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1. LETRO . TIQL

One of the most iamportant problems ip Appliled
Statistics in the field of Animol llusbandsy is tho
evoluticn of 2 tochnique for assesaing the progress
mode undor difforont developmont schemes for improving
livestock partioulaprly in vespect of milk predustion,

The improvement in the productive capugsity of cattle
is beling pursucd through such schemes 3 Koy Villoge Scheme
an@ e¢ross bresding achomes in hilly ond henvy rainfall areas,
Under a scheme of this nature the villago anttlo in a compaoct
arca are sought to bo intensively developed through improved
motheds of breeding, foeding and resring.

Por the asgepament of the progress in the mgnentotion
of wilk production in nny such scheme it 18 negcssary to
aestimnto objectively the productive capasity of the animals
at pgiven poriods und of those bolonging to different
generations, It is desirable %o bose this sstimation oo
the estinntes of lactation yilclds of » roprosentative sot of
~ninadls rather Shan on & sample of all the deily recordsmade
oo glven dsys ( talting indopondent samples on difforent days),
since tho lactation ylelds provide n standoyd basis for
making comparisons betwoon greupsof nnimals as are roquired
for atudying gencration tp gonopotion differonges, tho breeding
worth of siro ote, ,

Waintenance of daliy milkt yiold rocoxds of all oows
in ap oron.or the purposo of gotting the lsotation ylelds is
not practicable bacousc the rosponsibility of such rocoyding



w o

eannot bo put on the owneps themsalves since they nre often
not literats and are not yeb in a position to appreciate
te value of accurate vegording, It would be necessary in
the present circumstmnes teo collest the informntion by
employing trained invostipgotows to rocopd the milk yiolds,
Tn guch & cago completa dally rogording of all the cows is
prohibitive in cost and rocourse hng to be taken to sampling
of cown as woll ns dnys in milk of seleotod cows, It is,
therafore, necessary to ovolve a suitable precedure of
sampling of o group of acws and of their dally milk yiolds,
and of vworking out ap officlent estimnbo of the average
lactatlion yleld por nnimal of tho group. |

In the abgeneo of any avalloblo data on dolly yields
of cows £rom rursl aroes, it gns considered werthwhile to
maks a staPt in the stndy of this typo of problem with the
data on datly ailk ylelds of cous of “Invinna breed from
Govornmont Livestock Parm, digsar, Punjab, c¢ollected in a
schemo of the Indian Councili ef Agricultural Resonrch,

The immt&g&i&n’ af the problem was initinted by Shri
Ehandekar, o diploma sftudont of the Council 1nst yenr, is
madnly concentrated on tho gampling of dolly =ik yiclds
for catimating the totnd lagtation yleld of 2 sizglo cow, Mo
studied the relantion polweon the rate of milk scorotion and
the ndvance in lantation by fitting mothematical curves with
a view to utilising %his information in ineyreasipg the
asf{fictency of cstimntion.
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This thesls doals with the furthar investigations
earried out on the zame probles during ay sssigrment as
a Senlor Ressarch Follow during the yeay 19%6e57, 1In
this an sttemthas been made to £ind the gain in effiolency
of different mothods of estimoting the lactation yield of
a single cow { with and without utilising the knowledge
regnrding the nature of lactatlion curve ) from systematic
samples, Tha number «f cows required for e¢stimating the
average lmctatiop ylsld, per cow, of 03: fzz-aup of ‘cows at
a desired level of preolsiocn has bes ) rked out,

a
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Paly Tho ~ttompt to povord milk yields in an organized
annpey was £irst cado in 1395 in Donmark by mil HKonpndi
who founded the Volen WiIR Becording Boclety,

~ Hanorous workeys have compared, fopy sultobility
and reliability, diffefent lengths of intorval of recording
milk ylolda for catlmabing the tetal lestobion yisld of &
cow. Two onrly workerseFlisshmann (§891) and Uaptiny (1399),
(1912) and (1914)» conpired nonthly with vwecltly rocobds,
Thoy found maximum cprors of 22 and 12 por cond ruspeoctively
and, togothry with o numboy of oaply Turopeonn ruthoys,
oochaluded that monthly vocording copnot pive relisble rogults,
Fapthor work by Amoriean aut. opce Yapp (1919), Poterson (1995)
and Copoland (1928)=indicated that this concluslen waos prematuro,

Hloandlish end UgVicar (1525) showed that tho records
should be rogarded as beinp In the niddlo of tho test porieds
A mothod baged on thia later came to bo known a8 tho
‘coptoring dnte' pothods The contering date ig an arbitpary
date oot for ench farnmos &Y nbout the timo of month that
record r will visit hic herd. Productien is then ealeulated
by eounting 18 days boek from the centering dato and 13«16
days shoof (including the conteping dato) according ¢o the
longth of the month,

4 lorge numbor of guggeabions for recoddings at
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pon=aystematie intorvals or nt particulnr points of the
lactatich have been propesed from time to time. Cainoa(1927)
and Canron etal (1942) found that there was a hiph
aorrelation between results from record’ngs made during

£ifth month and the total estimated f£rom monthly rocowdings
Seis (1927) bas proposed recevding in the sixth weck,

£1£th month and eighth mongh of the ilactation,

The possibility of cxtending intorvsl of rocording
datly milk yields to two months was firet investigated
in United Gtates of America where large distances which
bave to be covered mako revording at short intervals very
expennive, JeDowell (1927) found that average variotion
from aotual produstion w48 3,80 per cont for bDimonthly s
compared to 2,91 per cend Lor monthly interval of milk
vogoyrding.

flouston ot ol (1932) found only in 5 per cent of
coges tho error in milk yield, ¢ﬁleuia£aa from recording
at wookly intorwals, frog sctual yield excecdsd 045 por cont
of the actuni yields They further found that maximun crror
in estimated milk yisld from 14eday interval was nbout
twice that for the weekly recoydings,

Tyler and Chapmpn (1944) proposcd the simple
addition of Tirst %eh recowding day wvalues multiplicd
by 305 to give a figure for tho 305~day lactation.
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Daily vecopdings of <00 lagtations were recalculated
by Jordao et al {1947) to estimnte yiolds {rem recording
at ynrious intevyals from one to eight weeks; the
naximum orroy for wookly intorv~l of recordings fell within
tha 1imits % to 46 and that for diwsekly rscording b-tween
~t 7 per cont = 1ittle greater than that Lfound by then
Tor wsekly welrhings, For 2t=day intervnl of pecording
tho soximun eppare wors «11 angd +7 per cant while sonthly
and biemonthly recoriings zgave orrors of <31 to +12 percent
and »14 to +12 par oent respectivoely.

In agreemant vith a mambor of othor sorkors 3163(19565
-~ obgerved a 1ias%r prelationship betucen tho lengthy of
“‘pterval and the errer, Tho standord dewlations of the
porcentago ool rosc Lrom 0437 for a 2e«d.y interval %o
239 for 20~d5y intervnl,

A compaydgon of varicus intervals from 30 to 150 dnyg
wos qarriod out by Frb et al (1952). Frrors of 2,5 and 3.4
wore exceaded ipn 2?9 por cent of the rﬂeqrds onloulated
from recordings at 30«dny nnd €0«dny intorvals rospoctivoly.
The correspending lovel of orrors for intorwals of 90, 120
snd 150 days word 5.0, 7.4 and 0,3 rospoctivoly.

