxSpp.* 0.953 0.0002 0.0039 0.0008 0.0097
No.ofMilking
Animals0.942
No.ofdodhi'sxSp* 0.115 -0.0009 0.0013 0.0018 0.0020
NDodhis 0.655
*  Forthequantitativepredictors,valuesshownareregressioncoefficient(andstandarderrors)on
logarithmicscale.
Herearesomecommentsonsignificantorsuggestiveassociations.
" DefinedContractFree:WhenthefarmersmadeaContractwiththebuyerthantheycangethigherprices
thanFreeArrangement,butthedifferenceisgreaterinCowthanBuffalo.
" Education:Thelevelofeducationthatfarmersachieveintheircareerhasalittleeffectonpricebutthere
isasignificantdifferenceamongspecies.
" Geography:rangefrom30.54Rs/L(Pakpatan)to39.33Rs/L(Jehlum)forbuffalomilk,and28.62Rs/L
(Okara)to34.33Rs/L(Jhelum).
" PrimaryFarmingActivity:CombinedDairyingCroppingisassociatedwithincreasedpricesinboth
species;'Other'ishighestinBuffalo,butdifficulttointerpret,notknowingwhatthiscategorycontains.
" Season:Higherpricesinsummerthanwinter,butagreaterdifferentialforbuffalos.
" SellTo(Buyer):Neighbour/villagerprovidedhighestpricesinbothspecies(Buffalo:39.77Rs/L;Cow:
34.16Rs/L).
Table2:Thelevelsofsignificanceforthefinalmultivariatemodel,aswellasmodel-basedmeans,are
shownintablebelow:
Predictor P-value Group Buffalo Cow
Mean SE Mean SE
EducationxSpecies | 0.087 None 36.27 1.05 30.54 1.25
Primary+Middle 35.80 0.72 32.10 0.71
Matric 34.95 0.87 29.20 1.08
Intermediate 35.13 0.63 30.66 0.58
University 35.27 1.13 32.66 1.47
GeographyxSpecies | <0.001 Bhakkar 35.02 0.74 30.14 0.75
Jehlum 39.73 0.95 34.40 0.96
Kasur 37.30 0.78 31.72 0.89
Okara 33.92 0.68 28.90 0.72
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Pakpatan 31.91 0.77 30.14 0.81
SeasonxSpecies 0.020 Winter 34.50 0.59 30.54 0.61
Summer 36.49 0.62 31.50 0.63
SellTo <0.001 Bigmilkcompany | 36.56 1.07 31.94 0.98
Dodhi 33.72 0.36 29.49 0.44
Neighbour/villager| 39.02 0.67 34.12 0.69
Other 32.92 1.73 28.76 1.53
Predictor P-value Group Winter Summer
Mean SE Mean SE
GeographyxSeason | <0.001 Bhakkar 32.46 0.71 32.52 0.72
Jehlum 36.93 0.92 37.08 0.93
Kasur 32.72 0.75 36.16 0.83
Okara 30.17 0.63 32.52 0.68
Pakpatan 30.48 0.76 31.56 0.79

Appendix1:PakistanSmall-holderdairyproductionsystemslongitudinalsurvey

a)  Whenyousellyourmilk,whatpricedoyougenerallyreceiveinsummerandwinter?
(Pleaseonlyfillintherelevantrowsandthemilkqualityspecifications,e.g, fat%ifthereareany)

Summer Rs/kg

QualitySpecifications:

Buffalo

Cow

Buffalo/cowmix

Winter Rs/kg

QualitySpecifications:

Buffalo

Cow

Buffalo/cowmix

b) Howmuchmilkdoyougenerallysellandconsumeeachdayin...

Consume(kg/day) Sell(kg/day)
Winter
Summer

¢) Towhomdoyoucurrentlysellmilk?
Neighbororvillager Dohdi Bigmilkcompany Other
Freearrangement Contract Freearrangement Contract
Freearrangement Contract Freearrangement Contract
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Providing adequate year-round nutrition to Pakistan.s small-holder dairy cattle and buffalo poses a major
challengetoimprovinganimalproductivityandprofitability.Inresponse,aregion-specificfeedcalendarhas
beendevelopedbyaNutrition Focus Group (NFG) formed aspartofanAustralian Centre for International
AgriculturalResearch(ACIAR)researchprojecttitled.StrengtheningdairyvaluechainsinPakistanthrough
improvedfarmmanagementandmore-effectiveextensionservices.(ACIARLPS/2010/007). Theaimofthe
calendar is to promote .best practice. in relation to growing and harvesting forages with an emphasis on
combiningselfexplanatoryphotosandimageswithdescriptivetextinaneasilyunderstoodformat. Detailed
noteshavealsobeencompiledtoenableextensionworkerstoadequatelytrainfarmersintheuseofthecalendar.
Informationwillbeprovidedspecificallyforbuffaloandcattlerequirementswithrespecttowinterandsummer
environments underrain fed and irrigated conditions. The availability and feeding of concentrates and by-
productswillalsobeincorporated. MembersoftheNFGaredrawnfromuniversityandgovernmentresearch
institutionsacrossPakistan Itisenvisagedthecalendarwillprovideavaluableresourceforsmall-holderfarmers
astheformatwillbeabletobeadaptedtoarangeofenvironmentswithinPakistanaswellasotherdeveloping
countries.

KeyWords: Buffalo,Cow,Forage Concentrate Byproducts,Rainfed Irrigated
INTRODUCTION

Providingadequate year-round nutritiontomeetanimal requirements posesamajorchallengetoimproving
animalproductivityandprofitabilityindevelopingcountries. ThePakistansmall-holderdairycattleandbuffalo
industryisnoexception.Withanaverageoflitresofinilkproducedpercowperdayacrossalactation( Warriach
etal.,2012),severeunderfeedingisamajorcontributor.Inadditiontothelackofquantityprovided,verypoor
quality (nutritional value and digestibility)is also a feature. An importantexplanation to thisunderfeeding
problemliesinthedifficultyinproducingforageinvastly differentwinterandsummerenvironmentswhich
supportspecificspecies. Wintercanbeverycold(<0oC)whereassummerextremelyhot(>450C)(Pakistan
MeteorologicalDepartment,2012).Small-holderfarmerknowledgeoftheagronomicpracticesrequiredtogrow
andharvestforagesaswellasanimalrequirementsatdifferentstagesoftheproductioncyclearealsolimitedand
acontributortounderfeeding.InabidtoimprovetheprovisionofnutritionfordairyanimalswithinPakistan,a
region-specificfeedcalendarwasdevelopedbyaNutritionFocusGroup(NFG)formedaspartofanAustralian
Centre for International Agricultural Research (ACIAR) research project titled ,,Strengthening dairy value
chains in Pakistan through improved farm management and more-effective extension services. (ACIAR
LPS/2010/007). Theaimofthecalendaristopromote,,bestpractice. inrelationto growingandharvesting
forageswithanemphasisoncombiningselfexplanatoryphotosandimageswithdescriptivetextinaneasily
understoodformat. ThispaperreportsonthedevelopmentanddistributionofthisfeedcalendarforPakistan.s
small-holderdairyfarmers.

MATERIALSANDMETHODS

FormationofNutritionFocusGroup(NFG)

Inordertoaccessrelevantinformationrelatingtotheestablishment, growthandutilisationofforagesacross
Pakistan,a; °think-tankjtofkeyresearcherswasassembledtoformtheNutritionFocusGroup(NFG) Members
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fromuniversityandgovernmentinstitutionswithexperienceinforagegrowingandfeedinglargeruminants
wererecruitedtothegroupbasedontheirreputationforachievingsolutionsthroughappliedresearch.Regular
meetingswereconductedtoprioritiseresearchinitiativesaimedatimprovingthefeedingofsmall-holderdairy
animalsaswellastoundertakemajorgroupactivitiessuchasthedevelopmentofthefeedcalendar.

Developmentofthefeedcalendar

Calendarcontent

InitialmeetingsoftheNFGdetailedthefeedingmanagementneedsofsmall-holderdairyproducersinPakistan
anddeterminedthe contenttobeincludedinthecalendar. Itwasagreed the informationbe presented ona
monthlybasisandbedividedintofivebroadareas, withconsiderationgiventoforagespecies, timeofyear
(winterrabbiseason;andsummerkharifseason)andlocalitywithinPakistan Thesubjectareaswere:

® Agronomic practices foreach forage species . forage plotpreparation and management (includes seed
quality,sowingfertilization harvestingandirrigation)

¢ Yield atharvestforeachforagespecies(note:somespeciesaremulti-cut).

e Animal requirementsfordifferentproductionstages(includesdry/transitionaswellasearly,peakandlate
lactationforcattleandbuffalo).

e Husbandry and management practices aimed at improving overall productivity (includes forage
conservation provisionofwatertoanimals,feedingconcentratesandreproductivemanagement).

e The availabilityandfeedingofconcentratesandby-products.

Collectionofinformation

EachmemberoftheNFGwasassignedasubjectareatocollectinformation.Sourcesofinformationincluded
published previous research relevant to Pakistan’s four provinces(Punjab, Sindh, Balochistan and Khyber-
Pakhtunkhwa) as well asreports and otheravailable technical notes. An emphasis was placed on sourcing
informationfromwithinPakistan.

Calendardesign

Theaimwastoappealtosmall-holderfarmerssotheinformationpresentedisinthelocallanguage,Urdu,and
wherepossibleimagesanddiagramsareusedtoillustratekeymessages.Initially,utilisingacalendartemplate
fromanothercountry,suchaswithinAfrica,wasconsidered. However,despiteseveralattemptsthiswasnot
possibleasarealisticmodelchartcouldnotbefound. Ultimately,aconsultantwasengagedtodesignthefinal
product.

Distributionandfeedback

Beforemassdistributionoccurred,severalprototypecalendarsweredistributedtoNFGteammembersaswellas
theAgriculturalSectorLinkagesProgram(ASLP)DairyProjectteamtodistributetofarmerswithintheirlocal
network. Feedback from consultation with these farmers led to some minor ,,cosmetic. changes relating to
messageclaritytoassistwiththerateofadoption

ThecalendarswerethendistributedtoabroaderetworkoffarmerswithinthevillagesservicedbytheACIAR
LPS/2010/007projectinPunjabprovince.Thesebeing:Bhakkar,Jhelum Kasur,OkaraandPakpattan.Detailed
noteswerecompiledtoenableextensionworkerstoadequatelytrainfarmersintheuseofthecalendaratthetime
ofdistribution. Thisenablesfarmerstofamiliarisethemselveswithhowtoreadthecalendarandfullyutilisethe
information provided. Repeat visits from these trainers provided follow-up information where required.
Feedback is being currently sought from these farmers in order to gauge utilisation and make further
improvementsifrequired.

AnexampleofthecalendarappearanceispresentedinFigurel.Thetopthirdofthepageprovidesagronomic
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informationonthesowing,managementandharvestingofforagespeciessuitedtogrowthatthattimeofyear.
Thisinformationincludespictures foreach forage species. Thebottompartofthe pageisdividedintotwo
sections. The left-hand-side presents a small table containing recommended rations for milking animals at
different stages of lactation based on available ingredients whilst the remainder of the page illustrates a
managementothusbandrymessage Forexample inDecember(Figurel-eft)themessagerelatestoharvesting
maizewhilstinJune(Figurel-right)themessagerelatestofeedingsupplements(concentrates hayhaylageand
silage)duringsummerwhenfeedresourcesarelimiting.

Figurel AnexampleofcalendapagesforDecember(leftlandJanuary(right)
RESULTSANDDISCUSSION

Small-holderdairyfarmersinPakistannowhaveaccesstoacomprehensivefeedcalendarwhichcanbeusedto
provideguidanceontheprovisionofforageforanimalsyear-roundT hisisespeciallyimportantduringtheannual
feedgapsinwinterandsummer.Strategiessuchasfodderconservationaswellasthefeedingofconcentratesand
by-productswereincludedtocomplementavailableforagesources.Utilisationofthecalendarisbeingcarefully
monitoredbyprojectstaffandextensionworkersassociatedwiththeACIARproject. Thissupportisnecessary
duringtheimplementationperiodofthecalendartoensurequeriesassociatedwithinterpretingtheinformation
areansweredappropriatelyandinatimelymanner.Informationprovidedonwhentoplantaspecificspeciesand
how to manage forage growth and harvesting is dependent on time of year. However, exact dates will be
influencedbyclimaticeventssuchasthetimingofthebreakinseasonwhichmayvaryconsiderablybetween
seasonsandyears(PakistanMeteorologicalDepartment,2012).Itisthereforeimperativesmall-holderfarmers
areinstructedtousethecalendarasaguideincombinationwithpreviousknowledgetheypossessthemselves.It
isenvisagedregular feedback will be sought from the small-holder farmersutilising the calendarto ensure
improvementscanbemadeinsubsequentversionswhererequired.Havingthebasicformatestablishedwillalso
facilitatetheincorporationofnewknowledgeintofutureversions. Thenextsteptoimproveproductivityofthe
small-holderdairyfarmernnPakistanisthedevelopmentofahandbookonrationformulation.Thiswillprovidea
valuabletool for farmers wishingtoincrease milk production through the feeding ofrations which contain
ingredientssuchasconcentrates,foragesandby-products(Hussainetal.,2010).Itisenvisagedthecalendarwill
provideavaluableresourceforsmall-holderfarmersastheformatcanbeadaptedforarangeofenvironments
withinPakistanaswellasotherdevelopingcountries.
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Theobjectiveofthestudy wastoestablishtherelationshipofbody conditionscore (BCS)oncyclicityand
pregnancy rate in Nili-Ravi buffaloes. The study was conducted at the government Livestock Production
Researchinstitute, Bahadumagar,OkarainPunjab Buffaloes(r=1 13 )wereassignedforBCSI -Sscaleusingan
Edmonson chart. Cyclicity and pregnancy status were determined twice at two week intervals by using
transrectalultrasonography.Bloodsampleswereanalyzedforprogesteroneusingradioimmunoassay. Results
indicated that BCS has a significant relationship with cyclicity (p<0.05) and pregnancy rates (p<0.01) in
buffaloes. Thedatagenerated fromthisstudywillbehelpfulingainingabetterunderstanding ofnutritional
relationshipswithreproductivestatusinbuffaloes.

KeyWords:Bodyconditionscore Cyclicity,Pregnancyrate
INTRODUCTION

Pakistanisdominatedbyanagriculturalruralbasedeconomy. Livestockarethebackboneoftheagricultural
sectorcontributingtothenational(12% )andagricultural(50% )economy(PakistanEconomicalSurvey,2006).
Buffalocontribute62%(Zia2011)ofPakistan’s62.9millionmilkingherdand67%ofmilkproduction(Afzal
2007).However,buffalohaverelativelypoorreproductiveefficiencyandexhibitmanyreproductivedisorders
includingdelayedpuberty,pooroestrusexpression,longpostpartumovarianquiescence,andmostimportantly
lowered conception rates particularly when bred artificially (Gordon, 1996). Thus the production and
reproductive potential ofthe Nili-Ravibuffalohasnotbeen fully exploited. Thisisexacerbated by the fact
thatbuffaloaregenerallyfoundindevelopingcountrieswithmeagemresourcesandwherethereisalackofquality
researchinhealthnutritionalandreproductivemanagement.BCSprovidesamethodofassessingtheadequacy
ofnutritionbeingsuppliedtoananimal(Schroder,2005; Walter, 1993)andcanbesetasastandardforeach
reproductivestage(Moran2005;Schroder,2005).Itisespeciallyapplicableinthefieldwheretherearelimited
resourcesasitisasimpleobservationmadeontheanimals(McDonald,2002).Yet,despitetheclosegenetic
relationshipbetweendomesticcattleandbuffalo,littleofthisinformationisappliedtodairybuffaloinPakistan
andnodataareavailableontheinfluenceofbodyconditionscoreonovariancyclicityandpregnancystatus.

Thus the aim of the present study is to establish the relationship between BCS and ovarian cyclicity and
pregnancyrateinbuffaloes. Thiswillhelpdairyfarmers,particularlythesmallholders,tobetterunderstandthe
possiblereasonsforlowreproductiveefficiencyofbuffaloes. Thisrelationshipwillprovideinformationupon
whichtobasethedecisionastowhethertobreedordependingonBCS.

MATERIALSANDMETHODS

Thisexperimentwas conductedatthe Livestock Production Research Institute (LPRI) Bahadarnagar, near
district Okara, Pakistan ( The trial was based on 113 multiparous (lactating and non-lactating) Nili-Ravi
buffaloes AllanimalswerepermanentlyhousedatL PRI.Fortheperiodofthetrialallbuffaloweremanagedand
fedsimilarly.Allbuffalowereallowedtograzeonpasturefor6-8hoursofthedayandhousedinanimalsheds
overnightwheretheywereofferedgreenchoppedfodder(berseem)andwheatstraw. Thelactatingherdwere
offeredconcentrateatmilkingtime(eveningandmorning)roughlyaccordingtotheimmilkproduction.
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Assessmentofbodyconditionscore:

Thebodyconditionscoringsystemusedinthecurrentstudywasbasedonal (thin)to5(obese)scalewith0.5
intervalsusingtheEdmonsonchartdevelopedforuseinHolsteinFriesiancows(Castellano,Bentsenetal 2010).
Similar conditions attributes could also be identified in buffalo and therefore the method was considered
appropriateforbodyconditionscoringbuffalo.Usingthissystemallofthebuffalo(n=113)wereassignedaBCS
byeachofthefourindependentinvestigatorswhoagreedforeachanimalwithinoneunit(0.5).Inaccuracies
associatedwithallocatingBCS’stopregnantanimalswereavoided,asthepointsusedforassessmentwerenot
affectedbychangesinbodyshapeduetopregnancy.

Assessmentofpregnancyandcyclicity:

PregnancystatuswasconfirmedthroughultrasoundusingaportableBmodeultrasoundmachineanda7.5MHz
transrectal probe (Shenzhen Well. D Electronics Co., Ltd, China, Modelnumber: WED-9618 V). Pregnant
animals(n=82)werebodyconditionscoredandallowedtoreturntotheherdtoreducetheriskofinterferingwith
thepregnancies.AfterBCS,non-pregnant(n=31)animalsweresubjectedtofurtherexaminationforanyuterine
abnormality and ovarian cyclicity. Size of the ovary, presence of follicles, corpus luteum and cysts were
examinedtomonitortheovariancyclicityoftheanimals Thoseanimalswhichhadnodetectablepregnancywere
subjectedtothesameassessmentofBCS ,pregnancyandovariancyclicitytwoweekslater. Thiswastoconfirm
earlypregnanciesnotpreviouslydetected.Thisalsoallowedtheoperatortodetectchangesinovarianstructures
torefinetheassessmentoftheovariancyclicityoftheanimals.Seventeenbuffaloeswerefoundtobecyclicand
l4noncyclic.

Statisticalanalysis:

RelationshipoftheBCSonovariancyclicityandpregnancyratewasanalyzedusinglogisticalregressionmodel
usingBCSanddayspostpartumasanexplanatoryvariableinthefinalmodel. Amongthenon-cyclicbuffaloes,
datafromtwobuffaloeswereexcluded,onehavingatumorandtheotherhavingastructuraladhesion.Forthe
secondscreeningtwoanimalscouldnotbereturnedforsecondexaminationduetolocalmanagementproblems.

RESULTS

Higherbodyconditionscorehasasignificant(P<0.05)correlationwithhigherpregnancyratesinbuffaloes The
relationshipbetweenbodyconditionscoreandprobabilityofpregnancyratehasbeenshowninfigurelandtable
1. Similarlyhigherbodyconditionscoreisalsosignificantly(P<0.05)correlatedwithovariancyclicityduring
thebreedingseasoninbuffaloes.TherelationshipbetweenBCSandprobabilityofovariancyclicityinbuffalois
showninFigure2andtable2.

DISCUSSION

ThepresentstudydemonstratedthattheBCScanprovideanaccurateassessmentofreproductiveperformancein
buffaloesasincattlewhereithasbeenprovenasaconsistentandreliablepredictorofhutritionalstatus(Domecq,
1995;Kunklen.d.).BCSwaspositivelyassociatedwithpregnancyrateswheninseminationwassynchronized
andperformedwithinashortfixedperiodpostpartum,(Burkeetal, 1996 )whichisinagreementwiththepresent
study.Thisissupportedbytheevidencethat,whenanimalsareinnegativeenergybalanceorhavealowBCS,
circulatinglevelsofleptininthebodyaretoolowtoactivatetheHP Gaxistopermitcyclicity(Popa2008;Meza-
Herrera2009;Castellano,Bentsenetal.2010).Therefore,asshowninthecurrentstudy,animalswithlowBCS
andnutritionalstatusarelesslikelytobecyclingandare consequently,lesslikelytobepregnant(Spicer1 990).
Thepresentstudy clearly indicatesthatthe probability ofovariancyclicity and pregnancy wassignificantly
higher in those animals with higher BCS than those with low BCS. Forevery unitincrease in BCS,a 13
percentageunitincreaseinpregnancyrateswasobserved,whichsuggestedthatsignsofbehavioralestruswere
strongerandfertilitywasimprovedas BCSimproved(Thatcheretal 1999). Forthe presentstudy, boththe
probabilityofovariancyclicityandpregnancyapproachedoneasBCSapproached3.Suchhighprobabilities
wouldnotbeexpectedfomormalpopulationsofbuffaloorcattleatBCS3.Theseabnormallyhighprobabilities
forcyclicityandpregnancyatBCS3wereobtainedinthecurrentstudymaybeduetothelownumberofanimals

inthisBCScategory.




CONCLUSION

BCSisahighlypracticalmethodfordeterminingnutritionalstatusofbuffaloes,especiallyinthedeveloping
countries with limited resources like Pakistan where farmers can not afford expensive techniques and
expertise.Suchastrongcorrelationcaninfluencethedecisionastowhethertobreedomotthusminimisingthe
economiclossassociated withthe failuretoconceive. Itwill thusbe animportantadditional tool for the
farmerstomanageinfertilityintheirmilkingherds.
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Agrowingandemergingareainpoultryresearchisthefindingandapplicationofmedicinalherbsasnatural
growthpromoterstoenhanceimmunityandgrowthperformanceduetoseriouscriticismontheuseofantibiotics.
Inpresentstudyweexaminedthepotentialsoffeedingdriedgarlicpowdertomalebroilerchicks(Cobb-500).
Onchundredandsixty,one-day-oldbroilerchickswererandomlyallocatedtofourreplicated(n=4 treatments;
GE-3,GE-2,GE-1andGE-Othatreceivedgarlic@3,2and 1 g/kgoffeed,respectivelyand GE-Oservedas
control.Birdswererearedinfloorpens(10birds/pen)inanopensidedhousewhereoptimumenvironmentaland
mangemental conditions were maintained during the experimental period of42 days. Birdsinall penshad
unlimitedaccesstofreshdrinkingwaterandfeedandwerevaccinatedagainstNewcastle(ND), InfectiousBursal
(IBD),andInfectiousBronchitis(IB)diseases.Onday-42 threebirdsfromeachpenwererandomlyselectedfor
bloodcollectiontodetermineserumlipidprofileusingBloodBiochemicalAnalyzer,antibodytitreusingHland
ELIS Akitsandwerekilledtofindoutdressingpercentage.Garlicpowderdidnotaffectfeedintake. However,
feedefficiency,bodyweightgainanddressedweightwassignificantly(p<0.05)improvedbybirdsingroupGE-
3andGE-2.GE-3hadhigher(p<0.05)antibodytitreagainstND(4552424) IB(5.50+0.7 )andIBD(4.25+0.6)
comparedtoothergroupsexceptGE-2.Asignificantreductioninserumcholesterol(120+02),low-density
lipoprotein(83+01)andtriglycerides(50+02 Jandincreasedinhigh-densitylipoprotein(29+0 1 )wasobserved
inGE-2toothergroups. Thedifferencebetween GE-2and GE-3 washoweverinsignificant. Thesefindings
demonstratedthatgarlicpowdercanpotentiallybeusedinbroilerproductiontoimprovetheimmunestatus,
growthperformanceandtooptimizelipidprofile.

KeyWords: Garlicpowdermmunity,Growthperformance,Lipidprofile Broilers
INTRODUCTION

ThebuffaloisanintegralpartofthePakistandairysystem.AccordingtothePakistaneconomicsurvey(2011-12)
the population of buffaloes is 32.7 million providing 29,565 thousand tonnes of milk annually. Buffaloes
howeversuffer fromavariety ofreproductive problems. These problems includealong prepubertal period,
seasonalbreedingandsilentoestrus. Theseproblemsaloneorcollectivelycontributetowardsprolongedinter
calvingintervals.Domesticbuffaloeshaveaninclinationtowardsseasonalbreeding(Qureshi,Habib,Samad,
Lodhi,&Usmani,1999)withasuspensioninsexualactivityduringsummerinmanypartsoftheworld(Hafez,
1955;Shah,1990) Buffaloesareverypronetothermalstress(Pandey&Roy,1 966 )causinghyper-prolactinemia
andlowluteinizinghormone(LH)concentrations:theyhavefewersweatglands(Acharya,1990;Cockrill, 1993;
Heranjal,Sheth,Wadadekar,Desai,&Rao0,1979). Thehypoprolactinemiainducedbyhighambienttemperature
is also associated with increased photoperiod causing changes in pineal gland secretory activity;(Sheth,
Wadadekar, Moodbidri, Janakiraman, & Parameswaran, 1978; Wettemann & Tucker, 1974). In temperate
regions where buffalo are found such as Italy where feeding management is very good a distinct seasonal
reproductive pattern also prevails and according to Borghese (2005) and Zicarelli(1997b) seasonality is
influencedbyphotoperiodthroughchangingmelatoninsecretionwhichreducesfertilityinaseasonalmanner
(Morgan&Williams,1989) Hyper-prolactinemiaisacauseofsubfertilityandovarianinactivitybysuppressing
gonadotropin secretion and ovarian steroid synthesis decreasing progesterone in the blood supply (Hafez,
Jainudeen, & Rosnina,2000; Razdan, Kaker, & Galhotra, 1981; Reiter, 1991, 1998; Roy & Prakash, 2007,
Wettemann&Tucker, 1974).LowlevelsofcirculatingL Hduetohighambienttemperatureandphotoperiod
causepoorfolliclematurationandthusalowlevelofoestradiol(Heranjaletal.,1979;Palta Mondal Prakash.&
Madan,1997).Theroleofmelatonininreproductionispoorlyunderstoodinbuffaloes.Melatoninsecretionis
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relatedwithseasonandaswithallspeciestheltalianMediterraneanbuffaloproduceshighlevelsduringshorter
days(Borghese,Barile,Terzano,Pilla,&Parmeggiani,1995;Parmeggianietal.,1993;G.Presicce,2007;G.A.
Presicce, 2007). Management and nutrition are also important contributory factors for summer anoestrous
(Kaker,Razdan,&Galhotra,1982;Qureshi,Habib,etal.,1999;Qureshi,Samad,Habib,Usmani,&Siddiqui,
1999;Zicarelli,1 997b).Thereasonfor36.5%ofbreedingEgyptianbuffaloesnotbeingpregnantinthestudyof
Heranjaletal.(1979)wasnutritionaldeficiency.Insummerthehotambienttemperaturedecreasesfeedsources
(Mudgal,1979)andintake(Jainudeen,1990),thuscausinglossinbodyconditionscoreandfurtherdeterioration
ofreproductivecondition.Managementplaysanimportantroleinheatdetection.Buffaloesarenotrenownedfor
detectable oestrous expression (Jainudeen, 1990), whichis often silent(Chaudhry, 1990)and mostly occurs
duringnighttime:theproblemisexacerbatedbyhotsummers.Themajorroleothormonesintheexpressionof
oestrus and the fact that buffaloes respond well to exogenous hormones (De Rensis & Lopez-Gatius,
2007)suggestthattheuseothormonestocontrolfertilityanddecreaseintercalvingintervalstMadanM.L.,1983;
Perera,2011)maybeaviablewayofminimisingtheproblemoflongintercalvinginterval . Varioushormonesare
usedindifferentcombinationsincattleandbuffalosofar:progesteronebasedprotocolsareconsideredtobethe
mosteffectiveincontrollingsummeranoestrus(Barileetal.,2001;Naseer,Ahmad, Singh, & Ahmad,2011;
Negliaetal.,2003; Singh, Singh, Sharma, & Nanda, 1984). High circulating progesterone increase ovarian
follicleturnoverandalsosensitizethehypothalamusandpituitarytogonadalactivity(Baruselli,2001).Inthis
study the efficacy ofa controlled internal drug release (CIDR) device was compared with a prostaglandin
(PG)administration protocol extensively used in Pakistan in the Pakistani summer. These methods were
comparedwithoutanyadditionofGnRHandoestradiolintheinterestofkeepingtheprotocolsimpleandcheap
forsmall-holderfarmerstoadopt.

