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A. .. ~ .. II.J!J'L . .U .. I . .U·~;a fi K t J i I 

! ha"fji pleaau:-e in ~~Gilns m1 deepest eenee 
ot g"-tit.ude to Sh»f. '•N• ~c. Statl~Jt:lolen ~111nl 
fllsbdry, Indian C(tnne:tl ~ AcJ-1eul~td. Beee8J!Ch 

tor l'd,• valuable gutdanoe:.: ·~tent eno~ement Wll 
conatruo,ivo c1'1t1o1M t'.hu~j.-e8 the oouse of 1r.rlest1gaUon 

and writing thia the•1•• 

li1 tbankae are dU• to DJ-. V,G. Pt!Ulset Btnt1ot1col 

~1•er, IOAR, !:ew Delhi• ter bia many he1pt.n1 IJU8Je&t1ons 

acd t~r provtdtng tac111tt•a to~ researcb work. 

~.5. C.ILL 



1. I .. H. X .fl .2 1l !Li :l I .. 2 .. J, .. 

one ot tho ISOBt 1mpoJ'tant probleu 1a 1\.pplied 

~tAt1st1oa 1n the fteld ot' An1mill Uusban4ry 1e tho 

ovolut1on ot Q tochnlqua tor aosesoing the proe~eso 
~ndo undo~ d1.ttottent. devalopmont schemes tor improving 

11vost~k p·art1ou.lflltl'r in ttespect of mllk prodtlet1on. 
The improvement in the~ prcduot1ve cupno1ty et cattla 

1e bein6 purauod throUgb such schomes 1.a Key Vt.llo.g& Schema 

ond cross breecU.ne sohtlmes 111 hilly tm4 hetl'Vy t-o.1fl..t"nll nreas. 

Under a. neheJne of thl.& r.aturo the vlllego oo.ttlo 1n a. compact 
a.:roo ~ soueht to bo 1ntt)nu1voly doveloped tnrouutl 1mprovot\ 
motbods of' braed!ni _. to~1~g and ~cal'in.g. 

Por the QStj;$&&ment or thu P~OSJ'GS$ 1n the rm.soanto.tion 

ot t.'l11k production 1n 001 aucb scheme 1 t 1o noocs&ar7 to 

o.at1ml'lto ob3ect1ve~ the~ pltoduct1vo capocit1 ot tho s.o1male 

at a1vcn periods end ot those bolong~oe to 41ttorent 
eoneratiops. It is aest~le to bose tt11s eatim4t1on oo 
tba estimates of lactation nelda or ~'l .roprcsentnt1vc set ot 
r:flimnJ.S rntlnu! ,han 0U t!l SMp1e of all tne dally r't;)Cordsntetlo 

on give,n dsyo ( taking 1ndopcn4ent ·samples on d1tforQnt dt:.Ws), 

s1nco tho lnotat1on ylalda provide 'l atsnaa.ra bae1a tor 
~~1ng comp~isons betwGon cr~upsof ~male so ara Paqutrad 
for st:u4y1na genorntlon t.o gonoroticn dltforoncos t tho broad inc 
worth of s1vo etc, 

Ua.itlton~co of c!nily Dilk :~told ro,cordn ot all o011s 

in an aros ... ot' the t;JUl?poso ot gott1nJ tho lnotation )'1olda is 

not p~aot1a~ble bQC~~o tho ~spoos1b111tY of suob roco~ding 
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cannot be put on. the ~wn~rs tneas9l~a since tbeJ are often 
no' 11 ten.te end o.re ~~ ret. in a poa1 t1on to approcio.to 
\be value of eccUS'a.t• ~~aootdlt.u:. tt woul.a be nece•st!l7 1n 
the pre1ent; o1JlCWU~.'"•• to ~ollect the 1nf.ormn.t1on by 

o~~ployi.tlg trnitled 1nv..o&t1sat.o.!'• tQ !'Coord the mille pslaa. 
'!n au.ch 4 cuo coaple$-0. 4a!l.7 t>OOord1ne ot "11.1 \no OQVS 1a 

probib1tl'io 1n cost ~ttttl rocoune llllll t() b8 tak~u1 to laapl1tl8 

ot cowa u well tlS «.~e 1n rd.l" ot tteleotod ooWih It .1&~ 
ther~toro 1 neceeu1aey to e'folvo a a.ui tn'ble r;;rccedu.l'e r4 

et::l!l~ltns d 'l. atoup ot oow!$ tlnd ot thei~ 4ail1 a.1lk Jiclds • 

Wld ot world.ng out an ott1c1om' est1mnto of tbe o.ver:-.1go 

1actat1cn Jield por animnl ot tho sroup. 

In the ~bae~tQa t>t MY o.vailnblo dlClta on 4Qily Jields 

of cowe ts-om ~~1 f1S'coas, 1t .~f\S eo~sido.red worthwhile to 

make a. st~t in the ~y of f1M8 typo <4 pl'oblem w1 tt the 
datA on dn1ly milk y,loldo ct cows ot '-lnt1!U'la brc.11Zd from 

GovoJ.tnaant Llvostocll Fra.rm, 41$StU"t PuaJ~b, eolleotca in a 

•ohoa.G ot ..tba In41tm couna11 of t\el'iQulturol aesoaroh. 

i'ho 1nvest1p.t1U of_ tbo prob191D was 1n1tilltGd b1 Shri 

Kbtmdekal' 1 o tlipla~a student of' 'tho l:o\Ula11 lfl.St yenr. He 

moinl~ ooncont~ated ~~o sampling ot doilY mil~ yiolda 
to!' oat1ma.t1ng the toto.l 1aq~t1on rtold of 'l. slcslo cow. Ho 

studied the relntlon ~tweon the r~te ot milk soo~ot1on nr~d 
tbe adVtUlC.~ tn lacta.Upn_ bY fitting nm.tbecatical Ctll'VO!I w1 th 

a view to ut111z1ng ~ information ttl 1noJ"eas1ng tbo 

uff1c1eocy ot cetlan.tion. 
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i'h1s tbea1a dt:$b w1th tho further 1.avast1aa.t1or.us 

Oft.l"t-ied out on tht aa. p,roble dur1q 1147 aesigrdlent u 
a Sett1Cf Research J'd1ow ilutnc the yeu .1956-5?. In 
thie ao s.tt~ bas been rucht to tl.n4 tb• gain in ett'io1enoJ 

ot ditteYent mothods of est1a»~1ng tbe laoto.t1cm Yield ot 

a sin11e cow ( w~tb.nn4 wtthout ut1ll•'nc the knowledae 
.tteca.l'd1DI the ~att&Jt'- pt loo'tat1on CUI"Ve ) fPom. s:nateat1c 

aamp1e•• ThG num~·2f cows •equlred for Gst1.at1ne the 
a..Yel'qe lactation JifJld, pe)1 cow, ot a. rroup of ·cow• at 

~·o 
a dent.roo lwel of ~1s1on hrU boa! J.. .rtkcd out. 

~ 

·~ 
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-;?~ 1, Tbo Atte. to ,\!Q'J;'J.o.Fd milk Jialdt in an o:-gnn1z~.i.'Ci 

ru1Ulner was t1l*st ~o ta 1395 in .Denmark 'b1 ·mil Ieonrna1 

who foundet\ the Vo~en tftlJ.t· Beoorainl Societ)'. 

- N'W'lorous workeN ·hnVa compared, tor su1tnb1l1 ty 

O!'ld re11a.b1ll ty, dl.ft'e~orit lgngths ot tntowal ot racortt1ns 

m11.tt vte14o: for ost1ma.Ung the tet.al 1actntton ,11 ;)ld of e. 

cow. 'lwo o~ly workere.•Flleahclatln ( •d91) ana !!nrt~ oy ( 1395) • 

( t9t2) and ( 1914 )• comp~f!tl nu:tt1th11 \d.tt" weGttly raealtda. 
Th<~JJ tound mu1mu:a c"rOl"tl of ~a atld 12 J)Ol:' cont rvopootively 

Mdt toaothr,f' 'liitb n numbos- of o~l.Y i:"t~l"'S~~..n outhot:a, 

ooncl.uaoo tho.t tlOnthlv t-QQor41ng orinoot g.S.VEJ ttel1o.blo roauJ.ts. 
i\.U'th.or '.'for~ by .Aeer1onA. ~t .. oN• 'lapp ( 1919), Pata;ra.on ( 1925) 

a;o<l Copo1All4. ( t 928)•1114-l(Jta..ted thnt this aonclutd.en \tf.Ul prut'VltU1'o, 

U1c'lll'dUsh and. ~V1ont" (1925) ~od tlu~t tho rouortis 

should be t'ogtU't!ed as betnu !n the mi®lo ot the test por1o4. 
1\ method bnsed Otl tb1U 1a.t.ar CP.lOG to bo k.nO~O Q.S tllO 

•oonto~1ng da.te' motbo<l.- fho o~terins. d.rite in an arb1 t»G.VY 

date oet- foft' a.w:a.tarmOlt at ~bc.mt tho t12o ~ month t.bo..t 
rocord r u111 v1s1\ hin berd. Production in tbon ealoulntoa 
by counting 15 4GJS bnok ltom tna oenterina date nnd 1J•t6 

days ahoad ( 1naluc.Ung the- C·ontaPing tla.to) ncecrd1ne to- the 

lGnsth of the montll, 
.-

' largo numbo~ of 1Uggeat1ons for reoord,nge nt 
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pon-aystemattc 1 ntorv:'~ ~ tlt part1aul~ points of tho 
lactation h~$ been p~o~e~ rro• t1~a t6 time. Goinoa(1927) 
and CPitlrJo!l otal ( 1942) to~ 'ttl&t thero wu a. hich 
oorrelat1on betwe~ ~eaulta t~om reoord~ng1 DAdo durlns 
tltth month -and the -total etlt1ated t.r~ aootbl1 recor41nas 

,t Da18 (1927) has proposed ~e-~dins 1n the s~xth w.eelt, 

t1ttb month and e1g~6 ~~Jh ot tho lactation. 
'\ 

Tha poutlb111ty ~ oxtend1ng interval ot rocordtng , 
4a1l.y milk ~lelds te two oonths was tirst 1nvest1stited 

1n U.ni ted States of .\mePica lfhoro lares d1stancoa whioh 

bn.ve to be .covered ma.ko 1'1Sl~d1ng at Dhort tntewrll.l "'t:Jr'r 
elqtetl!JJ:I.Ve• JcDOfiell (1927) found tllat nvorago va»1o.t1on 
froa actual p.roducti,~n ~~·3•80 pe~ cGnt i'Qr b1month~f flB 

OOJIPOl"Gd to 2 • 91 per aen t: ,for mon th11 1nten~ ot milk 

rocoM1ng. 

ilt>uston at ol ( 1932) toun4 only in 5 par cent or 
cas'os tho el*'t-ol" 1o milk yte~, cnl.culntad rroftl roooruins 

a.t weotc,ly !ntorvalst tr~ s::tual y1el4 oxoeod·~d :.'; 5 por oODt 

ot tho ao~ -~ie)..d fi 'l'tua1 .turthe~ tonne tnat maximum Ol'ror 

1n estimated milk ytold ft-am 14-day interYnl was o.bou't 

twice thnt for the weaklY record1naa. 

Tylor arld Cha~ ( f 944) pttoposod tho ~1mple 

addltton ot f1rat tGb ~1ns e-~ v~u~s mul~ipllod 
b7 JO.; to givo n ~ tor' t~o 305-aay lact.t\tion. 
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DJI!.117 ro_oofdings ot 400 l$Ctat1oo!l were re-calculated 

by Jcl'-dao ot el ( 1947) to esttmn.tc y1el4s trom reoo.rdins 

8.t 'f'U'1ous intervals from one to eight wMk:s; the 
maxill'f.lm orrot· lb%* weekly 1nton"'ll o~ record1r.&• tell wi th1n 

thtt ltrai ts •!t 16o +6 ed: that to11 biweekly rJ<Joord1nc b··twil!len 

"· :t 7 par oan\ ~ 11 ttle gs-eate,_. than th1.1t tt>und b1 thf)m. 

for •~•klJ' wtd.r;lltns~ Pel' 2t--dq 1nte»W111. ot raoordinc 

tho m.o:a1t1J.'t1Q o~rs 110~0 •t 1 an4 +7 ve~ cant wh1l- moothl7 
and b1•monthly l':~.rdtagn eave· erroro .. of *1 1 to +ti? pek'Cont 

ood •14 to +12 ,per ceat respeotlvaly. 

In agJJtU3"tl.'Ult ~ th a numbot? of o\h.•.J..f uo.rkotts I>1~k ( 1950) 

-== obseJ<Voll a line~4' ~t!.onship betlfoan tho lang~ ot 
"~;tenal a.nct the ePr~:r, 'tho atandtll'd da't1at1ona of tho 

porcenb.go orr-cv roso fl*om o.)? for a 2-4·17 1nt~:rval. to 

i'.39 tt;~ 28-d·a, '1-ntel'"Val.. 

A oomp~n of vo:oious tnter11ale from 30 to t SO dtlfG 

w.oa aGrr1od out by t:~b et Bl 0952'). P'.JJ%"01'8 cf 2.5 Bn4 3•4 

were excooded 1n ?5 par oant of the records o~oulatoa 
trOll ~ord1na• f\t Jo-4:~ tltld 6o-dflJ 1ntowala rospooti~oly. 

The ool'renpondtnz levt~l of onoro tor iotorval.s ot 90, 120 

and 150 dny• •oro 5.6, 7.4 And a_u_roapoot1voly. 

Jal'd1m et o.l Ct.9S6) 6el\lt with the cstimtloo ot 
milk product1~ ··bJ' means ot biweekly, aonthlt antl bimonthlY 

obaonat1ons ~out tnld.ng lnto acooun~ the data ot oal.v1na .. 
The data stu.dJ.ed· VJeP~ 12 records ot oows ot Holetien•Vrl~iJl,n 
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breeds. fboy CP.J.culated tbo •mentl of dov1s.t1ons•. etan.<lard 

orror ot aoan toJ? biQeld~· ~thb and btmoDtbly W<d.nhtnss 

and concluded that biuaklq ~d_ monthlY wo1ghings might 

bo t.nk.on unbicasad Wbohas the. bi.month1y l!"ooord1DS ovorontit:tatod 

the p~oduction b7 aboUt S ~Qnt. 