Jardim ot ol (1956} doenlt with the oatimntion of
milk production by means of biweekly, monthly and bimontnly
ohsorvations Without $aking into asoount the date of calvings
The data studied werd 72 records of oows of lolstien«iriesian



u?u

breeds, They e@l&ﬂl&t&é tho *meon of doviations?, standard
error of mean Lop bimgekly asnthly and bimonthly wolghings

and cencluded that bisweckly ond montbly wolghings might

bo tokon unbiased vheyeas the bimonthly rocording ovorosbiontod
the prafuetion by about § pe¥oant,

D¢2s Khandokar (1958) initiated a detalled investigation
into ospontially statiotieal probloms underlylng t o method
of sampling and proocedurc of sstimnting the lactation yiolde
Cn the basis of lestation lergth he grouped tho 4% .orionn
cows of flagsr livestock Paiw, the dally milk yields,in
firet lactation of which wero studied, into four groups,
Tha~£1xét group conslisted of cows havirg a lagtation longth
loss than 270 days. Tho sed¢end and the thiyd groups comprised
of cows with lactatlion lengths lying botueen 274 days to

300 days and bobtuocn 301 days to 330 dnys rospectively. The
pous whoso 1 etation lengths were greater than 331 dnys
wore put into the fourth group, The four groups gonsisted
of 9, 13, 19 and 8 cows vespootively, Cut of the difforont
types of curvos fitted to doseribe the trend of dally pilk
viold uith sdvance in lnotation soinly fwe cudvos were found
ﬁa be patisfactorys Qne ues the polynominl of fourth degree
which ncconnted for §F psy dost of the total varistion for
gows having lectation lenghhs less thap 330 dnys. For cous
of groater lactation lengths the game porcentspe of
varintion was scoountied for by the fifth dogreo surve., Tha
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At the Lilvestock Farm Higsny Pasinb gome 200 ond
odd Harinn~ goun oro und r exporiment in Livesteck
Hesenrch Inveatigation Schemo of the Indlon Couneil of
Apricultural Ressarch, which 1s in progyess thore sinao
1944,

The daily morning nnd oveping recopds of tho milk
y¥iold of 64 cowa in the Piyat Isctotion constituted tho
patarisl for the study of tho prosent investigation.

Of tho 64 first laebation regerds only 41 ware
mmoneble for pre¢gise statiastieal mnolysis, othors boing
amitted on tho groundd of inscnplotoness, 1lincss afg.

AL tho farm tho cnlves were not woancd ot birth,
(ngo in o week, howovey, ths ¢ou was stripped coplutely
vithout the onlf belng allcwed to suckdle. In vhat follows
thogo ylelds ave known as 'stripped yislds®s Tho trend
shown by tho stripped yleld wng nearly tho sona ag that
shown by dally yilelds, tho only diff .ronco belng thot tho
lovel of production for stripped doys wos ~bout 2 pounds
highop than that for ordinary days. It was, thoroforo,
consideyed permissible to Peplace the milk yiclds rocorded
en the dnay whon tho cow wvas goiplotely stripped by the
avornge of yields of thive days precodding and threo days
suttcceding tho stripped day so ss %o aimplify tho
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theoretivcal and empiricnl investigation by bringing thess
yields on the same focting ap the other regnrds,

Tho dnily nilk ylelds uwre welighed correct ¢o
half B pound of nilk,

For eash vow the r-cording of doily milk yicld
was not made in the colostyym perted shich varied from
? days to O days with an avernge of cbout § days. In
the calculation of the lastation period and lactation
yield this porod was oxcluded,

The average lmotstion porlod of theso 4% cows
wag 301 doys. -The average lactatien ylold and the average
dally yiold were 1201 ond 3.9 pounds respectively. The
cooffictient of variation botwesn dally yields withib cows
wag 25 per conty
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4.1, To bepln with diffefont procudures of sampling
daily mlllk yicld rocords and of ostimating totnl logtatico
yiocld of a singlo cou wore studlcd,

4,2, " A study of thp literature on the subject hng

revonlod t@at nurerouy workers on gigilar problems have
omplaysi systomatio saspling $.0e4 0 potuod of Tegopling

uilk yiolds at a gonstant ipterval starting with a randomly
selected dny £alling within the £irst interval, for estimating
the total production, Thera i8 no doubt that systomatic sampling
has & ¢onsidornble proetical agvantoago of being simple to
excaute, There ave, howover, ¢ertaln obiectionn to systematioe
sawplings Ono is that vary inascurado results will bo obtained
if thero ere any periocdicity im the parent soquonce and
sampling intorval 4o a multiple of basic porlod, In tho
prosent anseo, bowever, thore 48 no poricdigity in the
relationship of doily milk yiold and ndvarge in lactation and,
therefore, there is ne risk invelved in taking to systom~tic
sanpling. Thére-ia opother disadvantnge namoly that thore is
no mothod corrosponding €6 that which Lo available for difforent
types of rendam sampling by whioh o valid estiante of tho
gampling error can he ob¥nined from samplo data thempelvod.

Op the other hand, &f tho offfcicney of systematic sampling
onn be shoun to Bo high as dompered with random gampling Lrom
a study of compl ‘to lnocintion rcocords 1% world be a2p.ropriate
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to recommend systematie sampling on & sultable soalo
adequate for estimating lastation yield with o desired

level of precision,
) }

4430 Let N be the numbor of days in milk of a cow,

Let Y13 dsnote the milik yield of a cow on ('1+ -1 k )th
doy and 254 the ( L+ J=1 k ) th day itself where k i3 the
interyal of recording for a systematic pample, where %

1 £k is the rendom start, Further let N = nk+ r wnero
0 ¢ ré¢<k , Ve can arrange sll the N racordings in 5 tuo
way table having k columns,tbe first r numbsr of columns

*

having (n+ 1) recordings and the regst n ,

Tho diegram shoug the arrangement,

-

Columns
1 2 I B3 ETLSREYY ! r -{}awtubac i ENsaeRReERTS k
AY
Y14 oq seevvees Ypg secenves Yig srensvvee  Jiy

y@g Yoo eeescase Ypo seeesvee Jio esesssens Fieo

CRAC USRI PRIABRPRF RS ANrOFR TR ke ERNSsra QR IdassRgtbogeny

VENRIBINEPNDE PG RINSAEA VA SN T ORNPAIRNAEe s NNt Rt BeasRaseiRaEne

0L PALSB QIR RN AP SIS CRACLOIPIAENSRNIEDPEP SO PAIDP IR RV AsGEesntnes

Y1j YQJ oooo;;}ﬁ“-¥b1 Tevearne yij tassemRL e yks

X R Y Y Y S N N S X R R Y P Y Y R Y N N NN R N RSN RN N
PRCEAVNSANFR NI LU NIAIRNVC OBV WA PR A RN EROTNEBAURAIPEOPEDIERRRER ISR

y!n ygn (A EXE SRR yrn'tﬂiitc'! yin LERXEFE L X R y&n

Tin+ 1) 2(n+ 1) Ye(n+ 1)
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"o fefino yi,a~&“,§; ?13 choro ns g o4+t oF n
nceording os i or 7'%
and 41 s Zf Fi3 & Total of tho 1th colunny
and T s z Zyﬁ z Tetal loctation yiolde

ity -1

ow the methed of sampling conalots of dreving a
randon pumbor, gsy i, less Sthap or equal to tho interval of
recoyding 3.0, &k and toking oll recordings ip the i=th columm
ns recordings ig the pample, Ts tho systoematic samplo
consiets of milk yAalES Vygs Fi2 seese Yyy secsea¥yp, o

Two 4iffeorent systoms of cstimation wore tricd, eno
without maling ute of the lnowledge rogarding the nature of
the lactation curve end other with utiliaing this knowledgo
nn peouped by tho studies carlier madce by Khandokors

Hhﬁﬁr this ayat@ms twm.métha&s wére consideored. One
was to obtain the ectimnto of tho tobal lnotation yleld by
culti lying the totol millk yield obbained from tho systematic
gsample by the intervnl of pegoyding le.os Iy Thuo the

ostimnto is
u -—Kﬁq' » E z ?15

The sesond mothod wes tw.abta&n tho ootinmation of total
inctnticn yiold of o cow by multiplying tho averago 4ally
mill yleld onloculnted from the samplo, by totel numbop of
doys the dow wos in pilik f.0. . Tho ostionte

= .