MATERIALSANDMETHODS:

ThisstudywasconductedatgovernmentandsmallprivatedairyfarmsinOkaraandKasurdistrictsofPakistan
duringthelowbreedingseason(JunetoAugust). NiliRavibuffaloes(n=120)wererandomlyselected from
government(n=70)andsmallruraldairyfarms(n=50)withanaverageof9monthpostpartumanoestrus(Min:
2.47 Max:24months).Theanimalsrangedinagefrom4to8.6yearsandwerefedundernormalsmall-holder
farmconditions.Rectalpalpationwascarriedoutandtheanimal’shistoryofanyreproductivedisorderswas
collected.Dataonage,parity,BCS,perdaymilkproductionandpresenceofcalfwasalsocollected.Allthe
animals were reproductively sound and healthy. Oestrous response rate was calculated by confirmation of
oestrous,butasapartoftheprotocolalltheanimalsinCIDR groupwereinseminatedandpregnancyratewas
calculateddividingpregnantdividedbyinseminated. TwoanimalslostCIDRand3animalsdied(2inCIDRand
oneinPGgroup)afterinsemination.

Experimentaldesign:

Buffaloeswererandomlyallocatedtotwotreatmentgroups(n=60pergroup). Grouponewastreatedwitha
CIDRfor7days,prostaglandin(PG)onday6withtheCIDRbeingremovedonday7.TheCIDRdeviceswere
providedbyPfizerAustraliacontainingl.38mgprogesteroneandthePGsourcewasprostaglandinF2a(Utalyse,
Pfizer).Theanimalsweresubjectedtorectalpalpationtochecksignsofoestrus.Oestruswasconfirmedwith
uterinetone2-+tonascaleofl -Sandmucusandvulvularswelling Timedartificialinsemination(TAI)wascarried
outtwiceat48and60OhoursafterremovaloftheCIDRdevice GrouptwowastreatedwithPGinjectiononday0
andwasbredonconfirmationotheat. Thoseanimalswithoutanyheatsignswerere-injectedwithPGinjection
onday11landwerebredinthenext3-4daysifonheat.Pregnancydiagnosiswascarriedoutafter40daysvia
transrectalultrasonography(Honda;Model:HS-1500;7.0MHZ).

Statisticalanalysis:

Dataforoestrusresponseandpregnancyratebetweenthetwotreatments,theimpactofmanagement(tiedand
untied)andthepresenceofacalfwvascomparedusingaChisquareanalysis. Theeffectofbodyconditionscore
(BCS)andparityontheoestrusresponseandpregnancyratewasconfirmedwithaMannWhitneystatistical
test. Theeffectofageanddailymilkproductionontheoestrusresponse,andthedurationofanoestruspost-partum
in days were compared usingAnova and a t-test. A probability level with P value <0.05 was considered

significant.




RESULTS

TheresultsforoestrousbehaviourandpregnancyrateswiththetwotreatmentsaregiveninTable 1.Whenthe
CIDRwasusedwithPGF24(Treatment 1) oestrus wasdetectedin 84.5% ofanimals,butonlyin23.3%of
animalsreceivingaPGF2aregimeonly(Table1)Thisdidnotleadtoahigherpregnancyrate(CIDR 19.6%;
PGF2aregime30.8%:P=0.296)Bodyconditionscoredidnotvarysignificantlybetweenanimalsexpressing
oestrus and those that did not irrespective of treatment. However animals that expressed a calf were in
significantly(p=0.006)betterconditionthanthosethatdidnotatthetimeofjoining(Table1).Similarlythere
werenodifferencesinagebetweenanimalsexpressingoestrusandthosethatdidnot. Howeveranimalstendedto
beyoungeriftheydeliveredacalf(p=0.057:Table1). Therewasalsonodifferenceintheparity ofanimals
expressingoestrusnorwasthereanassociationwithsuccessatdeliveryofacalf(Table 1). Therestraintof
animalsbytyingthemtoaspecificobjectresultinginlessthanoptimalwaterandfeedavailabilitydidnotaftect
either oestrus expression or success with delivery of a calf (Table 1). Similarly milk production was not
associatedwitheitheroestrusexpressionorasuccessfulpregnancy(Tablel).

Oestrous expression Pregnancy success Test
Yes No P-value Yes No P-value used
Treatmentl CIDR:
number of treated 49/58 9/58 11/56 45/56
et (%5 84.5)  (15.5) (19.6) (80.4) Chi-
Tt o 0.000 0.296 Square
lei;en epop | 1460 46/60 413 9/13 test
o umber o
23.30 76.70 30.8 69.2
treated animals (%6) ( ) ( ) ( ) ( )
BIER aciohy 2.90 2.80 0335 320 280  0.006
treatments (1-5) Mann
Panty across 3.00 3.10 0712 360 290  0.141 hitney
treatiments
Aige [yeais) across 8 30 9.00 0253 980 800 0057 Anova
treatments T-test
4 . or T-
Milk production —
(Kg) across 5.10 4.10 0.160 5.20 5.20 0.986
results
treatiments
74(61.5) 52(43.4)
DISCUSSION

Postpartumanoestrusisamajorcauseofinfertilityandlonginter-calvingintervals Thisstudydemonstratedthat
oestrusexpressionwashigherinanimalsreceivingaprotractedregimenofprogesteronereleaseusingaCIDR
device.ThisisbecausehighprogesteroneinthebloodsupplysuppressesGnR Hneuronsintoniccenterofthe
hypothalamus.HoweverLHsecretionstillremainsrelativelyhighalongwithtonicFSHreleasewhichhelpsin
thedevelopmentofacohortoffollicles. ThehighP4preventsfolliclesfromreachingthepreovulatorystage.
Furthermore high P4 primes the brain for estrogen and on CIDR removal a surge of GnRH occurs, which
increasesFSHandL Hsecretionfromtheanteriorpituitary. ThechangeinthesizeofthefollicleduetoF SHand
LHreleasealsoincreaseE2production(Senger,2005).ThereforetheCIDRcausesahighpercentageofanimals
displayinganoestrusresponserelativetothosereceivingP Gonly. ThePGisonlyeffectiveinthepresenceofa
functional CL,whileinsummerthebuffalohavesmallinactiveovarieswithoutanypalpablestructuresandso
theydonotrespondtoPG.ThepregnancypercentagewaslowerinCIDRgroupthanP Ggroupanimalsandthere
werenosignificantdifferencesacrosstreatments. ThismaybeduetothefailureofovulationaftertheGnRH
surge,oraninappropriatetimingofAlfollowingadelayinovulationby30hoursafterstandingheatobservedin
buffaloes (Kanai & Shimizu, 1983; Warriach, Channa, & Ahmad, 2008). The relatively high pregnancy
percentageinthePGgroupsuggeststhatheatdetectionwasaccurateandthisoptionmaybeaneffectivemethod
forsmallholderdairy farmerstousesystem. Onlyoneanimal (1/35)in PG groupwasdetected onheaton
governmentfarms whereteaserbull wasused twiceaday forheatdetectionalong withvisual observation.
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Suspectedanimalswererectalypalpatedforconfirmationofheat. Thereforethecurrent48and60hoursTAI,
whichwasoriginallyestimatedforcattle/cows,needsfurtherresearchforBuffaloes. Thereisalsoaneedfor
investigations on detecting heatand ATusing CIDR devices in small-holder rural dairy systems where the
animalsareunderfrequentobservation. Thefarmercandetectanimalonheatwithoutanyadditionaltimeand
cost.Bodyconditionscorehasnoinfluenceonoestrusresponsebuthasasignificanteffectonpregnancyrate.
Thisfurtheraccentuatestheneedforgoodnutritionandshowstheefticacyofthesetreatmentprotocolsinwell
fedanimals.

CONCLUSION
ThisstudyshowsthattheCIDRdeviceismoreeftectiveinsynchronizingoestrusthantheuseofPG.Thehigh
oestrusresponseandlowpregnancyrateinCIDRgrouprequiresmoreresearchontheuseofTAItechniqueswith
theCIDRdevicetooptimisethetimingofAl.
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ThelnfluenceoflImprovedColostrumManagementandMilk
FeedingRegimensonSerumProteinandWeightGaininSahiwal
CalvesinPakistan

C.J.Coombes,H.M.Warriach,D.M.McGill,S.Latif,Z.B.NaqviandP.C.Wynn

Provisionofadequatecolostrumtonewborncalvesisessentialforcal fhealthandfutureanimalproductivity.The
ideal combination ofcolostrum and milk ration and its subsequent effect on Sahiwal calfperformance and
immunesysteminitiationwasinvestigatedinthisstudy.Sahiwalcalves(n=32)wereallocatedtocolostrumand
milkrationgroupsthatrepresentedtraditionalPakistaniandwidelyacceptedimprovedhusbandrypractices.It
was found thatappropriate colostrum feeding increased serum protein concentrationsignificantly (p<0.01),
whilemilkrationandcalfstarterintakehadthegreatestinfluenceonoverallliveweightgaintoweaning(p<0.05
forbothparameters).Byimprovingprovisionofcolostrumandmilk,Pakistanifarmerswillbeabletoraisedairy
calvesinamannerthatiscosteffectivewhilealsoincreasingthefutureproductivepotentialoftheirmilking
herds.

KeyWords: Sahiwal,Calf,Colostrum,Pre-weaning,Pakistan,Productivity
INTRODUCTION

Newborncalvesarebornwithanon-functionalimmunesystemandrelyonthepassivetransferofantibodiesvia
colostrumfromtheirdaminthefirst24hoursafterbirthinordertoinitiateimmunesystemdevelopment( Weaver
etal.2000).Provisionofcolostrumtocalvesisknowntoreducemorbidityandmortalityduetothedecreased
chanceofmicrobialinfection,andthefailureofpassivetransferofcolostralimmunoglobulinstothenewborn
calfisamajoreconomicconcernforcattleproducersacrosstheglobe(Godden2008).Therateofmortalityin
Sahiwalheifercalvesto30daysofageisestimatedtobeabovel 1 %inPakistan(Wynnetal.2009),morethan
twicethatofcalvesinAmericandairyfarms(Waltner-Toews Martin&Meek1986).Sahiwalandbuffalocalves
areoftendeprivedofcolostrumbecauseothusbandrypracticesinPakistanthatpreventfrecaccesstothedam,
andprohibitthesucklingofthecalfuntiltheplacentaisexpelled.Thisisoftenaccompaniedbyrestrictionsto
milkfedpre-weaning.Itishypothesisedthattraditionallyraisedcalvesareimmunocompromisedasaresultof
this colostrum deprivation. Morbidity and mortality of calves can be reduced by making improvements to
traditionalhusbandrypractices(Perezetal. 1990),includingprovisionofadequatecolostruminthe24hours
afterbirth(Nocek,Braund&Warnerl 984).Calfperformanceandweightgainisalsoenhancedbyanincreasein
thevolumeofmilkfedtocalves(Huberetal. 1984). Theobjectiveofthisstudywastoevaluatetheeffectsof
improvingcalfimanagementinPakistanbyincreasingthevolumesofcolostrumandmilkfedtocalvesinorderto
positivelyinfluenceimmunologicaldevelopmentandweightgaintoweaning.

MATERIALSANDMETHODS

Colostrumgroupandserumprotein

NewbornSahiwalcalves(20maleand 12 female)wereusedina2x2 factorialexperimentconductedatthe
LivestockProductionResearchlnstitute(LPRI),Bahadurnagar,Pakistan.Calveswererandomlyallocatedtoa
colostrumgroup(‘Traditional’or Improved”)toencompassthefirst24hourspostbirth,andwerehousedasa
groupseparatefromtheirdams.Colostrumwashandmilkedfromthecalf’sdam,weighed,andfedtothecalf.
Colostrumintakefor Traditional’ calveswasaspergeneralPakistanipractice,withonlyonequarteroftheudder
beingmilked. Thelmprovedgroupreflectedidealcalfrearingpracticeswithallfourquartersoftheudderbeing
milked.Bloodwascollectedbyjugularvenipunctureat48hoursofageandcentrifuged(1200xg)toseparatethe
serum. Serum protein concentration was used as a measurement of immunological development and was
determined using a hand-held refractometer (Milwaukee MR series, accuracy +/-0.02g with automatic
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Milkrationandgrowthrate

At24hoursofage,calvesweremovedintoindividualcratesandrandomlyallocatedtomilkrationgroups.The
‘Low’ group reflected common calfrearing practices in Pakistan and milk was fed atarate of 7.5% calf
bodyweightperday.The'High’ groupwasfedatarateof] 2.5%calfbodyweightperday Calveswerefedpooled
freshmilktwicedailyvianipplefeedersandweighedeverysevendaysonastandingscalefourhoursaftertheir
morningmilkfeed.Milkrationswereadjustedweeklyafterweighingthecalvestoreflectthenewbodyweight.
Calveswerefedtheirspecificmilkrationuntiltheyreachedsixweeksofagewhentheywerethengradually
weanedoverthreeweeksusingastepdownmethod(Khanetal.2007).Uponreachingeightweeksofage,milk
wascompletelywithdrawnfromthediet.Calfstarterpelletswereofferedadlibitumfromfourweeksofageuntil
weaning,andintakewasrecordedthreetimesperweekovera24hourperiod.Calvesremainedinthetrialuntil
threemonthsofage uponwhichtheywerereturnedtotheL. PRTherd.

Statistics

AnANOVAwasusedtoanalysetheeffectthemainfactorshadoncalfserumproteinconcentration,weightgain
perday,andfinalweaningweight. Theeffectofcovariateswasinvestigatedbywayofsimplelinearregression.
Thelevelofsignificanceusedinthisstudywas0.05.

RESULTS

Serumprotein

Colostrumintakefor Traditional’calvesaveraged2.56L+£0.90L ,andfor Improved’calvesaveraged4.39L+
0.93L.Serumproteinconcentrationwassignificantlyinfluencedbycolostrumgroup(p<0.01).Thisisadirect
resultofimprovedcolostrumintake, withtotal volumeofcolostrumingestedalsohavingasignificanteffect
(p<0.01). Litres of colostrumingested per kilogram of calf body weight also influenced serum protein
concentrationsignificantly(p<0.01).Thequalityofthecolostrum(gramsofproteinperlitreofcolostrum)had
noeffectonserumproteinconcentration Failureofpassivetransfer( FPT)ofimmunitywasclassifiedasaserum
proteinconcentrationlessthan5.5g/dL( Tyleretal.1996).Calvesinthe‘ Traditional ‘groupexperiencedaFPT
rateof25%,while‘ Improved’ calvesallacquiredsuccessfulpassivetransfer.

Liveweightgain

Overallweightgaintoweaningwasmostsignificantlyinfluencedbystarterpelletintakeperday(p<0.05).Milk
rationgroupalsohadasignificanteffect(p<0.05),withcalvesinthe‘High’ groupgaining32.5kg+5.61kg,and
the ‘Low’ group gaining 27.0kg + 7.28kg to weaning. Colostrum group and the interactions between the
colostrumgroupandmilkrationdidnothaveasignificanteffectonoverallweightgain.

DISCUSSION

Asanticipated,thetraditionalmethodsusedtoraiseSahiwalcalvesinPakistanresultedininferiorliveweight
gainandpoorpassiveimmunity.Provisionofcolostruminvolumesgreaterthanthosecurrentlyfedtonewborn
calveswillsignificantlyincreasecalfserumproteinconcentrationandthereforeimproveimmunocompetence
(Hopkins&Quigleyl1997).Currentresearchshowsthataminimumof4Lofcolostrumprovidedwithinl 2hours
ofcalvingisrequiredfomewborndairycalvesthoweverthisrecommendationwasderivedfromstudieswithBos
taurusbreeds(Weaveretal.2000).Sahiwals(Bosindicus),maybeabletoachievesuccessfulpassivetransfer
withlowervolumes.Increasingthevolumeofmilkfedeachdaytocalvespre-weaningwillresultinenhanced
weightgain.Heaviercalvesatweaninghavethepotentialtoreachpubertyfasterthanlightercalves,provided
adequatenutritionismaintainedpostweaning(Boggsetal.1980).Thiscouldleadtomorelactationsperanimal
andthereforerewardthefarmerwithahigheroverallmilkyield.

CONCLUSION

Improvementstocolostrumandmilkfeedingpracticesresultedinanenhancementofthefunctionalimmune
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statusofSahiwalcalvesandanincreaseinliveweightgaintoweaning. Thesetwohusbandrypracticescanbe
combinedtoimprovetheefficiencyofcalfrearingbothforfinancialgainandimprovedcalfivelfare Farmersare
thereforelikelytospendmoretimegeneratingincomefromtheiranimalsratherthansimplykeepingthemfor
sociologicalreasons.
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Theobjectiveofthestudyistodemonstratetheeffectofimprovedextensionservicesonadoptionratesand
productionofsmallholderdairyfarmersinPakistan. Duringthefirstphaseoftheprojectasimpleapproachof
extensiontargetingmalefarmerswasused.Whereasinthesecondphaseoftheprojectawholefamilyapproaches
targetingallthefamilymemberswasutilized. Theeffectofimprovedextensionservicesonadoptionratesand
productiondatawascollectedeverymonthfromthefarmers(n=538).Thesefarmerswereworkingindistricts
Kasur, Okara, Pakpattan, Jhelumand Bhakkarwithin Punjab province. Preliminary, resultsindicated higher
adoptionrateswhenextensionserviceswereprovidedusingthewholefamilyapproachcomparedtothesimple
approach during the first year of both phases. Improved farm practices had significant effects on the milk
productionoffarmers.Theaveragemilkproductionwashigherinanimalsfromthefarmerswhohadprovided
freeaccesstowaterandfeedingtotheiranimalscomparedtothosewhokepttheiranimalsunderthetraditional
practicesoftetheringanimals. Thedatageneratedfromthisstudywillbehelpfultodevisebetterstrategiesfor
improvedextensionservicesinordertooptimizethedairyproductionofsmallholderfarmersandwillhavea
rippleeftectfortheotherstofollow.

KeyWords: Extensionservices,Smallholderfarmer,Dairy
INTRODUCTION

Pakistan,likemanydevelopingcountries,hasanagrarianruralbasedeconomy.Livestockisamajorcontributor
tothenational(12%)andagricultural(50%)economy(PakistanEconomicSurvey,2006).Thelivestocksector
hasbeenrecentlydeclaredasoneofthefastestgrowingsectorsandprovidesimprovedlivelihoodsformorethan
35millionpeoplewithfarmers/householdsderiving3 0to40%oftheinincomefromlivestock.
Milkremainsthemajorcontributortoincomederived fromlivestock. The value of milk aloneexceeds the
combinedvalueofwheat,rice,maizeandsugarcaneinthecountry.Milkisproducedunderdifferentproduction
systemsnamely,ruralsubsistencesmallholding ruralmarketorientedsmallholding ruralcommercialfarmsand
peri-urbandairying. Itisestimated thataround 70% ofthe dairy households in Pakistanstill operate under
conditionsofsubsistencebymaintainingherdsofthreeorfouranimals(Burkietal.,2005).Theproductivityof
livestockis still lagging behind its potential level. In order to meet the requirements ofa rapidly growing
population,dairyproductionneedstobeincreased. Thiscanbedonebyadoptingmoderntechniquesofdairy
farming.Newtechnologiesdevelopedbyresearchersaredisseminatedamongthefarmersthroughaneffective
extensionprogram.

Theroleofextensionhasbeentoprovideresearch-basededucationandinformationtotheproductionsector.The
mostimportantmanagementareasonadairy farmare feedingand forages, udderhealth, reproduction, calf
raising,andherdhealth(Dahletal.,1991a).Problemsolvingintheseareasrequiresabroadbaseotknowledge
andexpertise,andoftentheimplementingagencymustorganizeamultidisciplinaryteamofextensionspecialists
orotherprofessionalstoassistproducers(Dahletal.,1991b).Servicestothedairysectorarebeingprovidedby
governmentagenciesandarangeofNGOs,andvirtuallyallservicesproviderswhointeractwiththefarmersare
veterinariansorpara-veterinarianswhoperformvaccination, treatmentandA.I. Limitationsintheextension
serviceandtheresearch/extensioninterfaceareconsideredtobebottlenecksinthedevelopmentofthedairy
sector.Inparticularlthestyleofcommunicationbetweenfarmersandextensionstaff,theinformationavailable
toextensionstaff,thenumberofskilledextensionstaffandafailuretoconsiderproblemsandsolutionsina
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whole-of-farmsystemscontextareimportantlimitations Thusthemajorobjectiveofthisstudyistodemonstrate
theeffectofimprovedextensionservicesonadoptionratesandfarmeconomicsofsmallholderdairyfarmersin
Pakistan.

MATERIALSANDMETHODS

In2007,anAustralianCentreforInternationalAgriculturalResearch(ACIAR )researchprojectLPS/2005/132
wascommencedwiththeaimofincreasingdairyproductionthroughimprovedextensionservices.Smalldairy
farmershaving4-10(buffaloand/orcattle)forproductionwerethemaintargetgroupforthisproject.Duringthe
firstphaseoftheprojectasimpleapproachofextensiontargetingmale farmerswasused. In2011,ACIAR
extendedthisresearchprojectforanadditionalfiveyears. Theprojectiscurrentlyworkinginfivedistrictsof
Punjab(Okara, Pakpattan, Kasur,Jhelum, Bhakkar)andtwodistricts (Thattaand Badin) of Sindhprovince.
Duringthissecondphaseoftheprojectawholefamilyapproachtargetingallfamilymemberswasutilized. A
numberofinnovativewaysofextensionhavebeenadoptedincludingtheuseofvideopractices,demonstration
plots,problembasedlearning,stagedrama,radioandTVshowstoimprovetheeffectivenessoftheprogram.
Benchmarkdatawerecollectedonwhole farming systems from228 farmers duringthe firstphaseand 292
farmersduringthesecondphaseoftheproject.Subsequently,attheendofeveryyeardatahavebeencollectedto
monitortheimpactoftheseinitiativesontherateontherateofextensionmessageadoption.Inordertoanalyze
thefarmeconomics,datawascollectedfroml Oprimaryleadingfarmers,twofromeachofourprojectdistrictof
Punjabannually.

Theprojectplacedemphasisonacomprehensiveinterdisciplinaryeducationalprogramofimeetings,workshops
andtrainingsofbothfarmersandextensionworkers.Basichusbandry,nutrition,andcalfmanagementwerethe
initialsubjectsaddressedduringbothphasesoftheproject.Adoptionratesbetweenthewholefamilyapproach
andsimpleapproachafteroneyearofbothphaseswereanalyzedusingaChi-squaretest.Similarly,adoption
ratesofvariousmodulesatthestartandafteroneyearofprojectphase-IIwereanalyzedusingaChi-squaretest.
Comparisons of various average monthly incomes of small holder farmers were analyzed using a t-test.
StatisticalanalysiswascarriedoutusingSPSS(Versionl 0.0)withP <0.05regardedassignificant.

RESULTS

Adoptionrates(50%)weresignificantlyhigher(P <0.05)bymorethanthree-foldwhenawholefamilyapproach
wasimplementedcomparedtothesimpleapproach(14%)afteroneyearofbothphases(Figurel ).Comparison
ofadoptionratesofvariousmodules(animalhusbandrybasicconceptsofhutritionandcalfiutrition)atthestart
andafteroneyearofthesecondphaseisshowninFigure2.Untyinganimalsandgivingfreeaccesstowater
togetherwithtwicedailycleaningofshedswerereadilyadopted,howeverinvestingininfrastructureintheform
ofshedconstructionwasnotaseasyforfarmers(Figure2a).Offeringfodderadlibitum,feedingconcentrateand
Improvedextensionserviceshavesignificantlyincreased(P<0.05)thefarmincomeofsmallandmineralmixes
wereperceivedasbeingeasyandofdirectbenefittoproductivity:incontrastfeedingcottonseedcakewasnot
(Figure2b).Irrespectiveofthemessageforcalfrearingfeedingcolostrum,offeringconcentrateandsufficient
milkand water wereperceived asbeingreadily adoptablemessages (Figure 2¢). Overall there wasabout $
US/monthincreaseintheincomeofsmallholderdairyfarmern(Table1)

DISCUSSION

Toourknowledgethisisthefirstreportwhichclearlydescribestheeffectofimprovedextensionserviceson
adoptionrates and farm economics of small holder farmers in Pakistan. Higher adoptionrates (50%) were
achievedwhenweintroducedawholefamily(male,femaleandchildren)approachcomparetosimpleapproach
(14%) relative to the traditional male only approach to extension. An effective extension program with
participationbythewholefamilyishighlydesirabletoenhancefarmproductivity.Manyorganizationsaimingat
improvingsmallholderdairyingfailtoappreciatethisfactandignorewomenandchildrenintheirtrainingand
skills development programmes. Women normally cannot leave theirhome and families fora few days to
participateintrainingprogrammesandusuallyrequirefemaletrainersforeffectivecommunication. Thusduring
thesecondphaseoftheprojectwearrangedparallelsessionsforwomenandchildrenco-ordinatedbywomen
trainers. Thisapproach,alongwithtrainingofthemalefarmersresultedinhigheradoptionrates.
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Inordertodemonstratetherole ofchildreninrural communities this projectinitiatedabuffalocalfraising
competitionamongthechildrenoffarmers(10-16years)inPakpattandistrict. Theseresultsdemonstratedthat
underfieldconditionstheaveragedailybuffalocalfliveweightgain(43 1 gm/day)wascomparabletomany
controlledstudiesinvariousleadingresearchinstitutesofPakistan(Bhattietal.,2009;IgbalandIgbal,1992).
These findings clearly indicated that we can effectively enhance animal productivity through the active
involvementofchildreninourextensionprogram.

Inthepresentstudy,adoptionratesofvariousmodulesatthestartandafteroneyearofprojectphase-Ilare
significantly higher. Possible reasons ofhigh adoption rates other than the whole family approach are the
implementationoftheinnovativewaysofextensionlikevideopractices,demonstrationplots,problembased
learning stagedrama,radioandT Vshows.Innovativemethodsofextensionplayedasignificantroleinorderto
achievehigheradoptionrates. Whiledevisingtrainingprogrammes,oneshouldkeepinmindthat“Seeingis
believing”and ‘Farmersdonothaveears theyonlyhaveeyes.”