~.2. 1\bando~ (1·9S6) 1nltiat.etl a C!etotled 1nveat,.{Jat1on 

into os£u,nt1al1y statl-Dt1ca1 pttobloma unih·rly1n8 t " nwtbod 

of s~ltna and prooeduro dt ~Btim~tine tuG lactGt1on y1old. 
Ob the ~aa1s ot le.otp.ttoo lmtlth he gl'O\\potl tho 41 tto.rtonn 

cowc ot fl'S.tf#t-11' Uvastook F~., the da13.r m1lk yteldo_,tn 
tirs~ lacta.t1cn ot wbicb veJYo atUdted, into t~ 6I'OUPSt 

The ttrst grQup ocns1ttted or uows haVir.g a laotatton lonatb 
lees tlu.ul H?O dqa. fbo ssCf.md and the third g:rcups comprtoe4 
ot ocms wt th lactation lengths l)'ing botweeP 2?t 4r:qs to 

300 taqa aJ\4 botwoen 301 d.,._ to 330 d~s rospect1ve1)1'. '.rho 

oowo whose l tet;Btion longth$ werEr gSteate.r then 331 dn.fS 

uore put into tha fCU)-th ~· ?no tour groups cons1Ste4 
ot 5, 13, t; and a cows rs~tively. cut ot· tho iU.tto~ont 

types et eurvos ~1tted to d~ribo ~le. trend of 4ally otlk 
pio14 tt.tth at'hrnmTa 1-n._lnctatlf:)D auli.nly he cut'Voo were f'cund 

to be S!'lt1&tJiletOl'1• -(ltG Wf..W tbe pqJynom1o.l of fol.lttll aos~ea 

Wh1Qh flCCotmte4 far aj 'PSt' lteltt of tho tot.~ ~ariatlon fer 

cows bi\V1na laotatiotr ~engtha losa thnn 330 d~:vo. Il''O.l' cows 

ot s~ol!\ter 1o.ctat1on lonstb:G the uwne per.contaso of 
Vt.U'Llt!og •as llCCotWtotl tOJt ~ the n.t'th dogreo ourvo. fh~ 
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3 pl " 'l ~ B t f\ I ~ c B :; I t 2 X •. M • 1 .t t J:lt wufZ ti * ,..£,..._. ·~'l ••••.J'Jilljl'l 1w ,~,II 

~t the Livestock Farr.l H1.ttstll' Panjnb sor.w zoo r;md 

odd Hnr1Mr.\ OOwf.l o.ro und ·r exparf.m<Jnt 1n IJ.vantoot 
.Rose1U"ah Invoati.gaticn Schomo of the In41on Council of 

~rioultut!al nesAttrch, whi~b is in proBI'esa tho~o ainco 
1944. 

fhe daily mal'ning. llnd G't~.1nu racolds ot tho milk 

ytold ot 64 CO\la in tbe tust: l:!WtGt1ott constituted ttto 

=ta.t-1~ f.o~ tho ctudy .ar t..~o present tn\fef)tiaatton. 

ot tho 64 tir.u t laetatto.n reocr.ds otllJ 41 wotto 
amenable tor preoiso &t..at1stta:a.l f:llll'll.!fl)io, othora · boing 
omitted on tho groundd ·ot :tm:nmploton&as, illness ate. 

A.t tho ftJ.~~m tho cs.lvon 't'le!:o not T~oanod at binh., 

atoo 1n a. week, lletaovor, th$ :(;9\1 was atx:-ippad O~J.Jlutely 

o1 thout tho onlf beit'lg cll.l~eti. to suckle. In ubs.t .follows 
thesa !f1e1(1B are known as • Dt1*1ppe4 7f;a1tls '• Tho t.rsn4 

shown bf tho str1ppc('i )'1eld wns near11 thO s~ an that 
oh0'\1n by dn1ly y1el<lo, the oo11 d!f.t·~~onco oo1nc tho.b tho 

lOVQl of pt>odu.ction for SUi ppod dnJU. Ww:J "\bout 2 pounds 

hicho.r than thnt Eor ot"cUDtll'V anus. It wns, thoroto.rc1 

eons14a~ed pe~ao1ble to ~~piaoe the ~lk J1alQs vooordod 
on tho do.y wbon tho cctrt tJal'.J -~!13p1otel7 otrippQd by the 
woroge of' :v1elds of ~,hroo days preoot!StUne 01'14 tl'U'oo days 

eueoootU.n~ tho $'tr1pped day an. as to oimp11f1 tho 
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th•oretioal an4 emp1rt0Ql inY~It1cat1o.n b7 br1nc1r~ tbesa 
•ytelda en the sam., tilotlr4S q. the otber rttCnl'dfh 

fbo tftl111 milk. yields: kVPe we1gbed oo.rll'ect to 
Wt a ~ ot milk._ 

Fol' O!lOh c:ow ~ J~·.:~oJ'd1na of do1J.y milk y1t:ld 

wu not made 1tt the e~pst~- ~encd' which VtU'led hat~ 

~ d~s to 9 days w1 tb ·an mi'$VfiGe ot about !) 40)'1,. In 

the col.culattoo ot the laqtat:!oo pe:-1od and lactation 
y1el4 th1e por·t od was oxc:lwte<.l. 

Th~ average la.otat1oo por1od ot thasc 4 t C01f8 

WEJ$ 301 days,. ~The G.Vel"ago tsctat1tm Jiold an.a the ayerage 

dailJ rield were 1201 an4 3.9 pOW'ld& reapectS.val.y'. The 

coetr1o1ent ot variation betweep daily 11e1as within oow1 
1lft!S 2 S per cont. 

•. 



dq!ly cllk Yi~ld rocords en4 et' ost1~t1nJ total locta.t1cn 

y1old ot e. s_11l:B_lo OOtJ 1roro stu111e4. 

4. 2. · /\ otudy or thD l1 terature on thQ subj oct hns 

revo.1tlod that numerout£ ~rk€l.tts ~n sitJllar problema no.ve 

oo.pleyed BJatemat1o s~p11n,a 1_. e. a mothotl of reocl'rling 

silk y1ol4s ~t o. conntoot interval starting with n l'ondomly 

ualocted day tnl11ne: w1 tb1n tbe- f1r,t 1~tenal, tor estim::>.tlng 

tho total production. 'fht:t:ro. ta t1o d()ubt tho.t aystomat1o enmpllnc 

has a considoro.ble prnot!cal ndvtllltoao ot being simple to 

exaouto. There Ol"e • how-avov, ~el"ta.ia objoct1onn to systcmnt1c 
Sn.t!llll1ng, Ono ts thnt vur.; inaocul'&tt) rasults nill bo obta.tnoa 

it thoro are any perioa1o1ty.1n the parent .soquonco qnd 
aaopll!l!f intorifel to a llltllttple ot ~io por1od. In tho 

pvasent C'lB~t bOVJWc.r• tllore is no por1od1o1t.Y In tbe 

re1nt1oODb1p of doily m11k y1old ana ~varce in laotnt1on and, 

tharei'ore, thero i.e no riek 1n17olved in tokine to syotom~-t1o 

sampling. i'hal'e-ia !mother d1aadvantaga namely tbat thoro 1e 

no tr.tothod oor~>o&pondiog to ttu~t which to nva1lnbla tor ditforont 
t,ypcv ot random sampl1DJ by 11hiah a. vlllid e.otim.:-.tc ot tho 

aamp11ng er:rQr cq.n bo obt1"!nod tram com.plo dnta. tbemselvcs. 

QJ the other hand, lt tt.~o crtto1oncy ot syota.mat1o aacp11ng 
cn.n bo shown to bo hieh· atl ~o~..rcd -a1tb Fl'iUliSom oo.opl1ng from 

a. study or compl ·to lactation taccor-da it wo·,ld be ap~.;J-opr1o.to 
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to recommend systematic sampling on a suitable scala 

adequate to~ estimating laetntion yield with n desired 
level of precision. . } 

' 4•3• Let N be the numbo~ of days in milk ot a cow, 
Let Yij denote the milk yield or a cow on ( 1-t 3-1 k: )th 

dny and Xij tho ( 1 + Ft k ) th day 1 tself whero k 1n tlle 
interval or recording for a systemat1o sample, where ~ 
i ~ k is the random start. P"turther let N : nk -t r v;aere 
0 6 r ~ k • tfe can arrange all the fl I-eoord1ngs in a two 

Ua:!J table having lt columns,tbe f'1rst r numbet' of columns 
having Cn + 1) recordings and the rest n • 

Tho diag.ram shaus tho arrangement. 

Columns 
1 2 •••••••••• r ·-•~•·~••• 1 ••••••••••• k 

Yt1 Y21 •••••••• Yr1 •••••••• 111 ••••••••• Yk1 
Y12 122 •••~·••• Yr2 •••••••• 112 ••••••••• Yk2 

·················-·········~··~·······,······················ 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .............. ,.. .................................................... . 
r,j Y"2j •••• .-.-..,_._ ~1 ~······· Yi.1 ••••••••• YkJ 

······························································~ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Y1n Y'2n ••••••••• Yrn••••••••• Y1n •••••••••• Ykn 

Y r(n + -t) 
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- n,· 

~~o Cettne ~l· a-L. 2: 113 ~here D" * n + 1 or n 
nccordiott ns 1 '5 or ~~ ·J= 

1

, 

~.· 

o.nd t1 • ~ sr13 "' Totnl ot the 1 th coll:U!U'l; 
.k _.~ }.h· 

'U'ld f # 2: ~ 1t3 a ~oW. J,gota.tion y1o149 
L=l J; I 

now tbo- method ot eamp).tns consluta of drawing a 
rn.ndom numbolt t S1!fl t, ieas .tban ol" equal to tho 1ntonlll ot 
reeol'd1ng s..e. k ~nd ~ns oll raccr4:lnga 1.tl' tbe l•tb column 
on rooo»tU.ngs in tna ~plo. !btW tho &78toma.t1o esmplo 

conai-sttJ. ot clllt y!<:)l._(ls 11 f~ Tt~ •••• • Yt~ • •• • ••ftci • 

Twc tU.tfe'l"cnt BfStoms ot est1st1on wore trioo J cno 

td thotlt ma!dn~ l.Wc ot tho knold.adge !'ogal'4ina tho na.tu.ro ¢~ 
the lacto.t1on euno an<\. otb.~ ,.,! ttl ut111zws tbto knoulcdgo 
as uocu&'Od by tho otu.di.es cnrlter modo bJ thnndoW• 

4. 4. rJ..mtt-.MUQ;.. at,~ .. ~Dl<,mn.Uau. 
Undot' this syst.ems ttio. metbodo 'Oare coco14a;roo. cno . 

wau to obtaic tba eot1a..1.to ot tbe total 1aotat1on yield bf 
mult1>111na tbo total milk rleld ~btoinod f~am tho systemat1o 
sample by- tl:t<t 1ntsnol ot »:GQoMina t.o. lt,. TbU.tl the 

?ll est1oote 1s 
TIA ~ltti !! ll ~. 11J 

th& &econd mothod was :to. obtain tho. osttlca.t1on of total 
lactn.tllon Jiold of a. 00\1 by 1m11 tiplfi.ns tho avasraao 4o.1ly 

mlk yield calculo.te<J hom the snmpla1 by total numbt),. of 

days tho o.ow was !a tt11k i•Q• fl. Tho o~t.lt.!tlto -Tb :: ~!· 
ao=o ot thG proport1o$ ~f thQso t~ e$t~~toro ~o 

civon in the ns3t section. 
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4. ;. i:ID~, Ul\\U, Gtt..-:0\ JJDd 1 Zb.M 
' _, 

o.) !fho e::tt1Mto '-'u o ktt • k ~ Vt~ 
I< 'fli Jf' I tz;.. 

<r1 <?.U> t t f,. t I ls.~ • f f, Ytj s ~ 
• ttotnl laottlt1cn 1J.o14 

danoo Tu is nn u.nblo.~oo eottmata ot t!lG toW 

)?,• 

b) Tho estt.mato ~b # Nyi • ~ ?. Yt• 
~ 7),' " n, J: ' "' 

'E'('fb) • ~ t, ~- f;, v13 · ~! nocoso001'111 
naneo fb 1s, 1n g.cno~rol ... a. bioood eot1oato ot the 

total lactation 1{eUt. 

B1 c!efintt~on bia$ '- t('rb) • 1f 
lc '2• I< n,· = _t 2 N. I 11 • ~2r .. I{, {#I ?)I J'e.f 13 L:>/- J ... , 1_. "' t - I( 'IIi 

# k i: 1 ,~ ~ - ~ fl ftj 
14 . n· 

• N L t· < .!. - ~- ) , A. 1<. /'1 

Tl~o bl"~ ~ ll vanlflh eltbo~ -ahon nt -+ i.o. ohcn tho 

lncta.t1ob po.t"toti in tlll OX®t mttlt1plo oZ tho intowal of -reooJtcU.ng1 or tihon y~roonins connto.nt. 

4•6• ~ianoan ot fu & 'l~ 
oln Wi!J! 1t4W4• &$ 1 II tT, (!l t .... ,.. 

a) B;t 4ot1nt t1tm VU~'~") r; 'S { Tu • F (Tn) J 2 

• <n(~) - ~(l\t) 
~ow rt() • t• <t~?tt > ~ -~ i k.2 . ~ 

lc t:.t 
I tt f. t;! ,·:, l • 

and rl·('l'! ... ) * r 
""'"· 1<. 

!horo.fel'O V('u) # k f;, tf .. T
2 

b) fb,o entioo,to 'b: sri. 
~ (_2)s. "''(~/! ~ ) N.,_ ~ ~ 4b ~ 4

. h vi• _# ~ ~ Yi, 
L;. I 



. ,, . 
't. k !) 

Md lf(Tb) # ~~(,.~·it.> .. 
N'1. 1<. _:;> N'L. f.. - 2 

TharefOJ'O V('l'b) a 7< f~ Vt., • -kl. ( £ Yt,) 
" 

N'l. { "' _2 1 k - 2} * K: ~. Yt. • ~<\,{Va.> 
N,_ { ~ - . : !} 

: - L <r., • ·Y> 1 

1
"' i=l -· -uz.horo 'i1e moan of the k co~ monno • 

4,7. QgQsDC.~zgt~~.~.!~~ 

This srstoo at ost~tio~,~~s1sts 1n fitting Q 

c'UI'Va ot G known form to B~!om~teal~ reoordotl daily milk 
1!o1da ana aummtns the t1 ttfd hb4"t1t>n ove~ the laota.t1on 
lensth ·to ottJ.mte tho total lac\aU\\m ytol4 ot a oc.m. 