Sona of tho proportios of theso tuo estinstors aro

glvon in tho nozt section,
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tionoe T, 15 an unbloged estimate of tho total

lnotation yleld,
b) Tho emmm Ty & By » o Z Y13

(D) & Z Z Y13 #? nogesoorily

Honco Ty, m, ixa gamml, a bioged estinato e:f the
totol lactation yileld.

By dafini%@on biag g’:.m%) - T

212455 g~ Tomy

K
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The blas w11 vanigh elther whon ny r{r tece uwhen tho
lootatlion poriod 15 an oxoct multiplo of the intopval of
reeording, or vhen ¥y, rouning constants
P Veriances of €, & *ﬁ‘b

a) By definttlon Vo) g B {Ty =¥ @ )}

, m(@ . rﬁ"*mu) )
Tow 2(%) hy » ) s . ?J,kz'”é
a 4 Z ﬁi »
and £3(1y) & 7 :
Thoreforo V(T,) 2 k ¥ t = T
b) Tho estimato Ty = iy, fe
rmfie e Fo) 8 —’f{% i,
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k
b# L . i
ad B(Ty) 3 L (2 9,)
- N" K mg N'L k - 2
Thereforo V(D) & — 2 ¥y, o ¥y,}

=1

I

N & B 2
& T 1LV, wZF)
N® - - 8
= L {2@en}

ngond ayaten of Fotimntden

This syston of estimabion gensists in fitting a
cupve of a known form to systomatioslly recorded dsily nmilk
yiolds and sumning the fitted funetion over the laotation
length to ogtimate tho totnl leshabion yield of & cou,

For the rengons lvon in goetion 2,2 only two @urves
for this puvposc wera considerad , ono was tho guadratlicecunelop
ouryoe of tha form

¥y & ay+0¢% + a:_,xa t By log,x
vhere ¥ i tho nmilk yleldy ¥ the corresponding poricd

of time in days excluding tho days of colostrum, and a's are
constonts ., The other curva exemined wos tho polynomial of
fourth dogrea of tho fornm _

¥yuby+ yx + bﬁg-* ‘h3§3 + %x‘&

It vill bo appreprioto tu first -ive ap outline of tho
method of £ibting those ourves und of obtolning the estimato
“ of tho lasctaticn ylold thorefrom,
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Firting of theoupya e Denoting X, x2 and 1cg9
by threg varicbles x4 - Xp cod £, regpectively and measuring
y ond x's from tholr rospeobivo sample moons (¥, x,. Kg and xa)
the equation can bo writéen in the form
Toly Xyt 1y X+ LKy

whoro ¥ & (y»¥) and %y » (%, = X, )
fer iy, 243
It 13 1n this forn that tho mathod of fitting the
giirve hag boen ooarried oy tho method of leanst squores.
This involves sebting up of normal oquations, inversion of
8 3 X 3 znotrig and evaluntion of tho constants (Fishor 1950),

guppoge the £itded e is

1eCe ¥ 8 3&4— 3.1 ( Xy §i) X ia(l;g 2 &""3) + 13(33 - 53)-0
Deneting by Tq the estimate of tho total lactation

yiold of o tow obtalined by ouiming the ostimnted daily milk
yiolds over the wholo logtatien longth, we have

N
T Wy v 1y 2 Gy = F)H, z (z, « Bp)+13 Z (xy « %3) o
849, Pitting of tho Rolynomial Cupyes« A glmilar proceduro
for fitting tho polynemial curwves could be adoptod as for

tho curve described above, but in doing go the numboyr of
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digite of certoln sum of aquares and sum of products in

tha noymal oquations which had to Lo retained zots too large
beyond the capoacity of the ¢nleoulating msehine, Therefore,
this rend-pe the inversion of motrix of rank equnl to

or higher than four extransly iaborious and approximnte.

An alternotive mothod of fitting polynomial curves with the
help of orthogonnl polynonisly wag, therefore, utilised,
This method takes considerab}y less time in numerical |
enloulationg, )

The use of ¢rthogensl polynomial values in cupwe
fitting is degeribed in o pusber of places ( Kendall, #.0)
and 18 now so well known that sply o brief sketoh of the
theoyy is glven boelow,

st us assume thay the relation of daily milk
yield ¥  on the adwance in ingtation, say x days, 18 of
the form

N BByt By XY sasesesens + f = ... (1)

»

- ] £0x) BYY»

The polynomisl £{(x) may be wrltten in teras of o
set of polynoaials

}a‘x)’l j“{x) sresiat i f.,(x) YIYY Y }b(x)

where (%) {3, for tho present, on arbitrary
chosen polynomial of degee 1D,
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n e ¢ (fls Poja + p;f-, + uuuunn*ppfp (2)

Lot yﬁ,, Y&z sexvscees  Jip { n>p) be tho cobaorvations

mado on tho voluog of 7 on ghe iwth, (4 + K)th eeee(l+ 0T K)th
doys of letation, Thon one ¢opn envisnge fitting cquation

(1) or equivolent cquation (2} to the chacrvations to cbinin

an astimato ef-dependesﬁe of  on X .

Adopting the prinoiplo of loast squares te estimato Ghe
paremeterg of the ecquation (R), #nd chwusing tho ¢ polynouials

for any sot of volues go that "> f{ # 0 whara §, @1 (3]
l’fv;\'

76 got the ootimate of By = é;%? & By (say)
i £ 5

the summation oxtonding over tho gemplo valuss,

Binco 3's are cyuolly apaced, they noy bo roploased by
Oy 14 2 ssense(net) by suitobleo cholce of origin and sealds
Then § volues are odgy to calgulate sinoc they become
funotions of n ofilys

Lot 2 be a variato gotting values @, 1y 2y sveese(nwt)
thon tnizing § & t 83 dofincd above

-

ang l§!g 3“"’!{

and determining the othwr ¢ 's by tho recurrence rolation
rg"(n‘?-br?)

T-1

(31‘1»1 ? }'ET N

4tax° = 1)
1% can he shown that thame 5 fa  sntiofy rolation (3)
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Ultimately all § s become tho funotions of § , only.
Tn particulsy |
et
fo8 § - —
3 30wy
e s - B2, |
(s 5 e BB 3ien) (o79)
AT 14 560
foa f o ST, amlemz o
18 1008
in order to convert these § wslues to intogors
in thoir lowest Sorms they are mitiplicd by e constand A .
The yalues correaponding to ‘3’ s 2§ ore given by
Fishoyr and ¥Yobes (1953) for fitting curwes upto the fifth
degree to observation ranging in numbor frem 3 to 7. A

1
values ave olso given at thes batlom of ¢ values,

Lot tho days on which the mﬁk ylelds aro regordcd
be 4, 4+8 5 14+ 28y sesvenes 1 4 ne1 k. Than the variate
2z & takas tho wvalues O 1y 2y seensse (D=t} 4

As deascribed <bove wo gag £1t o polynomial
Y " 'v 9]
ARSI RERS YR MR g"?q
Dy definition ti.e ealimat. of totol luctation ylold
13 tho sun of the cotimubod daily yields of milk ovor the
entire panze of x which variss from 1 to H |
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Thus - N 4 N v
Tpa Wyt Bl gt BaZS v ByZf ¢ Bilj,
N
The mumorical caleulation of 2 §{ involves
~ 2=t
_— |
2 { 5, )3 for ell values of :3- ® 0y 15 2y sesen § »
A=t
Tew} 1 nef{
By deﬂnitiqn §l = Z= '--;—-n » -o; (xmdi= *;* k)

, . ‘n,-lk
= T(x«ﬁ) where d ¢ 1+

t < 1 BME + 1) '
Thorefore Zﬁ g‘-»Z(x»&)a*- }‘m'v‘ﬂd],

=1 k = 2
N N2 ne sy
s 2 ,  w eemvew }
xg .ﬁ,_- A& } - “3“ 5
t [ H(N + $)(20 + 1) amE 1) ng] B {p® =1,
& w— e I +N4%| - e
"'{;2 _ 6 . 12
N N 2 . N
.37
| 2 553 z§ R 25
1 m‘?(mn U(E+ 132N+ 1)  p B+ 1) 3n? « p[Nvid
s . e "*M+3mﬂd3ﬂ QMT
i 0 . - g 20k
3net3 I m 2e1)(n%=9)
swwsnapand 1}
wd 3Gy 83§l - el b =