Thepresentstudyclearlydemonstratedthatimprovedextensionservicesresultedinsignificantlyincreasedfarm
incomeforsmallholderdairyfarmers TherewasanaverageincreaseofaboutyUS 100$inmonthlyincomeafter
oneyearofeffectiveextension.Farmerswereshowntohaveadoptedbasichusbandryandimprovednutrition
practices. Providing ad-libitum access to water and feeding resulted in the increase of approximately 1
lit/animal/day(Warriachetal.,unpublisheddata)However,thereisaneedtoinvestigatefurthertheeffectsof
variousadoptionratesontheproductivityand farmeconomicsofsmallholderfarmers. Inconclusion, these
preliminaryresultsindicatethatimprovedextensionserviceshaveasignificantimpactonhigheradoptionrates
resultinginanincreaseinfarmincomesofSmallholderfarmers.
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Theobjectiveofthestudywastoinvestigatetheparticipationofwomenindairyfarmpracticesinthesmall-
holderproductionsysteminPakistan Aquestionnairewasdesignedtocollectthedatafromfemalefarmers(n=
200) ofdistrictsBhakkarandJheluminthePunjabprovince.Ourresultsindicatethattheparticipationofwvomen
indairyfarmpracticeswassignificantlyhigher(p<0.05)inBhakkarascomparedtodistrict/helum.Thepresent
studysuggestedthat,inordertomaximizethesmall-holderdairyfarmproductivity,astrongextensionprogram
shouldbeimplementedtoenhancetheskillsandknowledgeofwomen.

KeyWords: Women,Dairyfarmpractices,Smallholder

INTRODUCTION

Livestockare considered akey asset forrural livelihoods and offer significant opportunities forimproving
household incomes. Women traditionally play a major role in conducting various livestock management
activitiesallovertheworld.Pakistaniwomenhaveasignificantroleinagricultureandlivestockrearing. Nearly
65.9 Y%ofPakistan’spopulationarelivinginruralareasthataredirectlyandindirectlylinkedwiththeagricultural
related sector for their livelihood (Farhana et al; 2008). Women comprise half of the rural population and
contribute60to80%oflabourintheanimalhusbandry(Younasetal.,2007).Womennotonlyperformnormal
household chores suchas cooking, cleaning, mending clothes and raising children (Kazmi, 1999), butalso
participateinrearingoflivestockandcarryoutvariousdairyfarmpractices.Thesepracticesincludefeedingand
watering,foddercutting,cleaninganimalsandtheirsheds,caringforsickanimals,calfrearing,milkingandthe
processingofdairyproductslikeghee,butterandyogurt.Someoftheseactivities,likefodderproduction,are
generallyconsideredtheresponsibilityofimen butinmanycasesthewomenarealsoinvolved.

Theparticipationof women indairy farm practices varies by region, age, cultureand social statusand are
changingrapidlyinsomepartsofthecountry. Theexistinginformationregardingparticipationofwomenin
dairyfarmpracticesisverylimited. Therefore,thepresentstudywasaimedtoinvestigatetheparticipationof
womenindairyfarmpracticesinthesmall-holderproductionsystemwithinthedistrictsofBhakkarandJhelum.
Additionally,possiblefactorsaffectingtheirparticipationindairyfarmpracticesinvestigated.Itisanticipated
thattheinformationgeneratedfromthisstudywillbehelpfulinidentifyingtheextensionneedsandareaswhere
womencanimprovedairyproductionbyenhancingherskillsandknowledge.

MATERIALSANDMETHODS

A dairyextensionproject(no.LPS/2010/2007 fundedbyACIAR )isworkinginPakistanaimedatstrengthening
thedairyvaluechainsinPakistanthroughimprovedfarmmanagementandmoreeffectiveextensionservices. A
questionnairewasdesignedtocollectdatafromprojectworkingareas,92femalefarmersfromBhakkarand102

from Jhelum. These two districts provide a contrast between anundeveloped arid region poorly served by
irrigationand statelivestock services (Bhakkar)andamoreadvancedregion where farmershaveaccessto

extensiveirrigationandsupportfromthestatelivestockveterinarians (Jhelum). Eightvillageswereselected
fromBhakkarandninefrom/helum.
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Statisticalanalysis
ParticipationofwomenindairyfarmpracticesundersmallholderproductionsystemincomparisontoBhakkar
andJhelumwasanalyzedusingChi-squaretest.AlltheanalysiswascarriedoutwiththeStatisticalPackagefor
SocialSciences(SPSS-13.0) A p-valueof0.05wasregardedassignificant.

RESULTS

Participationofwomenindairyfarmpracticeswassignificantlyhigher(P<0.05)inBhakkarascomparedto
district/helum.ComparisonsofvariousdairyfarmpracticesbetweenbothdistrictsareshowninTablel.Socio-
economicalstatusandculturalnormsaresignificantlyaffectingwomen’sparticipationindairyfarmpracticesin
thesmall-holderproductionsysteminBhakkarandJhelum.FromJhelum15.6%womenarenotparticipatingin
dairyfarmpracticesduetoculturalorreligiousbarriersand24%duetotheirrelativeaffluence. Whereas, in
district Bhakkaronly4.4%areprohibited fromparticipatingbecauseofacultural barrierwhile 9%arenot
participatingduetotheiraffluence.Theeducationlevelforwomenwasobservedtobealmostthesameinboth
BhakkaandJhelum(FiglandFig2).

DISCUSSION

Thepresentstudyrevealedthattheparticipationofwomenindairyfarmpracticeswassignificantlyhigherin
Bhakkarincomparisontodistrictfhelum.Womenareexclusivelytakingpartinvariousdairyfarmpracticeslike
husbandryandnutritionalmanagement.Thepresentstudyshowsclearlythatprovisionofappropriateextension
services to women in the field of animal husbandry and nutritional is likely to significantly improve the
productionofanimals. Thewomentrainedinlivestockproductionactivitieswillhelpincreasemilkandmeat
productionatthenationallevelandraisechouseholdincomes(Younusetal.,2007;Shehzad,2004).

Factorscausinglowerparticipationofwomenindairyfarmpracticesaresocio-economicalstatusandcultural
normsinJhelum.Genderrolesareshapedbyideological religious,ethnic.economicandculturalfactorsandare
akeydeterminantofthedistributionofresponsibilitiesandresourcesbetweenmenandwomen(Moser, 1989).
Oursurveydatashowedthatfrom/heluml 5.6%womenarenottakingpartindairyfarmpracticesduetocultural
barriersand24%duetotheirthigheconomicalstatus. Thelatter24%ofeconomicallyadvantagedwomendonot
workthemselvesbuttheyhirelabourers,whereasmostoftheruralandtribalwomendomostoftheonfarmwork
themselves.Landholdingalsoaffectstheireconomicalstatus.AlthoughtheaveragelandholdinginBhakkar(9
Acres)islargerthaninJhelum(6.9Acres)butthefertilityoflandispoorerThelowersoil fertilitywithless
irrigationwaterandmorehotweatheraremajorfactorslimitingproductioninBhakkarwhileholdingsinJhelum
archighlyfertileandproductive.

Thepresentstudyindicatedthattheeducationlevelwasalmostthesameinthetwodistricts.Accordingtothe
PakistanSocialandLivingStandardMeasurement(PSLM)Survey2010-11theliteracyrateforthepopulation
(10yearsandabove)is58percent.(Pakistan Economic Survey2011-12).1tisimportanttoknowthatequal
opportunities(schoolsandcolleges)areavailableinbothofthedistricts,whichwouldseemtobethecasegiven
theresultsofoursurvey. Thepresentstudysuggestedthat,inordertomaximizethedairyfarmproductivitya
strongextensionprogramshouldbeimplementedtoenhancetheskillsandknowledgeofwomen.Weproposeto
identify theremote areas where more women are taking partin livestock production. Following this, these
womencanbeengagedwithextensionprogramstoensuretheyknowofthebestpracticesforlivestockhealthand
production.
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Tablel.ComparisonofparticipationofwomeninvariousdairyfarmpracticesbetweendistrictBhakkarandJhelum

Districts

Livestockmanagementactivities Bhakkar(%) Jhelum(%)

ShedCleaning 71(78.3) 80(73.1)
Foddercuttingfromfield 19(20.7)a 17(15.7)b
Feedandwatering 58(64.1)a 22(19.4)b
Careofcalf 67(73.9)a 32(28.7)b
Milking 71(78.3)a 22(19.4)b
Milksale 64(69.6)a 61(56.5)b
Careofsickanimals 37(40.2)a 10(9.3)b
Valueadditionofmilk 71(78) 98(89.9)

a,bmeanswithadifferentsuperscriptwithinrowsaresignificantlydifferent(P<0.05)
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Thedairysectoroffersenormousscopeforeconomicgrowthandpovertyalleviation.Averyhighproportion
(97%)ofthemilkproducedgoestoconsumersthroughtraditionalvaluechains.Thesechainsareadominating
linkbetweenmillionsoffarmersandconsumers.Developmentstrategies,howeverhavenotbeenabletotapthe
pro-poorpotentialthatthesechainsoffer,targetinginsteadhighprofileprocessors.Theselargescaleprocessors
serviceonlythemostaccessibleandlargerfarmerswithoutconsideringthepredominantpopulationofsmall-
holderfarmers:ineffecttheyareonlyinterestedineconomiesofscale. Thestudyreportedinthispaperwill
describethekeyattributesoftraditionalchainsandthenhighlighttheopportunitiesandrisksassociatedwith
theirevolutionandtheirpotentialtoassisttheprofitabilityoffarmerscontributingmilktothem.Thechainsare
characterizedbythecollectionofimilkonfarmandthensellingthistoaprimarymilkvendorofdhodi. Themilkis
thenonsoldto2-3largermilkvendorsinachainwhocollectandthentransportthemilktocommercialretail
outletsinlargeurbancentres.Duringtheseprocessesoftransfermilkmaybeadulteratedanddilutedtoensure
thateachvendorisabletomakeaprofitfromtheirtransactions.Milkisalsosoldeitherbyvolumeorbyweight:
sincethedensityofmilkisgreaterthanthatofwaterthereisasmallincrementalprofitthataccumulateswith
thesetransactions. Thevolumesofvesselsusedfortheassessmentofpaymentsarealsonotstandardized. In
essencethefarmerisrarelyaccordedfullpaymentforthisproduct,whichisoftenofpoorqualityoncemarketed.
However,importantlyeachofthevendorsprovidesloanstothoseonestepfurtherupthechaintherebyenabling
eachmembertosurvive financially. The farmersreceive cashadvances fortheir productto enable themto
continuetopurchaseresourcesrequiredtofeedandcarefortheanimals. Thustheflowofproductinonedirection

to market and the flow of cash in the form of loans in the other direction are equally significant to the
sustainabilityofthesechains.

KeyWords: Milk,Small-holder,Dairyfarmers Marketingchains
INTRODUCTION

Inspiteofanageofindustrialdevelopment,agriculturestillformsamajorpartoftheback-boneofthePakistani
economy.ltscontributiontothenation’sGDPhasdecreasedfrom25.9percentin1999-2000t020.9percentin
2010-11.Themajoragriculturalpursuitsincludecropping,livestockfisheriesandforestry. Whilethecropping
sectothasshrunkoverthepastl 2yearsfromo65. Ipercentinl 990-9 1to37.5percentin2010- 1 1 thecontribution
oflivestocktotheagriculturalsectorhasincreasedfrom29.8percentto55.8percentinthesameperiod(Hassan,
2010-11).0fthe46.44milliontonnesofmilkproducedinPakistan16.13milliontonnescomefromcattleand
28.69 milliontonnesfrombuffalo.Thissubstantialmilkharvestisgeneratedfromamilkingherdof3 1. 7million
buffaloesand35.6millioncattle(Farooq,2011),whichtranslatestoadailyproductionofaround5litresofmilk
peranimalperday.InspiteofthislowproductivityPakistanremainsasoneofthetopSmilkproducingcountries
intheworld. Withaneverrisingconsumptionof94litresperpersonperyear, theindustrystrugglestomeet
domesticdemandletaloneexpandintoexportmarkets.

Mostofthismilkvolumeisgenerated frommorethan8.5millionsmall-holderfarmersowninglessthan 10
animalskeptonsmallareasofl -Shectares:94percentoffarmsinPakistanarelessthanl Ohectaresinarea(Khan
etal,2010).Althoughcroppingactivitieshavetraditionallygeneratedthepredominanceoffamilyincome,the
challengeremainstoincreaselivestock productivity tohelpthe familybudgetandalleviatepoverty inrural
regions.

Bothmilkproductionanddemandvarysignificantly overthecourseoftheyear. Fortunately theproduction
curvesofbuffaloandcowscomplementeachotherwelltoprovidearelativelyconstantsupplyofmilk. Peak
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productivity forbuffaloisachieved postcalving from Septemberto December, while spring calving cows
providepeakmilkyieldsduringthehighconsumptionsummermonthsfromMaytoAugust.Maintainingthis
patternofimilkproductionrequiresthefarmertomaintainfeedsupplyduringtheannualperiodsoffeeddeficitat
theheightofsummerandmiddleofwinter.Thisisrarelyachievedandsomilksupplydecreasesto55%ofpeak
productioninsummerjustwhendemandhasincreasedby60%.Thelinkbetweentheproducerandtheconsumer
isprovidedpredominantlybyinformalmilkmarketingchains,withonly3%oftheproductbeinghandledby
commercialmilkprocessingcompanies. Thenatureoftheinformalmarketingnetworkhasbeeninvestigated
here.

MATERIALSANDMETHODS

TwodistrictsofPunjabwerechosenfortheseobservationalstudiesbasedontheircontrastingclimaticattributes
aswellastheirrelativeeconomicdevelopment. FarmersintheOkaraareaareservicedbyirrigationandhave
readyaccesstogovernmentveterinaryservices.Characteristicallytheygenerateincomefrombothcroppingand
livestockenterprises.ThisregionisclosetolargeurbanmarketsinLahore.IncontrastBhakkarisadriermore
isolated environment, where irrigation is limited by water supply most often from bores and government
veterinaryservicesarescarce.

The author has investigated the structure and dynamics of typical marketing chains in each region by
interviewingparticipants fromtheinitialmilk collectoroperating atthe farm gate throughto the finalmilk
vendorinurban Lahore. Limited milk samples have been analyzed for milk protein, fat, added water and
mycotoxinM Itoassessmilkqualityattheshop-front.

RESULTS

Itisimportanttonotethatasignificantproportionofinilkonsmall-holderdairyfarmsisconsumeddomestically,
oftenwithlittleenteringthesemarketingchains. Howeverwiththeadventofimoreeffectiveextensionprograms
ahigherproportionofthefamilyproductionentersthesechains. Thetraditionalchainsremaininareaswhere
transportationislimitedbypoomoadinfrastructureallowingonlymotorbicyclesaccesstothefarmgate.

Thesemarketingchainsarecharacterizedbyacomplexseriesofinter-personalinteractionsthatdictatetheflow

ofproductfromthefarmtotheconsumer.Theyinvolvebothfinancialtransactionsaswellasthemanipulationof
theproducttogenerateaprofitforeachoperatorinthechain OnesuchchainisillustratedinFigurel .

Figurel Descriptionofatypicalmilkvaluechain
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Thefirststep:thedhodi

Inthiscasemilkfromover800farmerswascollectedbysmallmilkcollectors, knowncolloquiallyasdhodis,
servicinglOfarmerseachusingmotorbicycles. Thefarmerandthedhodiaredependentoneachotherwiththe
farmerprovidingtheproductandthedhodiextendspayments2weeksinadvancetoallowthefarmertopayfor
theupkeepofhisanimals. ThesepaymentsextendfromPKR2,000to10,000perfortnightdependingonmilk
volume Anecdotalevidenceshowsthatthedhodiinsomeinstancesdeliverspharmaceuticalsandotheressential
productstoisolatedfamiliesandofcourseisamajordisseminatorofinformationthroughoutthecommunity.The
productleavesthefarmintactcontainingthenormalfat(6%inbuffaloand3.5%incow andprotein(3.2-3.5%)
levels.Thequalityofmilkleavingthefarmisassessedtypicallybytasteandsmellonlywithnoassessmentfor
cellcountormicrobialsafety. Thepricepaidforthemilkwillvaryaccordingtosupplyanddemandaswellas
localfactorssuchastheinterventionofmilkbuyersfromthelargercompanies. Thepricedifferentialbetweenthe
dhodiandthecorporatebuyerismostoftenaroundPKR2.Howeverthepriceofferedbythedhodiisdictatedby
themediummilkcollector.Milkiscollectedincontainerswith44.7kgwhichwhenadjustedformilkdensity
becomes49litres.Ifthemilkfatisashighas6%thevolumeendsupas53litres. Theadjustmentfrom44.7to53
litresprovidesalucrativemarginforthesmallcollectorofPKR265workingonthebasisofPKR32perlitrefor
milk.

Thesecondstep:themediummilkcollector

Themilkfromaround!Osmallcollectorsisaggregatedbymediummilkcollectors,whoassessmilkqualityby
measuringfatcontentonly.Commerciallyfatisthemostimportantcomponentdownthemarketingchain.The
mediumcollectorispaidafixedcommissiononmilkvolume,whichisfixedandnotdependentontheprevailing
milkprice.ThesecollectorsinturnprovideloansofuptoPKRO. I milliontoallowdhodistoserviceorreplace
theirmodeoftransport.theirmotorbicycles. Theycollectaround600litresanddonothavetotransportthemilk
anywhere.

Thethirdstep:thelargemilkcollector

Atthispointthevolumesofmilkaregettinglargerwithmorethan5,000litresbeingcollectedfrom 1 0small
collectors.Thelargercollectorrequiresaformoftransportationforthemilkwhichisusuallyatruckwhilemilkis
beingcollectedincontainersofaroundl 60litres. Themerchantnowneedstoemployatleast6staffivithatruck
whichmightwellbeontheroadcollectinganddistributingforl 8hoursdailyfor365daysoftheyear.Iceisnow
beingaddedtocontainersataboutl 0%byweightofvolume.

Thefourthstep:theretailer

Thetypicalretailoutletssellaround400litresperday.Againthehoursofoperationarelongwithretailoutlets
beingopenforl 7hoursperday:iceisoftenusedaspoweroutagesarecommonoverthesummermonthsduring
thepeakmilkconsumptionperiod.Someofthemilkmaybeconvertedintofermentedproductslikeyoghurtand
lassi,bothofwhicharegaininginpopularityandaddtotheprofitabilityoftheshop.Preliminaryanalysesofinilk
samplespurchasedfromretailoutletsinLahorehavesuggestedthatmilkproteincontentcanbeaslowas1.5%
withmilk fatataround3.1%andwateraddedtodilutetheoriginal productby 1:2 (N.Aslam,unpublished
results).InthelimitedanalysesconductedtodateaflatoxinM lisexpressedatlevelsS-10timesacceptableworld
standards(N Aslam,unpublishedresults).

DISCUSSION

Clearlythestructureoftraditionalmilkmarketingchainshasbeenhonedfromcenturiesofevolutioninwhichthe
mostratelimitingresourceshavebeentransportandrefrigeration:inessenceeachmemberofthechainisquick
topassontheproducttothenextlinkasquicklyaspossiblewhileatthesametimegeneratingasmallprofit
marginforeachlitreofmilktransacted.

Inreturnthechainprovidesaflowoffinanceintheoppositedirectiontofinancetheactivitiesofthoseonestep
closertothe source of milk, the cow or buffalo. The very complexity of the structure provides significant

e




employmentopportunitiesforrelativelyunder-educatedmerchants Withimprovementsintransportationandan
increasingdemandbytheconsumerforahighqualityproductthatmeetsacceptablefoodsafetystandards,the
wholestructureofthesetraditionalmeansofmilkmarketingmaybethreatened. Theconsequencesforvillage
communitiesremaintobeseen.
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Abstract

The objective of the study was to evaluate the improved calfrearing practices under smallholder farming
systems inPakistan. In the2011,a surveywascarriedoutacross523 smallholderdairy farms from five
districts (Okara,Pakpattan,Jhelum,Kasur,andBhakkar)ofthePunjabthroughpersonalinterview.Dataon
aspectssuchas calvingseason,calthusbandry,colostrumfeedingandnutritionwerecollectedandanalyzed.In
thesecondsurveyin 2013, improvedextensionserviceswereprovidedtothefarmersforatwoyearperiod.A
followupsurveyof427of thesamefarmerswasconductedinordertocapturetheimpactoftheinterventionson
adoption rates of calf rearing practices. The results from the first survey show that calving rates were
significantlyhigher(P<0.001)inbuffalo during July to September and in March in cattle compared to
other months of the year. The majority of the smallholderfarmers(60%)didnotoffercolostrumtotheir
calvesimmediatelyafterbirthandinsteadwaitedforthe expulsionoftheplacenta.Mostofthefarmers(55%)
weanedtheircalvesoffimilkatomonthswhile39%lefitheir calvestosuckleuptooneyearofage Inthesecond
follow-up survey, 94% oftrained farmers adopted some formof improvedcolostrum feedingwhichwas
significantlyhigher(P <0.001 thanobservedinthecontrolgroup(20%). Theadoptionrateofcorrectcolostrum
feedingbeforeplacentaexpulsionwassignificantlyhigher(P<0.001)inthe trained farmers (89%) compared
to the untrained control group (21%).0f these, only 58% offered colostrum ad libitum, although this
was still significantly higher than observed in the control group 9%.The outcomes of this studyclearly
indicatethatbyprovidingappropriateextensionservicestosmallholderdairyfarmersinPakistancalf rearing
practicesthroughoutthecountrycanbegreatlyimproved.

Keywords: calfrearingextensionservicessmallholderfarmers
Introduction

Pakistanhasanagrarianrural-basedeconomylikemanydevelopingcountrieswithlivestockamajorcontributor
to the national (11.9%) and agricultural (55.4%) economy (Pakistan Economic Survey 2012). Dairy is a
major componentofthelivestocksectorinbothnumbersofcattleandbuffalo(38and33millionrespectively)
andincome generation (Habib et al 2007). Milk is produced under different production systems namely,
rural subsistence smallholding, ruralmarket oriented smallholding, rural commercial farms and peri-
urban dairying. It is estimated that around 70% of the dairy households inPakistan still operate under
conditions of subsistence bymaintainingherds of three or four animals.Underthese smallholder farming
systems, on an average there are 5-8 cows and buffalosperherdincluding 3-4lactatingand2-4
heifers/calves. Animals are fed under a fodder cut and carry system with mixed grazing in some areas.
Smallholdersalsogrow seasonal foddersfortheiranimalsandmixitwithcrop residues,withwheatstraw
beingverypopularthroughoutthecountry.

Calvesplayasignificantroleinthedevelopmentofanydairysector,astherearingothealthycalvesthroughthe
provision of appropriate nutrition and health management practices will result in a more productive herd
(Mehmood1991).GenerallycalvesinPakistanareneglectedbecauseoftheithighfeedingcostsandlowreturns
fromsaleat weaningage(Bhattietal2009).Calfautritionandfeedingmanagementisthemostignoredareain
bothhusbandryandresearch(Wynnetal2009). Highermortalitylossesinbuffalocalves(52%)arereported
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fromtheregionduetopoorcolostrumandfeedingmanagementofcalves(Ramakrishna2007).Mostlycalves
aredeprivedofcolostrumdueto human consumption or the custom of giving colostrum to friends to
make sweets (Wynn et al 2009). Calfmanagement starts from the late trimesterofpregnancybecause a
cow.snutritionandhealthstatus influence calthealthat birth. After birth, the calves are more susceptible
to diseases compared to the adults because of lowimmunity.

For this reason there is aneed for thepropermanagementof all aspectsof calf rearing, including
husbandry,nutritionandhealth,tosustainahealthyandproductivedairyherd.Feedingcolostrumimmediately
aftercalvingisthe only source of immunoglobulin for passive immunity particularly in ruminants, for
which no exchange of immunefactorsoccursinutero(Larsonetall 980). HoweverinPakistan,manyfarmers
donotfeedcolostrumina timelymanner(Ahmadetal2009).Farmersusuallywaitfortheexpulsionofthe
placentaduetotheiradherenceto traditionalpractices,andthat leadstoaloweredimmunity levelandhigh
mortalitybeforeweaning.Therefore,the objectivesofthepresentstudywere(1)todeterminetheongoingcalf
rearingpracticesand(2 kcapturetheimpactofimprovedextensionservicesoncalffeeding.

Materials&methods
Dairyproject

The Australian Centre for International Agricultural Research (ACIAR) funded a research project
(LPS/2010/2007) with the aim of strengthening the dairy value chains in Pakistan through improved
farm managementandmoreeffectiveextensionservices Thetargetgroupsoftheprojectweresmallholderdairy
farmers having a herd of 4-8 (buffalo/cattle)mixed animals.The present studywas conducted in five
districts of Punjab (Okara,Pakpattan, Kasur,JhelumandBhakkar). Abaseline survey wasconductedto
monitortheongoingfarming practicesandidentifyproblems,followedby2yearsofextensionactivitiesanda
follow-upsurveywascarriedoutto captureitsimpact.Theclimateofthestudydistrictsinsummerrangesfrom
(24-330C)winter(11-230C)andaveragerainfallwas(15-115mm) ClimateofPakistan,2011).

Surveyl

In 2011, a baseline survey was conducted from (n=523) registered (working with project) smallholder
dairy farmers through personal interview. Itwas generalized survey containing several questions
regardingwhole farmpractices.Itincludesongoingcalfrearingpracticessuchascalvingseasonofbuffaloand
cattle,colostrumfeeding,calfhusbandryandnutrition. Thebaselinesurvey datawasanalyzedtoassessthe
existingmanagementpractices,toevaluate the extension needs of dairy farmers, and to determine what
farmers perceive as important factors forrearingcalves.

Extensionservices
Afterthebaselinesurveywasconducted,wedevelopedawiderangeofextensionmaterialcomprisedofsimple,
adoptable and significant impact oriented messages. Comprehensive extension material on calfhusbandry,
nutritionandhealthweredisseminatedtothefarmers. Wehaveadopteda. wholefamilyapproach.ofextensionin
whichwetrained all the familymembers (male, female and their children). Training was provided to the
sameregisteredfarmers onamonthly basis throughout the duration ofproject.Everymonth one fact
sheetwas delivered by ourtrainedextensionworkers. Anumberof innovativeextension techniqueshave
beenadopted, including theuseofvideopractices,problem-based learning, and roleplays, calf rearing
competitions anddirectfarmer counseling inordertodisseminatetheseextensionmessages.

Survey2

In the first step, we filtered one extension message out of many other key messages regarding calf
rearing through a preliminary survey (n=462) from all the stakeholders (farmers, extension workers and
academia)involvedinvariousprojectactivities,inordertosegregate one simple,adoptableandsignificant
impactorientedmessage.Wefollowedthisprocessbecauseitwasverydifficulttocapturetheadoptionratesof
allextensionmessages. Adlibitum colostrum feeding before expulsion of placentawas chosenasthe most
importantmessage.
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In 2013,we carried out a follow up survey from the same group of registered farmers (n=427) and a
controlgroupoffarmers(n=105)fromthesamevillagesinordertocomparetheimpactofimprovedextension
services on adoption rate of calfrearing practices. This control group had never attended project training
sessions.

Statisticalanalysis

Logisticregressionwasusedtoassessthesimultaneouseffectofbothsurveysonadlibitumcolostrumprovision.
AnalyseswereconductedusingGenStatReleasel 6 Inthesecondstudy,96farmerscouldnotbeintervieweddue
totheir unavailability. The data of thesemissing farmerswere excluded from all the analysis. Impact of
improved extension services on adoption of colostrum feeding practices were compared using 2-test for
proportionstest(SPSSversionl 0.0).

Results

Surveyl

Calving rateswere significantly higher (P<0.001) in buffalo during July toSeptember and duringMarch
incattlecomparedtoothermonthsoftheyear. Variouscalfhusbandrypracticesunderthesmallholderdairy
productionsystem are presented inTable 1.Themajority of the smallholder farmers (60%) did not offer
colostrum to theircalvesimmediatelyafterbirthandinsteadwaitedfortheexpulsionoftheplacentawhichcan
occur24hourspost-partum.Most of the famers (55%)weanedtheir calves offmilkat 6monthswhile39%
retained calves on theirmotheruptooneyearofage. Some farmers started offering green fodderand
concentratetotheircalvesfromonemonthofagewithmanystartingthisprocedureamonthsofage(Figurel ).