For the ~cnaons ~ivon in ~tion 2.~ only two curves 
toP tllis pUJposo voro censld~raa , cno was tho qt.ltldra.t1c--C'llm-lOC 

ottt'Yo ct tha ·tom 

'8 • 6o + a1x -r ~ -t e3 :tona3 
uhor0 '1 1o tbo r.Ulk y1tJl<t11 1t~ tbe correspond1na period 

ot ttma in Clays exolud.ine tho d~ ct colostrum, ana a •s nro 
conBtanto • tho other eurva e~Uted WtlS tho vol.Jn~al ot 
t~th 4Gs»ee ot tho to%ttt 

Y • bo + bfat + ~a + ~~ + b4s4 

It u111 'bo Approp1'1o.te to f!rst .;;ive an ou.tlino ot tho 
,. 

metlloo ot tt tt1ns those ~es nn« ot obtniatng tho esttmatG 

" d tho laotat1on :;'lold tho!fcf~t.t. 
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#) 

FJ,~t1ns, .• Qt ~bf.~•· Denot1-cg x, zc:; and log0x 
b1 thrao va.l'1.n.blea Xt ·-, ·s2 Qed t 3 reapoctivel1 and momJUX'1tiS 

, M(J sla ·from tho11' rospeot1YO eamp1o r:tot'Ul8 c;, x, t i2 nnt1 ZJ) 
the cqnation. ··can 'bo w1'1't.ton In ·\b.e torm 

" r • :t, 't + 12 ~ -r la '3 
l'lboJ-o Y • (y-j) ooct 'St • ( "1 • i 1 ) 

Jeri at, 2&3 

It is ln this tom tha.t tho oothat\ ot f1 tt1ng \ho 
OJI.t-

C'LU'VO hatl bt:en Co..rt'lodt.,..:>Y the mothod ot loaot sqUi:lr'oo• 

fbis 1nvo1Yas setting up ot nol'mal. equations • 1.nversicn of 

a 3 X ) t:1Bt.r1X nna evo:Lnnti(!ltl of tho constsnto ('F1Chor 1950)• 

ts.tlzml1PP Slt J&wtrJ:Ua r1PJ.4. 
Supposo tha t1ttod ~o 18 

Danotiog by !tq tho estl.mo.te ot tho total lacto.tlcn 
yiold ot a ocw obt&!ned 'by ~ng tho ost1mntcd datlg milk 

yields over- the wholo lriotQ.ti®· 1onsth• we have 
N N N 

'~,• r'lis + 11 !, C:a_1 ,. it'}· .:j.. 12 ~ Cxa • i"2 > + 13 ~, <x3 • i 3) • 

4.9. ilttiDB gt lt}g Rum~ ;m:,y.a;• A similar proeoauro 
lor titt1ng tho polynomial Cttl'i'VlJ>U could be P..4opt.o4 no to'lt 

tho curve dasol'ibcd aboVe. but 1.o doing so the ntmbor of 
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JUett. of aertnln sum ot aqWU'e• o.nd sum ot p~ncta S.n 
the nofttal. eQUations wbioh h«d to be rotdned aots too large 
beyond the a.apao1ty ol the cnl.otdat1n1 mscJdne, fhe»etoro, 
""-18 .-end··l'e the 1ft'lera1on ~t JliGtr1x ot tank oqWll. to 

ota b!gher tt:um tour elCtRae~ iaboriout and npp~-.~. 

An Bl terna,l'fe metbo4 of -f1 tttnc po,.ynoatal cuwea with the 
help ot ortbotonnl pol)'tlQ141e.l_8~ !'U, tho~eto.re. ut1Used~ 

tb.ta aetho4 · takea oonot_~erablj :L•ss time tn n=er1cnl. 

o'llou1a:t1on•• 
Tho uaa of ol'tbQ.gcm-.1 pol.JnOidt!l 'fal.uoe in cuno 

tttttaa 11 desc•lbed 1r:1 il nwabe-;r of plaoos ( Kena~lt s.t.o) 
an4 te. now so 11611 kn<Wtt tba.fl, onl;1 a. bl'iet sketch ot tbe 
thee~, ia sl vea below. 

Let a. uatUa& that th$ relatlon of daily ra1lk. 

¥iol.4 Yf on tho ad~ae 1n i_..tat1oo• Sfll x 4BJ•t it of 
the ta.nt 

it. I no+ a, X -+ ........... + ~ xP • • • (1) 
.. 

• tbr) ·ss:r., 

The polrn01l1&1 t<x) wqr ·be Ritten 1n terma ot a 

set of polynoaiaU 

}_0(s), }
1
Cx) .,,. •• , ..... " j.,()c) •••••• },(s) 

Where } "'he) {t,. t~ ttw p~eacnt, an o.rb1Va17 
chosen polynC!Ilal ot deQMe 1.' ., 



- 18. 

~ • cf> { J ) • Poio + Pt }, + • .......... + 13p Jp (~) 

Lot 711 , :~1.2 ••••••••• Ytn ( n > p) ba tho obsonat1ons 

mtltlo 'CD jmo vnl.uoa ct "'I on tho 1•th, U. + h::)tll • • •• (1 + n;T k)tn 

4a.ye ot ~· ;atattcn. 'lllcn cno 4c.D envloagG ti tt1ng cqunt1on 

(t) olt equivalent oquaUon (a) to the ob!'lont.1t1ons to obtaln 

an ostima.to of ·<lependenca ot ~ on x • 

1\doJ)tina the pr1noiplo of loast s~'t.Ulr'eu to aotimnto tho 

Pa:'ar!lateN ot the equation (2 ),. ~na oltoutstne tlto j polynomiolll 
~ 

for a.Df set ot '9olues eo tho.t · : Z: f j • 0 uho.ro ~ • 1 (J ~ 
~~ ~ Jo ,.., 
!j-Y flo got tho oot1mata ot f!~ • ~ )2. • Bj. (aey) 
I Ji 

the ~t1on cxt.ondtng ot~r- tho ~ple ·Values. 

Stnoo s 'a o.ro ·oquoll1 -apo.ood, they tln.Y bo tto£)1aced by 

01 '• 2 •••••• (n•1) by mrt tnb-lo cnoice ot nr1e1n tll'K1 eoalo~ 
!hen j vn1ues are QdSY to caloul~to a1noo they become 
funct1cnt ot n oul7• 

to~ z boa vDtiato aott1ng values t 1 1, a, ••••• Cn-1) 
than tnld.ng }o * f as dQtillo4 ~ve 

"'n -t 
ana joZ•---. I ~ 

OQd determining ~ oth.t»' 

)r -r 1 • J, Y-r ... 

j t.s \ly tho rocUl't"onoo rola.tion 
J? ( ri~ • r~) 
• ...... 41' • "!• ' '' "'' I I.·~. } 't'- I 

4(4-_r2 • t) 

1t ann be shown that the~e ~ fD S"t1nfy t-o1nt1on ()) • 
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Ul t1ma.telr all } '• beccmo tho tUnct1ona ot } , onlr. 
... 

rn part.1cul.Nt 
l.. J., 

}l # J, ...... 
u •*" . 

12 

}3 
3 Jna .. 7 • }, - .......... }, 

20 
If 3na•13 ~ 3ln2..1) 

!) 
(tlc:;;•9) 

j~ ' j, • .......... j,+ ........................ 
14 S6o 

SCo2•7) 3 4 2 

56" • 
5 ~~~.:.!2! ~\ }, • .......... .:,}+ 

ta ' 1008 

ln order to conY&rt theae } valuas to 1ntocors 
in thoir lowest to~s the7 n.re l:l!ll t1p11od by n conn toot >-. • 

I , 

The values col.*responding t-o J. • ).. } o.re given by 

fr'!ahQ.r ona 'fntes (I ~53) .t~ f1 ttf$18 c;u.l'Yel up to the titth 

degree to obs·$rvs.t1on rangtns ttl n~P tr011 3 to 7 ;. A. 
I 

vol.uea tU'e also BiYen at tlut ba'ttom of ~ values. 

b. 0011~1sm s&:·. lAQtliUsmt XUld 
Let tho ct~a on wtd.cb the milk ,-lolda a.ro ~ocoJ't\od 

be 1, 1 + k , 1 + ~k. • •• ~ •• ,.. 1 -+ ;;r· k. Tno.n tt1s varta.tt:t 
i:.l z # k takas tho value$ o, 1. a, ••••••• en•\) • 

~~ II ~lJ :J 

Y • ;t. + n1}.;} 1 + 'P2})l-.+ J~lt~ J + S. J.:~ ~~ 

Dy definition t1£ ~ati~tu gt total lactation ytold 
1tJ the s1.m of tt.o ostimt~cd d~-l.' yields or milk ovor ttto 

cntll"e rt.:m~e or X tih1Cll Va.rt:BJJ t~ot!1. 1 to ll t 
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"' 'l'p a Ny 1.-+ Bt 2 }·;. + 
lC:::I " • 

f-1 

fhe numorical cal~ule.tton of L } / involves 
x.::1 

5, )! tor all values o~ -A~· • o,. t, 2, ••• •• ~ • 

~ 1 n~1 
By dst1.n1 t1o.n j • Z• · • ..- {x•i• ...,.... k) 

· I 2 k 2 
1 . ')\_-/ ), 

t + T,.. 

Thol'etore 

N 

!bUs we obtain TP an esti~nto or total lactation yield. 
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~~ 

--4, 10. ~ted valuo ct t,: 
, ..... It· • • • ...... , ··<.>"·· * ... 

lfbo e&ttmate 
N N N N 

'" • NV1.+a, l. il -r na 2. 12. -t- »3 L. 1~. _,. 14 r J~ 
,. X.~l Jl.'::l )('::1 )1.:>1 

we o.ssumG n • nk tor tboon'\lolll conventenca 
~1ng the eXpectnt1tmS. we sot 

- { tJ \ N {'/ . N } 

( E(fp)• Ny •• ~ BCBt "~ f, ) -t R(Ba ~~· }'1 ) -t- E(BJ~,5J) + if ( Blf X?, jlj ) 

stnoo NY".. 1a tb& ~twJ.l total laotat1cn J1o1d, fp 
to a biased (t$t1ste.. fho toa tn the o'W.'1J brackots 1& tbo 

bias. We car.t o'bWn o.n uppes- 11td.t to lt 1B tho toll.oolng 
llflOne», 

We define <Po • 1 
' n-t 4J ....... (¥•---11) 
k 2 

and <f l'-r t b)' tho r-ectU?:ttenoa t'dahton 

cfrt-1 • <A ~ .; , na ... a > 
1T~ • •••--•2••••••• + 4(4.1- .. t ) rt 

It cac be oas117 shqwn tnat 
N N 

Icf>, > 12;,.1 
x:= t l:""' 

N • ('l 

nnd ln senctfa1 2 f., l / ~ f t J 
:X"'I ~,., 

IV 

Thus nbst1tutina ~f"( tor l j'f , "., set the 
upper limit of tho blaa 

npp.ltm.atau )(~~ 1 ECBt >l + 't,i lltBa) I+ ira 1 E<a3> l T ~,~ 1 a<J4> { 

(s~nco 'L Pr tn tm'fepoll4unt ot tn. hm!cm otQrt 1.e. 1 ). 
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'YI 

·N I E (2 iJt)' }1 ) J 
= IL~ 

~~I\ I "" + 
:a ~/'1. 

f <f I< t:t ~<j 5-,){ + -£ <?. !EC J.;.; 5-.J 1 .. £ I r(J :t,;·S;,J 1 
X'"' l- 'T'(' , '<.-=1 3 'YI J. - (h "1'\ 'L . ._ z }:j - 2.}-3 x-t E}'+ ' \ 

! . ' 

·~-cf. - N N 
x=' ' - jl ""t\ ~{.~ .;'} 1- I ~ ~ 5. 'J,·. ~ ( + 

k f £. '"' J J, 
if I 

~ f2. I( .., z:. <P3 k "" I 2. ~ k. " 
:· ~/ J. 2 2;t,;.J,_/ + :· It..-~ '2 Jti'J.a +-;;;- /1 ~2 X·-5: I ~'j. t.. i I< o:=r 2 ~ '2. L'>!' ~t;'2.• Jor;:.,.,, J 4 

> .] ~ ~ Jst 
t 

~ . ~ 
N 

~cpl ~ ~1~ V\_ 2.cp3 
't = ~· I C) -·. I ?(-I t r '4 • ~ l ';(=· -----"-- L d 'J ~I t- ~ t:- d"i:J J 2.. + ~ .., " s \... < '2.-~ (: . ~ 3-. LJ3 

- I ~f, r" I -2 ~·/ }3 + ~ 2'J.; J.~ 1 
~ ]~, 

J' I ) 

f\1 )2 "l.-

•• •ould lint get the· 01'4:0.1' ot ~'? 4>. Cltd or ,&, lr 
< r • t, 2, J and 4) 

It t• wa11 lmoYfn tbat 

4 
71 2. (p ! ) 2 ~ L.l a ..,.................. nCn1 • 1) (h • 2) ••••• (.Dt.O•p) 
1 o( (211)} (2zt-t-1)! .. 

(ltem1aU Vol. II) . 
ft21t"+ t (;p. ! ) 4 

• 0 ............... . 
(aJt) ! (ai 'T 1) ! 

':;: .. .... 
In patt1CUlQ 

'1"1 'l. 

u3 
0 ( ...... ) 

12 I 

' I 1\ 

71 'l.. z J. • I 

2 }~ a o ( • ....,...,.. • .., ) 
180 



~.....;:- ---

-----

Md 

?t I.. 
2}3 • 

,., .t 

I 1~, a 

..,. 23. 

7 ,• 
n . • ) o< ""·~aoo .. 

9 
.b .. \ • 

t t I "*"" I 0( • u ' 
44!00 

Atte~ s!Mp11t1oat1on ot alg•braw• obtain 

tJ:="nk 

L_ 1i t 
X"'' 

tJ 

24>'2. • 
x.=• 

N 

L- cp3 :t 
?('"'I 

N 

L cF; • 't ... , 4 

nk 
0( ....... ) 

2 

nk 
0( ill'l\t'ili'lll) 

3 
·D~ 

0(...._. ..... , 
ao 

D4 ~l~ 
0( ....... " ........ ) 

fhoretote 
a 1$i 

/'I 

L. c/>, 
?(•! . 

., 't. a 
L.J, 
it .A:.!.._ 2.. 

~ ~ I 5,. 