1 ["mﬁ r1)Cemr 1) {3mEU +2 )w}.a

-1 ‘? » ‘
.2

uin—-zé {Mﬂﬂ H(m+ %) +3ﬁi} + 3” ;52 9)

ﬁﬁ(ﬁ-ﬂ) + d H(E +1)(23+!)~14N‘"‘U”

14k . 6

Wy

This we obtain Tp an estimate of total lactation yield,
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4,10,  Papooted valuo of Tp°

o

The cotinate . N . N
Tpe WuoBi2S + B s +-B3r et BelJ,
wo agsund N e nk for thooretical convenlenss
Taking the &mmﬁim ’ we got
7 B(Zp)m W¥pat {ﬁ(ﬁg 2 ) + E(By Zj ) + ?(3325 +E (8, Zi, )}

8irgo Wyes 18 the sotucd total lsotation yiold, Tp
1o o biegod catimnte, Tho tor in the curly brackots is tho
bies, ¥e can obinip an upper limit ¢o 1% 1n tho following
BRnoYy,
Yo define ¢ 81
L nei
4> g win { X .-g. k)

and ﬁb v+ 1 by tho recurrence velation

_ va (p° - w‘? )

N N
It aon be casily shown that )P PER
v - =1 x=t
and in general 2@ 7 l; fx/

v
Thus substituting Z ¢, for > § , » we got the
upper 1imit of tho blag

apmlim,iﬁimécﬂﬁ(m)hzﬁ mcag)lw»éﬁba |.e:(33))*§ﬁ ‘a%)[

(since J Pp 43 independont of the random otort i.8e 1 ).
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Y n o
We would £1rst got the ordor of Yy and of 2 Ff

o
(= 1y 2, 3 and 4)
It 1% weoll known that

LY (!’.’)4

‘ i 2 2 o ) 2
Zh® T Grrtyy MO BT @) venns %)

(Kendall VolalI)
“2!‘"}-‘ {gl )4

) oadbsnsnminivennas

(2r) | (20 = 1) !

.
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n & ﬁ’?
Z S
£ = 0t prves )

w2

n A 41
and 4]
i e

After simplification of algsbra we obfaln

N=nk

Z<7> % Mm)

N
2+z ™ G i}

x_:}l

Thaorefope
P
= s Of o ad
25" D
S 4
as o )
b I ® """';;3"
> 4,
2 g O ey )
ff;- n
§¢ 44300 n :
st e — - "
S e e

Thus the order of the uppor limit uf the bias
44100 n

s ""’2"‘27&3”"‘ “3’{2}’!33' I'*' zﬁgg"“’“f > Fﬁrﬁ’* ““‘*ﬁ““"’(“’"’ -

L3
16

n

E;Zy.
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dolly 1% was not found popsilbile to put the sxpression
for the voriance of 7, intoa simple form so that in &
direct oy indirect manner the varisnce gould be eamaily
aomputed., The variance was compieted, therefore, fros
the wvery definition ahd the effigieney of this estimate
was compared with an arithmstic cstirinteo based on simple
random sampling.

44124 A 1imitod empirioal stuly,repardicg the bias
present in the estimate T, and the efficiency shoun by
it, wos elso madey
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Sele In the previous geotion we have considered differont
rnothods of samplinz and of estimating total lmetation yiolds
of individuol onimols, Howover, the-problem of greatast
pragtianl interest is to obtain an objective estimote of

the averaoge lootatfon performance of o group of gows in a
particular troct or undor o glven tveatment., In the case
where the nunber of cows 1s large it mny not be possible

to wllk record 2ll the dows if each cow 18 recorded only at
poriodic intervals and the queatien of gnoplipg of A _roup
cf cows arises, It is in tha'iight of vapglation betwoen
cowa and botween dally milk yiolds within ¢ows as well ns
the desired levecl of pracision that &he number of cows $o bo
sampled from a group of ¢ows will have to he decided,

5424 A scheme of sampling in wshich the selection of
cows is made ab randoem and pecording of dsily milk yield of
seleated cows done aystematieally at regular intervnls would
be convenlent in pynctice,

530 Let ¥ bhe the total pumber of cows
Ny the gaataéicn length of the 1-th cow
the pumber of cows solected out of #H cows,
k the interval of recording dally milk ylolds
Y the numbey of doily milk records kept for
the leth cow,



ngem let

yn P denote

e

T34

w28 -

the pilk yiold recorded on (i + Jof k)eth
day of the ladtolicn of l«th cow,
the setual Jactation yicld of tno l-th cow

h, % % Y114

the aver&ga Jagtation yiold por cow In the populati
SE Z Wh & o g % Y943

(A

the averope lngtotion ylold of a sinple random

anoplo 0f . opus

L m
?ﬂ% = gg Z ?lb
L

the total luctation yield of the leth cow estimated
from a systomatic smple foy which the first
recording is made on the i~th day

¢
Ty 8 S Z Trgy #

Thiz corresponds %o Ty for cno particulor cow ( c.fv4ed )

liow corsider an estimata T .., of tho average laotation

yield per gow in the population £ 7,,) obtaimed from aystematie

gampling ab fntervsls of &k days of o random sample of o cows,

‘ o
T -— ; {1
mik) = " % fli. )

t m
I Z ¥ ¥
s 143

J=i
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Ge3e Fxpeoted value of  Tyu(y)

Singe the sample 48 sceldoted in tuo stapgos the
expegtod value 1o also npproprintely vorked out in ¢vo stogean,
first over all possiblo gystomstic samples apd then over all
pesgible pamples of n Qows from the total of H cous & Thus

wo havo -
_,,, 1
E(Tpeyle Tl D> Ty
3 4
] Liad
2 ‘{"‘ 2. PPy }
e

where B (T34/1 ) danokes tho cxpocted value of
T14 for a fixed 1 ( d{.e. for i=th cow )

It bnp alroady boes shown that B{Ty4/1) = %,
{ T, %8 2n unblased afbinate of T Segs 449 )

Q‘ m
Therefore % (T,1)) & B { :;v 25 (fl*).}

1 4
ﬁggTioa’
Thic shows that T,y is sn wiblased estinoto,of tho average
lactation ylold in the population,

Ceda Varisnce of ﬁéfk}

- "

By definition ¢ho varianco of the samplo avorage
lagtation ylold s given by

~ 2
YTy 3 # B Yoy ¢ BT ) }
2

w i(?ﬂ)"f‘ ?au)
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,/] . This can bo mwritten na

VTaade LT ¢ Ty, + T v o)
2 “(Ym(i‘g)” tfm' ) + W(Tm“% §%’) +2F (ﬁ:&‘i&} *ﬁm’)‘:%m‘“ y") (4)
You  ( Tpude T ) om owe > (Tyy = Ty,)

@ ¢

80 that
D a

- - 1 a
Taqey = Tn,) = a2 " { ;;‘ 11 = Ty,) }

— ™

" €| { ( 32}+ ng Ty T )
\ 7, . T - & - ’/«T’/

i
% *m*? LE : 13 - T}_‘) fl £ €7€l/ { 1‘11*.{.1’)(&1&* le )/1,1.22
A

W

The value of the gccond Serm und o the gunmation sign
ig clonrly zoro since syotomatic somples are indeopendontly
areun from the leth and leth cows and the valuc of the first
torm usdor the summation aizn ic glvoen by oxpress.on for tho
varisnee of %, derived in Soction 4.6 .

e 1
' {fw Tz..)/l% iy > oy -1l

1 X 2 .
: "= 2 (Ty3+1y,) & Si(k) (ony) (6)

Substituting from (6) in (S) ve thuo obtain

e { M

Flgr) * Tp,) 3o T > 8)
B ¢yv o
Voo 51 k)
£ oo s BT

e S
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e~ B) (7
o : M N
vhero /6?(3) s - Z ﬁ%fm - @)