Tablel. CalthusbandrypracticesusedundersmallholderdairyproductionsystemsinPunjabProvince

Survey2

The proportion of trained farmers who used improved colostrum feeding practices was 94% which was
significantly (P < 0.001) higher than the use of these practices (20%) in the control untrained group
(20%) of farmers. Ofthese trained farmers 89% fed colostrum before placenta expulsion which was
significantlyhigher(P<0.001)thanthe21%useofthispracticeinthecontrolfarmers.Ofthetrainedfarmers
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Table2. Impactofprovisionofextensionservicesonadoptionofimprovedcolostrumfeedingpractices
Discussion

Toourknowledge this is the first reportwhichclearlydescribes the impactof improvedextension services
on adoptionratesofcalfrearingpracticesundersmallholderfarmingsystemsinPakistan.A higheradoptionrate
(89%)of colostrum feeding before placenta expulsionwas achievedwhenwe introduced awhole family
approach.Aneffectiveextensionprogramwithparticipationbythewholefamilyishighlydesirabletoenhance
farmproductivity.

Many organizations aiming at improving smallholder dairying fail to appreciate this fact and ignore
women andchildrenintheirtrainingandskillsdevelopmentprograms. Womennormallycannotleavetheir
homeandfamiliesfora fewdays toparticipate in trainingprogramsandusually require female trainers for
effectivecommunicationandforculturalreasons Thisapproach,alongwithtrainingofthemalefarmersresulted
inhigheradoptionrates. Thepresentstudydemonstratedthatthehighesthumberofcalvingsoccurredinbuffalo
duringJulytoSeptemberandduringMarchincattle. Thisfindingisconsistentwithearlierreport(Hassanetal
2010).Thefactorsresponsibleformost of the calving occurs during these specificmonthsmay be due to
greater fodder availabilityseasonaladaptability,genotypeandmanagement Factorsaffectingcalvingpatterns
ofvariousbreedsneedtobeinvestigated.

Thepresentstudycapturedthevariousongoingcalfrearingpracticesunderthesmallholderfarmingsystemsin
the Punjab. It shows that most of the smallholder farmers (60%) do not offer the colostrum to their
calvesimmediatelyafterbirthandwaitfortheexpulsionoftheplacenta. Thisfindingisinagreementwitha
previousstudywhereuptoonly20%ofcalvesreceivedcolostrumwithin2-3hoursofbirth(Ahmadetal2009).
Localmythologydictatesthatiffarmersfeedcolostrumimmediatelyafterbirth,itmayleadtodiarrheainthe
newbornandretentionofplacentainthedam.However,inruminants,transplacentaltransmissionofantibodies
doesnotoccurandthenewlyborncalves are passively immunized by colostrum feeding alone.

The neonatal digestive system can absorbantibodies for up to 24 hours (Bush andStaley 1980).As the
intestinal cellsmature, they lose the capabilityforabsorption,soearlycolostrumfeedingiscriticaland
preferablywithin12hoursofcalving. Thepresentstudyalsodemonstratedthatthemajorityoffarmerstiedup
theircalvescontinuouslyforthewholedaywithintheconfinesofthelargetherd.

Mostlikelythisleadstochronicstress. Thehousingmanagementofthelivestock seriously affectstheir health
and productive performance, especially in calveswhicharemoreprone todiseasesastheinmmunitylevelis
low(Tiwarietal2007) Themajorityoffarmersdonotdisinfectthenavelcordafterbirthand this is a common
causeof navel cord infection in calves. Inparticular, thenavel cord is a sourcethroughwhichpathogenic
agentscanenterthebodyandcauseseriousinfectionsinmewborncalves.

Allthesepoor calf-rearingmanagement practices contribute to high calfmortality,which can reach 60%
on some smallholderbuffalo farms (Ahmad etal2009).Calfmortalityhas a relationwithotherkey
management practices such as the provision of a clean environment and proper high quality feeding
management:ifthefarmermanagesallaspectsofthealthrelatedtocalfrearingsatisfactorily,thencalfmortality
canbereducedsignificantly.

Thisstudyclearlydemonstratesthatbyprovidingappropriateextensionservicestosmallholderdairyfarmersin
Pakistancalfrearingpracticescanbegreatlyimproved.
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Calvesplayasignificantroleinthedevelopmentofeverydairysector. Rearinghealthycalvesthroughprovision
of appropriate nutrition and health management practices ensures a productive herd. Generally, calves in
Pakistanare neglectedbecauseoftheirhighfeedingcostsandlowreturnsfromsaleatweaningage(Wynnetal
2009).Profitable calf rearing strategies are needed to encourage the farmers to raise calves for dairy,
meat or breeding purposes.

Feedingbuffalomilktocalvesismorecostlythanfeedingcowmilkbecauseitishasahighermilkfatcontent
whichispreferredbyconsumersinPakistanandhence,itreceivesabetterprice. Theobjectiveofthisstudywas
tocomparecconomicsoffeedingbuffaloandcowmilktoKundhibuffalocalvesinPakistan.Sixteencalvesafter
parturitionwererandomlydividedintotwogroupsandhousedinindividualpens.

All the calves were offered colostrums ad libitum.
Calvesineachgroupwereofferedeithercowmilkor
buffalomilkatarateofl 5%oftheirbodyweight.This
was adjusted weekly with the maximum amount
offeredsettofivelitresperday.Adlibcalfstarterration
wasofferedfromthethirddaytobothgroups.Themilk
was gradually withdrawn from day 42 until weaned
completely at day 56. Milk samples were collected
weeklyinthemorningandeveningandanalyzed for
fat and protein content. Weight gainwasmeasured
weekly alongwith bodymeasurements to track
growthperformanceandhealthstatus.

Results show that calves offered buffalo milk forthe8weekdurationofthestudyhavesignificantly(P<
0.05) better growth performance than calves fed cowmilkinthepre-weaningperiod(Figurel ). Therefore,
tomaximize growth performance buffalomilkwould bepreferred.However, this study also shows that
buffalocalves can be successfully reared on cow milk. Atweaning the average liveweight of the calves
fedbuffalomilkwas65.044. Ikgandthosefedcowmilkwas58.7+5.3kg Thecorrespondingdifferenceinfeed
costswas 1850 Pakistani rupee less for the cowmilkfedgroupwhichwouldnotsignificantlyaltertheprofit
oftheenterprise.

Thereforeitisrecommendedthatfeedingcowmilkis a viable option for small-holder dairy farms who are
trying to lower costs whilst maintaining a profitablegrowthrateforbuffalocalves.

Wynn,P.C., Warriach,H.M. Morgan A. McGill,D.M. Hanif,S. SarwarM, Iqbal, A.,Sheehy,P.A.andBush,
R.D. (2009)
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Calvesplayasignificantroleinthedevelopmentofeverydairysector. Rearinghealthycalvesthroughprovision
of appropriate nutrition and health management practices ensures a productive herd. Generally, calves in
Pakistanare neglectedbecauseoftheirhighfeedingcostsandlowreturnsfromsaleatweaningage(Wynnetal
2009).Profitable calf rearing strategies are needed to encourage the farmers to raise calves for dairy,
meat or breeding purposes.

Colostrum contains a largeamount of serum immunoglobulins and it is the primary source of immunity
whichcanbeabsorbedbythecalfinthefirst24hoursoflife. Newborncalvesarebornwithoutameasurable
concentration of serum immunoglobulin (IgG)which is critical for proper immune function (Barrington
et al2001).Itisgenerallyacceptedthatcalfmortalityiscausedbyimpropercolostrum feedingmanagementin
thisfirst 24 hours post-partum. Colostrum quality, assessed by measuring density, depends upon many
factorsincludingthe time from the previous lactation (dryperiod)and feeding level andparityofthedam.
There islimiteddataavailableonthequalityofcolostrumfrombuffalo(e.g ArumughanandNararayanl 981)).

Theobjectiveofthisstudy wastoevaluatethe factorsaffecting the quality of colostruminbuffaloand the
relationshipbetweenthisparameterandliveweightgainto8weeksofage. Atotalofl 6pregnantbuffalointhe
lasttrimesterwereselectedfromanumberofdifferentcommercialdairyfarmsintheHyderabadareaofSindh,
Pakistan.Allbuffaloeswerekeptunderasimilarfeedingandhousingsystem.Informationonthelengthofthe
dryperiodandparityof thebuffalowascollected from the recordsmaintainedat the farm.Colostrumquality
wasanalyzedusingacolostrometerwhichpredictsthelgGeontentbasedonviscosity.Serumproteinlevelswere
alsomeasured on the third day of agewith a refractometer.The relationship between colostrum density,
thedurationofthedryperiodandparityofthedamwasanalyzedusinglinearregression.

Theresults fromthis study show thatthe colostrumimmunoglobulin contentassessed withacolostrometer
ranged from60g/L tol120g/Lwith an averageof92.5+17.1g/L.The correspondingdryperiods from these
buffalo ranged from one to fourmonthswith an average of 3.0+ 0.72months.The correlation between
dryperiodandcolostrumqualitywashighwithavalueof0.74 . Theregressionanalysisshowedthatthelengthof
thedryperiodhadasignificant (P<0.05)effecton thecolostrumquality (R2valueof0.55and residual
standarderrorofl 1.95)andthateachadditionalmonthabuffalowasdryyieldedanincreaseincolostrumquality
of17.6g/L.Theresultsalsoshowadryperiodofatleastthreemonthsisrequiredtoensureagoodcolostrum
qualityofover90g/L Incontrast,theparityofthel 6buffalomeasuredinthisstudy(average4.38+1.20)didnot
haveasignificanteffectoncolostrumquality(P>0.05). Howevertherelationshipbetweencolostrumqualityand
liveweightgainover8weekswasnotsignificant. Thereforeitwasnotsurprisingthatthedurationofthedry
periodandliveweightgainover8weekswerenotsignificantlycorrelated

Thereforetheconclusionfromthestudyisthatfarmersshouldensurethedryperiodoftheirpregnantbuffalois
longenoughtomaximizecolostrumqualityintheensuinglactationtoimprovecalfSurvivability.

Arumughan,C.andNararayan K. M(1981)Lipids1 6,155.
Barrington,G.M McFadden,T.B. HuylerM.T.andBesser,T.E(2001)LivestockProdSci70.95.
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There arenumerous factors that contribute tomilkprice in thePakistanidairyproduction system.Buffalo
(Bubalusbubalis)milkismostoftenpreferredbecauseofitshigh(>6%)fatcontent.Factorsthatinfluencemilk
pricereceivedonfarmareseldomanalysed,whichmakesitdifficultforfarmerstomakemanagementdecisions
thatwillimprovetheirprofitability. Theaimofthisstudywastodeterminefactorsaffectingbuffalomilkpricein
small-holder dairy production systems in Punjab province Pakistan. Dairy farmers (n=523) fromseven
districtsofPunjab& Sindhweresurveyedondifferent factorsaffectingbuffalomilkprice.Questionswere
askedrelatedtolocational,seasonal,marketingandeducational factorsthatimpact their dairy enterprise.
Data were log transformed to normalise variance and factors were analysed independentlyinaunivariable
analysis.

Tablel: Factorsthatinfluencetheprice(PKR/Litre)receivedonfarmforbuffalomilk.

Predictor Group Mean SE Pvalue

Location/district Bhakkar 34.96 0.50 <0.001
Jehlum 39.13 0.55
Kasur 36.49 0.51
Okara 33.52 0.35
Pakpatan 30.55 0.47

Education none 33.34 0.60 0.029
primary+middleschool 34.51 0.34
matriculation 35.64 0.43
intermediate 35.58 0.95
university 34.68 0.92

Season winter 33.75 0.31 <0.001
summer 35.77 0.33

Milkbuyer bigmilkcompany 35.95 1.00 <0.001
Smallbuyer/dodhi 33.31 0.24
neighbour/villager 39.81 0.55
other 32.88 1.59

Milkcontract suppliedundercontract 34.67 0.44 0.400NS
suppliedtofreemarket 34.92 0.31
other 31.19 2.68

Primaryfarmactivity cropping 3491 0.33 0.703NS
dairying 34.45 0.36
dairying-+cropping 35.11 0.89
otheractivities 35.43 1.22

Location, educational achievement, season and type of milk buyer all influence milk pricesignificantly.
Factors that did not influencemilkprice received included the relative importance of cropping compared
tolivestocktotheenterpriseandwhethermilkwasproducedundercontract. Theresultshaveshownthatthereis
scopeforimprovementrelatingtotheprocessofeducation:thusthefurtherrefinementofoutextensiontraining
programs iswarranted. Thehigherprice formilk in summer reflectsboth increaseddemand and a scarcity
of supply. The mechanism of marketing milk through traditional marketing chains also deserves further
attention.
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Fungal contaminationleadstoproductionofmycotoxinsthatprovideamajorlimitationtodairyproduction
worldwideandakeyhealthhazardforconsumers. Thisexperimentwasconductedto;a)observetheextentof
carryoverrateofaflatoxinB linfeedtotheaflatoxinM ImetaboliteinmilkinNili-Ravibuffaloesandb)evaluate
theefficacyofacommercialmycotoxinbinder(Mycofix®,BiominSingapore)incorporatedintofeedtoreduce
this transfer.Multiparousbuffaloes(n=28)wererandomlydistributedtofourgroupscorresponding to2levels
(highandlow )ofaflatoxinB leachwith2treatments(withandwithoutmycotoxinbinder)inafactorialdesign.
Animalswereofferedmycotoxin contaminated concentrate ration and corn providing a total of 1475
ng/day(groupsA andB) or 2950 pg/day (groups C and D) of aflatoxinB 1. Groups B and D were given

50 g ofmycotoxin binder daily mixed with feed while groups A and C were kept as controls. Feed
sampleswereanalyzed by HPLC (Romer Labs, Singapore) for aflatoxinB1 and milk samples were
evaluated by ELISA(AgraQuant® AflatoxinM1 Fast ELISA kits) for the liver metabolite aflatoxinM1.
The total daily meanaflatoxinM Iconcentration in milk for animals fed 2950 pg/day of aflatoxinB1 was
significantly (P<0.001)higher (112.6 pg) than those fed 1475 pg/day (62.2 pg: SED=5.99). The mean
daily concentration ofaflatoxinM linmilkofanimalsfrombothtreatmentgroupsfedwith50gofmycotoxin
binderwassignificantlylower (76.5 pg) than those without binder at 98.3 ug (SED=5.99: p<0.001). The
interaction of binder andtreatmentwasnotstatisticallysignificanti.e.the50gofbinderwasabletosequester
aflatoxinB 1 withthesameefficiency in groups fed with high and low concentrations of aflatoxinB1.
Effect of aflatoxinB1 intake andmycotoxinbinderonmilkproductionandcarryoverrateintothemilkisgiven
below(Tablel).

Tablel: TheeffectofaflatoxinBlintakeanduseofamycotoxinbinderonmilkproduction,concentrationofaflatoxinM I inmilk,total
aflatoxinM lexcretedandcalculatedcarryoverrateofaflatoxinM lintothemilkofNili-Ravibuffaloes

Low atlatoxin intake High allatoxin intake Significance level (SED)
Variables Without With Without With Effect of Effect of I-.!'l'cn:l..nj .

binder binder binder binder aflatootin binder Aflatoxin x

A B C 4] ) binder interachion
Total allatoxinB1 T
24 s
intake (pg/day) 14735 1475 2950 2950 NiA WA M/A
Milk production . P=0.831 P=0357
i g 02 ), A
(ke/day) 0.3 29 84 10. 0.71) 0.71) P=0.181 (1.0}
Concentration of o
o v
aflatoxinM 8.1 5.6 146 103 lt n'ﬁ:' '“:_"4:“] b pe0.0s1 063)
ng'kg)
Total aflatoxinM1 P - P00 P
3 3
excreted (ug/day) T4.6 498 122.0 103, (5.99 (5.99) P-0.613 (848)
Carrvover rale of
aflatoxinM 1 into 5.06 i 4.14 350 NiA N/A N/A
milk (*o)
Camyover rate of M1 into milk calculated as total allatoxinB 1 excreted / total allatoxinB 1 intake x 100

TheadditionofMycofix®tothedietofbuffalohasaclearinhibitoryeffectonmycotoxintransfertomilk,which
issimilartotheefficacyofthisbindingagentoncontrollingmycotoxintransfertocows.milk(Pietrietal2004)

PietriA. Bertuzzil. PivaG. BinderE.M. SchatzmayrD andRodriguesl (2009) InterJ ofDairySci4 34.
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Abstract.

Ruminant livestock are essential to the livelihoods of smallholder farmers in many developing countries.
Livestockproductiononthesefarmsischaracterisedbylowmilkproduction,lowliveweightgainandpoor
reproductiveperformancebecauseofpoornutrition.Accesstohighqualityforagehasbeenidentifiedaskeyto
improving livestock health and productivity. Conservation of surplus forage as hay orsilage provides the
opportunitytoensurelivestockhaveaccesstohigh quality forage year-round. This paperreportson forage
conservationinselectcountriesinAsiaandA frica.

Keywords: Forageconservation silage haysmallholderlivestock.
Introduction

Livestockareanimportantlivelihoodstrategyinmostdevelopingcountries(Otteetal 2005;0tienoetal 2006;
Rao et al. 2009) by providing meat, milk, manure, hides, draught power and collateral (financial asset,
insurance). Smallholdercattlefarmingisthemajorsourceoflivelihoodforover54%ofpoorpeopleinsub-
SaharanAfrica(IFPRI2007)andover70%ofthepopulationinPakistanisdirectlyinvolvedwithlivestockasa
primary source of food and/or income (Devendra and Thomas 2002; Thomas et al. 2002). Furthermore
smallholderlivestockfarmsarethemajormeatandmilkproducersindevelopingcountriesofAsiaandAfrica.
Despitetheirimportance, livestockareusuallyundernourishedduetolack offeedsofsufficientquality and
quantity;theconsequencesofwhicharelowproduction,increaseddiseasesusceptibilityhighermortal-ityrates
andreducedfertility(Xueetal.2005).Thisistypicaloflivestockproductionsystemsonsmallholderfarmsin
developingcountrieswheretraditionallyfarmershavebeenlivestockkeepers/users.

Lackothighqualityforage,whichisinfluencedbyseasonalsupplyandcompetitionwithneighbouringfarmers
fortheavailableforageresourceisthemajorchallengefaced. Themajorityoflivestockarepartofintegrated
crop/livestocksystemsandlowqualitycropresiduesrepresentasignificantproportionofthetotalannualdiet,
particularlywherelivestockaretetheredforallormostoftheyear.Inregionsdependentongrazing,accessto
highqualityfeedisseasonalanddependentonrainfallandtemperature.Opportunitiesforimprovementinvolve
forage production and conservation as well as efficient use of local feed resources. This paper outlines
experiences with forage conservation and using conserved forage to improve livestock production on
smallholderfarmsfromsomecountriesofAsiaandA fricawithadiverserangeofenvironmentsandsituations.
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China

TheQinghai-TibetanPlateauisoneofthethreemostimportantlivestockproductionareasinChina Ithasaharsh
environmentandinsufficientfeedsupplyduringthelongcoldseason(NovembertoJune).Withanareaof1 29.3
millionha,itaccountsfor32.5%o0fChina’stotalgrasslandareaandsupportsabout41.5millionsheepand13
millionyaks. Year-roundsurvivaloftheTibetanlivestockislargelydependentonthenativealpinepastures,
whicharecharacterizedbyhighaltitude(>3,500m),verylowannualaveragetemperature(-5to-1°C),ashort
growingseason(fromJunetoSeptember),lowproductivity,withoutanabsolutefrost-freeperiod,andextensive
seasonalvariationinfeedsupply. Animalsinthetraditional grazingsystemoftensufferfrompoornutrition,
health-relatedproblems,lowproductionandlowfertility,andlossesofupto30%havebeenreportedduring
someextendedcoldseasons(Xueetal.2005). Moreover,severedegenerationofthenativealpinepasturchas
extendedthegapbetweenforagesupplyandanimalfeeddemandinrecentdecades.

Conservationofforageandfeedsupplementationareimportantstrategiestosustainanimalfarmingsystemsin
thecoldseason.Hayofcultivatedforage,generallyoaten(Avenasativa),andstrawresiduesfromcrops,suchas
oatandbarley(Hordeumvulgare)havebeenusedaswintersupplementsbylocalfarmerssincetheChinaReform
0f1978(Wu1996).Intheagro-pastoralareasoftheplateau,haymakingisauniversalandtraditionalwayfor
fodderconservation.Inpurelypastoralareasoftheplateau,herdersnormallybuyoatenhayorhighlandbarley
straw fromtheagro-pastoralzone. However,onlylimitedamountsofoatenhayareprovidedtolactatingand
weakanimalsthroughoutwinterortothewholeherdduringaseveresnowdisaster( CaiandWienerl 995)when
lossesduetostarvationfrequentlyexceed20%ofahousehold’sherdsorflocks(ZhangandZhang2002);and
mostanimalsarenotgivenanysupplementsduringthecoldseason(Longetal.1999).Localherdersalsoharvest
grassesfromfencedwinterpasturesandconservethisashay.Researchhasshownthatsupplyingoatenhayor
barleystrawtoyakherdsduringwintertimecouldimprovecalvingrateby19to25%,andconsiderablyreduce
bodyweightlosscomparedtounsupplementedyaks(Longetal. 1999).Silagewithhighnutritivevalueand
palatabilityhasbeenmadebylocalfarmersfromeithernativegrassesorcrops. However, temperatureduring
harvestinmostregionsisonly 10to 15°Candcommercialinoculantsdonotproducewell fermentedsilage
(ZhangandDe2007) Localfarmershavebeenaskedtosprayseveralindigenousinoculantse.g dilutedyakmilk
yoghurt, ontothe wilted and chopped forage atensiling in ordertomake high quality silage in thisunique
environment.ResearchhasshownthatfeedingoatensilagetopregnantTibetansheepgrazingpasturesincreased
ewebodyweightandlambbirthweight(Huaetal 2012) Anotherstudyshowedthatsupplementationofanative
grass(Elymusnutans)silagetofinishing Tibetansheepisaneconomicalandefficientwaytoimprovedaily
weightgainontheTibetanPlateau(Fengetal.2009).Forageconservationorfeedsupplementsinthegrowing
seasonorinthewinter/springisapromisingtechnologyformanyareas,andespeciallyforthosearcaswhere
snowstormsfrequentlyoccur.

IndonesiaSmallholderfarming, withaverageareasof0.5ha,isthepredominantsysteminIndonesia. Small
holderfarmsuseamixedcroppingstrategy,involvingfirstsowingsubsistencefoodcrops(mainlypaddyrice)in
therainyseason, followedby cashcrops(e.g. peanut,bean, maize)intheearly dryseason. Aspartoftheir
farmingsystem,farmersalsoraiseasmallnumber(2-5)ofcattle.Indonesia’straditionalbeefproductionsector
makesanimportantcontributiontothe countryasthesecondlargestcontributortomeatsupply (19%)after
broilerchickensaswellasprovidingemploymentandincomeforover4.5 7millionruralfamilies.

Smallholderfarmersrelyonnaturalgrassasthemajorcomponentofcattlefeedusingthe‘ cutandcarry’ feeding
system,whichistime-consumingforfarmers.Highqualityforagehasbecomelessavailablebecausepreviously
uncultivatedlandisnowbeingusedforcrops.Whenforageisscarceandoflowqualitye.g duringthedryseason,
cattleareundemutritionalstressandlowqualitystrawandlocallypurchased,available cheapagriculturalwaste
andby-productsareoftenfed. Onlyasmallnumberoffarmerspracticeforageconservation.Variousapproaches
tofodderconservationhavebeentrialledandanumberofforageconservationtechnologiesincludingsilage,
urea-ammonia treatment of straw and hay production have been delivered to the small holder farmers in
Indonesia.Bothsilageandurea-ammoniatreatmentofstrawposeproblemsforfarmersandarenotwidelyused.
Asurveyof96smallholderfarmersinthedistrictofBulukumba,SouthSulawesishowedthatwhilethemajority
offarmers(56.25%)understandtheprincipalsofforageconservation,asizeableproportion(43.75%)donot
knowhowtoconserveforageeffectively.
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Hayisthemostpromisingtechnologythatsmallholderfarmershaveforcattleorbuffalofeed,mainlyinJavaand
someouterislands.Farmerscommonlycollectdrystraw,mainlyricestraw,andstoreitinastalineartheithouse.
Priyantietal (2012)reportedthatabout74%and80%offarmersinlowlandanduplandEastJava,respectively
collectedricestraw fromtheirownandotherfields, while24%offarmers purchased fromother farmersor
agents. Farmers also collect peanut, mungbean, and corn stover. Farmers often fed the straw plus other
supplementssuchasricebran,tofuwaste,ortreelegumestomeetanimalnutrientrequirements. Thisisinline
withcurrentfindingsthatsupplementationstrategiesimprovetheutilizationoflowqualityforagebyanimals.
Forexample,Syahniaretal.(2012)reportedthatsupplementationwithtreelegumesatalevelof2.8gDM/kg
BW perdaywassufficienttomeetthe maintenance energy requirements ofOngole cows fedrice straw ad
libitum Morever,Marsetyoetal (2012)suggestedthatadditionofGliricidiaoramixtureofcopramealandrice
branincreasedfeeddigestibilityandliveweightgainofBalicalvesgivenElephantgrasshayorcornstoverasa
basaldiet.Suchintegrationbetweenanimalandcropproductionisatraditionalpracticeinthevillagesbutcould
beimprovedthrougheducationonhowtocreatemorenutritiousdiets.

Therehasbeennoeconomicevaluationoftheimpactofforageconservationpracticesonbeefcattlesmallholder
farmers. TheonlyobservationinCentral Sulawesiand SouthSulawesionforagemanagementindicatedthat
conservedforages,mainlyhaymakingofstraw(rice,peanut,mungbean,cornstover),haveledtoasubstantial
labour savings by decreasing time feeding from 4-6 hours down to 1-2 hours/day. With better feeding
management,thebodyconditionofcattleimproves, whichleadstoabetterpricewhensold. Theadditional
incomeisusedtopurchasegoodssuchasmotorbikesthatarethenusedtotakechildrentoschoolandforcarrying
forages.thussavingevenmoretime,orinsomecases.allowingsmallholderstotakeoff-farmwork.Haymaking
hasledtoanincreaseinthepriceofstrawwhichalsopotentiallyprovidesasourceofadditionalincometo
farmers.

Kenya

Kenyahasanationaldairycattleherdestimatedataboutfourmillion(MoLD2011)andabout80%(Friesians,
1733 Ayrshires, Guernseys, Jerseys and their crosses with local zebus) are found on small-scale farms and
produceabout80%ofthemarketedmilk.Kenyaexperiencesabimodalrainfallpatternandthedistributionof
livestockfeedcloselyfollowsthispatternresultinginperiodsoffeedshortagebetweentherainyseasons. The
situationisworsenedwithtofrequentdroughts. Therefore,thereisaneedtoconservetheexcessfeedproduced
duringtherainyseasontostabilizefeedsupplythroughouttheyear.

Forageconservationisdoneasstandinghay(part-icularlyintheAridandSemi-AridLands(ASALs)),baledhay
orsilage Therearecertainfeedsavailableonthesefarmswhichwouldbemoresuitabletoconserveassilagethan

as hay; maize stalks, surgarcane (Saccharum officinarum) tops, Napier grass (Pennisetum purpureum) and
sorghum(Sorghumbicolor)stover. However,themajorlimitationtotheuseofthesemethodsbysmall-scale
farmersisthelackofSimpleandappropriatetechnologiesfothaybalingandensiling.