6k 
O( -:rl 

D 

60k 
0( •••1• ) 

n 
N 

2. ,1.. t40k 
~ -. oc •••r l 2 j

3
'" n 

N 

~+ ~'00 n 5k-
and ~ : 0 ~··•~··· ( ..,....,~.-. • ..... ,......,. ) t lt,~ ll 8 168 

!flu tho o.zr4el' of tl'te npptl'lt- 1tm.1 t tJt tbe btu 

6k 1}\ 60k l '>I t40k -n 44100 n ~ " • ? .. I;.~ 1,1 + 7 Ir.3 \.I+ ~;r· ..... f L j•j53 /-r --~a,·<·;- iiJflr· 



··~· ----
4•1 t • It was not totmd tt®atb.l-•·r to put tho ~pl"esaion 

fer: the v~1anoe ot t, 1.1\to a. 1.9P1e .ton a«> that in a 
d1~•ot o%1' 1Ddtroct I'P!IM'IJ' tbe 'fe1.uce coul4 be eu11J 
-eompu\.S. the 'tarianet. waa OotipDW, the.tetore, ti'QII 

the ve~ d.o.f'W ticn abel· tmJ; ~tflq!itncJ ol! thie eet1ute 
•~ coap~e4 wf. th an s.ri~!O "attmaw beaea on e1ap1e 
rtm4oa laJJp11og• 

"•12• A 11m1te4 emilil'taa1 a~11t'"egt'm11na the bias 
pl'es.Gnt in the estimate 'lq Mt1 ttte-·ettic1enoy ahoun bJ. 

lt, liN also ~aaae. 



'1• DMIPtiUO !'12 COWS EU'iD nF TUFIR DAILY •• ~ILX ·tr .LllS 
l€71\ .. ~-97lN::i!I.t1£t,aJ!:fll~9f, fl]3FCRI£ief. .elf i\ GJlf&£. f,f Salr.§• 

5.1. In the prev1o~ aeotion we hsve cona1dorod dttteront 
methods ot samplina and}~ estimattna total lactation ytolds 
ot 1ndiv1dtml ntd.mal•• Howo"fer• the-problem ot g!'aatest 

praotic~l 1nt~est is to obtain an obJeot1vo estimate ot 
tho (\vero.ge lactation pertormanoe of o. aroup ot oowa 1n a 

part1cular trnet or u.ndol" a glven t»sa.tment. lo the case 

where the number of cow• lo largo it ~.-..y not be pos.stble 

to m11k rc.oo.rd all the co•• if each cow is recorded only a.t 

por1o<l1o 1nterYills and ~e qu.eat1cn of snmpllng of 1l ._.roup 

et cows s.r1eOfh It 1s 1n tho 11ght ot Vi:l.r1stion botwoon 
cowa an4 between dally ~lk 11ol4a within cows as ~ell as 
tho desirod level of prectc1on that the number of co•s to bo 
sampled trom a. sroup ot ~as will lw:ve to bi.f decltlell. 
;. 2., A. scheme. -e.t samplins im •hich the selection ot 
eows ta made at r~dom ttbtf ttcacol'd1ng ot d-9111 :ailk J1_eld ot 
selected cows done aratEf!l-.tically at N&nls..r 1nterv"'\ls would 
be convenient 1n p~~t1c~, · 

;,3. Let u be thd tct~l number of cows 
N1 the laotatloD longtb of the l•th c~ 
m the OUilbe.r of oows aolectod out or u oowe • 

k the ·tnt~~~l ot rocordin& da111 milk y1old• 
u1 tho nulllbel' of' doil.J m11lt records kept tor 

the l•th C01f• 



,t 
-, 4 
/ 

,, 
·II 

• 26-
rthett 1et 
i v11j 4enote tho ~!ilk yieltl re.co.rded on (1 + 3::.:1 k)•th 

' 'y, 
I .... 

l 

'·· 
'Q· 

T11 

drq or tl1c laG:ttl1i1on o# l ... th eow. 
the- aotual lac.tntion Yield or tfio 1•tb eow 

M. 
T1. # ~ 111J 

lJ 

the ave~o l~(!at1on J1c14 per oow 1n the po~uln.ti 

1 M 1 M Nt 

!:. • !; ~ 't. • 7 !. f 1113 

tho a9erngs 1~t1on yield 0: a simple random 
snmplo bf m .al'A'UJ 

'ct •• l .. 
~ 

m 

Z rl. 
1.. 

tho total ltiOt&tt""On Jlold or tha l•th 001f eat1m.ated 

t~ a GJite~o s~le tor wh1eb the ti~st 
:r-ooording 1s made on the i•t.b dq 

'?t 

'f:u. • • ~ Y11J • 
.J :. I 

This corrasvonds to Tu tor ono partlculo..r co~ ( c.1'.4.4 ) 

Uow Gottal~l" an ost1ma~ TmUt) vf tho a'farosa loota.tion 

yield po~ oow ln the poJ:tU.latlCA t f. •) obtained t'.rcm O)'stema.t1(l 

sampling at 11t~t<!!rvsls or "k dqs .ot o. rantlom so.mple or fl cows, 
1 ~ 

TmHc) t ..... 2. ~~ 
1ft e 

(l) 

1 '"" ne ...... [_ It L 111S r:s e j ::.1 



Silloe the 0!:\\.~lo is tu.~lOOted- .in two st··,aos. tha 

Etxpoctod value to .also appl"oprlat~y uot-ke4 out in two stf-l.,sot~, 

first over all possible eyatomattc samplas ·and tbon ovo» all 
poQs1b1o ~plofJ ot a o.ot~o ftt.oa. tho totol of U cous • thus 

')n 

E( ~(tt)): 2_ 'u > e 

f ~(flt /1 } } 
e. 

t1be.ro 1? (!1tl1 ) d®ott»J tho oJ.Cpacted value of 

!11 foP a ti:rod 1 ( i.e. fol" l..,ttl cow ) 

It hrul alrondy boe.o eho"ttn \bat t(T11/l} : ! 1• 

( fu ta qn unbi~ad Qf!Jtimto ot 'l sec. 4,. S ) 

{ ~. 'II ) 'lhctetel'e ; (Tm(k}) • E ·-: f erl.) 

.t 

tbio ahowo tMt !'m(k) is M -UJtbtascd ost1oo.to.ot tho 4Veraae 
l.noto.tlon fiold in the pop'Qlat,1~ 

.-.a I I • I ,, I ;h 1 lf li111JWMif t If I 

SS' dof1n1t1on tho Var1MOO of the So.mp.lo O.VOI"agO 

lnctst1oo g1Gld iu g1ven by 

V(\'m(l!:) ) Ill E {tmCltl .. E(fl!l(k) ) J' . - ~ • r;· <~*mu~) . ., !'. • > 



... ::?8 .. 
J 

/} '· 'i " ' 
l( 

' 

!lh1 G eM bo .uri tton att 

I" 

• 

.... 

- . - - - t;;V ~ V(TmUt) ): r! ( ·Tm(ll) • 'I'm.• + fo. ""' 4 •• ) 

- 2 - • 2 .... .. = - =-• r.(ttmod- fm. ) + ""CTm.• •••> +2F <~m(k) _.4m.l<f0 •·• 4,.) (4) 

- - t ~ ~ow ~ fo~k)• fo ) ·• •• ~ (Tlt • Tl•) 
• m t 

So that 2 
·2 1 s'/71 ] 

<foU.t) • f;m, > • -;2 f" L t < t11 * 'l1. > 

t - ?>\ 

:';;,Elf f <Tu .. -rl. /}--~o ~,[CTli•Tl.)('!.'ii•Tl.>]_/ 
1 . ---'.) mj\; [s i "' { <Tu • '!.'1/ 11 1 

(_ 
r. e~t' ~ { ('1tl1•T1• )(T).i •Ti. )/1,).]] 

<!51 

The v1llue ot tho acooud t~-rm mvl· ~v the uut.l.Dlatioll stan 
io. oloAt-lJ ~oro ainoa syntom;a.t!c s.mnplEn Ara 1ndopendcntl:r 

I 

df!P.\"Zn ft>O!n tbO l•th an!! l•th 00'fl0 a00 tbS VO.lUO of thG fil'flt 

torm undor the t~t1.f!Una.t1on o1~-1fl ia givon b,. osp!'ana.:.on for tho 

,.r¥lrt"'lloe ot ~u dar1vod in Soot1on 4.6 • 

'I"" f ('!.'11* '!.'1.>
2
11 ~ 1 K J- 2 • .. Z f11 • r1. k t.:=; 

1 ..... 
t( 

K < 2 p 
~(Tli•Tl.) a Sl(k.) (G~) 
t-=-1 

Subatitutit~g from (6) 1n (') tie tbno obtain 
'.') . 

- - I,';; t r. <TmUt) .... Tm,) : --.2 '!':' 

tm 1 ............. 
m t:! 

711 

2_ 
e. 1'1 

~ 
.(_ 

sit~) 
? 

8:( lt) 

<6) 

li 

1 
J, 
~ 
I' 



- 1?9. 
1 :! ·- G~(ts.} (7) 
m M -::> t L ~ whoro /-£·. (!t) ·- ~tl:) {8) 

u e-=-' 

It con bo ahown that ~ttoon4 teym in (4) 1s 

~ - 2 t ' g 
rr ( 'i."mt • tt .• •) a { - • .... ) St 

a .1& 
(9) 

M. 2 
~ (Tl. • T.,. ) /(H-1) 
e~' 

Tho vnluo of lnot tol·nt 1n (4) 1a ole~ly zoro, Por 

F { ( Ta(k) • Tm.) Cim. • ¥ •• ) J 
• s ( < 'o<~t) .. it~~. j • ; ~' ' t CT'u-fl.>/1 J] 
c r { C fm(k) • fm. J ~ o J • o ( 10) 

Gubst1~t1ns (?), (9) an4 (10) 1n (4) wo got on interchanging 
tho t:11'doJ' ot' tlla tirut t\fe te~ 

~.Q.. .. I .. ihon oompl.ote 4o.1ly milk rocoJrds or 11 
tcSRE2~2Dl~ ~~R, nt 2.a-u . oro .Altl!l.l\llJ.t 

0.) ~tt!JrUg fit· thO ,!fj:j.Jj(f!QQ.~ fm(k) I• !tho Oaloulation 
of the vari'Uloo ot tho _s~plo IJQoo 1n t11o-atoge sampling 

1nvolvos tho ost1mat~s ~r ~ and ~~)· !n~· simploot war 
ot oat!ao.t1ng tboa~ !JJ to. ~o~~~o. tho corraGpor,ding qunnti ties 
tt'"cDJ tho sample and ~ th 1r axpectoa 'faluaD. 

Lot s~ denote tho mean aquora botwean tottlle ot 

(11) 



... 

lilt 30-

lac~~t1on Jielaa o'btatne4 .from cows 1n. the ltm~p1e 
1 ?n 

6~ ...... ~ 
m•1 e 

a 
(.tl •!) 
• 4l m. 

cwd ;~ <k) d.o!"ote the a\VOl'flS'O ot tno Variances 
of tho o.st1tf1ated totals obte1.nod fro~ systamo.t1c sample$ 

l"eoC~rdoa at k Clays int~a ot 1nd1v14ual oowe 1n tho 

,e.ompl$ 
011111 t 7ll..{1 I< 
6~ O.t) • ..,. ~ .. :£_ m e,. k l .... , 

< Tu * -r,_Jl J 
1.., ;; . • ..... E S1(t) m €. 

wh 1.1 aompl.et-e tlatll' ~ilk raaQ.rda of ao~e 11'1 the 

a~lo are avn!labla the j$.t1st1cs sl and ;~ (k) a1'G 

unb1u.cxl, oat1f!atos ot th.a .~oneapondiJ:lg. population va.luas 
2 ~ ~ 

St ana s~(k) • 
i'hus wo got tho cat!mata ol: th~ ~.ar1m:!.G:O. ot fmOt) in 

tho prosont c.aao. 

-:;;: 
' 1 t ~ r:.at v <f< .... 1> a < .... • .,.., ~ + -- o:.ud 

o~ 11 S m 

b) Uttcm1ofltd1gnMf, •J,e...,.giat. !• 'the axp!'eaa1on (15) 

or the ostima.te of var'i.anco of TmOt) crm be ut1lisod fo'll 
eat1mat1ng the P~91t>1on that ~ bo oxpeoto4 to be att~ad 
fo.J' o.tl1 g1ven aco.'l& ot tttl;up.ling (of covs ana ot da.tl.r 11e1ds) 

following tha patto.vn cf G":ttl;t)liPG and ot Gst1~.tion given 
at ''•2) • Cc.nva,ttoel)' the baa1o d.'tta !llld tho oxpi'e&olon 
Cfln be used f01! •10~ ottt the numbe~ ot c<.•wn r-oqu.11'od to 

(12) 

( 13) 

( 14) 

( t5J 
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(/ 

I 
I 

/ 

1-
1 

,_ 

- Jt .. 

be aupltttl tor llillt recol'dtng o.t apeot."1c tntervala tor 
ut1aat1na the averaso l~tation rteld f4 a grou.p t4 

OO'Q with prosc .. lbe4 lnel. -et pHC1s1oD. It p 1• the 

peroon-.e ·saaplloc •nor with wb!ih 1\ 11 <lesll'od to 
estlllti\e the o.Yvo.ce loctattoo )'ielc! ot tbe group then 
the· nabo.t ot 00111 J'~Ui1'i'it can be wOJtko4 out from the 

to1low1fll toncula. 

a. 'R., Cf8 oc) > 
·- 100- it 1> Mil" uq J'$ t J 1¢'1 h 

fm(ll) 
Squa.rtng both staes., aubstttutina the estt~m-e ot 

'far1anco ot fmft) and r~1hS tbc to.ttmt~ uo aet 

1 t ~ P2 i; kl <-- • .... ) a~ + ... ,Jk} • ., ti, ....,5 a 
• U m: (1Q()) 

a -2 a 
OX' <st + •1 Ck) ) < 100) 

..:;::: tl = ll iii IMP Ill 11&1..,..., -··frt lhttt ~ A 

2 _2 2 •'~! 
P !o(k) + (100) ~ 

for 'IUY largo K wo gQtl 

2 -2 2 <•- + B). U.t) } OCO) · 
m. • Ill 1 Mn • I '"2 't• 1 !I I 01 tr •• 

p2 ·ym(k) 

'•6• ~AJQ, II ~at1mato ot the -~1aneo ot fm<lc) when ono 
ar•temattc ·~· ror eacb of tho selected 
GU ~~ ~ .. OQd B 1.1. !~U lflll'• .. 

!he espreacion of the v~~ance or the est1mato 
given tn B•ot1on ; • .- oo.nno' be direc\1,. ued to obtain 

the est1mate ot tbe atl.atldr.ur6 en"r .ot tbG a.YerQBe 1aotatt.on 
71el4 1n the cas:e whee onl7 .ono •m~mnt1o aaaplfl 11 a.Yailable . 

(16) 

(1?) 

(18) 
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I 
I 
I 

-32 .. 
~ince the values of S~ and Sf(k) cannot be estimated. 