0=

—

It can boe shomn that scoond torm in (4) 4o
_ 2 I 5
" (T, = Tee) = (== 5 ( Sukhatmo 1453)  (9)

M
: - 2
where Spe 5 (Ty, = Tas ) /(Ee1)
XL
The valuo of Inaot term in (4) 1n clearly soro, For

15 { :fik)";? ) (e * Tas )}
s B [ ( ?m(k) - ;m } b4 ;ﬁ : { ‘ﬁli-?la)/ljj

&
g T {(?m j (10)
Subgstituting (7), (9) avd ﬁla} in (4) wo got on interahanging
tho ardoy of the first twe termg

) 1 5 } ""?
v glom » ws ) g + wew g (11)
m(e) ) 30 o ¢ T S
5'5‘
a) Patimate .Z*_ba yardsien of I,(k) 1e Tho calculazion

of the variango of tho samplo mdan in twoestage sompling

involves tho estimntes of 6@ and 53@). The simplest way
of cstimating thess (5 to dofino tho correspordlng quantitioes
from tho sample and take th 1P expected values,

Lot a% denote the mean square botween totnls of
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laotation ylelds obteined from cows in the sample

i 5% . 2
6% ® *;:1 % (%, = o) (12)

aﬁﬁ (g) derote the averago of thé variences
of tho cstimated $otals odtained from systonatic somples
rocorded at k days intorval, of individual wows in the

sample
B 2{ '
B (gy #=r D e = (T - ?1‘) (13)
g} 6. | S
» = QZ 53 (&) (14)

wh n cemplete dolly silk rocoxrda of cous in the
gsarple are available the abtatistics é% and ;?(k) are
unbiaaﬂd &3@&&&&&3 of the gorrespending population wolues
6 and &gy )

Thus wo got tho estimate of the varlsnce of Ty 1o

tho prosond canos

- gt V(T - §+m} (1
Bt VAT ) & (** **) ~ 5a(k) 5
b) The expression (19)

of the estimete of varianaa of Tpqx) cnn be utilized for
egtinating the proeision that may bo cxpected to bo atinined
for any given scale of sempiing (of cous and of dally ylolds)
following thoe pattorn of gnppling and of sstination glven

at (9,2) o Conversely the basic dnta and tho expiression

¢an Yo used for working out the number of eows roguired to
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/ be sanpled for milk recording ot speci~ic intervals for
! estimating tho averago ladtation yleld of a group of
cows with proscribed level of preaision. If p is the
_Mfcenmo sampling evror with which it is desired to
estimate the overnge lactation yield of the group then
the nusbor of cows peguirsd can be worked out from the
following formulo,

S Pu (To (13
Tea) L o0 e p (16)

Tat)
Squariog both sides, substituting the estimate of

variance of ?mm ang rgbm:gtns the Sorms wo got

2 2 R
] 1
(L - we) a% + 3 23 - w{%

= B : 2 {100)
2 ~a
oy {8g *+ 8 3{100)
- as ¢ «j i) P - 17)

o Ty * (100) if;"
for wvery lerge ¥ wo gob
. of + Fu 3 €100y°
» ﬁ:ﬁﬂ
Se6e Goga.ll  "stimate of the warianco of T, ., when ono
th wtad

m (18)

asystenmatia &

mqg :ﬁ f@r

eaah o
2 A8 Moxp 10X

SRR RIRGRNE N N

The expression of the vnriance of the wstlmatoe
given in Section 5,4 cannot be diregtly used to obtain
tho estimate of the standaxd errop of the average lantation
yield in the coae when only ono gystomatic asample ig available .
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gince the values of S% and S.Z(k) cannot be estimated.

Howevar, an é,ppmximtge estimate of the variance i@
daveloped in this sectien,
o Lot :"‘;1 denote Lhe mean sguars betw en totals of
lactation yiolde obtainsd from cows in the sample,

1 i 2

2 - R
Bas’ — (9 - P 16
g4 2 - (Z 14 m(k; ) $11)
or (me1) sfy » 3 Ty = Toe ) (20)
) 4 :

= Ifyes T (1)

Taking expaectations we get ” 2

. Al

(met) P(ady) 57 eZ Tyy »m B (T ) (22)
Bow T(T5qy & V(Iyy) + 5F () (23)

The ?(TM) ix given from the expresaion (11) by putting

me i . i _

Therefere VI(Thy) s (1~ ;}')' 8y + 5% (x) {24)
ana 1 (Ty¢) = 2 {f(?u/l)}s w2 (Ty,) = {u 129)
Yow to cbtain T (i’mm’iﬁ wo gan writo it ne

2 ‘
Py ) & V() + 7° Fpexd
which from (2) and (11} ¢nn be expressed 88
1 | f . . .2
(o = mow) Bf+ v Byt Too
n b § B
Tus 7 (s34 ) with the help of (18), (2B), (24), (25) exd (26)

is given by

(26)
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bl
| Y162 4 @ 1t 2 1
éi.{{(i*‘;) 3’&*-{3?;{}:}4' ﬁu w‘éwﬁ;) ﬁt#?;}?(k)#ﬁf‘}

m{mﬂp wz'-?}

g m— swae Byt ewmew 3
et a v n R
¢ Therefore ys(s%,} % (ﬁ’% + & (1)) (273

<~ Thus ”%& ia an unbiasad estimnte of (8% + ;?{k) )
Henee the eatimate of the ¥(¥y(k) ) in oase whon U is
vefy large is given by
Tat. (?Qm} p a[iw"}su s (N - :"“ ) %1 {28)
It gon be seen from (!5) that the aatimaﬁa is olightly an
undorestinnte {n so far es 1t fgnoves the term (4F2(k) )

5.7, Guas IXL Gstimate of the variamse of Tn() shen
only ono oystematic aaapla for each cow

In goneral goge, howovor, wvhen i is findte
and not lmrge 1o sisé 1% will bo Seocn Lrom S5ec,%.§ thot
we eannot estimabe the variance of tho estipete unless an
ostimnto of Ef(&) oF of sanothoy independent lineny
equation in 6§ and g?(k) i avollable, But 1% iz well
known that for systemntio sampliog 1% is not possidble to
estimate the variance of a iingle leotation yleld ( éi(k;n;
from o somplee lHowever, with a'priort knowledge Pegarding
the efficiency of systematic sampling over simple random
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j sempling o vegarding the intraclusa correlntion ( sinee tho
officiency and the coprolotion are lipearly reolated ) obtoired
from somo provicus studics on vemplote cnumeration datum, the
diefigulty of .ﬁasmtfmg' ;:‘;?(g) can be overqomes We can

~u

urito
ﬁz(k}bﬁl(i““)%(ifgn‘l?i) (29)
B ny
1 e o
Uheprs &5p @& o ( Poaqq = in which
lo i % 113 * #, ?

N,

73, stasds Loy 1;;; %e Fi13
‘ and f;, tho irtyaciess correlnbtion betweon datly milk
yields within bLecolumns of ny Pocords cach, which can
be formed out of Ly records of tha leth cow .