InKenya,dryingasthemeansofconservinggrassspecieshasbeenacommonpractice butcurrently,ensilingof
variousforagesisbeingpromotedbyseveralgovern-mentagenciesandotherdevelopmentpartners.Production
othighqualityhay,byharvestingatfullmaturity,increasesyieldofgrassperunitofland. Thetechnologyof
ensilingforageinnylonbagshasbeentakenupinsomesmallholderproductionsystemsbuttherearevarious
constraintstoadoption Theseincludethehighcostofthebags,lack of suitable choppersandinappropriate
storageresultinginlossesofensiledmaterialtorodents.Ensilingusinglargeplasticbagsplacedhorizontallycan
beanalternativeformediumandlargescalefarms,butsmallscalefarmersfindthisachallenge.Forthesmall
holderfarmers tubesilageisrecommendedespeciallywherethefarmerhasasmallquantityofimaterialtoensile.
Onetubecanholdupto500kg howeversmallertubesarealsoavailableandthesizechosenlargelydependson
thequantityofmaterialtobeensiled. Whereafarmerhasalargerquantityofforagetoensiletheaboveground
(silagebun)methodofimakingsilageispreferred.

SmallholderfarmersinKenyaareincreasinglymakingtubesilage,alowcostprocedurewhichrequireshigh
qualityfodder,asilagetube(polythenetube1000°gauge),molassesandpolythenesheetgauge500.Onetube
maycontainfrom350-500kgofsilageorcompactedmaterialandthereforebecomesdifticulttomove Whenthe
tubeisfullandtiedatbothends,thefarmerhasalargecylindricalairtightbaginwhichtheforagemixture
ferments,turningintosilage.Thetechnologyworkswithawiderangeofgreenfodder. Theensiledmaterialwill
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bereadyforuseinthedryseasonafter3monthsandcanbeconservedforeven3Oyearswithoutlosingquality
providedtheairtightsealremainsintact.

Pakistan

Pakistanhasanestimated] 60millionruminantlivestock comprisingofbuffalo cattle,goats,sheepandcamels,
butisnotself-sufficientinmilk, meatand other products ofanimal origin. More than 90% ofall ruminant
livestockareintegratedwithsmall-scalemixedfarmingsystems(DevendraandThomas,2002; Thomasetal.
2002).Pakistanisthefourthlargestmilkproducerintheworld(34billionlitresperannum),butproductivityis
low dueto poornutrition, poormanagementandneglect ofhealth problems whichresults in late maturity,
extendedcalvingintervalsandlowmilkproduction(Farooq,2011) Morethanhalf{5 1% )oftotalrevenuesfrom
dairysalesareaccruedbysmallholdershavingl -4animals,witheachofthesehouse-holdsgeneratingamonthly
incomeofUS$60t0$240.Approximately60%ofthemilkproducedbysmallholdersisconsumedathome,and
theremaining40%ismarketed(FAO2011).

Fodderscarcityisthecoreconstraint,withcurrentsupply40%Ilessthandemandandtherearetwoperiodsof
severescarcity eachyear; MaytoJuneand OctobertoNovember. Farmersrely heavily onlow quality crop
residues(Thomasetal.2002);approximately40milliontons(46%ofthetotalanimalfeedresources)ofcrop
residuesarefedannually.Yieldsoftraditionalforagecropsarelessthanhalftoaquarterofpotentialforimproved
hybridvarietieswhengrownwithtraditionalagronomicpractices.Improvedvarietiesgrownwithrecommended
farmingpracticeshaveayieldincreaseofaround75%(Din2008).

Silage technology was introduced into Pakistan almost two decades ago by different government and
internationalagencies,andalsoprivate sectorcompanies like Nestl¢ Pakistanand Pioneer Seeds. However,
despiteheavyinputsintermsoftimeandmoney,uptakeofsilagetechnologyhasbeenlessthanhopedforin
traditionallivestockfeedingandproductionsystems. Thisisbecause,inmanypartsofthecountry,smallholder
farmersarestillabletofeedcropresiduesandagriculturalby-productsduringthedryseason. However,more
recentlymaizeandsorghumsilageshavebecomemorepopularwithakeygroupofSmallholderfarmersthathave
thenecessary skillsandareabletoroutinely produce well-fermentedsilage. Berseemsilage makingisalso
gettingacceptanceinthefarmingcommunitythoughthehighmoisturecontentatthetimeofsilagemakingcan
beproblematic.

SilagemakingsystemsincludeLittleBagSilage(LBS),whereforageisensiledinstrongplasticbagswitha
capacityofSkgofchoppedgreenforage(Lane 1999).LBSallowsconservationofavailablefodderinsmall
quantitiesoveralongperiodoftimeandissuitableforthesmallfarmsproducingonlyacoupleotbagsoveral 00
daygrowingseason.Silagemakinginsmall(1.2mx0.7m)drumswasextensivelypromotedbyPakistanDairy
Development Company (PDDC)toagroup of model small-holder farmers during2007-2008 with training
provided.Choppedmaize sorghumandberseemwereensiledsuccessfullyandproducedexcellentresultswhen
fedtolivestock. Milkproductionremainedsteadythroughouttheyear,wasbetterthanfomeighbouringfarmers,
andwithsurplussilagebeingavailableforsale.Farmersarenowpreparedtobuysilage,indicatingawillingness
tofeedsilage,butalackofawarenessonhowtomakeit. Smallholderscouldnowengageinentrepreneurial
activityandproducesilageasamarketablecommodity.

Rwanda

Agricultural production in Rwanda is based on mixed crop-livestock production (Rutamu 2004) and feed
resourcesremainamajorconstrainttolivestockdevelopment.Grazinglandsaresharplyshrinkingbecauseof
encroachment of crop cultivation with increasing human pressure (Mutimura and Everson 2011). As
landholdingsaresmall,withovert0%othouseholdscultivatinglessthan0.7ha livestockownerspractisezero-
grazing(cutandcarry) Napiergrass(Pennisetumpurpureum),introducedinthel 970s,isadaptedtothecut-and-
carrysystem,anditconstitutes95%ofanimalfeedresources(Staaletal. 1997;KamanziandMapiye2012).
Herbageproductionishighbutitsnutrientconcentrationistoolowfordairycows.Otherfeedresourceslike
foddertrees (e.g. Leucaenasp., Calliandrasp.)areused to supplement the Napier grass. Grasses including
Chlorisgayana,Brachiariasp.andCenchrusciliarisarealsousedbylargeandsmall-holderfarmers(Lukuyuet
al.2009),asarecropresiduessuchassweetpotatovines,bananaleavesandbananapseudostems,stoversand
straws ExceptforNapiergrass(Pennisetumpurpureum)whichisconservedassilageothergrasseseg.Chloris
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gayana,Cenchrusciliaris,Brachiariasp.areconservedashay(Mutimuraetal 2007 unpublished) Farmersrely
heavilyonthesefeedsasastrategytocopeduringthedryseason(KamanziandMapiye2012).

Forageconservationhasbeenchallenging for farmersin Rwanda, especially smallholder farmerswhohave
limitedlandsize.Forexample,whenrankingfeedresourcesincentralandsouthernplateauareasofRwanda,
KamanziandMapiye(2012)foundthatconservedfeedwasthefeedresourceleastusedbysmallholderdairy
farmers. However, in peri-urban areas, dairy farms (small or large) use silage to feed their dairy cows
(NyiransengimanaandMbarubukeye2005).Lackoftechnicalskillshasbeenidentifiedasthecausewhyfarmers
failtoadoptforageconservationandthisstopsfarmersfromcopingwithfeedshortages.especiallyduringthedry
season(Lukuyuetal.2009).Exceptforisolatedresearchresults,Rwandahasverylimitedexperiencewiththe
treatmentofcropresiduestoimprovequality,especial-lydigestibilityandintake Howeverarecentexperiencein
Rwandaprovedthatammoniatedstrawbasedrationsforfeedlotbeefproductioniseconomicallyfeasibleeven
whemnusingindigenousAnkolesteers(Mpangwaetal 2010).

A seedbankofimprovedforagehasbeendevelopedinRwandatoincreasequalityforageproduction. Theuseof
improvedforageswasadoptedbyatleast5,000dairyfarmers,andsubsequentlyimportsofprotein-richconcent-
rateswerereducedby30%(Ndabikunze2004) About5Ofarmersaregeneratingincomefromsalesothayinthe
EasternProvinceofRwandawhilemorethan200farmersintheWesternProvincegetincomefromsalesoffresh
Napier grasstodairy farmswhouseittomakesilage (Mutimuraand Ebong2010,unpublisheddata). This
technologyhasbeencoupledwiththeuseofconservedcropresiduesasroughagetosatisfytoruminantfeed
supply. Differenttechnologiesforconservingforage/feedsareavailableinthecountry,andimprovedforage
cultivat-ion and conservation, including hay and silage making technologies have been disseminated to
smallholderandcommercialdairy farmers. Farmers’capacity toapply theintroducedtechnologieshasbeen
enhancedthroughaseriesofirainingworkshopsandpracticalon-farmtrainingsessions(Ndabikunze2004).

Discussion

Growthintheagriculturalsectorindevelopingcountrieshasbeenidentifiedasthekeytopovertyalleviation
(Cervantes-GodoyandDewbre,2010).Improvinglivestockproductivitythroughimprovednutritionisacritical
com-ponentofthisgrowth.Accesstomoreandbetterqualityforageprovidestheresourceneededforimproved
livestocknutritiononsmallholderfarms.Giventheconstraintsofland,waterandtheneedtoproducefoodfor
humannutrit-ionthiswillrequireaccesstoimproved, higheryieldingandadaptedforagevarietiescombined
withbettermanage-menttoachievepotentialyields.Inaddition,accesstohighquality forageyearroundby
smallholderfarmerswillrequireproductionofsurplusforagethatcanbeconservedaseitherhayorsilage,and
storedforusewhenforagequalityorquantityislimiting. Smallholderfarmersstillneedtobeencouragedto
adoptbetterforageproduction,conservationandfeedingtechnologytoimproveanimalproduction. Thiswill
requiretargetedextensionserviceswithcleargoals.Forageconservationsystemswillneedtobetailoredtothe
specificneedsofthedifferentfarmingsystems belowcostandprovidesafestoragemethodsthatarewithoutrisk
ofdamagee.g fromrodentattack Inareaswherehaymakingisdifficultduetowetweatherorlowtemperatures,
andforcertaincropse.g.maize thepreferredmeansofconservationwillbeensiling(‘tMannetje2000).Farmers
making silage will need additional skills because a number of factors influence fermentation quality.
Fermentationqualityisimportantbecausepoorlyfermentedsilageisunpalatableand,evenithighinenergyand
proteinwillonlysupportlowintakes Asaresultmilkproductionoriveweightgainwillbelow.

Conclusion

Despiteadiverserangeofenvironmentsandsituations,experiencesinproductionothighqualityforage,forage
conservationanddevelopinglocal feedresourceshavebeenprovedasanefficientwaytoincreaselivestock
productivityandthelivelihoodsofsmallholderfarmers,indevelopingcountries.
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ABSTRACT

The objective of his study was to determine the effect of BCS on milk production and
reproductivedisordersinNili-RavibuffalounderfieldconditionsofPakistan. Thedatawas
collected form 55 small holder farms from districts Kasur (n=26) and Okara (n=29)
respectively. Dataregardingmilkproductionandreproductivedisorderswerecollectedby
trained veterinarian. The result showed that buffaloes having high BCS (4, 5) have
significantly(P>0.05)highermilkproductionascomparedtolowBCS(1,2).Similary,data
showedthatreproductivedisordersweresignificantlyhigher(P>0.05)inlowBCS(1,2)as
comparedtohighBCS(4,5).
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Abstract

The awarding of a research grant designed to investigate the limitations to dairy animal productivity in
socioeconomicallydisadvantagedcommunitiesinacountrytotallyforeigntothesuccessfulapplicantspresents
manychallenges.Thispapethighlightssomeofthekeychallengesthathavebeenarisenthroughoutthetyearsof
ourdairyextensionprogramawardedthroughthe Agriculture Sector Linkages Programestablishedasaco-
operative agreement between the Pakistani and Australian governments. Successful sustainable programs
dependontheidentificationoftherightpartnerorganizationsandstafftoconducttheprogramandthenthe
keeping of accurate records to measure and report on the success of farmers to both sponsors and host
organizations.

Introduction

Pakistanisheavily dependent on an agrarian rural based economy, with livestock contributing 50% to the
country’seconomy(PakistanEconomicSurvey,2006) Thepredominanceofvillagesarepopulatedwithfarmers
owning3-10dairyanimals,withmuchofthemilkconsumeddomestically,whileasmallproportionisonsold
intoeitherthelocalcommunityortomilkbuyersoperatinginamarketingchainculminatinginthesaleofmilkin
largecities.However,Pakistan’sstandingastheworld’s4thlargestmilkproducerreliesonproductionofless
than6litresperdayperanimalfromover5Omillionbuffaloandcattle.Ouraimwastoimprovetheproductivity
ofthenationalherd

MaterialsandMethods

FormingtherightpartnershipsAsanAustraliandairyscientistfundedtoinvestigatewaysof*‘revolutionising”
thecommercialacumenofthesefarmersthroughco-operationwithorganizationsalreadyworkinginthefield
withthem,itwasdifficulttoknowwheretostart. Governmentalinstitutionslikethestateorfederal Livestock
Ministries are the most likely choices on offer from governments. The advantage of working with a large
bureaucracylikeastatel ivestockMinistrywhichemployshundredsofveterinaryofficersservicingtheneedsof
millionsofdairyfarmersisthatthereisastructuretoworkwith Furthermore thereisscopeforextensionoftheir
activitiesasonlyabout20%ofsmall-holderfarmersreceiveanyassistanceatall.

Thedisadvantagesarethattheorganizationismostoftenhamperedbyinertiabasedonacareerstructureforthe
veterinaryextensionstaffthatoffersnoincentivetoexcel. Someofficerscanwaitforaslongas20yearsfor
promotionbeyondbasegrade Thereisnomechanismforpromotionbasedonperformance. Thusengagingthese
staffinanewperformancebasedparadigmpresentsarealchallenge.

Theotherissuerelatestothemanagementoffinance,whichoncesenttotheministrytofundtheproject.becomes
difficulttoaccessbecauseofthebureaucraticprocessofapprovalofexpenditure. Delaysinfundreleasecan
causemajordelaysinprogresswithprograminception. WorkingwithNGO’sisanideal objective,buttheir
activitiescanchangemarkedlyoverashortperiod:thereforethereisnocontinuityinsupport.Similarly,smaller
co-operativecompanies havetheirowncommercial objectiveswhichoftendonotalignwiththe welfare of

farmers.




Co-operationwithotheraidagencies
Somecountriesareawashwithfundingfromarangeofinternationalagenciesmostoftenwithamotivetoservice
thepoliticalagendasofcountriesfundingtheorganization. Theirobjectivesmostoftenoverlap,andyetbecause
theirfundingisdependentonthedeliveryofaworkprogramdecidedatthepointofSigningofcontracts,thereis
littleincentiveorscopeforco-operationofsharingofresourcesbetweenprojects Insomecases.theprogramcan
bedesignedbyoneconsultancyandthenimplementedbyanentirelyindependentorganizationwhichmightnot
beabletodelivereffectively.

Shiftingobjectives

Thepoliticalagendasofgovernmentscanchangeandthereforetheemphasesofprojectscanalsochangeinline
withthese.Asuddenpushfora“propoor’approachtoaid,forexample,meansthatflexibilityneedstobebuilt
intoeveryprojecttomeettheneedsofaneverchangingpoliticalenvironment.

Choosingtherightstaff

Theruleofthumbistochooseyoungresilientexpatriatestafftoimmersedirectlyintotheenvironmentinwhich
theprojectistobeimplemented. Theirdecisionmakingprocesseswillnotbeinfluencedbypreviousproject
managementexperience. Theythenneedtohaveanadvisorygroupwhovisitsonafrequentbasistoprovide
someguidancewithprogramdirectionandalsotoassureseniorbureaucratsinpartnerorganizationsthatback-up
assistanceisneverfaraway. Thennewlytrainedlocalgraduates, whowillbecompliantwiththeaimsofthe
project,needtobechosencarefully.Havingtherightstaffinplaceinboththeoperationalteamandamongthe
partnerorganizationsiscriticaltosuccess.Oncelocalstaffsaretrained,expatriatestaffsneedtowithdrawto
overseeprogresswiththeprojectfromafar Thesestaffivillalsoneedtovisittheprojectteamonafrequentbasis
tomonitorprogressandofferfurthersuggestions.

Keepinggoodrecords

Thekeytosuccessistomeasuretherateofsuccessinthetargetedfarmingcommunitiesthroughaccuraterecord
keeping.Thisinvolvesthedevelopmentofacomprehensivesurveythatwillprovidethebaselineforon-farm
productivityandcommunitydevelopment. Thismustbeconstructedcarefullyasthesurveycanbeconducted
onlyonce Thereafter,accurateonfarmrecordkeepingisrequiredtomeasureprogress. Thedatabaseneedstobe
maintainedconstantlyandanalysedatfixedtimestoascertainresponsestotheextensionactivity. Thereisaneed
for constantreviewing of the projectapproach to ensure thatthe financial investmentis reaping the return
demandedbythefundingagency.

ResultsandDiscussion

Projectsustainability:thekeytosuccess

Resultscanonlybeevaluatedafterthesustainabilityandoutcomesoftheprojectcanbemeasured. Successis
dependentondevelopingaworkingrelationshipwithfarmersandcollaboratingpartnersbasedontrust.Rather
thanofferingincentivestofarmerstoensuretheirengagement,amoreeffectivemechanismistoinitiateaproject
withsentinelfarmerswhoaretheinnovatorsinanycommunity.Theseleaderswillsoondemonstratethevirtues
oftheprojectifitisimplementedcorrectlyandotherswillthenfollow.Engagementwithwomenandchildrenas
wellasthelocalschoolteacherisacriticalcomponentforsuccesswithextension Aboveall jtisessentialthatthe
projectdevelopstokeepallpartnershappy. Thismightmeanadjustingtheprojectaimstoaccommodatethe
wishesoflocalindustryleaders.Intheend,itiscriticalthatacadreofworkersinthepartnerorganizationsisleft
withfundingprovidedfromwithintheirorganizationorfromfarmerstocarryontheprojectafterexternalaid
fundingceases.Persistencecombinedwithflexibilitytogetherwithaccuratedatarecordingandreportingwill
alwayspayoffinthelongrun.




Conclusion

Successfulextensionactivitiesrequiretotalinvolvementofprojectstaffwiththecommunitiestheyareworking
with.Thenatureofextensionmaterialhastovarytoensuremaximumengagementofthewholefamily.Atan
organizationallevelitisessentialthatanestablishednetworkofextensionstaffisinplacetoensurethatsuccess
withtheprojectextendswellbeyondtheperiodoffundingfortheprogram.Theleadersoftheprogrammustbe
workingcohesivelyandpreferablyarefromthecurrentgenerationofyounggraduateswhoarethefutureofthe
industryweareassisting.
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Abstract

The objective of the study is to demonstrate the effect of improved extension services on adoption rates of small
holder dairy farmers in Pakistan. Preliminary results indicated significantly higher adoption rates when
extension services were provided using the whole family approach compared to the simple approach after one
year of both phases. In conclusion, this study indicates that improved extension services have a significant impact
on adoption rates of small holder farmers.

Key words: Extension services, Dairy, Adoption rate, Small holder farmer
Introduction

Pakistan, like many developing countries, has an agrarian rural based economy. Livestock is a major contributor
to the national (12%) and agricultural (50%) economy (Pakistan Economic Survey, 20006). It is estimated that
around 70% of the dairy households in Pakistan still operate under conditions of subsistence by maintaining
herds of three or four animals (Burki et al., 2005). The productivity of livestock is still lagging behind its potential
level. In order to meet the requirements of a rapidly growing population, dairy production needs to be increased.
This can be done by adopting modern techniques of dairy farming. New technologies developed by researchers
are disseminated. Thus the major objective of this study is to demonstrate the effect of new extension model on
adoption rates of small holder dairy farmers in Pakistan.

Materials and Methods

Australian Centre for International Agricultural Research (ACIAR) research project was commenced with the
aim of increasing dairy production through improved extension services. Small dairy farmers having 4-10
(buffalo and/or cattle) for production were the main target group for this project. During the first phase of the
project a simple approach of extension targeting male farmers was used. During the second phase of the project a
whole family approach targeting all family members was utilized. A number of innovative ways of extension
have been adopted including the use of video practices, demonstration plots, problem based learning, stage
drama, radio and TV shows to improve the effectiveness of the program. Benchmark data were collected on
whole farming systems from 228 farmers during the first phase and 292 farmers during the second phase of the
project. Subsequently, at the end of every year data have been collected to monitor the impact of these initiatives
on the rate on the rate of extension message adoption.

Statistical analysis

Adoption rates between the whole family approach and simple approach after one year of both phases were
analyzed using a Chi-square test. Similarly, adoption rates of various modules at the start and after one year of
project phase-1I were analyzed using a Chi-square test.

Results and Discussion

To our knowledge this is the first report which clearly describes the effect of improved extension services on
adoption rates of small holder farmers in Pakistan. Higher adoption rates were achieved when we introduced a
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wholefamily(male,femaleandchildren)approachcomparetosimpleapproachrelativetothetraditionalmale
onlyapproachtoextension.Aneffectiveextensionprogramwithparticipationbythewholefamilyishighly
desirabletoenhancefarmproductivity. Manyorganizationsaimingatimprovingsmallholderdairyingfailto
appreciatethisfactandignorewomenandchildrenintheirtrainingandskillsdevelopmentprogrammes.Women
normallycannotleavetheirhomeandfamiliesforafewdaystoparticipateintrainingprogrammesandusually
requirefemaletrainersforeffectivecommunication. Thusduringthesecondphaseoftheprojectwearranged
parallelsessionsforwomenandchildrenco-ordinatedbywomentrainers.Thisapproach,alongwithtrainingof
themalefarmersresultedinhigheradoptionrates.

Conclusion

Preliminaryresultsindicatethatimprovedextensionserviceshaveasignificantimpactonhigheradoptionrates
ofSmallholderfarmersinPakistan.
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Introduction:

The share of agriculture to GDP in Pakistan is 21%, more than half of which is from livestock. Milk is the major
product of livestock. Pakistan is the third largest milk producer in the world with gross annual production of 47M
tonnes. 40 million of the country’s rural population are dependent on livestock for their livelihood. Punjab
province has the largest share of milk production. It is important to understand the economics of dairy production
in Pakistan’s complex mixed farming systems.

Material & Methods:

*  This study used farm level data from a longitudinal survey in irrigated Okara and partially rain fed Bhakkar
districts of Punjab (Table 1, Figure 1). The survey recorded milk production per animal whereas feed
quantities, health costs, crops cultivated and herd composition were for each farm from January 2007 to
December 20009.

*  Whole-farm and enterprise gross margins have been calculated for animal, fodder, crops and vegetable
enterprises.

»  Labour being permanent, with no significant opportunity costs, has been taken as a fixed cost to estimate
operating costs. The value of land managed and livestock owned were assumed to be the major farm assets,
with a 9% finance cost per annum for estimating net profit or disposable household income.

Figure 2: Relationship between Milk Production (kg) Figure 3: Cumulative Distribution Function (CDF) for
and Average Variable Cost (Rs/kg) Operating and Net Profits
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Conclusion:

*  Overall losses from livestock enterprises are possibly due to low productivity and directly related to nutrition
and management practices. Our study confirms this premise of the ACIAR project.

»  Actual cost of capital, in particular to the small dairy holder, may be much higher than the assumed (9%), as
they borrow from traditional money lenders.

Question 1. Does integrated mixed farming limit farmers from capitalising on advantages of becoming
specialized producers?

Question 2. Are the better production efficiencies we found with larger numbers of milking animals also
associated with greater milk marketing efficiencies?

Results:

*  40% farmers in Okara and 30% in Bhakkar had average variable costs (Rs/kg) higher than farm gate milk
prices of Rs 23 and Rs 21 per kg respectively and were thus making losses. Milk average variable costs per
kg had an inverse relationship with production (Figure 2, Tablel).

*  Milk gross margins were slightly positive although overall livestock activity gross margins were negative.
The whole-farm gross margin that included crops was positive, mitigating the negative effects of livestock in
both the districts.

»  Farm operating profits, after removing labour cost from whole farm gross margin estimates, was positive for
most sample farms. Net profit showed losses when finance costs were included, though return on assets was
higher for Okara than Bhakkar (Figure 3, Tablel).
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Abstract:

Informal freshunpackagedmilkvaluechains(moversof95%production)inPakistan, linkmillionsofrural
producersandurbanconsumersandprovidealivelihoodtothousandsofmiddlemen(colloquiallyknownas
dhodhi)andretailers.Notmuchisknownaboutthewaythesechainsoperate,apartfromtheirgeneralstructure
andanegativepublicperceptionofendproductqualityfollowingadulterationofmilkasitpassesfromfarmto
theconsumer.Thispaperlooksataspecificchainfromruralproducertourbanconsumerusingquantitativeand
qualitativemethods, taking a case study approach. Itdescribes the information sharing mechanismand the
unwritten rules under which the chain operates amid low profit margins and dated technology. Financial
advantageisgainedbychangingunits,dilutionandloweringprice,wherebothproducersandconsumersareat
the losing end. Milk is diluted with ice which affects its microbial quality and lowers protein and fat
concentrations.Yettheconsumerstillprefersfreshmilkasitspriceislowerandfatcontentpossiblyhigher(4to
5%)thanthealternativepackagedmilk(3.5%).Thechainis*“pro-poor”asitofferssmallfinancialincentives
throughcashadvances,loansandincomegeneration/employmentopportunities:marginsforeachoperatorare
lowandtheirdistributioninequitable.Poorruralproducersandurbanconsumersarelinkedbythesechainsbut
milkqualityandthepricingmechanismalongthechainrequirereview.

Keywords: milkyvaluechainproducergcollectoryetailerconsumergadvikilogram litre,Rs
Introduction:

Indevelopingcountries,2.6billionliveonlessthan$2aday.Abillionofthemliveinruralareasanddependon
agricultureandlivestock fortheirlivelihoods.Anotherthreequartersofabillionareurbanbased. Povertyis
pervasive in both rural and urban environments closely linked to malnutrition. Effective value chains are
essentialinmeetingtheevolvingneedsofruralandurbanpoor.Thesetypicallyrepresentsmallscaleproduction
andmarketingsystems,whichofferthemeanstoincreaseaccesstoanimalsourcedfoodsforpoorconsumers,
andpresentopportunitiesforpoorproducersandmarketers:thustheyhaveapro-poorvaluechainfocus(Baker,
2008;Echeverria,Solh,Seré¢,&Hall, 2011 ;0Otteetal..2012).

Collins (2009) defines “food value chains as systems driven by interaction of their technical (production,
processing, transport, etc.), economic (profitability), information-related (communication) and governance
(humanrelationships)subsystems”.

A valueormarketingchainisanetworkofiultiplefirms/actorsconnectingtheoriginalproducertotheenduser.
These firms or personnel integrate across organizational boundaries through the provision of products and
servicesthataddvaluefortheircustomers(Lambert&Cooper,2000). Freshproducechainsrequirephysical
transport, storage and some processing thatis customized to the requirementand profitability of consumer
segments(Andersonetal. 2007;Kohls&Uh2002;Schaffner,Schroder,&Earle,2003).

Productexchangetakesplaceonlyifanarbitrageopportunityexists. Thismeansanopportunitytomakeprofitby
moving producetoareas with higher demand and athigher prices. While the productexchanges hands, its
ownership,price,andthelevelofriskbornebyeachhandleralsochanges.Incomeanditsdistributionisgauged
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bymappingthechain.Thesechainscatertoundifferentiatedproductmarketswherecompetitiveadvantageis
gainedonlybyloweringprices,qualityorquantityattributesoftheproduct(Gunderson,Wysocki,&Stern,2009;
Kaplinsky&Morris,2001:;Kula,Downing.&Field,2006;Schaffneretal. 2003).