&tloYfUtt an appttox1Jm.t5t .tetlaJt;}ta ot the vnr1a.nce 11 

deve.loped in th1G seotlcn, 
? wt •tt deootft ,the aeatl l'q,U&re 'betw Qll total~ of 

1ncta.t1on yiolde obtnine(S f'l'OJn con in tbo aal.lple.-

2 1 ;;. - 2 
8 ti' • --- ~ ( ~11. '•<k) ) •t e. 

m.. a 
or <-..t > •tit • ~ t~u • ~•<Jc) > 

m.. • r1!,. -• f!<k) 
€ 

TokibB ~poctationo wo ge\ 
. »'t .2 2 

(m-1) v(a~1 l a r.- 2.. ·'iii- • Ul F ( f~Ot) ) .e 

Q) • 1 
1 " -? 

therotoro vcr:u.> • {t• --l De + a·; c&) 
11 

.• 

tiM r2"(<r11> a ~ t r<tull>}• ~)! <t1.> • ( • 
. -R now to obtain r; (f11(k)1 wa c.an wr1t~ it u 

F(fm{k.) ) 
2 

•. V<fsaocl-+ ? <fa(lfj 
whlch hom (2) ana U f) cll.D be •xpr•••ecJ N 

• 1 ?. t ~ . 2 
(..-. • ....,..) Bt +..., 6).(~) + '•• 
• u • 

09) 

(20) 

(21) 

(22) 

(23) 

(26) 

t~ F (s~1 ) w1tb the h•lp at (t8)~ (21)~ (24) 1 (25) 8P4 (26) 

1a c1'fell b.r 
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( 
r 

.. ,, ... 
L \1 
I l -\ l_ f . 1 ~ f!r{ ct .. 'i) st + 

-~ --?. • a "':'2 Jc 
a.~ Ck) + !"•·• *(~ • -g> tit .,. -;' D·, (k> .., if •.• J 

\ 

m ·-fl•t { 
~1 2 ., ~ J 
~· Gt + ..,..:• D .• \k) 

2 
~ !horefol'o t:.;(•ts.) • .2 -(Gt + fl {k)) 

2 ~ ~ 
~:.-tttua •ti ta an unbiased oat1ate ot (Bt + 8. ttt> ) 

Hence the eatlmata ot tb~ V<i11u1} ) 1n oaao whon U 18 
ve,tPy large it alflen by 

. • 'J 2 1 1 ! 
t:st. V <f=<tt) ) •[---:}•t1 * < ... • _.. ) llt1 

m ~•1- m fa 
It con be ann fJtca ( l 5> that tbe eat1ma.te is ollshtl7 en 

.1~ t4tldot-eatl.lltlta in ao tv • 1 t 1gno1"es the tea <w,, (k) ) 

:>."/. Qt\1& XI1 Estiute t.>t tho V~MCe of fa(lt) .Jhen 

onlf ono· sy.&t~matio aruaplo for each cow 
at ... llll. '&glt$1W S&QU,..il .. lt~J.J.Ula .. ~mA , I 
$a.tJDi~ .. 

Ip goneral o.nso, ·h011ovo:r • Uhell u is tini to 
and bot laraa in li~e it rdll bo Sean trcm Soo+!J•• tbnt 
w& ct.lmlot estimate the Vratianco ot tho as tim.t& unlosa o.n 
ostielnto ot ~ (k) 01" of a.no'\UlOl' independent 11nen.r 

equation in ni nnd Sf {h) is o.va1lable. But 1t 1tJ well 
kDoq that tor- t)"ate.a.Uc aatnP11ng 1t 11 not voa.s1ble to 

2 
estitlate the YGr1o.neo <if ~ .$1tllle l8C~"'lt1on V1&14 ( B1 (k) .. l 
ft'om. a e.uple. Uoweve:t1 wttb a 1p1'1or1 k.ncwlot!ge J.'esuc.tina 
the e~t1ci•nc7 ot systematio a~pl1na oVeP simple rand~ 

(~7) 

(28) 



·1~. 

l 
J. s~l~Jl_B or !'eg9!'d1ns tiD& tntratt11U!Jt cor.rol:ntion ( o1ooe th.o 
I .. 

I bttict~oy ·a.nt\ the oosn-c1a:t1en .vu 11ne~l1 rolatad ) obtoined 
/ from ~b~o 1'hV1ous stua!oe on oSflo'e onumera.t1on data, th-e 

":'"2. 
/ d1.t.t1¢u1 ty ot .estim.t!ftS , B·, (~) oan be cvarcotue. t1e can 

Wl'lto, 
a 

2 ;! I tlia {) . . .... , 
sl Oc) • ul < t • ... ) ~ ( ' -r 'l 1'11 • ) (29) 

Nl nl 
1 Nt ~ 

~ "'" .., ~ Whet1o Si0 ti ~ .. L ( Y114 • f1 ) tn w.btob 
if1-' lJ' "' • 

1 Ne 

1'1. atnndu f'e>r ........, L t1lt t 
!:!1 (J' ""* 

em1 fe. tho 1rtJ'MlC$s cOJ'~.oln.t1o:n betweon d.uly milk 

11alda ·~d.th1n lt-col\tmna of n1 l,~oldo G-ach1 tmieb csn 

bGt f'o.rmed out oi' D3. racotds ot 'fllio l•th cow • 
~ tho ezprosa1on ( t-1 ) 

.,. '1 t . 2 -? 1 ... 2 
V<Tmud ) • .< '; • 7 ) 1 ~ + f\<tt> > + u £1-~oc> ) 

cnn bo ut'ittoft ~ 

v<fmut) * 
'.) M e:.. 

t t 2 -~ t ~ ~o p-
( .,.... • ,...) ( St + S! Ck} ) +- ~~ L!ll ('11•1) ...-. (1 -t If n:t•1 ) 

m !I I e-::, nl 

lt 1a well khcwn thtlt sf0 is an unb1esed ostimato 
2 ot Sio 

~e ~ 2 1 . .. ti: 

trlloro s10 : ...,. L <1113 • 1'tn1 > n1•.t · ;~ 

1 '11-t. 

a.nd ¥1n1 • ......, I 1113 
n1 i 

(30) 
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'-

.. JS.., 

..It afVl be ons111 ehoWJ:S thnt · 

t ........ 
~ 

'n ;f 

~ n1 ( ~ •1) ~ ( 1 + ft C n1 • 1 ) ) 
~ lt]. 

ta qn unbiased est1mnte of the seoon4 t•rm t.o tbe 
oxpreaaton (30) provided the know1Gdgo rogard1ns 

is a•prloi-1 ant! tt 110a al.rcad.J Mon shown ln the previous 

section that r ( 41 ·) • a:+ ~ ('«:) 
. I t . t '?7t ~ 

thua Rst v<fm(lO)#(..,. • ..t-)eis. + _. IB1 (.U1•l ):12(1+ fe<n1•t) ) 
B II otl e P1 

5.0, We have soon tn teOtloD 4•4 thQ\ the~o We$ an 
altor"ant1ve est1rm.u d the 1ndlvtdU!ll lactation -14 based 
on averqo per 4ny W}Jltoh was a1lghtly b1na«l but waa mora 
eftto1ont as oompo.ttod to tilo os1Jlmtl.te based on ~le total, 
to»- monthl1 ol" laJt~ lnto.Pvala(soc. 6.3). Cos-respon41ng -to 1 t wo can develop ao ootlmo.t& 'ftnt>Ut) of' tt:te ave:!1f3o 

perto.t-ma.ooe ot a 81.'0\lP ot ~• 
m . '11t 

1 fl1 
'nlbuc> • .... '2 ..... I v113 m: e J'!l, J·-=-, 

Tb1s 1s c b1~ esttmate bUt tno bias 1u nGb11g1blo 
botna the o.varnge ot nll ·tho volu.es ot biases to~ en on tion.te 

Tb o~ 1nd1v1du.o.l cows wbich o.o wo hav.a aooD <eoo.6.1) o»G 

thameelves amo.ll. -Tho term a-;. (k) ln th~ exp,renn1on ( 1 1 ) of the 

vt:U-l:.mce ot fl'!5(lc)· ~111 bo roplacod b)' anotho.r s1m11~ 

(31) 



• )6 ~ 
:2 t€lrm ai ty(tt) col'l-~a_pcdtng to tho v~!Ql'lcas of fb foP 

6~tt1~8 tbe Vtnt1ance of ~(k) til OSfUJ tba bias pJfGOGD' 

" 1ft fab (k) 1$ lgnozt~ • 

Tho cohooo of $amp11ns ao4 ostia' .t1nn dasCJ~t bo4 in 
a.ecticns 5,2 tlt\d 5•3 could have be<$n compol"oo mth o.ny 

. otbor achetlo ot two-ntngc oomp11ns in dll<lh tho oolec:ttiou 

of cor~s a.t the t1rat dtagt:l 1s Dade a.t rand'om but at the 
aeoond ·staso ~ecol'Cltng 1a e1tb.o.l (1) mad$ at. l*stl4om and 

production ostima.tcd 'b1 ~1tbmnt!o .esUmato olf (i1) of ·acne 
at ~tsgu.lnr 1tlto#Vsld atA the toW laotot1on y1el4 to estitated 
taking due occour." fit the kn0\'de4et) i'ego.rtl1tlS the trend ot 
the le:otnt1on ouws. !'b1a was not., howev-er, QonsldoJrod 

n~.a.se~1 sinoa tho 'ltiJ1MC!J ot an, ostim3.te f4 aval'SiO 
laota.t1on srteld from dttbol" ct the tlboVe tlGJJt1onod aobotilO:a 

dorntta ovo~holmin8l7 upon tb~ oontributten tr-utS tho tam 
eontaitd.!lt; VQt'tia.t1oD ~twoon lactat1oll rS.el4s t.o., 1\ • 



, 6,1.· ~t the outset the extent or bias in the estimate Tb 
~\laB worked out f'or eMb of the -4t corzs at four intervols 

. o:f recording viz., 7•dny, 14•day, 28-dav and 56 .... day intervals. 

Fo~ weeklY interval or ~ecordins tha maximuo vnluos 
or the b1as w~q found to be 0.02 per cent which in a bora 
oE lactation y1old of 1200 po~s will amount to 4 ounces. 
The values la.y in the intervalr <>t •0.06 to o.o6 par cent 
for ~ecording at biweekly intervals. for 26-d~y end 56•4ay 
intervals or recording the 'trequa.noy distribution of the 

percentnge biases has befl!l shown 1n the following table 1• 

fable sno•ing the f~equency distribution ot porcentage 
biases 1o the estimate T0 tor d1fterent intorvals 

I .. I I • • .,j;!t_ I J::§SQldUlfl,, PIIOol • I I ' ,, •• 

Pere(tntage 
tuaa.a . 

-o.1o-
o -o.to· 
O.;'.O• 

Nnmber -at 
, • S.Q.Ua 

Percentage 
. ...:. .Bias'-,,. 

-o.)o-
o -0.20• 
0.4o-o.6o-o.ao-

tiumber of 
.. , SH,Z!S,,_ 

2 
22 
10 
3 

~ 
41 

The oocurronoe of nsg~iNe bias is very raro. This 

indicates that the astimate Tb of the total lactation y1eld 
ovorastimatos the actual )"1eld.-w HoVJeVel' • this overc.st1mo.t1on 

is nover more than one per oeaf,. Tho mujority of the b1o.sea 

aro less than o. 2 and. Ot-4 &lEU .. :cent .fqr· :t8-~8f and 56•d9.1 of 
rc-cot-ding wbt«li in :n~Cl .o,. ~ ·1~actati.ott .Y1Qld ot 1200 pounds 

.. 



.. 38. 
6, 2 • _ .standard errors of the estimates 1'~1 n.nd Tb• both based on 
a1stomatio samples, expressed as peroent~6e of actunl lactation yield 

were neltt'-caleul!1ted for the tour intettvals or record1nB. ~ablo II 

shows the frnquenoy d1str1but1on or the percentage stand~d error or 
those tgo ostimatos and of another eut1mnte 'r obtained from simple 
~anfo~aamplea ot corresponding s1aoa tor ~1e rour intervals ot recording. 

IL1Bl!l t.t, • 
Diatr1but1on or· p.eroeJlbee standard erro.ro for each 
of the estimate~ (Tf, Tu ·nd Tb) tor d1ttorant 
aantP-afE'llit .. ,G.U!<iSltA. ~gt-... • • . ..... . ... 

orcentago ?••.t3.a:y 1ntorval. t 14-dny interval' 26-day 1nterv·al •56•day i.r:terval 
standal'd • t • • 
orros-. :Tb 'fu Tl" : Tb Tu 'rr : '~b 1'u Tr : fb T11 Tr 
i0ss*~thM •r Pl• ;.,.. , .. • ••t• •• •• ')' "~· '" ··r- • ·- * ,.,. 

one. ' 7 9 • ' ' 
,_ •2!) 23 J 10 13 ' t 
2• t 'l 7 12 I 20 1 ; f 2 2 I 

3• : 2 2 22 : to 9 3 ' 16 to 
4• 4 1 2 20 t 14 t 7 • 3 
s· • l t.< • 4 4 a ' 'o 
6- • • 2 1 " 3 3 10 ' to 
~: : : i ; 2 r 1~ , ~ 
9- t ' f 2 • 4 

10• ' . ' ' t 2 t 2 
11• • f t 1 • 2 
12• • ' t 1 t 
13- • ' f ' 
14• t t t t :t t : : : 

17• f t • • 

18.. ' t • ' 1 
19.. t t t f 1 

4 
; 

10 
7 
7 
0 
5 
0 s--

' 

2 a 
9 

10 ; 
2 
0 
4 
l 
1 
t 

•Pe-·--..................... ---•••••·-·••-·•••••·•---........•·--·-........... _ .... ___ ..... _..,.,...,.. ___ _ 
Totalt 141 41 41 ' 41 4t 41 • 4-t 41 41 ' 41 4t 41 

Tho major1 ty ot the stQ!)da;t1 ~~l!ors for t.he estimates basad 

on weekly recordings waro observed to t~ll in th~ interval of 1 to 2 
per c~nt. The a.voraga standard orro.r \'las about t. 5 pet" cent. The 

a.vorago f3ta..nda.rd error for tha oonespond1na estimate obtained rrom 

o1mple randoQ samples ~as 3.~ par uo~t, 
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The standard •.rrors ot the estimate Tu tor 14•<Jay interval 

of raoo~d1ngw.~reJ alwo.ys loss then 5 per cent with only two 
except1cms, wbich correspond to the estimates obtained from 

the data ot two cows which were poor yielders. 'lbe high 

percentage standard ot•rors 1n those cases may be partially 
ascribable to this oause, Ft• the same interval of ~ecording 

' 

the standard et-rol':' or the estiw.n.te Tb""~a neve.r grea.tex- than 

5 per cent. On an average the standard errol' tor the .est1m:a.tes 

Tb and TuWL~.re' 1-.5 and 2,6 pe.r cent respeet1vely. ~e otandard 

erl'or of the ~st1mat(l) 1'r, based on simple .ro.ndom samples of 
the corresponding s1zesw4l':'~ mo~a than 5 per con~ in no less 
than 4 3 por oont of the cases. 