Tus tho exprossion {(i1)

- oy 2w LI

YTy ) 8 (o ) LBE 4 Ppy )+ - ) )

aon bo untbton ag

2
= . = P ——
ViZp() 8 (== o« a=) { 5% + 5?(&) )#mg Zﬁlfﬁiﬁi) % (1 + {i ng~t1 )
m ¥ ) B" 5 ny

(30
It 1o well known thot am 15 an unblased ostimato

of 81@

| I w2
ﬁlhﬁ?fﬂ 51@ - ;’1;":} . Z (3'1&3 “ ?x‘ﬁi )

- %
ané  Yyny # “;;: Z Y314
<
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It enn be ecasily shown that

1 m ¢

i
E R L A SR AL ERD
i3 an unbiogod estimnte of the second tarm in the

oxpression (30) provided the knowledge Yegarding
is a'priori and 1% hos alrendy becn shown in the previous

soctlon that TP { 5%1') 3 ﬂﬁ*— g?Cls:)
e

9 t . ¢ " 2
thug ot VT oy t(ewe & wo)ghy + wmi D Ny (Ha vt Jo32C01+ FBgwt) )
(k) # (o H’tsmgzzﬁm (pg=t)

(31)
5084 We have soon in soction 4,4 thot therc was on
altornative estinmnte of the individual lactation yold based
on sverage por dny which was slightly binged but was more
efftolont as compared to the estimnte based on gample total,
for monthly or larger intorvala(soc. 6.3)e Corresponding
to 4t wo can develop ap ostimate Tp (k) of the average
performance of & group of cous

§ o) ‘
Taw () 5"‘;’ ; “;; 2 Y144

This 15 o bisscd estimate but the bios Lo negligidle
being the overage of oll the volues of biasos for an cstinnte
Ty, of individunl cous which as vo have soon (5004041) are
themselves gmall,

A

The tern 8§<k) in the expression (11) of the
varfance of Tpeyuy vill bo roplaced by another similar
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torm g?bxg) gorroapording e the variances of Ty for
getting the variance of T (1) in ease tho bdlas prosent
~in ?;%(m Lo lpgnored.

Tho aschemo of sonpling ard ostin: ting desceribed in

neotiong 9.2 nnd %3 could have been compared with any

. othoy schene of €woentope sumpliing in which tho aolection
of cows at the fira% stage is pede at randon bub at the
geocond gtage recording is eithoy (1) mndo st randonm and
production cstimated by arithmetic estinate or (11) or done
at rogular intorvoly afd the tobal lastotiocn yleld 1o estinnted
taking due aoccowd of the knowlelge Fogarding tho trend of
the leotation cuywe, This wes pot, hovever, consideroed
nécasnndy singe tho vaylanco of any ostiomate of averago
lnotation yleld from dithoy of tho chove neontleoncd sohohoed
dopenda ovepuholmingly Gpen the contrilbutien from tho torn
containing variation botwocn lactation ylelds .04 é% .
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Dele AL the outset the extent of bias in the estimate Ty
~was worked out for cach of the 4% cows at four intervals
- of recording viz., 7-doy, 14-doy, 28eday and 56~day intervals,

Fopr weekly interval of recording the maximun valucs
of the bias uwas found to be 0,02 per cent which in a hord
of lactation yield of 1200 poubds will amount to 4 ounces.
The values.lay in the interval of «C.06 to 0.06 per cent
for ﬁécorﬁing at blweekly intervals, For 28~dsy and 96~day
intervals of recording the frequency distribution of the
percentage biases has been shown in the following table t=

Table showling the frequency distribution of percentage
bidses ip the estimate T, for different intervals

af recordling,

28=day interval S6~doy interval

Perceontage Numbey of Percentage Number of
Bia SOWUSa . oeeoBlos, oW,

=04 10~ 2 w04 30= 2

¢ = 30 0 = 22

Os10= 8 0.20- 10

Ce 20~ 1 0. 40= 3

R 0, 60w ~

41 3039”
41

L L L S Ry L S e e T L

The occurronce of negantive bias is very rarg, This
indicates that the estlmate Ty of the total lactation yield
ovorgstimates the actual ylold, However, this overcstination
is nover more than one per ceg¥., The mojority of the bilases
are less than 0.2 4and 0.4 pey cent for 28-day and 56-day of
recording whidh ih hatrd of a lhctatioft ylold of 1200 pounds
would amounk to' .4 to 5.8 poundsy
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6,2: . Standard errers of the estimates T, and Ty, both based on
systonmatic samples, expressed as pereentrngze of agthunl lactation yleld
vere next caleulated for the four intervals of recording. Tablo II
shows the {requency distribution of the percentage standard error of
those two ostimates and of enother estimate T, obtainod from simple
‘ranéém»&amples of correspondling sizmes for the four intervals of recording,.
) i 4 1

Distribution of gereem%aga standard errorsfor each
| z;g;?e eiti?aheg (?¥ Iy nd Ty) for differont
%ercontaga’7~day 1ntarva1.' 14=dny 1nterval: zevday intorval ;56~day irterval

standard . | X
oroFs Ty Ty Ty T T T | Ty Ty & | Ty T
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The majority of the standard orf¥ors for the estimates basod
on weekly recordings were ohserved to £2ll in the interval of 1 to 2
per c¢=nt., The everage standard orrer was about 1,5 per ¢ent. The
avoragoe standard errop for the corresponding estimate obtalned from

einple randon samples was 3,4 per aoni,
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The standard érrors of the estimate T, for t4=day interval
of recordingwers always loss than 5 per cent with only two
exceptlons, which correspond %o the estimates obtaired from
the data of two cows which were pcor ylelders. The high
percentage standord orrors in these cases may be partially
ascribable to this cause, Fpr the same 1§terval of recording
the standard error of the estimate Tjwers never greater then
5 per centy On an average the standard error for the estimates
Ty and Tjwere 2,5 and 248 per cent respectively. The standard
error of the gstimﬂta Tp, based on simple random samples of
the carreﬁpanding sizeswers more than 5 per cent in no less

than 43 per cont of the cases,

For 28=day interval of recording, leaving aside a few of
the standard errors of the two estimates,Ty and T,, odbtained
from cows with smaller lactabicn lengths,wers rarely more than
§ per cent, On an mverago thosewers 4,4 and 4,9 per cent for
thegse estimates, However, fop the corresponding random sampling
estinate T, the standard errors.sra never less than 5 per cent

and averagelout to 7,4 per cent,

For the 56=day interval of recording the standard crrors
turneout to be 7.7, 8.5 and 10,6 per cont on average basis
for the threo estimates Ty, ¥, and Ty respeatively,
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The fteduanay distribntions vlonrly show that the
estimate Ty tends to have smaller standard error as comparod
to Tye I% 15 obviocus that the moans will be more stable
as compared to tobal of milk yiolds from semplos of relatively

different aslzen from one anotheor,

It will be seon from ths resalts that in ¢nse the
gstimatos of the actabticn yileld are desired to be obtained
with a standard error of less than 5 per cent on an avorago,
tho milk prodiction should be ealeulated by rmltiplying the
avorage yisld obtalned from records nade syatemétically at
monthly or larger intervals,

643+ The percentage gaing in efficlency of tho two arithmotic
estimates viz., Ty and Ty of the total lactation ylcld from
systematic samples using recordinrg intervals of 7, 14, 23 and
56 days ovor similar proceduros of ostimation fyom simple
random samples of same sizos wero obbtained noxt., 1If 8 is

the variance of the estimates (Ty or Tp) of tho total
lactation yield based on systematic sample for a given irterval
an@ R 18 the variance of estimnte based on random samplosof
game size then pergentago gain in efficiency of estimates

bascd on systematic gamples over these based on glmple

B
random & mples is faken to be {wE* - 1) 100 ,
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The values of & 1in tho two gases ~ T, and Ty -
were cbtalned by employing the formulae(Section 446 ),
by regardiné the daily yieldz of each cow as constitublig

a finite population., The value of R 1is obtalned f{rom
the formula

N> N .
i f Z Yis) /B
R -4 (""‘\“ - «-u) mwu&wm qcmﬂ«ém:‘i o WP
n N Hmt

vhere N 18 the lactation period of a cow
n the size of the random sample
V43 the milk yleld rocorded on (1 + J=7 k)th day

The valuee of the percentage galns incfficlency
of the estimates (T, and T),) for cach of the 41 cows
are given in Tadble III, l
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SABLE IYT

Percentage gains in efficiency of tuwo proccfures of
estimation of total lactation yield from systematic
samples cver similar procadure of oatimatian from