Thetraditionalopenmarketsfunctionwithminimalflowofinformationbetweenvarioustiersofthechain.Price
isahighlyeffectivecommunicationsignaltoinducechange.Accurateandopensharingofinformationamong
participantscanhelpbusinessessucceedbuttheleadfirmsoftenbehaveopportunisticallybyeitherdistorting
informationordisclosingitinanincompletemanner (Boehlje, 1999; Boehlje & Schiek, 1998; Williamson,
1991).Inthesemarketsofficialrulesarecitherweakorpoorlyimplemented. Localtradersandretailersoften
locatedclosetotheconsumer,imposetheirownrulestocontrolthekeyprocessesalongthechaindubbedas
governance.Intheabsenceofformalcontracts,safeguardsaresetintheformofinvestmenthostages.Product
qualityaspectsareimposeduponthechainmembersupstreambutwithlimitedinformationsharingthatoften
leadstoantagonisticrelations(Altenburg,2006;Purcell,Gniel &Gent,2008).

Thisstudyexaminesaspecificrural-urbaninformalfreshunpackagedmilkvaluechaininPunjabofPakistan.
Thestudyprovidesaninsightintotechnical.economic,informationandgovernancethathaveanimpactonapro-
poorvaluechainsforwholemilk andidentifiespossibleavenuesforpolicyinterventiontoimproveoutcomesfor
theproducerandconsumer.

WhymilkandPakistan’sdairyindustry?

With18 Imillioninhabitants(33%belowpovertyline),Pakistanisthesixthmostpopulousnationintheworld.
Thecountryhas2%populationgrowthratewithastrongrural-urbanmigrationtrend.Currentestimatessuggest
that37%ofthecountry’spopulationisurbanwithprojectionsthatby2050,nearly56%ofthepeoplewillbe
livingincities(Mazhar,2011-12;UnitedNationsDepartmentofEconomicandSocialAffairs,2012) Milkhasa
majorshareinthefoodbasketofanaveragePakistanihousehold Halfofthehousehold’stotalbudgetisspenton
foodandonequarterofthatisspentonmilkandmilkproducts. Withaverageconsumerpriceinflation(CPI)of
17%inthelastfouryears,withfoodhavingd0%weightingonthisindex priceescalationposesaseriousriskto
averagePakistanihouseholds. Afoodpriceriseof10to30%canpush4to 10millionPakistanisbelowthe
povertyling(Carrasco&Mukhopadhyay,2012;Khan,2011-12;Pakistan,2010-11).

Nearly80%ofthemilkisproducedbyruralproducersand95%ofthismilkgoestoconsumersthroughinformal
valuechains.Theindustrygeneratessignificantincomeandemploymentgenerationopportunitiesnotonlyfor
farmersandhiredlabourersincountry’scrop-livestockfarmingsystem,butalsoformilktradersandretailersin
thefinalmarkets(Staal Pratt,&Jabbar2008;Ziactal. . 2011).

Thelivestocksectorcontributes 11.6%tonational GDPandisconsideredthemostimportantsectortohelp
alleviatepovertyinacountrywhereonethird ofthepopulationlivesbelowthepovertyline(Amjad,2010;
Farooq,2011-2012;Naveed&Ali,2012)Milkisthemajorproductoflivestockanditsmarketvalueexceedsthat
ofthecombinedvalueofmajorcashcrops(Afzal,2010).Ofthecountry’s28millionhouseholds,8.8million
householdsor3 1%rearbuffalo(33million)andcattle(3 7million). Almost90%ofthesehouseholdshavel Oor
lessanimals.Thedairyanimalshavelowmilkyieldscomparedtoothermilkproducingcountries. Theaverage
farmsizeinthecountryis6.4acres(Garcia,Khan,&Hemme,2004;Pakistan.Agriculturalcensusorganization,
2010).

Milkasaproductitsattributesandhandling:
Milkisregardedasbeingnature'smostcompletefood Thetypeofanimal(breedandspeciesJanditsdietcanlead

todifferencesinthecolour,flavour,andcompositionofmilk. Theaveragepercentagecompositionofcowand
buffalomilkisasfollows:




Thepriceandqualityisusuallydependentuponthreefactorsnamelymilk-fat, proteincontentandmicrobial
quality.Milkisaperishablecommodityandspoilsveryquicklyunlessambienttemperatureismaintainedthat
preventsmicrobialcontamination.Dilutionofmilkwithwater(orice)willreducethequalitybydilutingthekey
measuresofbutterfatproteinandmicrobialquality(Harding,1995).

Methods:

ThisresearchwascarriedoutintwostagesduringSeptember2011 IrrigatedOkaraandrainfedBhakkardistricts
ofPunjabwerechosenbasedonaccesstoandprioreconomicanalysisoffarmdatatoestimatethecostofmilk
productioninthesedistricts(Godfrey,Behrendt,Nordblom,&Wyyn,2011).Fourquestionnairesweredesigned
forproducers,middlemen,retailersandconsumerstocapturequantitativeandqualitativedatainaninformal
milkvaluechain. Quantitativedatacollectedincluded physical (volumes)and financial (costsand margins)
flowsaswellastechnologyandinfrastructure(transport,storage,coolingandprocessing)aspects.Qualitative
dataincludedinformationonpricingandthefrequencyandmodeofpaymentformilkandasetotkeyrulesby
whichthechainingoverned Theconsumer ’spreferredattributesforfreshmilkwereascertainedaswell.

Face-to-faceinterviewswereconductedwitheachrespondent,whichtookbetweenfifteenminutesandanhour
depending on the respondent’s place in the chain. The difference in time taken depended on the level of
complexityandnumberofquestionsasked:forexample,thequestionnairefortheconsumerwasbriefcompared
totheonesusedforchainmembersupstream.Allquestionnairesincludedanexplanationofthepurposeofthe
researchtoallrespondents. Inthe firststage, apurposive sampling method wasused to ensure the sample
adequatelyrepresentedtheparticularinterestofthestudy(Patton,2002;Robson,2002).Interviewswerecarried
outtodevelopabroademunderstandingofinformalmilkchainsandmarkets thedetailsofwhichareasfollows:

a) Twentysevenmilkproducersofvariedlandandlivestockholdings,producingandsellingatleastsome
milk, fromfourvillagesineachofthetwodistricts. Theseproducerswereidentifiedandtheinterviewer
introducedbytheongoingA CIARprojectandgovernmentofPunjab’sdairyextensionstaff.

b) Twentyfourmiddlemenofvariousscaleswereinterviewed.Atarurallevel,interviewswerecarriedout
withimmediatebuyersorlargemilkcollectors Attheurbanlevel thosedeliveringmilkatretailshopswere
interviewed.

¢) TwentytwospecializedmilkretailerswereinterviewedindifferentareasofthecitiesofLahore,Bhakkar,
SahiwalandDeralsmailKhan.

d) Elevenmilkconsumerswereinterviewedattheretailshopsinthecitiesmentionedabove.

Afterinitialanalysisthestudyfocussedononetraditionalrurallybasedchainthatwasstudiedasaspecific
case(Yin,2009).Thisvaluechainischaracterizedbythepresenceofmanyintermediariesintheflowof
product to the marketplace. This provided an example of what we describe as a complex rural-urban
informalvaluechainmodel. ThischainconnectedfarmersinOkarawithconsumersinLahore. Toidentify
theparticipantparticipants,asnowballsamplingmethodwasusedwhereoneormoreidentifiedindividuals
provided the information on other parts of the chain (Patton, 2002; Robson, 2002). Thus producers
identifiedtheirsmallbuyers,whichledtomediumandlargebuyers,andthenthemilkretailer.Ittookthree
daystoelucidatethestructureandstudythischain. ThepointoforiginwasavillageinruralOkara, 13 5km
southeastofthefinalconsumptionmarketinmetropolitanLahorecity.

Results:

AnumberofmilkvaluechainsmodelsexistedinboththedistrictsandaredepictedinFigure 1. Theresults
presentedherefocusononespecificmodelfromruralOkaradistrictometropolitanLahorecity(depictedbythe
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bolded path). Inthis chain, milk was collected and transported with minimal use of current milk transport
technology,andthechainhadacomplexstructurewithmanytiersofcollectors.

Asillustrated in Figure 2, the rural-urban informal fresh unpackaged milk chain linked hundreds of rural
producerswiththousandsofconsumers(consumptionestimatesbasedonhouseholdincomeeconomicsurvey
2011percapitamilkconsumptionestimates)inthefinalurbanmarketdestinationandcreatedmorethanone

hundredemploymentopportunities.

Technical subsystem and actors of the value chain: This section
introducesspecificactorsandtheirfunctions,geographicallocation
aswellasprovidingatimecourseformovementofproductdownthe
chaintotheconsumer(Table2).

Thetypical producer was located inavillage inrural Okara. The
smallproducerowned5acresoflandand5dairyanimalsofwhichl
cowand 1 buffalowerelactating. Heandhiswifespentthreechours
per day performing husbandry practices and hand milking. The
farmerwassellingalmosthalfofhismixed cowandbuffalomilk
production, with the remainder being used domestically. He was
sellingpartofbothhismorningandeveningmilking. Theevening
milkingwaskeptinarefrigeratororicewasaddedwhenelectricity
wasnotavailableandsoldthenextday.

The small collector collected small volumes of milk from ten to
fifteenfarmer’sdoorstepanddeliveredittoacentralcollectionpoint
onceeverymorning,aprocessthattook4hours.Heusedhismotor
cycleandsteelpotstocollectmilkandtravelled40kilometresdaily.
Heevenmilkedtheanimalshimself,iftherewassomedoubtabout
the farmer’s integrity in maintaining the purity of the product. In
addition,hedeliveredgroceriesoragriculturalinputsondemandto
farmer’shousehold.

Themediumcollector’soperationwaslocatedatabusstand,amidpointbetweenafewvillages. His3hour
morningoperationdidnotrequiretravelasmilkwasdeliveredathiscentrebyelevensmallcollectors. A bigopen
topsteeltankwasavailablebutnotused,asmilkwasmeasureddirectlybythelargecollectorandtransferredto
histruck.Themediumcollector ’sjobwastorecordmilkvolumessuppliedbyeachsmallcollector,tomeasure
andrecordfatcontent.

ThelargecollectorwasfromapowerfulGujjarclanthatdominatestheLahoremilkmarket.Hewascollecting
milkfrom8middlemediumcollectorsandsupplyingtol édifferentshopsinLahoreincludinghisownshop.He
madea300kmreturntripbetweenLahoreandOkaraonadailybasis. Thiswasanl 8houroperationsevendaysa
week.Thiswasaverybasicoperationasplasticcontainershavingaholdingcapacityof138litreswereusedto
transportmilk Fivekgoficewasaddedtoevery4 litresofmilk(8.2milk: lice tocarryittothefinaldestination.

Themilkretailerwasrelatedtothelargecollectorandwasbeingsuppliedmilkonlybythischain Hewasselling
milkdirectlytothefinalconsumersinanimpoverishedareaofLahorecity,aroundl 50kmfromitsorigin.His
operationrequiredlittleinvestmentininfrastructuretostoreandsellmilk andtworefrigeratorsformilkstorage.
Icewasaddedinthecaseofelectricity disruption, whichwasacommonoccurrence. Theonlyvalueadding
activityundertakenwas1300Farmerproducers8Mediummilkcollector88Smallmilkcollectors 1 Largemilk
collectorl 6Retailshops310000fConsumersFigure2:PyramidofOkara-Lahorefreshunpackagedmilkvalue
chainmakingyogurtthemilkwasboiled Milkandyogurtwerebothsoldintransparentpolythenebags.

TheconsumersatretailshopsinLahoremilkmarketpreferredfreshunpackagedmilk Themainchoicecriterion
wastaste,whichwasdefinedbysweetnessandthickness Thatis,themorecreamfoundinthepurchasedproduct
afterboiling thehappiertheconsumerwas. Theconsumerswerenotsureoftheunitofpurchase butthequantity
consumedbyeachpurchaserwasbasedonincomeandfamilysize.
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2. Economicsubsystemofthevaluechain:  Thissectionintroducesgrossmarginsperactor,excludingthe
owneroperator ’sopportunitycostoflabourandgivesanestimateofthecapitalinvestedbyeachparticipant
(Table3).Themeasuringunitsusedformilksalesareexplainedlaterinthegovernancesection. Thefiguresgiven
werecollectedonthedayofSurveyandarerepresentativeofiransactionsthatoccurduringthisseasonoftheyear.

Theproducersold4.5gadviofmixedcowandbuffalomilktosmallthecollectorandkeptthesameamountfor
domesticuse.Hisgrossmarginfrommilksoldwas1 3Rsthatday(Godfrey,etal.,2011).Hiscapitalinvestment
toproducemilk consideringlandandlivestocktobethemajorassets,was2.56millionRs.

Thesmallcollector ’smarginbasedonactualvolumecollectedwouldhaveactuallybeenalossof-18Rsbutat
thisstepofthechain,therewasaconversionfromgadvitolitresandareward/penaltysysteminplaceforfat
content(tobedescribedinthegovernancesection). Theseadjustmentsincreasedthecollectionvolumeby8litres
andthushismarginwasRs238thatday.Hiscapitalinvestmenttoenterthisbusinesswas0.1 millionRsand
comprisedofRs50,000foramotorcycleandmilkcollectionpots, withasimilaramountbeingextendedas
advancestofarmers.

Themediumcollector’smarginwas1,580Rsbasedonacommissionof3Rs/litreandatotalcollectionof660
litresthatday.Hiscapitalcosttoenterthisbusinesswas1 . 1millionRsextendedasinterestfreeloanstoeleven
localsmallcollectorscollectingmilktoservicetheneedsothislargecollectorcustomerfromLahore.

Thelargecollector’sgrossmarginwas46,600Rsbasedonacollection6700litres(8.2milk: lice).Hiscapital
investmentwasinatruckusedfortransportationofiilkworthl .4millionR sandinloansestimatedtobeworthl
millionR sformilksuppliedoncredittoretailcustomers.

Themilkretailer’sgrossmarginwas 5S00Rs/day,assumingaveragesalesof465litresateachshop.Asmall
proportionofthisiscomprisedoftheadjustmentofthesaleofalitreofinilkto900mlincommercialoutlets. This
pointwillbeexplainedfurtherintheinformationsection. Thiswasbasedonamilkretailpriceof42Rs/litre
whereasyogurtwasactuallysoldat55Rs/kg, whichisignoredinthiscalculation. Hiscapitalinvestmentof
50,000R spaidfortworefrigeratorsusedformilkstorage.




3. Informationflowsonpricingofproduct: Therewasnoevidenceothowfarmgatemilkpricewas
fixed.IntheLahorecitymarket,thecitydistrictgovernmentannuallyfixesmilkprice/litre,whereasthereisno
setmechanismtofixthemilkpriceatthe farmgate. Theproducerwasgiventhepriceofmilk bythesmall
collectorwhichwasnegotiable Theproducerdidhoweveralsoconsultwithneighbouringfarmersonprevailing
prices.

Thesmallcollectorwasgivenapricebythemediumcollectoratthecentralcollectionpointthatchangedevery
fewweeksbasedonsupplyanddemand. Themediumcollectorstillgotthesamecommissionirrespectiveof
pricechange.ThelargecollectorwasoftheopinionthatthemajorprocessorssuchasNestle,HaleebandEngro
actuallycontrolthemilkfarmgateprice A differenceof2Rs/litrewasnotedbetweenthischainandbigprocessor
farmgateprices,withthelatterusingaccuratelitrescaleswhenbuyingmilkandofferingstablepricesacross
seasons. Theproducerstillpreferredtoselltotheinformalmilkchainsduetothefactthattheyweregetting
advancepaymentfortheimmilk.

TheretailshopsinLahorecityclaimedtochangepriceonlyonceperyearassetbythecitydistrictgovernment.
AtthetimeofthisstudythefreshunpackagedmilkpricewassetatRs50/litre Theretailsshopsweresellingmilk
inlitres kilogramsandgavdiwithdifferentunitsbeingsoldatdifferentprices. Theretailsectorinthechainwere
sellingmilkbetween42to60R sperlitre(thoughunitsvaried))andmarketpriceswereobservedtovaryfrom42
to70Rsandthedifferentunitsofsalethatincludedgadvi litresandkilogram Thisdifferenceinunitsisassumed
tobeawaytogetaroundthepriceperlitresetbythegovernment. Theshopsareassumedtobesellingalesser
quantity(litre)foragivenpricekeepingtheirmarginsorhigherthepriceforabiggerunit(suchasgadvi).Itwas
evidentthatthepricewasnotstrictlybeingenforcedacrossthecommercialsector. Theultraheattreated(UHT)
packagedmilkprocessedbylargeprocessorswasbeingsoldatRs85/litre.

4. Governanceinthevaluechain: Therearenoformalstatutoryregulationsforthischainandnowritten
contractsamong chain actors. However there is a set of unwritten rules to exercise control. Thus business
practicesandtheirimpactonthequalityofmilkproductsreachingtheconsumercanbeadjustedtoadvantage
leadactorsofthechain,thatarelargecollectorsandretailers,withoutrecoursetoanyauthority.Rulescurrently
operatingwithinthechaininvestigatedaredetailedinTable4.Thischainoperatedsevendaysaweekandthe
onlyholidaywaseleventhdayofeverylslamicmonthwhenmilkisgivenascharitytothepooranddeserving.

Rulel): CashAdvance,LoansandPaymentSchedules:Thecashadvance,loansandpaymentschedulesvaried
ateachstepofthechain:thesearrangementsmadethechaincohesive.Upstream,attheruralend,themedium
collectorextendedaloanof0.1 millionRstoeachofthesmallcollectors,whichenabledthemtoprovidea
monetarypaymenttotheirfarmersupplierswhodemandedatwoweekcashadvanceforthemilksoldtothe
smallcollector.Thiscashadvancewasbasedonthemilkvolumesold. Theterm“economichostages”hasbeen
coined(Williamson, 1991 )todescribetheinterdependencyoftherelationshipbetweenoperatorswithinthese3
phasesofthemarketingchain.

Thelargecollectormadecashpaymentstomediumandsmallcollectorseveryeighthdayofthebusinesscycle
butdownstreamattheretailendhewassupplyingmilktosomehiscustomersoncredit.Itisassumedthathewas
lockedinwithhiscustomerstoo,duetothiscreditarrangement.

Rule2): Inconsistentunits,fatpremium/qualityanddilution:Inconsistentunitsofvolumewerefoundallalong
thechain.Itishypothesizedthatthesehavedevelopedhistoricallytogenerateincomesforoperatorswithinthe
chain,partofwhichistodistortthevolumeofmilksoldasalitretotheconsumertotheadvantageoftheretail
outlet.Giventhatthereisnostatutoryregulatoryauthoritytoprotecttheconsumerthisisnotentirelyunexpected.
Similarlyretailpricescanbeadjustedbeyondthepricefixedbythecitygovernment.

Inthischainthemostimportantattributeoftherawproductwasitsfatcontentasitwassoughtafterbytheurban
consumer,therebyraisingtheimportanceofthighfatbuffalomilkwhichcanthereforebedilutedmorepriorto
sale. There was little understanding of the nutritional value of milk protein and microbial quality. The
temperatureofthemilkwashowever,maintainedbyaddingicetothemilkdirectly,whichapartfromactingasa
diluent,mayhavepotentiallyintroducedmicrobialagents.
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Thesmallcollector’sgadvicontained100gramsmoremilkthanitshould(1130gramsinstead1030gramsfor
milkhavingahigherdensity).Thisisadeliberateploytogainillicitlyl 00gramsofimilkpergadvicollectedfrom
theproducer.Theseadditionalgramsweretakenintoaccountatthecentralcollectionpoint,andwereconverted
tolitresatthepointofexchangeofproduct. Thushismilkcollectionincreasedfrom4 1gadvito4 Slitresthatisa
gainofilitresbecauseofthisdeception.

Hepreferredbuffalomilkduetoitshigherfatcontent,butwasgenerallybuyingmixedcowandbuffalomilk. He
assessedqualityofmilkcollectedbyvisualappearanceandsmellasculturalnormsdidnotallowanyfurther
checks.The large collector had placed a reward/penalty system in place at the medium collector’s central
collectionpointwherethemilkexchangedhands. Themediumcollectormeasuredandrecordedfatcontenton
behalfofthelargecollectoragainstthe6%standard Asthesmallcollector’smilkhad6.5%fat hegainedanother
4litresasitwasdilutedtoprovidethestandard6%fatcontent. Therewasacentrifugalmachinepresentatthe
collectionpointtotestfat,butitwasrarelyusedasestimationwasatthediscretionofthemediumcollector.The
followingformulawasusedasatooltoencouragethesupplyofunadulteratedhighfatcontentbuffalomilk
(Tabled).

Thelargecollectordilutedthemilkwithiceatthisstage(8.2litresofimilk: 1litreequivalentoficewhichvaried
withseason)toensurethatitdoesnotgetspoiledonitswaytotheLahoremarketwhichwasatenhourtrip.The
retailmilkshopsinthecity,notownedbythelargecollectorhadtheirownformulatotestfatbasedonwhichthe
pricewasfixed.Onarrivalofthetruck,2.5litresofmilkwasboiledtogetastandard400gramsofkhoya(milk
thickenedbyheatinginanopenironpan). Theprice+wasfixedbasedongramsofkhoyaobtainedfromthis
process Thiswastoensurecollectionothigherfatcontentmilkpreferredbythefinalconsumers.

Themilkwassoldbytheretailshoptotheconsumeringadvi litresandkilograms Itisassumedthatthelitrewas
900grams,whichmeantalowerquantityforthepricepaid. Amaund(alocalunit)wasactual4Okgatthefarm
gateandd6litresinthel.ahoremarketduethereadyacceptanceofdilutionbythevendors.

Discussionandconclusion:

Theresearchhasgivenaninsightintohowarural-urbaninformalfreshunpackagedmilkvaluechainoperatesin
Pakistan,whichhasnotbeendescribedpreviouslyIthasquantifiedthenumberofparticipantsandemployment
opportunitiesalongthechain.

Thereisnoformalcontractatanystageinthischain,yetproducersobtainadvancesfortheirmilk,regularcash
flowsandadditionalservicessuchasagriculturalinputsasapartofthearrangement. Smallcollectorsobtain
interestfreeloanstooperateandearntheirlivelihoodwhilethemediumcollectorgeneratesviablereturnsonhis
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capital Thesmallcollectorisinparttrapped byboththeproducertowhomheextendsadvances,andthemedium
collectorfromwhomheborrowsthemoney. Thelargecollectorholdsthemostpowerattheruralendofthechain
yethehastokeepthedemandsandexpectationsothisretailcustomers. Thischaincollects,transportsandsells
freshunpackagedmilkwithafatcontentof4to5%,whichishigherorequivalenttothepackagedmilkusually
containing3.5%fat) butwhichismarketedatalmosthalfthepriceofthepackagedproduct.

Therisksassociatedwiththischainandtheraisedfromthestudyinclude:

a) Thechainsoperatewithminimaluseoftechnologyandtheanswerpartlyisthattheconsumerpaysalower
pricebutisthispracticesustainableinthelongrun?Whataboutthemicrobialqualityandproteincontent?

b) Themargins,inparticularthoseearned bythe producerandsmallcollectorsarenegligible. Theactors
downstreamare gainingcompetitiveadvantageonly byloweringpricesand distorting the quantity and
qualityofinilkonsale.

¢) Thereisnoformalmechanismforsettingafarmgatepricewhilethepriceoffreshmilkinurbancentresset
bythegovernmenthastobereconsidered

d) Themilkunitconversionsdepriveboththefarmerandfinalconsumerofquantitiesforwhichtheyreceive
nopayment/milk. Havingfatcontentastheonlydeterminantofiilkqualityamatterforconcernwherethe
livingstandardsandexpectationsofconsumersisbecomingmorediscerning.

Thischainoperatesinanindustryenvironmentwhichiscomplexandcompetitive. Therearealargenumberof
smallproducersandfinalconsumerscateredforbyalargenumberofcollectorsanddistributorsatdifferenttiers
ofthechainandretailers.Morechainsanddifferentmodelwillhavetobestudiedbeforemakinganyconcrete
recommendationsforthemoreeffectivemarketingofSuchanimportantcomponentofthePakistanidiet.
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Abstract

Theobjectiveofthestudyistodemonstratetheeffectofimprovedextensionservicesonadoptionratesandfarm
economicsofsmallholderdairyfarmersinPakistan.Duringthefirsttwoyearsoftheprojectasimpleapproach
ofextension targeting male farmers was used. Whereas in the second phase of the projecta whole family
approachestargetingallthefamilymemberswasutilized . Theeffectofimprovedextensionservicesonadoption
ratesandfarmeconomicswascollectedonamonthlybasisfromthefarmers. Thesefarmerswereworkinginthe
districts of Kasur, Okara, Pakpattan, Jhelum and Bhakkar within the Punjab province. Preliminary results
indicatedsignificantlyhigher(P<0.05)adoptionrateswhenextensionserviceswereprovidedusingthewhole
family approach (50%) compared to the simple approach (14%) after one year of both phases. Improved
extensionserviceshavesignificantlyincreased(P<0.05)thefarmincomeofsmallholderdairyfarmers.Overall
therewasabout$US 100/monthincreaseintheincomeofsmallholderdairyfarmer.Inconclusion,thisstudy
indicatesthatimprovedextensionserviceshaveasignificantimpactonadoptionratesresultinginanincreasein
farmeconomicsofsmallholderfarmers. Thedatagenerated fromthisstudywillbehelpfultodevisebetter
strategiesforimprovedextensionservicesinordertooptimizethedairyproductionofsmallholderfarmersand
willhavearippleeffectontheotherstofollow.

Keywords: Extensionservices,adoptionrate,farmeconomics,smallholderfarmerdairy
Introduction

Pakistan likemanydevelopingcountries,hasanagrarianruralbasedeconomy.Livestockisamajorcontributor
tothenational(12%)andagricultural(50%)economy(PakistanEconomicSurvey,2006).Thelivestocksector
hasbeenrecentlydeclaredasoneofthefastestgrowingsectorsandprovidesimprovedlivelihoodsformorethan
35millionpeoplewithfarmers/householdsderiving3 0to40%oftheirincomefromlivestock.

Milkremainsthe majorcontributortoincomederived fromlivestock. The value of milk alone exceeds the
combinedvalueofwheat,rice,maizeandsugarcaneinthecountry.Milkisproducedunderdifferentproduction
systemsnamely,ruralsubsistencesmallholding ruralmarketorientedsmallholding ruralcommercialfarmsand
peri-urbandairying. Itis estimated thataround 70% ofthe dairy households in Pakistan still operate under
conditionsofsubsistencebymaintainingherdsofthreeorfouranimals(Burkietal.,2005).Theproductivityof
livestock s still lagging behind its potential level. In order to meet the requirements ofa rapidly growing
population,dairyproductionneedstobeincreased. Thiscanbedonebyadoptingmoderntechniquesofdairy
farming.Newtechnologiesdevelopedbyresearchersaredisseminatedamongthefarmersthroughaneffective
extensionprogram.