For 28•daf interval ot recording. leaving aside a tew ot 
the standard erro~s ot the two eat1mates,Tb and 'u• obtained 
from cows with smallet- lactation lengtha,we.,r.o ~ely more than 

S per cent. On an ave~aso those~~ 4.4 and 4.9 per cent tor 
tbeso estimates. How~:ve.r 1 tor thO' oorr$spond1ng random sampling 

estimate 7r the stands.lrd et-l'Ol'S wt.r'G1 never less than ; per cent 

a.nd a.verageJott.t to 7-.4 pr;r cent, 

For the 56-dny 1ott1nal of' recoM1ng the otandard orrors 
turn~ut to be ?.7, a.; and !0~6 per cent on average baais 
tor the three estimates Tb• Tu and ~r resp~attvelr. 
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fbo fr.oqueno7 d1stMbut1ons aloarl,- show that the 

eati~"lt& Tb tenc:ts tQ have stnallor standard GJ.tl"or as comparod 

to !u• I:t 1a obv1oua tha.t the moans will be mo}!e atable 

as comptiU"ed to total of m11k yields tz-om samples of rolat:tvely 
different a1zes t;om one another. 

It -a1.l.l bEt seen .fronr the res ttl ts that in C'lSa t.ho 

eotima.tos ot the lactation yield ere deai.t~ed to he obtainod 

w1 th a. standard 6t'»or ot 1eaa than 5 po.r cent on e.n avorego. 

tho milk prcddction should be calculated br rnult1pl11ng the 
a'tTo.ttnge y1>ld obtai~ed r~ol'G .r'3co.r4o made S1fltotta.t1cally at 

monthly or larger 1ntol"V~s. 

6.3. 'the perc$ntnga gains. in et'flciency of' tho 'tt1o arithm.Otic 

est1.1l1A-toa v1z. t ! 11 and Tb ot the total l·"lotation y1old from 

s~stema.ttc slll!llples ustr"'g record ins intervals ot '7, \4, 28 and 

'6 da1s ovor similar p~ooeduPos of oo~i~ation trom simple 
random aamplea of sa.ma ~izoa '\1e11o obtai:raoo noxt. If B is 

tho variance or the estimates ('u or ~b) of tho total 
lactation yield ba$cd on syetcmat1a sample to~ a g1~en irterval 
ana n 1s tho variance or eotiao.to based on .random snmplo.sot 

vame ai~e than p$1-Ca.ntll(:fa gain in ott1c1enoy of estimates 
basad on systematic sample$ over those based an o1mple 

B 
rand em a ~pleo is -taken t,o ~ {......... ... 1 ) . t 00 • a 
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The values or B 1n tho tt'Jo casas .... Tu and 'rb • 

~ore obtained~by employing the formulne(Section 4.6 )J 

by ~ego.rding the daily yields of ae.oh cm1 as const1tnt1r.g 

a finite population. the value of R 1s obtained from 
the formula 

1 1. 
R: ( ..... "'" -) 

n N 

~hore N is the lactation period of a oow 

n the size or the random samplo 

The v~uea ot the percentage ga.1ns 1.noi'f1a1enoy 

cf the estimates <~u end ~b) for oach or the 41 oowG 
are eiven ib T"ablo II!. 



WJ·lf., II.I 
Percentngo gains in aft1c1ency of t~o procedures of 
estimation or total lactntioo field from systematic 
somplos over similar procedure of oat1mnt1on from 
.... • •..... ,3SmnJ,fl ... m.wls:!!ll Q~itlloa.. ..... 

s.No. 7•doy i'rrtanal. lfr'dq interval 28-dft.ly 1nterVP..l S~d~ 1ntorval or 
cowa. Tu !b 1'u 'rb ~ ~ fu !b 

~et'ago 625 579 

;; 
•t1 
668 
441 
784 

H3 
328 
430 

1028 
146 
447 
574 
194 
201 
393 
240 

12 
2~i 
28 

,gg: 
39~ 
336 10 
197 
643 

1129 
219 
481 
t69 

1218 
379 
290 
213 
804 
356 
6b6 1,0 ........ ~ 

282 
215 
5?3 
.)83 

1346 
145 
328 

1070 
300 
147 
447 
~~ 
234 
240 
439 
367 
121 
147 
134 

1158 
l43 
31'2 
226 
290 m 

1129 21§ 
~~3 g''l2 
560 
?90 

'}2 
804 
434 
.206 
68o .. if = 

14 
•1 

209 
382 
fi6 
68 

415 
t65 
590 
i~ 

t19 
155 
2)9 
139 57 .... ,Q 1fl. 
15 

62~ 
149 

99 
300 
14t 

1hf 
470 
2~i 
39 

20) 
312 
274 
151 
42Q 
1~~ 
t22 m 

tat ~ta 
267 18 
780 . 83 
2()6 212 
415 243 
20b '0 
41~ 1g; 
200 99 
338 .. 9 
342 59 
184 102 
196 93 
261 71 
172 361 
206 29 
•16 •27 

1 0 
315 •24 
-4 •18 

328 t92 
152 9 
107 7. 
20.} t86 
407 •48 

79 21 
t81 18 
470 30 
21~ 29 

60 •25 
4;G 50 
13t 61 
465 305 
274 243 
162 148 
438 3,1 
46i ~l 
122 37 
79 351 

*' • '"~~A"' r' •• • ;~ I -

·gg 
540 
11; 

f~ 
185 

• 67 
t t3 
124 
350 -to 
261 

87 
505 
~5 
•27 
•27 
429 
•21 

~~ 
131 
70 

t27 
117 
133 
589 
225 

1~~ 
160 
519 
243 
110 
266 
420 
34 

143 
266 
1~"'"'"""'" 

Tn 1s(unb!ase4)ar1thmotic e~t1mate based on syatomat1o semplo total. 
1b ( biased )o.ri thr.:lotic ostimate based on systematic samplo mGan. 



Fro~ th.e table i.'b lq soon tbnt tor t-(.."'O!rd 4 tJg ·-t nookl7 
1nterv.sls tbo e.ve.r~e- £ni(l in o.tf1c1enoy of the t:atim:lto ! 14 

ves -625 pv• cont. Ve.r btwoakly '-7"J1flb1nes i:bo r.:..:tir;!.".to fu htltl 

~s she~ eodn 1~ ett~ot•nou ~ith n q!nslo oxao~tlon (Ccw ·~.a). 
tho ave»QSe ga!.n tn etticione:t Wf.)J) 4~ pol" cent. tD 29 per c~nt 
o! the cdc'ou tho vsltttnJ of tha satna t~ore m~.re than 500 par oont. 

For toUJ" wc;otay intE.\Irv~l or veuol~t'Ut-~tt th c ::t1mato .ru 
had sb.otm lOBsoa tn ft.ff1o1ano,v 1n rtoo.rly 5 ~ar ce:rt or t•-~.o c~os. 

66 Jsett co~t o~ tho .gains lteo lbno tt'mb 200 vor eor.·t. ~~o 

nvo~aso J!a.1ll tr. afti<ll·anoy· fQt thi& int~:.:ll vt rcco);ld1r4~ was 

18o por cent• slightly losn than hal!' t; 4e e'lin cbta.tr~t:d tor 
ostlm: •to Tu based on b1welilrl.y ucd.Ghingo,. QnlJ' 12 per cont 

aaino 0xeeodoo 400 per cont. 

Fel'Y .focoNing 1ntcwa1 or 56 t1n1U in QD oon1 oo 17 .,ar 
cent. ot the oaeos tu1o losoes 1u ert"ic1en\!f of tho eotim;~to 
7u, had oo.curred. All gflinn in oftio1enoy vore loua thtl.., 400 
por cent end tho ~ ori ty ot them l.ny belou 200 vOl' cont. Tho 
=:weraso gn.tn 1n etrte1..cnoy Wt!S 91 por cent. Thi$ was htl3.t 
ot tho guin 1n otfio1~ncy ot the eat1~to o~toinod t~om 20.4~ 
1trto.PV'll or rooo!'di'bg:, 

Comtftg to the offl.otenoy of tho cotitJ..'l.'te Tb bntlad en 
wceklT wo1gh1ncs 1 t ~ be s~en thnt: the o.vornco gntn in 
ai't1oienc)" woo 579 por con... ~1a uas lass tho.n tho 
oor?eopon41ns griin ob:torvea rov tha estimate t'u• 



For biweekly tto1gh1ngs tho 61$tl11but1on ot the gains 
:t·n ett1o1ency or the est1mt,;lte Tb was almost similar to thnt 

ot tho gains 1n e.tf1o1aney of fu at the icterl'~l of rsco.lttlin~.h 

Tho av~ra.ge ga1D in ettioie.rJcy uBa 44 t per cont. 

For r&Qord1ng 1ntorv~l or 28 da,s more than 50 par oent 
of the gains W~l'~ SOG!D.. to be 'betliiGGD 200 and 500 t;Gr cent., 
As in tbe O"aoe of tho est1m~te ':11 the porcontage losoea in 

of.fic1eno.Y had ~ourre~ in nearly ' por cant or the oa.sos 
for tha $st1.tlate fb• 1he ~we~('· gain in eft1o1ener V.ZilS 

236 par cent. 

In cas a of eight weeldy interval ot recording, tho losses 

in. ar.t•tc1ene;v tor f\l wa,_t) as t:requent as in the ofl..SO ot the 

estimate Tu to: this intarval ~t ~eoo~d1ng. tho averago gain 
in ett1o1e~cy ~smc ~ut to be t6S per a&nt. 

But tor weekly lntor-val ot J:Ooortltna, the ast1ma.te 'rb 
was more atrto1Qnt as compared to tho est1ma~e ~· 

6.4. It gas antio1pa.tod that tho outimatos T<a and Tp got 
tl'om sntematlc sonplea bf nt111&1na the knowledge regarding 
tfio lo.cta.tton curves would be more of'£1ctent ,though bias.ed ~ 

as compared to .ar1thnlet1o estimates obttl1ned fl"oa oystomatic 
sa.mplos. To o~ou.l.!)te the b!aa fl.llC oftioiency at t4-day 

1ntorva.l or r:ocordins e~tin tve)J1l the data. ot one aow as many 
ns 4?8 C'lU'VGS uould have to ba- f1ttod. This number of curves 
beeomos double and f'ourtold to~ oQloule.t.1on ot bias and 



ettS.oicnoT at .28-day and 56-day ittarvals of recording 
X"e1lpectivalJ"• In v1w ot the haav1 and extl"emoly voluminous 

- ca1culat1on involved, 1 t ll1aS not poss1 ble1 in eou.ttsG ot 
the ttao alloted tor tbi,s thesis• to t~ke n1l cows nt nll 
1ntewals. 

However, itt ol'do:r to obtain a rough idea ot tho 

ordor ot magnitllda ot bias Emd t>f the turthel"' gain in 

oft1o1ency by ut111oat1on of the trend of tho curve eight 
cowe having la.otnt1on lengths. rounc:l about tho a.'Vet·~ge. 

1o..otB.t1on length ot 30\ 4a~ Y~t..:ra selected and curves fi. tted 

to t1nd both b1as an4 ctr1o1enay of Yq and !p • or tha 
soleoted cows one CNo.10) haS a lectat#on pa~iod of 293 da1St 

thrso (cow Nos., 1 t, 12 and 13) ~i.th lactation pGri.od ot 294 

dqs each and the reat four {cou flos.a6. ~, 28 ana 29) ho4 

all ra. lactation po!-lod of 308 4Q.1e. thane ootJa were ehoson 

with a view to m1n1m1si~g the oo~putat1onol ~ork, linea a 
set ot tourteon 1nvort~d matric~s Qlld tbo·fourtQon &-ets ot value& 

/V tv }i ,.., 

of 2 }, , Z j.,_ , 2 j_,. and L i'~ computed 
~ 10 1 1( :=1 )("'I :>(• I 

tor a. ·co'tl \1oUld .t-ommin 1nv~ubt tor oth -r cows: og tha same 

lactation perioa. 

a) ~ ,. Tho ezp~psa1on tor th$ upper limit or the 
b1as 1n 'fp has bean obtained ln Soct1on 4.1 o • To got the 

~ . 
ori~l' of ~ 9.j }, the ~_aiuos -of· Y•J were taken from the ..... 
lnotatlon cu.rvo tor o group ct cows ha\'1ng lootat1on length 
nenr about 300 cta~s. TJ:le equatton of the laota.t1on cune {Kh.andok.ar: 

ua.e taken to be 



l'lho.ro 1 ntande fo.r milk y1e14 1n poundo and x tho advance 1n 

lac\a.t1on 1n days • 

!nkins 14-any 1nto__rya1 of recoM1ng Qtld asstll!l1ng tho 

1r:"tOtat1011 1ongtb to bo ot 294 days • w0 got, on subst1 tut1ng 
nttmor1col valuas tor slge~rtac toPms in the uppor limit or ~1e 
b1e.s. 

Thus tha upper l1~t 
o (.,190;)C2.79)"-r..(.00432) (691.Bt) -r (0.017H 1280. 99) 

~(~~·f~5)(t46~.04) 

• o.,j1 -+ 2.s9aT 12,91o -t t.66J 
: ts.coa 

We have nlr-ee4y soon thnt av0rage la.otat1o.n rtald 
ot the oowe is 1201 PQM4s. fhUs tho upper limit of tlle bias 

is t. 5 pet cent. 

The bias tn fq ana ~'.» tlel'¢1 also emp1r1eally ealoula.tea 
troa the do11y milk y1elds ot tho above mentioned eight cowo. 
~hose ~o~e all less than ono par cent1 b~t tor tho bias in 
$st1m.ate fq tor etm tto. 1 t 1 1C which Cl3Se tho value tvnGd out 

to be 1.16 per cent,. Stnc:o thGl'a 111~0 negative and pos1ttvo 
valuos of bias; oimplo artti\nn.&,t:to mcan would not have given an 

\1ere 
idea of a:"Veraso bias. Abso).uto $Ve).'e.gesLl7orkod out. These 

' 

ctllnO out tQ Ot42 and -o~ t t p,el'· cent 1n estimates !q nnd !rp 

~ospeoti~oly, thio w~ 1n Q~sonnpo with tho thao~otioal 

rosult that tho upp~.P l1m1t.-ot bias 1n i'p tu 1,5 per oent. 
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h) ~£11 • the gnf.aa in etflcloncy ot tho U'sticsatea 
!q and 'lp oval' a.rttrnnotin ~st!mato tr()CJ ait1l)lo rru1doa 
uamplos ~ sl,own, o1de 'bY ~tdo ''1tb tb('l a&S.ns 1n 0f't1oianey 
or tho o.r1 tb!!'lottc Gsti~6'" -(~) from s)'atema.tio o ~loa, 
1n table IV. All tha gaino aro o2pFosscd in po~oontnaca. 