8»§b. 7=doy Interval, Iﬁﬁﬁay interval 20«dsy interval  S6eday intorval
9/
cows., Ty Ty Ty Ty Ty Ty T Ty
1 234" 22 282 14 181 ~18
2 152% 7? ~?? 214 -1 267 18 23
3 23;3 668 573 209 78 . 8 840
4 4414 3 g 3o2 20 21 115
2 521 70 784 134 36 41 243 92
3 372 38 235 i 8 "
2 > t 1
8 24 1759 330 1970 162 2 1 %
9 1261 1028 300 590 200 99 t13
10 118 146 147 3 338« 9 124
11 1623 1622 447 447 } 342 59 350
12 » 62 « 62 574 5;2 119 184 102 -10
13 §77 377 194 194 155 196 93 261
14 29 317 201 234 239 2697 71 87
12 1012 762 393 240 139 172 361 505
452 120 240 439 57 206 29 «65
1 157 264 12 367 “ib =16 27 w27
1 475 47 2t 127 1 1 0 27
19 500 113 1 14 1 315 24 429
20 19 51 28 13 15 wl -18 -21
21 3227 1296 358 1158 622 328 192 234
22 1385  8ag 1086 143 149 152 9 236
23 287 36 39 317 99 107 7 131
24 564 270 33 226 300 20 186 70
22 527 637 106 290 141 40 «43 127
2 81 197 197 g@ 9 21 17
25 749 749 643 643 181 181 18 tg;3
2 1165 1165 1129 1429 470 470 30 .
29 212 212 219 21¢ 21 218 29 225
0 592 276 481 5 3 60 »25 %
1 1440 1440 16 43 39 450 50 179
2 1343 13 43 1218 72 203 ;gt 61 160
33 57§ g 379 560 3iz g 305 19
4 26 290 290 274 274 aig 43
g 242 111 213 72 151 162 14 110
3¢ 124 124 804 804 422 438 351 266
P B B 3 B oL W
39 gig 650 680 t22 122 37 14
0 ga 278 170 159 34 79 351 26
41 Zagz 269 14 121 49 43 .
Average 62% A4 10 236 91 16

Ty is(unbiased)arithmotic estimate based on systomatic sample totad,
Ty ( Dlaged)arithmetic cstimate based on systematic samplo moan,



Prom the table it 1g scon that for reoord’ng 6 voekly
intervals the averggze gnin in officlency of the cetimate T,
was -629 por cont, Fop bimcekly woighlings tho cutimate T, hod
alunys shown goln in offloiency with a sirglo oxcoption (Cow "0.2)s
Tho aveyage gain in officloney wns 408 por cent, In P9 por cont
of the cires tho valnis of the salne were mure than 500 ped gont,
For foup weoldy intepyel of pecording th catlmote T,
had ghotm lossos in efficicnoy ip nearly 5 pof cort of $ho 020808,
66 por cont of tho goins vers lbss than 200 por conts She
overogo galn fp offiglency for this inturval of recording wog
180 por coente alightly leoss than half t.e gnin obtofircd fop
ostin to Ty based on bivewkly weighings, Only 12 per cont
gaing oxeecdod 400 per oont.

For rocopding intorval of 56 days 1n qp oony =8 17 pep
cend of the cagses the losces ip efficlency of tho eotimato
7y had cccurred, ALl gelns in officlenay wore loss than 400
por gent and tho mnjority of thom 1oy below 200 por gende Tho
ayerage galn in efficienoy was 91 por cents This wos holf
of tho gauin in officloney of the eotimobto obboined from 28eday
intorynl of recording,

Coming to the offictency of the cotimate Ty bosed on
weokly wolghings 1t may be seen thot the averoage gain in
officiency wns 579 por confy This was lase thon tho
¢orraoponding goln obsorved for the cstimabe ¥y,
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For biweekly welghings the Gistridution of the goins
in efficiency of the estimate Ty was almost similar to thag
of tho gains in efficionecy of T, at the interval of recording.
The average gain in efflciency was 44% per cont,

Por recording interval of 28 deys meore than 50 per cent
of the galns were scen to be bokween 200 and 500 sor cent,
Ag in the vase of the estimate Ty the porcontage losses in
efficiency haod ogeurrcd in nearly § por cont of the cases
for the estlmate Ty, The aversg- gain in efficiency was
236 per cent,

In casc of eight weelly interval of recording, the losses
ir efficlency for Ty, were a&s frequent as in the cago of the
ostimate T, for this intorvael of recording, The average gain
in officiency came out to be 168 per cent.

But for weekly interval of pocording, the estinate Ty,
wag more effioient ag comparsd to tho estimate Ty.

6v4; It was asticlpated that the ostimates Ty and Tp got
from systematic somples by ntilising the lnowledge regayrding
the lactation curves would bo more efficient though biaseqd,
as compared to arithmetic estinmates obtained fron pystomatic
gamplos. To ¢alcoulnte the blad and officiency at td=day
intorval of rocording evan fyom the data of one covw as mony
as 28 curves would have %o be Ffitied. This number of curves
becomes double and fourfeld for anleulation of bias and
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efficionoy at 20eday and S6eday itervals of recording

respectively. In view of the heavy and extremely voluminous
" ealpulation involved, 1% was not possible, in course of

the timo alloted for this thesis, to tnke nll cows at oll

intervals.

However, in crdor to obtaln a rough idea of tho
order of magnitude of bhias srd of the furthel galn in
afficlency by utilisation of the trend of the curve eipght
cows having lactation lengths round about thoe average
lactation length of 301 days wuere selected and curves fitted
to £ind both bias and officiency of Tq and ?b ¢ OF the
solected cous one (No,10) hed z lactab on period of 293 days,
throo (cow Nos,11,12 and 13) with lectation pericd of 294
deys each and tho rest four (cow Nos.26, 27, 28 and 29) had
all a lactation poriod of 308 days. These ocous were chosen
with a view to minimising the compubtatienal vork, 8incs a

set of faurteen inVartea matrices and tho- fﬁnrtocn sets of values

of Z 5 Z £, Z 5 and ,; 5, econputed

for a.caw weulﬁ romedn invarient for oth v cows of the same
lactation period,

a) Blas 3~ Thd expression for the upper limit of the
bles in Tp”has bheen obtained in Beotion 4,0, To get thé
order of 2 V.j5, the valiues of ¥.4 wvers taken from the
loetstion ;ﬁrva for a group of cows having logtation lepgth

P wme TR TR YRR

I e B itoacc ol il

nenr aboub 300 days., The equation of the lagtation surve (Khendekar,

was tokon to be
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Y & 24137 + 0.0652% = 0.0006232%° + 0.000,002117K° =0, 000,000, 0022693

whore y stands for nllk yleld in pounds and x tho advence in
lrctation in days,

Taking 14=day intopval of recording and assuning the
lactation length to be of 294 days, we got, on substituting
nomorical values for algebrias torms in the uppor limit of the
bias,

Thus the upper limit

z (+1905)(2,79) + £, 00432)(691,81) + {0.017)(1280,99)
+{0.001135)(1465,04)
s 0.531 + 2,898+ 12,910 + 1.663
184002

¥e hove nlreedy seen that average lactation yilold
of the cown is 1201 pounds. fThuz the upper iimit of the bias
13 1.5 per cent,

The bias in WQ and ?ﬁ veys also oiplrically caloulated
from the daily milk yields of the above mentlioned eight cowa,
These were all less than ono pep gent, tut for the blas in
eatimate T, for oow Hosii, io which case the value turned out
to be 1,16 per cont, Singo there ware negative and positive
vaines of bimg, simplo arithmific mean would not have given an
idea of aversgoe bias, Absolute avgrageazggggad ocut. Thege
camo cut Yo 0,42 and 0,11 per ceny in eatimates Ty and T@
rospectively, This was in gonsonste with the theorotical

rosuld that the upper limid of bdias in Tp &8 145 per cent,
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b) LEficianay ¢ The gains in officlency of tho ostinaten
éq ond @b ovepr arithmotic ostizade fren simplo randen
samplos are shoun, side by vide with tho gains in officicuey
of tho arithmotic satinate (%) fronm systematio s-mplos,

in toble IV, A1l the galins aro osprossed in pordontagons

Tablo showing the gﬁrﬁﬁﬁﬁﬁ%@ gaing in efficlonay
of the estimatos Ry, Tp and Ty from oystomatic