Theroleofextensionhasbeentoprovideresearch-basededucationandinformationtotheproductionsector.The
mostimportantmanagementareasonadairy farmare feedingand forages, udderhealth, reproduction, calf
raising,andherdhealth(Dahletal.,1991a).Problemsolvinginthesearcasrequiresabroadbaseotknowledge
andexpertise,andoftentheimplementingagencymustorganizeamultidisciplinaryteamofextensionspecialists
orotherprofessionalstoassistproducers(Dahletal.,1991b).Servicestothedairysectorarebeingprovidedby
governmentagenciesandarangeofNGOs,andvirtuallyallservicesproviderswhointeractwiththefarmersare
veterinariansorpara-veterinarianswhoperformvaccination, treatmentandA.I. Limitationsintheextension
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serviceandtheresearch/extensioninterfaceareconsideredtobebottlenecksinthedevelopmentofthedairy
sector.Inparticularthestyleofcommunicationbetweenfarmersandextensionstaff,theinformationavailableto
extensionstaff,thenumberofskilledextensionstaffandafailuretoconsiderproblemsandsolutionsinawhole-
of-farmsystemscontextareimportantlimitations. Thusthemajorobjectiveofthisstudyistodemonstratethe
effectofimprovedextensionservicesonadoptionratesand farmeconomicsofsmallholderdairy farmersin
Pakistan.

MaterialsandMethods

In2007,anAustralianCentreforInternationalAgriculturalResearch(ACIAR)researchprojectLPS/2005/132
wascommencedwiththeaimofincreasingdairyproductionthroughimprovedextensionservices.Smalldairy
farmershaving4-10(buffaloand/orcattle)forproductionwerethemaintargetgroupforthisproject.Duringthe
firstphaseoftheprojectasimpleapproachofextensiontargetingmale farmerswasused.In2011,ACIAR
extendedthisresearchprojectforanadditionalfiveyears. Theprojectiscurrentlyworkinginfivedistrictsof
Punjab(Okara, Pakpattan, Kasur,Jhelum, Bhakkar)andtwodistricts (Thattaand Badin) of Sindhprovince.
Duringthissecondphaseoftheprojectawholefamilyapproachtargetingallfamilymemberswasutilized. A
numberofinnovativewaysofextensionhavebeenadoptedincludingtheuseofvideopractices,demonstration
plots,problembasedlearning,stagedrama,radioandTVshowstoimprovetheeffectivenessoftheprogram.
Benchmarkdatawerecollectedonwhole farmingsystems from228 farmers duringthe firstphaseand 292
farmersduringthesecondphaseoftheproject.Subsequently,attheendofeveryyeardatahavebeencollectedto
monitortheimpactoftheseinitiativesontherateontherateofextensionmessageadoption.Inordertoanalyze
thefarmeconomics,datawascollectedfrom1Oprimaryleadingfarmers,twofromeachofourprojectdistrictof
Punjabannually.

Theprojectplacedemphasisonacomprehensiveinterdisciplinaryeducationalprogramofimeetings,workshops
andtrainingsofbothfarmersandextensionworkers.Basichusbandry,nutrition,andcalfmanagementwerethe
initialsubjectsaddressedduringbothphasesoftheproject.Adoptionratesbetweenthewholefamilyapproach
andsimpleapproachafteroneyearofbothphaseswereanalyzedusingaChi-squaretest. Similarly,adoption
ratesofvariousmodulesatthestartandafteroneyearofprojectphase-IIwereanalyzedusingaChi-squaretest.
Comparisons of various average monthly incomes of small holder farmers were analyzed using a t-test.
StatisticalanalysiswascarriedoutusingSPSS(Versionl 0.0)withP <0.05regardedassignificant.

Results

Adoptionrates(50% )weresignificantlyhigher(P <0.05)bymorethanthree-foldwhenawholefamilyapproach
wasimplementedcomparedtothesimpleapproach(14%)afteroneyearofbothphases(Figurel ).Comparison
ofadoptionratesofvariousmodules(animalhusbandry,basicconceptsofiutritionandcalfhutrition)atthestart
andafteroneyearofthesecondphaseisshowninFigure2. Untyinganimalsandgivingfreeaccesstowater
togetherwithtwicedailycleaningofshedswerereadilyadopted,howeverinvestingininfrastructureintheform
ofshedconstructionwasnotaseasyforfarmers(Figure2a).Offeringfodderadlibitum,feedingconcentrateand
Improvedextensionserviceshavesignificantlyincreased(P<0.05)thefarmincomeofsmallandmineralmixes
wereperceivedasbeingeasyandofdirectbenefittoproductivity:incontrastfeedingcottonseedcakewasnot
(Figure2b).Irrespectiveofthemessageforcalfrearingfeedingcolostrum,offeringconcentrateandsufficient
milkandwaterwereperceivedasbeingreadilyadoptablemessages(Figure2¢).OveralltherewasaboutUS$
100/monthincreaseintheincomeofsmallholderdairyfarmer(Tablel).
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Tablel.Comparisonofvariousaveragemonthlyincomesofsmallholderfarmers

Survey  No.ofmilking Land(Acers) Dairyincome/  Cropsincome/ Incomefrom Totalincome/
animals month(Rs) month(Rs) othersources/ month(Rs)
month(Rs)
2011 2 6.7 7161a 5172a 4710a 17043a
2012 2.2 6.7 12758b 9358b 5400b 27516b

a,bMeanswithadifferentsuperscriptswithinacolumnaresignificantlydifferent(P<0.05)

Discussion

Toourknowledgethisisthefirstreportwhichclearlydescribestheeffectofimprovedextensionserviceson
adoptionrates and farm economics of small holder farmers in Pakistan. Higheradoptionrates (50%) were
achievedwhenweintroducedawholefamily(male,femaleandchildren)approachcomparetosimpleapproach
(14%) relative to the traditional male only approach to extension. An effective extension program with
participationbythewholefamilyishighlydesirabletoenhancefarmproductivity Manyorganizationsaimingat
improvingsmallholderdairyingfailtoappreciatethisfactandignorewomenandchildrenintheirtrainingand




skills development programmes. Women normally cannot leave theirhome and families fora few days to
participateintrainingprogrammesandusuallyrequirefemaletrainersforeffectivecommunication. Thusduring
thesecondphaseoftheprojectwearrangedparallelsessionsforwomenandchildrenco-ordinatedbywomen
trainers.Thisapproach,alongwithtrainingofthemalefarmersresultedinhigheradoptionrates.

Inordertodemonstratetherole of childreninrural communities this projectinitiatedabuffalocalfraising
competitionamongthechildrenoffarmers(10-16years)inPakpattandistrict. Theseresultsdemonstratedthat
underfieldconditionstheaveragedailybuffalocalfliveweightgain(43 1 gm/day)wascomparabletomany
controlledstudiesinvariousleadingresearchinstitutesofPakistan(Bhattietal.,2009;1gbalandIgbal,1992).
These findings clearly indicated that we can effectively enhance animal productivity through the active
involvementofchildreninourextensionprogram.

Inthepresentstudy,adoptionratesofvariousmodulesatthestartandafteroneyearofprojectphase-Ilare
significantly higher. Possible reasons of high adoption rates other than the whole family approach are the
implementationoftheinnovativewaysofextensionlikevideopractices,demonstrationplots,problembased
learning, stagedrama,radioandT Vshows.Innovativemethodsofextensionplayedasignificantroleinorderto
achievehigheradoptionrates. Whiledevisingtrainingprogrammes,oneshouldkeepinmindthat“Seeingis
believing”and“Farmersdonothaveears theyonlyhaveeyes.”

Thepresentstudyclearlydemonstratedthatimprovedextensionservicesresultedinsignificantlyincreasedfarm
incomeforsmallholderdairyfarmers.Therewasanaverageincreaseofabout§US 100inmonthlyincomeafter
oneyearofeffectiveextension.Farmerswereshowntohaveadoptedbasichusbandryandimprovednutrition
practices. Providing ad-libitum access to water and feeding resulted in the increase of approximately 1
lit/animal/day(Warriachetal.,unpublisheddata)However,thereisaneedtoinvestigatefurthertheeffectsof
variousadoptionratesontheproductivityandfarmeconomicsofsmallholderfarmers.Inconclusion these

preliminaryresultsindicatethatimprovedextensionserviceshaveasignificantimpactonhigheradoptionrates
resultinginanincreaseinfarmincomesofsmallholderfarmers.
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Abstract

Maintainingthemilksupplyforapopulationof1 80millionpeoplewhodependheavilyonthiscommodityfor
theiranimalproteinneedsremainsachallengegiventhepoorleveloftrainingprovidedforthe8. 5Smillionsmall
holderdairyfarmerstowhomthistaskfalls. Thekeyobjectiveofanyextensionprogramneedstofocuson
boostingtheproductionperanimalbeyondthemeanof3. 1 Slitresperday.Instrivingtoattainthisgoalfarmers
mustbeabletoachieveaprofitmarginsufficienttojustifytheirinvestmentinimprovingproductivity.Oneofthe
keyobjectivesofthedairyindustryinthefuturemustbetorationalisemilkmarketingchainssothatasignificant
proportion of the profits derived from selling high quality milk to consumers is passed directly to the
producer. Withtheprovisionofcleareconomicsignalsthefarmerwillstrivetoimprovefeeding diseasecontrol,
reproductive managementand the environmentin which animals are kept. Changes to the industry are not
necessarily going to come from direct government investment, but are more likely to be achieved by the
implementationofgovernmentpoliciesdesignedtoencourageprivateandcorporateinvestmentintheindustry.

Keywords: Milkproductionsmallholderdairies;marketing extension
Introduction

PakistaniMinisterforLivestockandDairyDevelopment,HamayunAzizKurdproudlyinformedtheNational
Assemblyearlyin20 14thatPakistanstandsasfourthintherankingofthelargestmilkproducingcountrieswith
anannualproductionof36.2milliontonnesfromeightmillionfarminghouseholds.Pakistanisthefourthlargest
producerofmilkintheworldbehindIndia,ChinaandtheUnitedStates.Hefurtherstatedthattheannualmilk
productionacrossthecountryisworthasmuchasRs177billionandiseasilythelargestproductintheentire
agriculturesector(Anon2014).

ThecontributionofthedairyingtothenationaleconomyistothetuneofR s540billionwith9 7percentofitbeing
informalnon-documentedeconomicactivity. Approximatelytwothirdsofthisisconsumedbythedomestic
householdorsoldinlocalmarkets, leavingonethirdtobesoldasfreshunpackagedmilkthroughinformalchains
(Ziaetal 2011).Theformalproductionandprocessingsectorcomprisesonly3 %ofhationalproduction.

WhiletheMinisterhasgoodreasontobeproudofthesestatistics,theybeliethefactthattotalmilkproductionis
derivedfrom34.6millionbuffaloand39.7millioncattle(Ahmad2014)eachproducingaslittleas3litresperday.
Furthermoretheestimated5%increaseinproductionannuallyisoffsetbyal 5%increaseinconsumerdemand
whichiscurrentlyat43.2milliontonnes someSmilliontonnesaboveannualtotalproduction.

Thegovernment'sresponsetothisissueinvolvedfundingthenationalLivestockandDairyDevelopmentBoard
toinstall 150 milk cooling tanks, train 168 milk cooling tank operators, 176 village livestock workers and
establish387 1farmersin"milkproducinggroups" similartotheconceptoffarmerco-operatives Furthertothis
theBoardhadalreadyregisteredandtrained566qualitybreedersandregistered1 004ProgenyTestingprogram
Farmers. Arethesetheanswersthattheincreasinglyurbanisedpopulationofl 88millionpeopleofPakistanare
lookingfor?

Itisimportanttoremember that60%ofthepopulationlivesonlessthan$2aday(WorldBank2013)andmilk
productsprovidel 0.6%and18.7%ofthetotalcaloriesandproteinintakepercapitaperday(PakistanBureauof

Statistics2011).




Some of the answers lie within the problem areas identified within the industry by the Pakistan Dairy
DevelopmentCompany,anindependentgovernmentorganisationestablishedundertheMinistryofIndustries,
ProductionandSpeciallnitiativesin2006(PDDC2006).

Thekeyissuesraisedatthattimewere:
[ )
e The lowprofitabilityofsmall-holderdairyoperations;
Theseparationoffarmers fromthemilkmarketingsectorandmarketforcesoperational inregionalurban
e centres;
Inadequateinfrastructureforbothmilkstorageandtransport:thisincludesrefrigerationtopreservemilk
® quality;
Pooreducationalfacilitiesavailableforfarmingcommunities;
o Little knowledgeothowtofeedalactatinganimal;
Inadequate training for the government veterinary extension officers who advise farmers on animal
e productivity;
® [ack ofawarenessoftheconsumersofthequalityattributesofimilk;
Adulteration of the product along the marketing chains to maximise profit margins for milk chain
® operatives;
Thepoorrangeofdairyproductsavailabletoconsumerssuggestingthattheindustrylackedinnovative
e entrepreneurial thinking;
Inadequateresearchfacilitiesacrossdairyproductionsystemstoprovidetheinnovativethinkingrequiredto
sustainavibrantandprofitableindustry.

Thenatureofsmall-holderdairyoperations

Closeanalysisofsmall-holderdairyproductionunitsmostoftenarenotprofitable. Itisimportanttonotethatthe
rationaleforowningbuffaloandcattledoesnotoftenrelatetoboostingfamilyincome A dairyanimalmostoften
providesthesolesourceofanimalproteinforthefamilyforanaveragelactationofmorethan200days. The
amino balance, vitamins and minerals provided by milk protects children and women from nutritional
deficiencies.Whereproductionexceedsfamilyneedsthentheattractionofimakingasmallincomeforthesame
durationhelpsafamilypayforotheressentialfoods.clothingandpharmaceuticals.

Asmostofthese farmingoperationsalsorely oncashcropping fromtheirsmallareasand irrigation water
allocation,incomefromlivestockprovidesaninsuranceagainstcropfailureaswellasprovidingdungwhich
enables nutrients to be recycled to the soil profile thus avoiding the use of expensive inorganic fertilisers.
Animalsalsoactasaninsurancepolicytopay forweddings, funerals,medicalexpensesandeducationfees
(Afzal2006).Both croppingand forage growing operations are seasonal and itis important thatthe farmer
manageshislimitedarableareatomaximiseproductionfrombothoftheseoperations.

Giventheneedtomilkanimalstwicedailyandfeedanimalsconstantly,dairyoperationsgenerateemployment
opportunities.Mostthesetasksarethedomainofthewomeninfamiliesastheirdomesticdutieskeepthemclose
tothefamilyhomewhereanimalsaremostoftenkeptforreasonsofsecurityandforeaseofimanagement.

Thepricingofmilk

Evenwithallofthesefactors,milkpricereceivedisveryimportanttothefarmerandhisfamily. Yetthevery
natureoftraditionalmilkmarketingchainsdictatesthattherelativelyuneducateddairyfarmerisisolatedfrom
thepricesettingprinciplesofsupplyanddemandinoperationintheurbanmarketplace Factorsinfluencingprice
receivedonfarmaredependentonspecies,locationoffarmsrelativetomarkets season theeducationalstatusof
the farmeras wellasthe pricing policies of statutory organisations affected the price received formilk on
farm(Ishagetal 2015).

Giventheconvolutedstructureofinformalmarketingchainsthefixingofmilkpricesintheurbanmarketplace
leaveslittleroomforprofitsharingforthemilkcollectorsordhodisthatformthechainandevenlessscopefora
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forthe family foranaverage lactationof morethan200days. Theaminobalance, vitaminsand minerals
providedbymilkprotectschildrenandwomenfromnutritionaldeficiencies. Whereproductionexceedsfamily
needsthentheattractionofmakingasmallincomeforthesamedurationhelpsafamilypayforotheressential
foods.clothingandpharmaceuticals.

Asmostofthese farmingoperationsalsorely oncash cropping fromtheirsmall areas and irrigation water
allocation,incomefromlivestockprovidesaninsuranceagainstcropfailureaswellasprovidingdungwhich
enables nutrients to berecycled to the soil profile thus avoiding the use of expensive inorganic fertilisers.
Animalsalsoactasaninsurancepolicytopay forweddings, funerals,medicalexpensesandeducationfees
(Afzal2006).Both cropping and forage growing operations are seasonal and itisimportant that the farmer
manageshislimitedarableareatomaximiseproductionfrombothoftheseoperations.

Giventheneedtomilkanimalstwicedailyandfeedanimalsconstantly,dairyoperationsgenerateemployment
opportunities.Mostthesetasksarethedomainofthewomeninfamiliesastheirdomesticdutieskeepthemclose
tothefamilyhomewhereanimalsaremostoftenkeptforreasonsofsecurityandforeaseofimanagement.

Thepricingofmilk

Evenwithallofthesefactors,milkpricereceivedisveryimportanttothefarmerandhisfamily. Yetthevery
natureoftraditionalmilkmarketingchainsdictatesthattherelativelyuneducateddairyfarmerisisolatedfrom
thepricesettingprinciplesofsupplyanddemandinoperationintheurbanmarketplace Factorsinfluencingprice
receivedonfarmaredependentonspecies,locationoffarmsrelativetomarkets seasontheeducationalstatusof
the farmeras well asthe pricing policies of statutory organisations affected the price received formilk on
farm(Ishagetal 2015).

Giventheconvolutedstructureofinformalmarketingchainsthefixingofmilkpricesintheurbanmarketplace
leaveslittleroomforprofitsharingforthemilkcollectorsordhodisthatformthechainandevenlessscopefora
realisticpricebeingofferedtothefarmer. Thedilutionofmilkwithwaterandtheadditionofotheradulterantsto
boostperceivedproteinandfatcontentsbytheseoperatorsisessentialforprofitsharingalongthechain.

Wehavesurveyedmarketingchainsin3districtsofPunjabandfoundthattheadditionofwateraddedupto25%
ofthevolumeofimilksoldintheurbanmarketplace(Tablel ).

Districts Fat% Protein% SNF% Addedwater% Lactose”
Okara 4.527 2.570 6.818 19.65 3.598
Pakpattan 4.175 2.568 6.850 18.51 3.618
Kasur 4.231 2.367 6.303 24.61 3.327

Tablel:CompositionofmilkcollectedintheurbanmarketplacesofOkara,PakpattanandKasurinCentral
PunjabProvincePakistan

Itisclearthatshopownersareabletobalancethefatcontentofmilktoremainabovethe4%benchmarkby
strategicallyblendingthehigherfatbuffalomilk(<6%)withcowmilktogetherwithwatertomaintainfatat
alevelacceptablebytheconsumerwhoplacesahighemphasisontheyieldofcreamintherawproductand
gheeuponboiling. Itisthelowproteinlevelsthatshouldbeofconcerntotheconsumerwithconcentrations
oflessthan2%oftenbeingfoundinthemarketplace,suggestingthatthedilutionratecanbeashighas1:2
alongsomemarketingchains. Thecontainersusedformeasuringmilkvolumealongthechainalsofavourthe
trader,whileinmanycommercialoutletstheconsumerisprovidedwith900mlwheninfacthehaspaidfor
onelitre.

Pakistan,however, isnodifferenttootherdevelopingcountrieswhereinformalmarketingsystemsfacilitatethe
supplyofcheapercaloriesfortheconsumer(FAO2013).Policiesanddevelopmentstrategiesinmanycountries
often fail to recognize and provide adequate support for smallholder production systems and associated
marketingchains focusinginsteadonhighermprofileindustrialproduction(Echeverriaetal 2011).

o




Theimportanceofmilkquality

Whilethedilutionofimilkwithwateriswellknowngivetheamountoficethatisaddedtominimisethespoilage
ofproduct,othermorecovertcontaminantscanbefoundinmilk.Concentratefeedsbasedoncottonseedand
wheatglutenarchighlysusceptibletofungalcontaminationwiththeresultthatmycotoxinsareoftentransferred
fromfeedconstituentstomilk Ourstudieshaveshownthatupto5%eofaflatoxinB linfeedwillbetransferredto
themilkofbuffalo as theaflatoxinM Imetaboliteresultinginconcentrationsthatexceedinternationalstandard
upto100-fold.Giventhehighlycarcinogenicnatureofthesetoxinsthisrepresentsa'sleepinghazardforall
consumersofmilkinPakistan(Aslametal 2015).

Thefutureformarketingdairyproducts

The traditional informal marketing chains described above are very reminiscent of mechanisms for the
distributionandsaleofagriculturalproduceinthewesternworlduptothestartoftheindustrialrevolutionofthe
19thcentury.

Thisinvolvedproducinggrain,milk,meatandfibreatthelocallevelwhichwassoldtotraders andthenthrough
smallscalemerchantsintherawstateofperhapswithasinglestepofprocessingsuchaschurningcreamtoform
butterorgrindinggraintoflour.Governmentsoftensetthepricebuttherewaslittleregulationofproductquality.
Internationaltradeseldomplayedarole,althoughsadlythedumpingoftheavilysubsidizedproductslikemilk
powderinthemarketplaceofdevelopingcountrieshasthepotentialtodistorttraditionalmarketingsystems.
Thisunethicalpracticehascompromisedsmall-holderfarmingsystemsinbothA fricaandAsiaoftendestroying
thesolesourcesofincomeformarginalpopulationssuchasnomadicgraziers. Thishascompromisedtheprice
formilkonoffertosmall-holderproducersonsomeoccasionswhilethisproductcanalsobebeneficialbyfilling
seasonalmilkshortages.

ThenwiththeadventoftheindustrialrevolutionthefoodproductionandmarketingsystemsofEuropeandNorth
Americaunderwentprofoundchange. Theestablishmentoflargescalefirststageprocessingcompaniestofor
examplegrindgrain(egCargill)orprocessmilkleadtothedevelopmentofsecondaryprocessingcompanies
producingrefinedfoodproducts(e.g Nestle).

The first U.S. milk processing plant to install pasteurization equipment was the Sheffield Farms Dairy in
Bloomfield,NewlJerseyin1891,whileChicagobecamethefirstmajorAmericancitytopassalawrequiring
commercialmilktobepasteurized. Massdistributionofinilkwasnotpossibleuntiltheadventofthemilkbottle
sealedwithwaxinl 884andthentheplasticcoatedcardboardmilkcartoninl 932(Bellis2014)

Thesechangesleadinevitablytolargescalechainstoresandsupermarketswithassociatedlargewholesaleand
logisticscompanies.Inevitablythisleadtopressurconfarmerstoproducemorewithlowerprofitmarginsper
litre Iffarmerswerenotabletoincreasetheitherdtheywentoutofbusiness,whichhasleadtocommercialherds
inCaliforniaofmorethan2000cows.SimilartrendshavebeenseeninAustralia. Whilethescepticssaidthis
wouldnothappenindeveloping countries, thishasnot proved tobe the case. Food systems in developing
countriesinLatinAmerica,Asia, Eastern Europe,andsomeofAfricahaveundergonearevolutionsincethe
1980'sresultinginthedemiseofsmall-holderfarmingsystems(Reardonandlimmer2012).

WillPakistanfollowthistrend? PerhapswewilllearnmorefromtheexperienceofIndiawhichhasrecently
allowedmultinationalsupermarketcompaniestotradeinlargerpopulationcentres.

Increasingtheresilienceofsmall-holderdairyfarmers

Giventhepooreducationavailabletomostsmall-holderfarmers,practicesusedforanimalhusbandryaremost
oftenofatraditionalnaturewhichtranscendthegenerations. Thelowproductivityofcattlebuffaloherdsisin
partduetothepoorextensionservices onoffer fromthegovernmentveterinary advisory services. Itisalso
importantthatonlyaround40% ofsmallholder farmersareaccordedany governmentservicesatall. The
veterinarycurriculumofmostuniversitiesplacesastrongemphasisoncurativemedicineandmanagementof
reproduction. Seldomis nutrition included as amajor component of any curriculum. Similarly veterinary
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extension staffknow little about calfrearing and its importance for farm profitability. Thus the training of
extensionstaffisanimportantcomponentofanyassistanceprogram.

Thetraditionalmechanismforfarmerextensionistoprovideformalpresentationsonsitetomalefarmersintheir
villages.Ourexperiencewasthatevenwiththemoststraightforwardmessages,successwiththisapproachwas
limitedtoadoptionratesofnobetterthan30%. Thiswaseventhecasewithourinitialapproachtotrainingto
untieanimalsandprovidefreeaccesstowaterandfeed. Theidentificationofsentinelearlyadoptingfarmersin
villageshelpedinencouragingotherstojoinourprogram. ItwasimportanttonotethatPunjabifarmershavean
innatescepticismtoworktogetherco-operativelywithinavillagetoachieveacommongoal.

Howevermuchgreatersuccesswasachievedwhena'"wholefamily"approachwastakentotheprovisionof
extensionservices. Thisinvolvedofferingsimultaneousextensionservicestomenandwomen,withthevillage
schoolfemaleteacherattendingthefemaleextensionsession. Theschoolteacherthendisplayedtheextension
messagesintheschoolroomforthechildrentoread. Thematerialprovidedneededtobelargelypictorialto
ensureilliterate adultsand poorly educated children understood the message. The contentofthe women's
sessionswasbroadenedtodiscussinformallymattersrelatingtofemaleandchildhealthandforthisreasonthe
villagehealthworkerwasofteninvitedtoattendalso.Somesessionswerealsodesignedtobroadenrecreational
activitiessuchastrainingwithhenna,stitchingandevenmakingice-cream. Theendresultofthisapproachwas
thatmanyfamiliesthendiscussedthecontentofthemeetingsaroundthefamilymealthateveningandthenthe
adoptionofextensionmessagesbecameafamilydecisionratherthanthatofthemalefarmerbyhimself. Oftenit
wastheeverperceptivefemalewhoforesawbusinessopportunitiesforthefamily.

Howevermuchgreatersuccesswasachievedwhena'"wholefamily"approachwastakentotheprovisionof
extensionservices. Thisinvolvedofferingsimultaneousextensionservicestomenandwomen,withthevillage
schoolfemaleteacherattendingthefemaleextensionsession. Theschoolteacherthendisplayedtheextension
messagesintheschoolroomforthechildrentoread. Thematerialprovidedneededtobelargelypictorialto
ensureilliterate adults and poorly educated children understood themessage. Thecontentofthe women's
sessionswasbroadenedtodiscussinformallymattersrelatingtofemaleandchildhealthandforthisreasonthe
villagehealthworkerwasofteninvitedtoattendalso.Somesessionswerealsodesignedtobroadenrecreational
activitiessuchastrainingwithhenna,stitchingandevenmakingice-cream. Theendresultofthisapproachwas
thatmanyfamiliesthendiscussedthecontentofthemeetingsaroundthefamilymealthateveningandthenthe
adoptionofextensionmessagesbecameafamilydecisionratherthanthatofthemalefarmerbyhimself. Oftenit
wastheeverperceptivefemalewhoforesawbusinessopportunitiesforthefamily.

Assessingtheimpactoftrainingprograms.

Inevitablyfundingbodiesliketobeabletoquantifythesuccessoftheprogramstheyhavefunded. Yetthisis
oftenthemostdifficultaspectofanyproject.

Inordertoachievethisgoalwedevelopedasimplequestionnairewhichsoughttogainanunderstandingofthe
levelofadoptionofthesimplemessageswehadprovidedtosome900farmersforuptoSyears.

Thesimplicityofquestionsisshownhere:
Un-tyingofanimals: [ |Un-aware [ |Aware

Indevelopingthisprogramwecategorizedfarmersaseither

1. Farmersregisteredwithourprogramandmostlikelytoadoptourmessages;

2. Farmersnotregisteredbutwhomaintaincontactwithregisteredfarmersorwhoattendourmeetingswithout
formallyregistering.

3. Traditionalfarmerswhohavenotshownsignificantinterestinourprograms.




Table2: Ratesofadoptionofextensionmessagesdeliveredtofarmersonspecifictopics. Thecategoriesof
farmersaregivenaboveandtheywererandomlyselectedfrom5districtsinPunjaband2inSindh. The
extensionmessagesaredetailedasfollows:
Untying:Farmerswereadvisedtountieanimalsandbuildasmallyardtoallowanimalsaccesstowaterad

libitum.