~la.I! 

t®lo showin({ t;he percentase arnns 1n ott1e1"nar 
o:"' the est.t.m.atoe 1!'1' fp ana: ~a tr~ u:~ntotm..tio 
&~Pal~e.,ni~ t~~-~ ,f:~r.su~r--~t.tt.,. • 

.Peftoor.a~ ,uain tn ottic!enc:t 
ot ~ est1mat,ea •• 

Cot~ nc. ~'u 'rq tp 
llillil14 T it!l WMJ tll''ll ••• ~ttl '*411it~'lii: 1\'j•c.'llt brtfiiJ•n·:t rd _t 1 '•••at•• •• 

to 
11 
12 

~~ 
;i 
29 

146 
447 

~ lli~ 
219 

·u~ 
j11 

12 
90 

?:06 
1~~6 

J$9 
1031 
,10 
;1~6 

!72 ,m 
.269 

w tift.,.,..... • m I u.,... ~~~-•u•·ttulrt 

t\votca.e • 444 S86 606 

J\vo~ao oxcludins 
Ooti 1\').-t-a. 4~5 62~ 620 ....... ~~ .................... ....... 

Reattlta 1D 'ablo tV· 1~titioat.o that with tho cmcepttcn 
ot only 0116 O~e l•e• CO\l No, t2 tha goin 1n ett1c.d.ollQy of 

tho oat1m.."lt<-1a fq and Tp 113 oltmtfJ mof'O thtm that ef ftl• 0o 

on o.voPaee t.be aa.tno in oftio1enc:r ot Tq antl fp oro 142 ru:n.1 

t62 pov cent moro as comparoa to ~. txelud1na c~ no. t2 tho 
ga1nt.1n oft1otoncy ot i'J ~ ~q tu:-o on on nveraao noarl.7 
:200 pott cent ooro as comp~lttocl to th.o gain in oft1olonny ct ~u.• ~ 

I 
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I 

f 
""\ 

~~-

l 

--/ r .. 4.0• 

G · r ~ntns next to th~ prcb1ce ot oGt1mat1.os o.vcvaso 
1aotnt1on yio1d of ~ ~Up of eows the eotima.to at vvio.nce 
~woan laotat1cn ytolds of cows <ai ) usa found to h ... 

108148.72 {pou..nds)2 • tho .. otlancea cf tho eatinmted 
1notat1on yields obttdae4 1"~ systematic aamplea c;~ ~k) ) 

tor 7•4&1• t4-dey 28-dq an4 -;'6.-dq 1nte"a1' of rooord1~ 
. 2 

~o~e eut1ste4 aa 405.64, 948._.4& •. 3226.61 ant1 \ t369.41 (potmde) 

reupeot1\'el7, With tbeao ~tm\8 ot var1anca 1 then~ 

ot cow:s required fo)! est1Mt~ tho avoJ'&ge la.cta.Uon y1eld 

ot e~oupES ot cows of vQ171ng dtfength by sooplina: at 7-d.nr, 
14.r.d&J"; 28-(]q ana %-i193' 1ntewels tor dlrtorefl'b lo\'ola or 

p:-cc1s1on 1limed et)1 woro worked out., 'J.'hoso ar:o aiven ln 

t'eblo be 10\'1 t• 



ttwel f)t- }>l.'ec1e1on~Pctoent~e ata.n4al'4 . 
Kerct tnteli\'al or ot tho ettl~tet) aizo. reooMlfllt l ;? 3 ' 0 
•• Iii .. i •• I ..... ' 11!1! I • ..........- - - .. \ .. , .. 

' 7-dq 69 B :i 24 I 100 14-dq ft a• 28-dq 47 24 g 56-dq -;a 73- 51 26 
r r ,.,, lt! 111 L I u c' J - -= N.,_.l ·-· 1 till Ul I I 1!1 ltd,, j l 'litiM't!IWl Jail ILl liP l t Utd ... 

7-dq 2i6 \16 66 28 8 
.300 t4-dq 21?· 't-1 66 28 g. 2il-da, ea1 1tt 66 29 

56-dar 23 1~ 73 )t 9 
....... • I .... 

I I --~· li!IIJI~ 11!!1~ I I • i L ·-till ~ ~~,, 

·~--~~~~~~~~i·"'"-"'' • • ---. -- 111!11 ... 1 "llfl'l •• . ............. 
7•dq 302 t38 73 29 8 

500 1~01 !&§ t~ 7i az g 28-i!QJ ~ ~ 56-a'J.'I 33~ ., 9 
I *• I b 1 ' (llf:tlf •• F I ··-·· & a **"' II twu ;I'll 1 .. ,. n I? *'It • r: ur•• I 1" 1 rUI 14NIUl *It f 

~"· S49 t72 61 i& I 2000 1~at'~ -- ~-!j l~~ ·at 
~ 117 SJ 3! ~q 190 89 9 

-< .... ,. * " 1 lltSI' lil'!fl;t LL I ••••••• ,,. .. .-........... ., t .. Jl 1 l Y Ul Ill Q r '' • ... .. 
7~q ~ tilt 8:? jg 8 

5000 i4-lla.r U12 8l 8 
?.8-ttq 67~ tS6 ~J 

8. 
5~. ?~ ace 9\ s 

•• I .. . ·-··~--- ..... ~ ..... , ,. • 1!'111~1!1 • ~ ••t~ llu••• 1.1 • ,,. Ill ....... 111111111., •• II I Ill Ill IIJ· 

1S9 u • a Mq 754 ii 14*dq m 190 a 
:?·8-da:t \94- 86 a 
56-4ny ao6 93. 34 9 

!!Jill II I II II IIIII Ullllllll 1111.1111111 II • I I ..... ,., • II IUillllll II I 111111111• ! I 1111111 I II 1 •. 1 
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!be tnb1e v r;i ve~ th~ number of 0a.:1o to bo or-~p1Gd 

tor of1t1t:t.atms a.t r>~oe-c1-1b0d lovolo of pot-cootaco strmdnrd 

onor, tlltl avorago l•tatS.on y1o1d of bordo rlt cU.tte~t-G.nt 

si~GS by Sot\pl.ing 1\t g1Vetl 1nta"nlo. It w1U bG Se'Qll 
tram tho vooul t& that tho ntn:lbo!t of coua to bo SClil pled 1.G 
al.moot tho aaDet f:o!* fl. 1v<m h--11'-d a:1 :o nn4 levol of 
p~o1D1on uhata'1or b~l tho tate:rval c)r ra,··o~1nth- ascspt 
to~ a s~l 1.novooos tor- keola7 ~$001'dins tolf low Val uo 
ot otM4lltd or:ror. This 1& to ba asorib64 to the hiah 
m.~~ttitud~ ot tho meoo equat",e lni'twaon l~tnt1on y:lold ot ootm 
OotJp~ed to tho w1 thin cw v~!n.Uon_. iur-tllol" 1 t 10 aooo 

that atlornae 1aoto.t1cn rtold aaQ' be ost!oakd \11th ®out 
5 pol' ocnt stntKtard error by s~11l'l6 about a; o011s f'l'otl 

smell be-'d ot otse 100 Qtld about JO to !S oo-r~u ttom b!Jl+ds 

ot le.t(.taJ.t !dae• 

6.6. Ao Pesards the pt-Geiston t:4 the o.at1aat1on of' O'laraaa 

lactatton y1a1d, tho Vfl.Hnttce- -C;JJ; tno estltaate con be obtalne(l 

nllpro~tmlltal.y by toll0111ng the pl'OCelitU'O in soc.,.6. As 

ohown thox-e tbs VfU'1~<:l w111 t>e s11ghtly un4srastlca-t4~• 
fbo.sxtant ct u.nderest1ma.t1oft t1as wo!'ked ont with the 
present datn tor the tl1tterect .ecolos of s~pllna and bard 

ciao oona.idared ltt aoct1on '· '· • tho e~nt ot 't.U'ldGreot1ma.t1oo 

t~as utromalJ ne{J11s1'blo tor eu.os in whicb tho oot!n'latos 



we:ra xpeoted to bo obtained wtth stnndo.rd w.-rot-a ot the 
ol'de.t- ot 10 pel'" <Joot Olloept tor- hel'da of verv saall s1co,. 
.snch 88 too, tv wh1Qh £0'1! so-a·q ot e.pl1oa the ®do.reatirlla.tion 
appr~'l.Ched ono pol:' oont. Fo~ tlco1e of &a~Plina dee)igned to 

1 provide vory procise est1~tou ot tha or4ar ono per oont tho 
undoJostlm..rition w:~S cntch ~r:tta.r oa~eo1ally to~ W(lQt- 1ntonals 

of samplitls.h the val.uo botog as muab t\G 90 Pilr cant tal!' 56-dar 
1ntorvl'll when tho ha.ra size was an sClall as 1 oo. !ho volt;o 

reduced to 30 por o.cnt fo!' bel'4 e1zo 300 for- tho- samo tnte.rval. 
X.1>o1" l!'!U'ge~ hard ulzea avo~ 'tfi th 56-d.O¥ tntawal t...~o lmdaPGstimo.tio.n 

was lese than 2 po• cont. 

-·· 
~ ~- - -=--==-=c.._..:.=...:..___::.:...:_--"-"'=--=---...;;=---=------'"'----·~ 



It is cloo.r fttot: the rotnt.l.te thtat tho orltbmot1c 
o8t1maton basod on syatomnt1e uo tOJt ttere aft1c1ont tb."ltl 

th.l ... 1titln.tt:> basad on olmp1o r~.Jl!lom sompllna tlp:t:Ui.'t frott 

bo1l16 convoniant in p:mot1"<11o. 

"teooriU.118 of r.£1llt ~le1<1 at trootds'ir,.torvnls 
\Vc.1uld. provide o.n. oot1m.a.to hf :a, 'ttlagie lo.otat1ott f1o14 
w1 tb (1 pheist.on aor,,.espolld!ug· tl> a otando.rd Ol'Tofl ot about 

t • S pe~r a ent, 11hiab ob.ou14 be comJld~Peil Nason--~11 s.ati.atootol7 
to-. tho purpose of ~at1ona1 S"t1lf-arv1sion C\f"Or 4o11,y td:lk 
rooo~tns bf th~ 'esearch otatt on B t~a. 4n oet1Qate 
baaed on weoltly J.«Ocot'dins d:.mnot., hC\1l,;l!VG1't ba rol1ed upon 
in oases tJhotto the lo.oktian Jield ie 1-equired to be estiml3ted 
with a margin or less than 3 percent. 

In. tho light. of tho .tnot thn.t tho bias p%*~9nt 

1a !b 10 nea11eib1o and bocau® ·~o irtclronGa 1n otttoicnoy 
ovett fu inohales 'C\l1th the 1n~~ et J.'oaordinc, it mAY bo 

reeommondod thAt the $S~~ate t-b m.v bo adopted tnr t:lf>nthlJ 

or lars.::rr 1ntowo1G of I'OC~J~r-'., 

It can bo &o.on .~ ttlhl& IV tl:v.il.t tu.f'ther cain 
or about 150 pe»' cent is t-n41o*a 'l.tilon tho ootimat~t pf p; 

a1tt:la lo.ot.fltlon y1old 1o- 'O'btll1!~4 bf ut111sdJlg the tmotded~o 
t"-reen1't\1na th.a l.oo,:t1on ~. Ii)"((Wol", in V10tt ot th\l smt\ll 

number ot CC\7S ttv1t has b_(:Jen ~~raett f~ thu item ot tho 

(t~• it to not postd.ble \io ~ a. fi:s- ~eoo~enda.tion. 



., 
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AtJ flll' on bl'ic.[l1ni$ ful'ther t.;ain in afficiunoy 1s 

conoo~nGd., thet!te te eothtn: to choon.o betucon tho tuo 
aurvo&• but tr0t11 tho ,pcitd; or vit.~ ef fittina ~d e&tiflntloo 
tho po~om1nl ~e 1o t':!LOl'tJ oonv®1$nt, ett:.l)' Wlt'i cwcu!Nlto 

s~ll'leoiallY "hat'~ tho mivthoC dooei"J.boo in uoot.1cn 4.9 1o ouoptod. 

-;•i'hilo l'oviowlft! t)ho 11 tora'tul"o 1t t1an tound tho.t many 
Vl.>t#t-

ot tho ~orkel"~ bA.VG obtained the parccntn.:;eLof' entt.mattnu 

lactation 71old on tho b~Jaia of •ocording Qndo Qt var1oua 
intorvaU. 1-"or tho o1l!r.:o of Comt)"l.l-iaon oimll--'U." errors 'WOl'e 
oomp~tted. Th~ m:Udmwtl and t!'lint.ttm.D o.!l?OS'O wr:,ro t)t the o.t'del.' 

of 10 ru1d •10J ~2 and •26 ; Md JS no:a •30 ronpeot1v·:l.J 
to11 b1\1ookly, fotW wook1y and o1ght Vt.1vklY 1ntorv."lls ot 
&'ocordiog. 'thcoo values ~o oo.ns1ato:-'t1y hisbeP than thoso 

found by otho» OJ.t\tlc.W:a, ttJlJ' :tnat=1noo Jo~af.l.C et o1 obtn:tnea 
the Vtduas ot 7 a:'Jd •?'t -t 2 noel •t t 1 m;d U! t!lnd •14 tor' 

t..lW &tWO intowalo, lt was cb~tll'Vcd tbo.t a.ppl"o:!t1mat.oly 
00 poli' cent ot tb• of'tl~O \"Je»o lying ln tbo 1uton~ •3 to 

3 for t4-<Jo.y !nttl'Vr.A., ..& t:o 6 Col' 2844ll7 ltlt~orv1!1 and 

•t2 to t2 tolt SG-Jiay 1lttonal:w On on avaJt· .ae tho nt't.-o~a 

of eraor 2.1. 4.4 nn4 ?t6 ~e~e obuorvod to• tho tb'ao ·intcrvala 

~ 

<4 rccoJtdicg. Thou~ Glso nro h1Shu» a.a e~ed to thoJe obWnod 

by otbo~flt El•B• " ~e11 vbo had Ynl:u.as ot tbs oraor of 

2.91 tor ti.Ontl\11 and ).SO tar bililonthly i't!eordina. 