Farmer Ad Lib

Group | Untying | TwoMonthsDry | Vaccination BreedingBull Colostrum | BalFeed | ImpSeed
1 Awareness | Recommendation

(n=179) | 983 95.5 Level(%) 97.2 92.7 89.8
2

(n=116) | 88.7 82.8 93.1 80.2 67.0 77.6 75.7
3

(n=104) | 75.0 78.9 80.8 71.8 42.2 68.6 73.5

Two monthsdryFarmerswereadvisedtodryoffanimalsfor2monthspriortocalving.

e Vaccination:FarmerswereadvisedtouseeffectivevaccinesforFootandMouthdiseaseandHemorrhagic
Septicemia

¢ Breed Bull:Farmerswereadvisedtousesemenfromprovensiresinbreedinganimals.

¢ Ad libitumcolostrum:Farmerswereadvisedtoprovideforcalvesaccesstocolostrumadlibituminthefirst
24hoursaftercalving.

e Bal Feed: Farmers were advised to provide sufficient quantities ofabalanced rationincluding forage,
concentrateandtracemineralstolactatinganimalstomaximiseproductionlmpseed:Farmerswereadvised
tosourceimprovedforageseedtoincreaseyields

Thesurprisingresultfromthesedatawasthepoorunderstandingoftheimportanceofcolostrumtotheneonatal
calf. Thishighlightstheeffectivenessofimpactassessmentsindetermining future emphases forextension
programs. Inthiscaseamoreeffectiveextensionmessageneedstobedeliveredontheimportanceofcolostrum:
itpossiblealsothatthemessagencedstobedeliveredinadifferentway.

Conclusion

Ofthefactorsthatwerelistedaboveaslimitingforthedevelopmentdairyindustry,perhapsthemostimportantis
thelackofappreciationofthequalityattributesofmilk.
Everyyearwelearnmoreaboutthchealth-givingpropertiesofthiswonderfulbiologicalhumanfood.

Wehaveknownforsometimeaboutthevirtuesofthemajommacronutrientsinmilksuchasproteinlactoseandfat
alongwithvitaminsandminerals. Weunderstandnowthatthecaseinsarehighlycomplexproteinscapableof
yielding peptidesthat controlarange ofbiological activities including behaviour, insulin sensitivity, blood
pressure,gutabsorption,immunity,gutmotilityandabsorptionandcholesterolstatus. Furthermorefattyacid
compositionandcomplexcarbohydratesarenowseenaskeymetabolicregulatorsfortheconsumerofimilk.Yet
mostmilk in Pakistan is boiled because of problems with food safety thereby destroyingmany labile milk
componentsaswellasdenaturingthekeyproteins. Ofcoursealternativemethodstoboilingsuchasheat
treatment through pasteurization are needed to minimise the incidence of major milk-borne illnesses like
tuberculosis,diphtheriaandtyphoid Theconsumptionofrawmilkthroughcommercialoutletsisstrictlylimited
worldwide forthisreason.  Aneducation program developed with a joint government private enterprise
consortiumwouldgoalongwaytochangeconsumerknowledgeanddemandforqualityproductsattheright
price. Partofthismaybeaschoolmilkprogramwherethesameconsortiumfundsthedistributionothighquality
milk to primary school children, while at the same time providing an education program for the whole
community.

Sowheredoesthisleavethesmall-holderdairyfarmerwhoislosingmoneyforeverylitreofmilkhemarkets
throughthetraditionalchains?Asisseeninmostcountriesitisnotthegovernmentextensionservicesthatare
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destined to change the profitability of milk production: public sector organisations are typically ineffective
becauseoftheirstructuralinertia. Itistheprivatesectorthatneedstostepforwardtodevelopamuchwiderrange
ofhighqualitydairyproductsandtoeducatetheconsumerontheirhealthgivingvirtues.Extensionservicesfor
farmersmustberunusingour "whole family approach" toachievethebestresults. Inevitably therole ofthe
traditionalmarketingchainswillpasstoinnovativeprivateentrepreneurs,bothlargeandsmallassuggestedby
ReardonandTimmerabove,toprovidemuchmoredirectlinksbetweenthefarmgateandtheconsumer.Payment

to farmers must be based on strict quality attributes including the elimination of heavy metals, insecticides,
herbicidesandmycotoxinsfromthemilk.Theseregulationsneedtobeimplementedbyprivateindustryandnot
governmentorganisations.

Thereareothercontributingissuesthatwillleadtotherestructuringoftheindustry,howeveroncethepricingof
milkis linked to consumer demand for quality product, other changes in the production system will follow.
Howevertisunlikelythat8. Smilliondairyfarmerswillstillbewillbemanagingviableproductionsystemsin5-10
yearstime. ThePakistanidairyindustryhasthepotentialtobeoneofthemostefficientintheworldgiventherich
naturalresourcesavailabletothese farmers. Weawaitthepartnershipofgovernmentandprivateindustryto
deliverforthedairyfarmerofthefuture.

References:

AfzalM.2006.AperspectiveonlivestockdevelopmentinPakistan.PaperpresentedatNationalConferenceon
InvestmentOpportunitiesinLivestockSector;2006.

AhmadJ.2014.EconomicSurveyofPakistan& LivestockSector(2013-2014)inFinanceMo,ed.Islamabad:
GovernmentofPakistan.

Anon.2014. Pakistanranks at fourth with 36.2 million tons milk production Islamabad: Associated Press of
PakistanLtd.

AslamN,Rodrigues,McGillDM,WarriachHM,CowlingA ,Haque4A ,WynnPC.2015. Transferofaflatoxin
fromhighlycontaminatedfeedtomilkandeffectofmycotoxinbinderontransferrateinNili-Ravibuffaloes.
AnimalProductionSciencesubmitted.

Bellis M.2014.Milk & Dairy Related Inventions: The history of milk use, milk products, and milk related
machinery.AboutMoney.

EcheverriaR,SolhM,SeréC,HallS2011.Moremeat,milkandfish- byandforthepoor: Nairobi:International
LivestockResearchlnstitute.Reportno.

FA02013 TheStateofFoodandAgriculture2013 Rome:FAOUnitedNations.

IshagM,LatifA McGillDM,Warriach HM,BatoolZ MajeedS AijazM,ThomsonPC,WynnPC 2015 Factors
affectingbuffaloandcowmilkpriceundersmall-holderdairyproductionsysteminPakistan.Mymensingh:
BangladeshAgricultureUniversity.

PakistanBureauofStatisticsGotP.2011.NationalNutritionSurveyinGodfreyS,ed.Islamabad:Governmentof
thePakistan.

PDDC2006.Thewhiterevolution"DhoodhDarya" Pagesl 05 Lahore:PakistanDairyDevelopmentCompany.

Reardon T, Timmer CP.2012. The Economics of the Food System Revolution. Annual Review of Resource
Economics4:14.11-14.40.

WorldBank 2013 .WorldDevelopmentindicators2013 Washington, DC:WorldBank Reportno.

ZiaUMahmoodT AliM 2011 DairyDevelopmentinPakistan.Rome:FoodandAgricultureOrganizationofthe
UnitedNations Reportno.

==



https://14.11-14.40

Theimpactofextensionprogramstoincreasetheproductivityofthe
small-holderdairyfarmingindustryofPakistan

P.C. WynnA,D,D.M.McGillA,B,N.AslamAB,S.TufailAB,S.LatifAB,M.IshaqB,ZBatoolB,R.D.BushC,
H.M. WarriachA,BandS.S.GodfreyA

AGrahamCentreforAgriculturallnnovationCharlesSturtUniversity, WaggaWagga2 6 SONSW Australia.
BASLP DairyProject,UniversityofVeterinaryandAnimalSciences,Lahore54000Pakistan.
CFacultyofVeterinaryScience,UniversityofSydney,PMB3Camden NSW2570 Australia
DCorrespondingAuthor:PeterWynnE-mail pwynn@csu.edu.au

Summarytextforthetableofcontents

The8.5millionsmall-holderdairyfarmersofPakistanproduceover90%ofthenation'smilkfrom74million
animalsaveraginglittlemorethan3litresperday.Currentmarketingpracticesdeterminethattheyproducemilk
ataloss.Thispaperreviewsourstrategiestoimproveefficienciesintheindustrytoensurethathighqualitymilk
willbeavailablefortheconsumerintothefuture.

Abstract

Dairyfarmingoperationswithsmallanimalnumbersproducinglowvolumesofaroundthreelitresperanimal
perdaypredominateinPakistan'sdairyindustry Althoughmuchofthisisconsumeddomesticallymanyfarmers
sell small volumes into traditional milk marketing chains which feed the product into urban retail outlets.
Analysisofthesemarketingchainsshowthatthesefarmersmakealossoneverylitresold,whileattheotherend
milkavailabletotheconsumerisofpoorqualityandoftendilutedasmuchasl : 2withwater. Smallincremental
profitmarginsareachievedbydilutionandtheuseofdistortedvolumemeasures astheproductispassedfrom
smalldealerstolargerdistributorsandthentoretailoutlets.Itisimportantthatfarmersareabletoimprovethe
efficiencyofproductionbyboostingtheproductivityofanimals.Thiscanbeachievedthroughtheadoptionof
betternutritionandanimalhusbandrypractices.Atthesametimesmallscalelocalmarketingchainsrequire
refinementtoensureprofitsgeneratedfrommilkproductionstaywithlocalcommunities. Thispaperreportson
thedevelopmentofeffectiveextensionstrategiesinvolvingthewholefamilyincludingthefarmer,hiswifeand
children. Theyhaveledtosignificantimprovementsintheprofitability ofsmall-holderdairy farminganda
growing awareness of farmers of the commercial potential for their household cows and buffalo. The
sustainabilityofthesesmall-holderproductionsystemsinthefaceofchangingconsumerdemandsforhigher
qualityproductsandworlddairyproducttraderemainstobeseen.

Keywords: Small-holderdairyfarmingPakistan

Introduction

Thecurrentstatusoftheindustry

Pakistan'seconomyisheavilyreliantuponagriculturalproductionwhichaccountsfor2 1 %o fthecountry'sGDP,
withlivestockproductioncontributing56%ofagriculture'scontribution(Anon,2015¢). Thelivestocksectoris
dominatedbymilkandmeatproductionwith62%ofimilkcomingfrom abuffalopopulationof34.6million and
theremaindercomingfrom39.7millioncattle,notallofwhicharekeptformilkproduction(Anon,2015a).The
combinedvalueofmilkandmeatof$16.7millionexceedstheeconomic value ofall cash crops(Foodand
AgricultureOrganization,2013).

Thereare8.Smillionruralsmallholderandperiurbandairyproducersmilkingtwotothreemilkinganimalswhich
produceabout95%ofthetotalmilkproductioninPakistan(Afzal,2010).Around80%ofthiscomesfromrural
areas, many of which are isolated from major urban communities, while 15-20% is derived from peri-
urbanproductionunits(FAO,2011).Largerherdscomprisingmorethan3Omilkinganimalsconstituteonly0.3%
ofthetotalholding(Afzal,2010).MostofthemilkisproducedinPunjab(63%)andSindh(23%)whileKPKand
Baluchistanprovideonlyl 2%and2%oftotalmilkproductionofPakistan(FAO,2011).




Whilethestatisticsformilkproductionareimpressive,theproductivitypercowisverylowbyworldstandards.
Animalsproduceaslittleas3. 1 Slitresperdaywheninmanycasestheyhavethegeneticcapabilitytoproducedor
Stimesthisvolume. Whileannual productionisincreasingattherateof53.2% perannum(Anon,2015a),
consumerdemandisincreasingby 1 5%eachyeartoanimpressive43.2milliontonnes,someSmilliontonnes
morethanisproduced. Whiletheaveragelengthoflactationfortheinternationaldairyherdis305dayswhichin
many cases can be extended to 600 days(Abdelsayedetal.,2015), Pakistani buffalo and cattle struggle to
maintainproductivitybeyond200days.

Furthermoretheestimated3.2%increaseinproductionannuallyisoffsetbyal 5%increaseinconsumerdemand
whichiscurrentlyat43.2milliontonnes,someSmilliontonnesaboveannualtotalproduction. Theshortfallis
madeupfromimportsofwholemilkpowder,ofwhichthereisupto50,000tonnesbeingtradedglobally every
month(Anon,2015b).

Sustainabilityoftheindustry.

Increasingly livestock rearing and the consumption of animal products are seen as being environmentally
unsustainable.Yetglobaldemandformeatanddairyproductscontinuestorisewiththeincreaseinurbanization
ofourworldpopulation(Stoll-KleemanandO'Riordin,2015).Thecontributionsofimethane, nitrousoxideand
carbondioxidefromlivestocktoglobalwarmingaresignificantwithl 8%oftotalglobalemissionscomingfrom
thissource(FAO.,2006).Theuseofpoorqualityroughagesandoverstockingoffragileenvironmentsleadingto
low productivity peranimalinthe developing world exacerbates this problem. Clearly improvementsinthe
efficiencyofproductionperanimalisrequiredtoreduceaverseenvironmentalimpactswhileatthesametime
providingmorehighqualityfoodfortheworld(Foleyetal.,2011).

GiventhestructureofthedairyindustryinPakistanbasedonsmall-holderproductionandtherelianceofboth
urban and rural communities on milk as the major source of animal protein, we have focused on ways of
increasingmilkproductionperanimalonsmall-holderfarms. Dairyanimalsareideallysuitedtomeetingthese
basicrequirementssincethefamily'sdailyneedscanbeprovidedinjustasinglemilkingofoneortwoanimals
forupto250daysoverthecourseoflactation.Incontrastthelackofrefrigerationpreventsthestorageofmeatin
villagehouseholdsandsoslaughteroflivestockisnotviableunlessthefamilyisabletosellmeatintothelocal
community.

Challengesassociatedwiththedisseminationofinformationtosmall-holderfarmers.Firstlyitisimportantto
understandthereasonsthatfarmersownanimals Apartfromprovidingmilkthenumberofanimalsownedbythe
familyconveyssocialstatuswithintheircommunity,whileatthesametimeactingabankorinsurancetomeet
essential family expenses such as the financing of weddings, funerals and expensive medical care. So
profitabilityofanysmall-holderdairyenterpriseisnomecessarilyaprimeconcernforthefarmer.Oftenthemost
profitableaspectofany farm s the cropping component, with the dairy enterprise very much asecondary
concern. Veryoftenthereisnoinformalmarketingchainformilkparticularlyinmoreisolatedregionswhereup
to70%offarmersproducemilksolelytofeedtheirfamilies(Raja,2003).

InarecentsurveyreportedbyGodfrey(2015)ofall5small-holderdairy farmingoperationsintheirrigated
regionofOkara,grossfarmanalysisshowedthatthepredominanceofthesedairyoperationswerenotprofitable
(Tablel).Thefinancialviabilityofthewholeoperationwasdependentontheamountoffinanceborrowedto
remainoperational Giventhattheprofitabilityofthefarmwascarriedbythecroppingcomponent farmerswere
lessreceptivetoanyadviceofferedtoimprovetheprofitabilityoftheirdairyoperations. Interestinglythereturn
onassetswassimilartothatobservedinmanyAustralianfarmingoperations.




Milkproductionperyear(kg) <2,300 2,300-3,700  3,700-10,100 SED PValue
Numberoffarms 39 38 38
Aveproduction/animal(kg/yr) 780 990 1234

Avemilkprice(PKR/kg) 22.89 22.84 23.25 0.60 0.752
Costofproduction(PKR/kg) 57.05 33.66 24.15 4.94 <0.001
Profit(PKR/kg) -34.16 -10.82 -0.9
Enterprisemilkprofit(PKR/kg) -43,072 -32,064 -679 8,355 <0.001
TotalcropGM(PKR) 271,487 353,346 442,862 68,443 0.047
WholefarmGM(PKR) 228,202 299,082 464,162 89,724 0.019
Wholefarmop.profit(PKR) 134,651 170,029 303,281 78,667 0.082
Totalfinancecosts(PKR) 401,817 489,926 594,840 77,836 0.049
Netprofit -267,166  -319,896 -291,559 70,390 0.755
Returnonassets(%) 3.27 1.37 4.24 1.84 0.290

Tablel Grossmarginanalysisofsmall-holderdairyoperationsintheOkarairrigateddairyregionofPunjab
statein2011.Thefarmsarecategorizedaccordingtothevolumeofmilkproducedeachyear. Dataaregivenas
meansandvarianceestimatedasameanSEDforeachvariable(source:2008-2009A gricultureSectorLinkages
DairyProgramfarmersurvey-unpublished)

Thefailureoffarmerstobecompensatedadequatelywithafairmarketpricefortheirmilkisduetothestructure
ofmarketingchainsconnectingthemtoconsumers,mostofwhomareurbanbased.Factorsinfluencingprice
receivedonfarmaredependentonwhethermilkisderivedfrombuffaloorcattle,locationoffarmsrelativeto
markets,season,theeducationalstatusofthefarmerandthepricingpoliciesofstatutoryorganisationsaffected
thepricereceivedformilkonfarm.Milkprocessorshavethepotentialtocolludetocontrolprices,whichare
basedontheeconomicimperativesofthecompaniesratherthanthecostofproductionforsmall-holderfarmers.

ThestructureofonemarketingchaindescribedindetailbyGodfrey(2015)isgiveninFigurel .

Figurel: Pyramidoftherelationshipsbetweenparticipantsinafreshunpackagedmilkvaluechainservicingthe
needsofsmall-holdemilkproducersintheirrigatedOkara-Lahoreregion(Godfrey,2015)
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Giventhenumberofparticipantsintheseinformalmarketingchainsrelativetothenumberoffarmersbeing
servicedandthefixationofmilkpricesintheurbanmarketplace thereislittleroomforprofitsharingforthemilk
collectorsordhodisthatformthechainandevenlessscopeforarealisticpricebeingofferedtothefarmer. The
dilutionofmilkwithwaterandtheadditionofotheradulterantstoboostperceivedproteinandfatcontentsby
theseoperatorsisessentialforprofitsharingalongthechain.

Inasurveyofimarketingchainsin3districtsofPunjabandfoundthattheadditionofwateraddedupto40%ofthe
volumeofimilksoldintheurbanmarketplace(Table2).

Districts Fat% Protein% SNF% Lactose% Added
water%
Kasur 2.2 1.7 4.5 2.4 30.5
Okara 2.7 1.9 5.1 2.7 41.2
Pakpattan 32 2.4 6.3 33 26.0

Table2: CompositionofmilkcollectedintheurbanmarketplacesofOkara,PakpattanandKasurinCentralPunjabProvince
Pakistan(Aslam,2015).

Typicallyconsumersarelookingformilkcontaining4%fatandthiscanbeachievedbyvendorsstrategicallyby
blendingthehigherfatbuffalomilk(<6% )withcowmilktogetherwithwater.Yetinoursurveyofimilkcollected
frommilkoutletsinOkara,PakpattanandKasurfatcontentwasaslowas2.2%( Table2) Atthisleveltheyieldof
gheeuponboilingisunacceptablefortheconsumer. Itisalsothelowproteinlevelsthatshouldbeofconcernto
theconsumerwithconcentrationsoflessthan2%( Table2 Joftenbeingfoundinthemarketplacesuggestingthat
thedilutionratecanbeashighas1:2alongsomemarketingchains. Thecontainersused formeasuringmilk
volumealongthechainalsofavourthetrader,whileinmanycommercialoutletstheconsumerisprovidedwith
900mlwheninfacthe/shehaspaidforonelitre. Thealternativesourceofproductfrommilkmanufacturersis
alsoproblematic,sinceproductlabellingprovidesnofatconcentrationinformationatall,butratheranenergy
content:thisprovidesnoinformationoncompositionatall.

Pakistan however, isnodifferenttootherdevelopingcountrieswhereinformalmarketingsystemsfacilitatethe
supplyofcheapercaloriesfortheconsumer(FAO,2013). Yetthepresenceofd 7middlemeninamarketingchain
(Figurel)throughwhichonlysmallvolumesofmilkflow,eachmakingasmallmarginontheproductthey
handle isunsustainableinthelongrun.

Suchafindingisnotunusualsincepoliciesanddevelopmentstrategiesinmanycountriesoftenfailtorecognize
andprovideadequatesupportforsmallholderproductionsystemsandassociatedmarketingchains.Insteadthe
futureisseentoliewithhigherprofileindustrialproduction(Echeverriaetal.,2011).Howeverthereisstillaplace
forinformalmarketingchainsinruralenvironments,particularlywherethereisnoalternativeforsellingmilk.
Thesehowevermustprovideamoredirectlinkbetweentheproducerandtheconsumertoensurehighquality
productreachestheconsumerwhileadequateprofitsgeneratedfromthesalepassbacktothefarmer.

Thechallengesofimprovingextensionservicestosmall-holderfarmers

Given the poor scope for improved milk prices received on farm and the secondary importance of milk
productioninthewholefarmbudgetformanyfarmers.itislittlewonderthathighratesofadoptionforextension
messagesdeliveredbyveterinarystaffarerare.Ofcourseitisimportanttonotethatnomorethan40%ofsmall-
holder farmersin Pakistanreceive any formofextensionservices fromeither government, NGO orprivate
industrysources. Theeffectivenessofextensionusingthetraditionalformatofdidacticdeliveryofinformation
tomalefarmershasalsofoundtobewanting.

Thiscaneasilybeexplainedbythefactthatmalesmostlyhaveverylittletodowiththecollectionoffodder,
feeding shedmanagementandvalueaddingtothemilkproduced(Table3).

1




Activity Men Women Girls Boys
Feeding 0.70" 2.53 1.50 0.60
Collectingfodder 0.60 2.70 0.5 0.40
Shedmanagement 0.70 2.75 0.95 0.45
Marketingofproducts 2.00 1.00 1.00 1.00
Vaccinationandtreatment | 2.10 1.30 0.80 0.30
Dairyproductpreparation 0 2.00 2.00 0
Average 1.01 2.04 1.13 0.45

Table3.The extentofinvolvementof members ofthe small-holder farming family in livestock production
practicesonfarm.

aRanking, 0-1, minimum participation; 1.1-2, Some participation; 2.1-3, Maximum participation (source:
adaptedfromZiaMahmood,&Al1i,2011)

Given this information logic would dictate that an extension program focussing on improving animal
productivityshouldfocusonwomenandchildrenandnotthemalemembersofthehousehold. Yetthesocial
structureofthetraditional Pakistanifamilyshowsclearlythatthemaleisthefamilyleaderandthereforethe
recipientofallinformationthatisimportantforthesustainabilityofthefamily.

The Agriculture Sector Linkages program (ASLP) dairy program has focused on refining their extension
approachtoincorporatethefarmer,hiswife,hischildrenandthenthosethatprovideancillaryservicestothe
community. Theseincludedthevillageschoolteacherandcommunityhealthworker. Thishasledtomuchhigher
adoptionratesofkeyextensionmessages,whichinitiallywereaslowas15%usingthetraditional "maleonly"
approach.Anecdotalevidencehassuggestedthatthisapproachleadstosignificantdiscussionwithinthefamily
unitoneachextensionmessage. Inthecaseofcalfrearing, thechildrenwereoftenactiveparticipantsinthe
familydebate,withtheirinterestbeingengenderedfromtheschoolenvironmentinwhichextensionmessages
aredisplayedprominentlyonbulletinboards.

Assessmentoftheimpactofourextensionprogram

Thesuccessofanyextensionprogramcanonlybegaugedbymonitoringtheincreaseinknowledgeonthesubject
materialamongthefarmingcommunities. Therewasarequirementforacarefullyconstructedsurveyinwhich
farmersandtheirfamilieswereassessedontheirlevelotknowledgeofthefundamentalprinciplesunderlyingthe
keymessages. Thesemessagesrelatedtomajorlimitationstoproductivitythathavebeenobservedinsmall-
holderdairyproductionsystems.

Theyincluded:

the needtountieanimalstoprovidefreeaccesstowaterandfeed;

the requirementfora2monthdryperiodbetweenlactations;

the needtovaccinateanimalsusinghighqualityeffectivevaccines;

the selectionofprovensiresformating;

correctly balancingfeedstoprovideadequateenergyproteinandtraceminerals;
the useothighqualityseedtomaximiseforageproduction.

Thesurveyof399farmersshowedthattheknowledgeofsocalledtraditionalfarmerswhohavenotbeentrained
in the program varied markedly over these subject areas (Figure 2). Remarkably their knowledge of the
importanceofcolostrumtothesurvivalofthenewborncalfivasverylowwhileattheotherendofthespectrum,a
veryhighproportionunderstoodtheconceptoftheimportanceofprovidingwaterandfeedadlibitum.
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Figure2:Theimpactoftheprovisionofextensionservicestosmall-holderdairyfarmersontheirknowledgeof7
majorparameterscontributingtowholefarmproductivity. FarmerswereaskedSstandardquestionsrelatingto
eachtopic. Numberoffarmers fromacross 5 districtsin Punjabinterviewed inthissurvey, registered: 179;
unregistered: 116;traditional: 104. Columnswithinproductionparameterwithdifferentsuperscripts(a,b,c)
weresignificantlydifferent(p<0.05).

Whiletheimpactoftheextensionprogramisclearlyvisiblewiththeseresults,theinterestingobservationisthat
farmerswhoattendmeetingsbutdonotwanttobeengageddirectlywithourprogramalsobenefit. Howeveritis
notpossibletoassesswhetherthesefarmersimplementtheknowledgetheyhaveacquiredastheirproduction
systemsarenotmonitored.

[tisfairtosaythatourprogramrefinedover7yearsinthetwomajorprovinces,PunjabandSindhhasgenerated
significantadvancesinproductivityinthefarmingcommunitieswehaveworkedwithThefutureoftraditional
marketingchainsandsmall-holderdairyfarming.

Thefutureoftraditionalmarketingchainsandsmall-holderdairyfarming.

Historyhasshownthattraditionalinformalmarketingchainsevolveovertime.InNorthAmericaandEuropein
thel9thcentury,grain,milk,meatandfibreproducedbysmall-holderfarmersatthelocallevelweretradedto
localsmallscalemerchantsintherawstateorperhapswithasinglestepofprocessingsuchaschurningcreamto
formbutterorgrindinggraintoflour.Governmentsoftensetthepricebuttherewaslittleregulationofproduct
quality.

ThenwiththeadventoftheindustrialrevolutionthefoodproductionandmarketingsystemsofEuropeandNorth
Americaunderwentprofoundchange. Theestablishmentoflargescalefirststageprocessingcompaniestofor
examplegrindgrain(egCargill)orprocessmilkleadtothedevelopmentofsecondaryprocessingcompanies
producingrefinedfoodproducts(e.g.Nestle). Massdistributionofiilkwasnotpossibleuntiltheadventofthe
milkbottlesealedwithwaxinl 884andthentheplasticcoatedcardboardmilkcartoninl 932(Bellis,2014).

Thesechangesleadinevitablytolargescalechainstoresandsupermarketswithassociatedlargewholesaleand
logisticscompanies.Inevitablythisleadtopressureonfarmerstoproducemorewithlowerprofitmarginsper
litre Iffarmerswerenotabletoincreasetheirherdtheywentoutofbusiness,whichhadledtocommercialherds
inCaliforniaofmorethan2000cows.SimilartrendshavebeenseeninAustralia. Whilethescepticssaidthis
wouldnothappenindeveloping countries, thishasnot proved tobe the case. Food systems in developing
countriesinLatinAmerica,Asia, EasternEurope,andsomeofAfricahaveundergonearevolutionsincethe
1980'sresultinginthedemiseofsmall-holderfarmingsystems(ReardonandTimmer,2012).
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Inevitably Pakistan's 8.5 million small-holder dairy farmers will be subjected to the whims of the world's
economy. Theindustry willbesubjecttochangeastheexpandingmiddleclassconsumerdemandshigher
qualitydairyproductsthatmeetworldfoodsafetystandards.Howeveranyexpansionoftheindustrywillhaveto
involveimprovedefficienciesinproductionthatalsoaccountforenvironmentalsustainability. Whethersmall-
holderfarmingcommunitiescanmeetthesechallengesremainstobeseen.
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