..... 
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~o r-oliltl.ts reaaJ.td1ntr the numbt.-.r of cotta JtGQtd.led 

-to bo n~p1od toJt c.,at1or'~<t1ti.B tho o:vott~a laot~"'tion y1old 

ot s. group of cotJo oa.n bs uti11aod in o.soaos1n~,, th~ l:lerit 

of the ell.toru"lt1Va plan& for tlilk ruoof'd1t.g2m ti.lG kOf 
village ochemo., ·1\. ltey Vi1lego 131ook cons1at1t .. ij of six 

ko7 v111ngvn CQntqlno about ;ooo CC\la of b~Goding ~a. 
It: i.a envist~.god that s mil~ rooortl :1" eon rGooM tt.o S'ialdo 
t~g a.tle.oat tl'iroo n . .:tloot~.1d C(n'JS in milk, aorc1ns and o'Von1ng, 

avo1}'3 work!na dS1• llG ca.n1 tbo.rof01"$t be cll:pGot~ to roao.Nl 

tho y1elda· of ?5 COWS a.t {U¢rfthl.f 1nto!'Vol.V. Olt 150 CCmU if 
recorded ·nt ttJtl lnOlllhly tn~nnls. Fe1• tha.-'i;e too Rl.tornntiVe 

ayotom:J of l•C:Ilcord1n~_ tb.a pore.ent~l3Ct oto,.n(1,11"Q G'rora rJ1 th \1hich 

tho avol:"age loot<~tt.on y!.(tld cay bo o~peotod to bo ost1w.atatl 

\1ore Ut\l'kod out from tho dF\to., !tl u~ obae:rvod tho.t tho 
'lo.ltts was 3.:? par cant ,itb Q.Ontbly rooolfdina whllo 11l 'ii·ns 
recluocd to 2w3 pol' &lnt Uith rocotd1ns nt t-oo•muntpl;v i'Dtetnola. 
It 1B c1el').~ tbnt 1n a.'lso.a r~bet: tr.o obJ act is to ost!rnnto tho 

nvGrago 1actat1on Jioltl ~ ~ sroap of cows nnd not tc uu~o 

t.'le po~to~oo ot 1ntt!.v.1dual. coos tac.,.mofltlllY r~~eordina 1~' 

to bo p:rofoJt~etl .. 

Dul.~l'JS tho real' 41Jt lll\Jcatisatton tho otu.df cOUld an11 ba 

ao..r~1e4 upto tho stttBo t~too tr.r the loroaolnB ptU:"tJ6l'O.pbs. 
fha 1nvoatient1cno no ad to-~ ptU"w.oa further and ooca of 
tho outstondlng vro.blatlS ~· a.o .Coll0\1s 1• 



' 

• s' • 
!he coooluo1ons dtta.un tl'ot'l tno pronont otudy rltQ to bo 

-taken au_ only tento.tive in the' scn:s ., that thay tilf>o ~ad onlY' 

on o. l1llllt.od study ot 41 OQWO bBlor.t,tina to n o1nalo ho!"d, 
It ~d bo 4ost~o.ble to Qt\ltly the do.ta etn othGr t~,erdo· f'lf 

VQ~t1ous breails as also thea a on v111oge c.- \ttle to u&o how 

ta.v tho oouclue1ona a»o of o. e~t~ernl ·ppl1ca.t1on., a 11m1te4 
empinc~ll 1nvce.t1sat1on h® bo.o.n nont\uotvd tn, tho prenont 

thaa1a on t..~o poas1b111 t7 of tnos-er.winJ the eff~a1onov 

ot tho ost1r.:m.te by t&tllta1Pa the im.oolt.:dsa reg~ding ttte 

trend ot tho lactation c~t~. ibis nocds to bl<l tol1®ed up 
antl S.t tho 11no pl'OVti!a to bo iA1otds1l1.£hB Uimplo ant! pr~f.Jion'blo 

proeedu.to to!" \:Jorkins out the otlt1mnte froo ayntomatioall:T 

l'ooc~d-od data !lU hn:v'fJ to be 4et~elopad• A tllco.ro\:tcal 

procedure tot- ab indtl'OOt ost!matlcn ot tho vnrinnos r4 an 
aatlmato bo.sod on systematic amnpllDO ~ uti:U.s1.ng tho 

tm~1odgo of tho euno F4so .D:G~s to be ovolvod., In tho cooo 
o~ 1ndiv1d'wll eQ'd on ta.rr.te the poos1b111ty of 1no~tna 

tho p1'oo1u1o.n by a~p11na at ~:tna 1nte:v.a.l.$ ln dlt.terent 
stages ot lootntJ.c.n noects to. oo examined., Is. tau ( 1948) 
l'l.G8 suggested Ol'bi tl't'~ry ond~o:'reot1ons to t11o eot1matao 
obta1na4 from eystemtiO at,qpltng ·ror ~titf.ottdly rottuc:tntt 
the v~1~b11it1 botveon the oattmates from oaopleo utth 
<U.ttoront stal't1ns obeil:t-Vt\tlons. The ~pl1ca.b111 ty of the 

corroot1tm.a propo:Jet'l b1 hit~ or. tl~o sui tab111 ty of any aodtf!.od 

corraot1on bns alao to be oxaminod, 
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a. 1 u ta 1:1 A ~ x .IUIIII 1 tt'OUi - mtfW 14fl t I I ' $ rtl! ·-111 

1. - Po~ asBose1ng tho pt:emrctrs of cattle devolcpmetit 

ocl·u;anoa l1ko tho ltor v111!lgo schemo, .t~Jbich opel'nto on 
u111.aso cntt1a1 it it~ tu.tcos.am'y to orltlce.:to ob.3ootivaly 
the a.voroco lactation Yi<1l.d of tha nnl~~a 1n tho ncnomo. 
uaintontmoo ot aa111 sdlk rceoordu boina pttofl1b1t1vo 1n 

ooat, 'i:t ia neoonsB.ey u ovolvo n suito.bla proccdttro ot 
nnmp11ntr or a croup et cowu :as olea tho dQ1e in milk or 
tho Dcl.ootea covta and to dovolop tm c.ffic1ont o.otbod OS: 

oat1r::.'l.t1on. 

2. 1\o o. ti.rat appro.o.c.h to tho problem• tho doily tlllk 

roco.rds of 41 Utll'1onn cew#J -oollootca o.t tho Government 
IJ.voBtcck li'Ol"m, niasv.¥' .na.vo boon cltOtlinoo to utudy ho\"1· 

S:N? a pxoooeduro c.'lf' t.itllilP;llna con bo raoo=cfld.oo, 

3t It vcs found that· tho o.vel'aao lactation pQriod ot tho 

hard \1® 301 4oya. ~~· .e,vat'l,fJe 1act·1tion yiold nnd tho 
'lVOl'!llJO daily mil~ ;;tali! ~of'Q 1201 potmda W1d J-.9 pounda 

J"Ospoetl vely.. 1'bo eo~ffi91Dnt of tho v.arlo.ttorJ botr~ ·}on 
4n11Y yields \1ti8 2; por cont. 

" 
4. 1tt{:) ttccord1nG of tn!tl r1oltl nt uookly intorvnl.a 
would prov1do o..n o"timata of o. aioglo lactation y1ol<l 'with 

a. prccio!on corra~p<l~JI,to n ot:aOOcn.-d error of ®out t.; 
pel" cont,tthicb \1onl4 b~ ~ns14orcd rcaso.na~ly uat1Bfacto1ey' 

tor tho purpose ot ra.t1o001, ou.pcn1sioo, An oottmnto basad 

on weald¥ rocording canno'tft J\CwoV()"l", b-a r~lioo upon 10 

oatJoo whoro tho lacta'lt1on ytold 1G r,lqu:tvea to bo eutitl:l.totl 

m tt£ ~ ~o.t\,.111 or orroP l~as tban 3 por cO:nt., 



• 5J. • 

-5•1 tho b,.ns in tho ·atltiroato 1),, of a. tdnalo laote.tion .... --A 
, · '1~tP1d• basad on oyotor:rnt!c aWilplo tlOOO VJOO found to bo loDO 

ft ..,l-

i 
¥ 

l t1Jnn ono pc~ cont tol! all tho 1ntt)rvals or rcoo~1ns <umoidol."cd. 
j 

¢. Tbe goins in ofi'to1eho1 or the tuo ~1th1'1etio eoti~'lteo_, 

l 
'2u and Tb.t fOl"ttel" banod -on tho ~rotOCJ.!lt1o sw~plo totnls an11 

/ lAtter on c)1'atonw.t1o t~runplo me~ t2Q1'G 625, 408, 1 Oo nnd 91 ; 

· and 5'79, 441 1 236 and 160 rosp~t!VQ1Y9 tor :roooJ'd1na a.t 

OtlO \300lt1 WO \'7'10ltftf'Of:U- !:&OkS M4 $18ht tJOoka. 

1 In tno 11eht of thQ tact thnt tho bins praoont in 
f fb ia a:e e11s1 bls end booo.uoo tn0 inoroooo in oftioienoy ; , 

1 ove~ Tu tnc~~s il1 th tho tnt~ol of roo.orcl1flG, 1 t w:r:~ oo 
recomm.cnda<l that tho <lSt1mto '1b may bo ndoptod for oontbl.y . 
c.r 1~gor intol'Vcd.G of ~ocord1ci:t. 

7• 1\ l1m1tlod oelp:u.~toa.l o~ indiontcd tho.t thoPo iD 
j" eft•·,;e~ 

a turthor r;nin ... of about 150 par c~nt whon tho lalo;Jlctlsa rosa~ne 

the l.a.ct'!'ttlon curvo 1a utiliaea ill oat1t:L."'l.ting u. laoto.t1on y1ol6 

rrcm eystott."'?.t1o so.r:nplo reQordoo Gt. t4-dtl,y 1ntcl1Val. rtowova~, 

in "1011 ot tho omoll numb~l* of o~tt thnt haD boon nnalysod tot' 

thia item of atudYt tt to not )Xi11D1bla to t.UlkG G t11'm recot=endnt1®. 
~ 

8., Froa tho ~o.on S(!Utll.-OS, 'bot~eon the loota.t1.on Yialtls ot 
tho OO\'IS ~~~ bott1ocn nyetom..'\tio ~plo eat1tt.."ltes w:t thin cowa tl1o 

numbo.t!' or eous l"El<itd.rod to bo eo~otoo ror m11hl rooard1ng nt 

given intervals for entimat:tne ttt~ a-voraso laoto.tioo y1aUl of 
hord& of di.tforant otzas '\11th ~orcont~ otando.rs;l Ol'rore ot 

proooribod o~n1tu4o ~~9 found, tho oumbO~ ot oaaa ~oqui~od 
to bo a~lod ~as almost tha·n~o ror a given hord e1no and 
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1evo1 t:$ 1Jl."cata1on tr~ospQQtivo ot t.bo tntorvnl cf' l.'oooll'd1t'l{h It 

trO.S f'cttnd tht:l.t tbG f:1VOl-f!C$ lBeiaUO!' ,iota aq 'be CGt1etfltGd \11th . ' 

~ 4 ·cit eont ota.naard ov~oJt by aamp1!ns abaut 25 cc:~a tro2 n tUik"ll.l 

- -l}Qr4 ct stt.\o tOO a.nd o:bc..nt 30 to 35 1l011S .h'Ofl hords cf lat'86l' 

oleo, 
q• 4 m;·thod or o.pproJ:lcately ont1t:ltlttng the v~1tt.:o:o ct \ttQ 

esttaated a.v:a~o laota.tton yield ttl$ dovolopod. :tt ~ ebo"l~' tb~'t 
tho antlmate tv-en F\ e116ht un6erostimnt11on of tho var1ato.o mioh 

1D lsnn thM P pot cont to1! evan b11Qtt!'ltbly s-omp:S.1na in h~d~ of 

nf.so l~gor than 300. "'Oovol.', to~t· .t:tmsdlor bards ttto undorost1mtion 
w.s likoly to Lo hlaho» ro:r lonso~ !ntowa:to ot uql1ne. 

10. Y'1tll tL.o t'(!)sults cbtrdnoo., ibe- I>1M to,. millt rooomins 
in ~vlllaao dovolop~nt progr~d unoh us th~ koy v111qaQ oQbo~a 
tor ti'o ,p'tlYposc ot ostt.tm.ttnn the e\'f'~.go leota.t1on y1ol4 of tbe 
popula.tion tri tl.a sob.o~ t:aD O:X"-1il!J(Ild_. A kay \'1llneo bleak 

eonsiattnB o£ aiB ko:v v.1llouotJ <n,tt\atno 1:1bou' 5,000 oet10 ot bJ.ioooinc, 

ega. tt 1o. onv1sased thnt a ml~ re:eol'dol" con roo~ srteld or 
tbl'eo cows morctn!l t1nd ovenlx:tU flV(!i1/f aortd.ntt do.y* Ho <hlD thWl 

l'GCO.J'd tho 1io1da (,f t'.boui1 7!) Q(l1'fjJ ~at '1100tbl.y iQ.toJ'YPllS 01'1 of t ?0 
co-tm at bimonthly 1nta,);*Volo. It~ o\la:e.rved tt . .-nt tbo poroopt~o 
stud~ ex-ror of otJtll'llato ot the Q.V()l'e,Ce lacto.ticn yleld o£ tho 
populatton of broodtoa QOtUl \10S 3.~· p1tt' cent w1tb tilODthl;y reco!dlnQ 
and ~,.) fOJ.- bit'l.ODtl'lly lrCO.Ol.'OlbS• It OOOT:lS ti"t.,q.'\ 1t~ COSG~ \1h~n ~0 

ob3aot l& to oottm:-rta tho ava.fag(t ~o't.tlt1on JtGlt! ~ n e;roup cOtZS 
and not to ast.Hlna the par-to~$il ~t· tmtvld\\nl c~a b!montbl,y 
roco~1ng 1e to bo ,pt"of crr-cd,. 

~ 
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A.nrb Uath. St.nt. Vol.XVII pp.1.64•77 
cruootb1.Y. i:1Ml B1-monthl1 t.t'ostou • 

JA~sey troll. 47 PP• 731•32. 
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fltat't ~;ef.'\land J • Gei • & !0ob. .. 
Vcl.J.?,. Sect. \(1), 25-29.t< 
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• Referenaea not cited in tbo body o¥ tbs ~10D1D • 
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~stat1st1cel Tablea for Diolocical. 
1\.g.tricultn.ro.l and '!etU.cal .aeaaaJOh. u 
o1tvor and Bcytl. 
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moncttJlto ot tho perfora::moo of ~'to.try (lowa,.u 
J• A,srio., nos. 35<3> 
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~. D~1r1 Ros. 4(1} 37•47 
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Vol-.II• pp•t5G-62 
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records for- ostiar,ttna tha total 
lactation yield or 00'10• 0 

Unpublished theola l.t.A.H, 'i<J\1 .l,')alhi. 
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