Gednyg Sntnsunl of pocopdine cuow T,

Porcontbge padn in officliency
a?‘ihg wotinntes te v

Coy o, @ﬂ ?q ?ﬁ"

10 146 %g 389
1 447 g08 1038
12 174 111 53

B % N5 s
25 64 706 gga
2 Ha 15% 1244
29 24 &7 269

Ayopages 444 586 606
ﬁveggggggfgézding 425 629 620
4 . A Y Bt 4 400 B B

Results in Teble IV indfcato that with tho cxception
of only one Qoo 1., Gow No,12 the goln in officicney of
tho estinaten Tq ond Tp %o oluays movo thon thot of Tys On
an overage the galng in officiensy of T@ and ?p ore 1423 and
162 por cent moro as compared to Ty Txeluding cow Ho, 12 tho
going,in offioiency of Iy snd Tg oro on an overage noarly

200 per cond moro ag compared fe tho gols in officloncy of T,.
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6.5 Zurning noxt to ths prodlon of ostinmating average

lsotation yield of ~ gyrowp of pows the eptimnte of varioncs
batwoon logtation yiolds of cows (s% ) waa found to bu

108148,72 (pvunﬂa)z « Tho woriances of the estimnted

lnotation ylelds obbtained Crem systomatle gamples (;?gk) )

for 7~day, t4eday 28=day and S6+day intervals of recording
wors estimated os 405,84, 948,46, 3226,61 angd t%369a41(pﬁaﬂﬁ3)a
respeotively, With these compononts of voriance, the numboy
of cows required for estimading tho avepage lactation yicld

of groups of ocows of vorying gtrength by sonmpling at  7-dny,
142day, 28-day and S6eday intervals for differont lovels of
precision nined at, worc workoed out, These are glven in

tablo bolow s-
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Table showing the puwber of tows required
for estimnting the zwerag? laotation yield
of & groups of gows of gifferent sizes and
different levels of pratision for the foup

ko "

Lével of procislonf{Porcentage standarq -

Hord Interval of “ of the estimnte,)
aisoe recording, 2 b4 3 5 30
wd A 69 ' 4 24
w g% BB 8 o2

S6eday 8 73 9 5 §
7 216 114 66 28 8
300 tamdoy 219 17 66 28 8
2Jedny oz ng 69 29 8
5Geday 236 73 3 9
Peday 302 138 73 29 8
oI - 2N B B
56eday 332 5% ga ga 9

59 1 - o
2000  i4eday- . #on i g
2(edny —~. 862 1 83 1
dny 3 160 83 3 9
sday 181 8o o 8
5000 fiday & 18 g3 B 3
28«8ay 67¢ 186 31 8.
S6eany 76 200 91 33 g
g ) 8
- g BB 4§
Sy 208 93 0 4 9
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The tnble V gives the pumbor of cous o bo sompled
far ocstimating ot prosepibod lovols of porecntege stnndord
orrory the avorago lnstation yiold of hords of different
sizos by sonpling ot given intorvalo, It will be seqn
fram tho yooults that tho nupbor of cous to bo smpled 4o
almeot the sene for n iven hwpd 6l o and level of
pregoinion vhatever bo tho inbeyvol of recopding, ozcept
for o small ineronse For Oeneckly recording fop lew yaeluo
of plendard orrors This 15 to bo oseribed to the high
nazeitude of tho mean squave beltweon lacotntion ylold of cous
conpared to tho within cov variation, Further it i acon
that svornge laptatien yiold noy bo csticated with shout
5 por eont standapd error by scnpling aboub 25 couws from
amall hord of oilze 100 and aboud 30 to 39 eows £rom hurds
of loergoy aigos

66, Ao regaxds the precisien of the ostimatlon of overegs
joctation yiold, tho vapriange cx tno estimnte can bo cbiained
approxinntely by following the procedurs in SecseGe A8
ghown thore the verianse will be slightly underestimatcde
The oxtont of nnderestimation was vorked out with the
proscnt data for the ai¢forent sealos of sampling and herd

olzo conoidored in meetion 67 o Tho exbunt of undorectination

was extromely hegligible for easgs in which tho epotimaton
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vare =xpected to be obiained with stondord errors of the

oxder of 10 per cont except for herds of very small sise,

puch as 100, ir which for Sbedsy of sampling the undcrestimation
approached one per cont, For scole of sampling designed to
provide vory prooise estimalos of the order ono per gent tho
undoprostinntion whs auch grenter osyecially for larpger intorvals
of sempling, tho valuo boting as much as 90 por cont for S6eday
interval when the herd size waoz as snall a8 100, Tho value
reduced to 30 par eont Lo herd sizo 300 for tho samo intervala

Por larger herd sizecs even with S6~day interval the urderestimation

was less than 2 por cont,
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It is clear frol the Yasults that tho arithmotie
cstimaton based on systomatic are for nere officliont than
the .itimnte bascd on slsplo random sompling npoart fron
boing convenicont in practicuo,.

Tecording of nmilit yisld ot weolly intorvnls
wonild provide nn eotinote &€ o pipgle lagtation yiold
' with 2 pregistion corresponding tv n ptandord orropr of obout
te per gent,which shouléd be considered reoson-bly satiafnctory
for the pupeso of rationdl gupeyvision over Jolly mill
rocording by the research staff on o faroy  An ostimate
based opn weokly vrocerding dannot, hevwver, be relicd upon

in coges wboro the lostation yleld is tequired to be estimated
with a margin of less than 3 percent.

In tho 1ight of thoe foot that tho blas present
in Ty 18 neglipiblo and boemmse $ho incroose in efficicnoy
over Ty increnses with the interval of recording, 1% mny bo
regommended that the esiimats Ty, moy bo afdopted for monthly
or larger intorvals of rooondlingy

It can bo scon frop tadle IV that further galn
of obout 150 per tent 1o indlotded when tho ootimats of o
alnle lagtation yleld 15 obtaised by utilizing the bnowledzo
rogerding the laéﬁmnn cuvae, Homewor, in viow of the snall
punber of dews that has heen agalysed for thls item of the
study, it 1o not possible Vo naks a fism resormendabions
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Ag £ar oo briaplog farther godn in afflcicnaoy is
concorned ,thore is nothisg to choese batwoon the tuo
cupves, bt fron tho poind of vicew of £itting =nd eptinatlon *
tho polynominl curve 1o nore convenient, eoasy and ascurato
gasecinlly whon tho mothoed é@aamibaﬁ In goation 449 ig odoptod.

“hilo roviowiag the litoratupo 1% wes feound thab mony

of the vorkeps heve obtained tho gm?ﬁﬂﬂﬁmga?g§%@a%£maﬁimg
lactation ylold on tho basis of recording mado abt variouvs
interyald, Por the pnko of ¢omprrison cindlw orrors vore
cotiputed, Tho moximun ond minimun orrops wsre of the ordey

of 10 nnd 103 22 ohd 26 3 and 39 and =30 respectivily

for biwookly, fouy weokly and oight weolkly intorvnls of
rocoyding., Thaso values sro consistortly higher than theso
found by othor anbthopsy £or inst-noco Jordno of ol obtolined

ghe vnlueg of 7 and 474 12 ond «1% § cud 12 and 14 for

the samo {ntewwnls, IU was obsarved that approximately

40 por eony of the orrpbs vere iying in the interval «3 fo

3 for 14=day intepind, =B %o 6 for 20=8ay intorval and
«12 o 12 for S0-doy intorval, On an avel ge the é@fﬁ&ﬁ
of ovlor 2.1y 4'¢zmn§ 745 woro obsorved for tho threo intopvals
of recording. Thovo oleo are higher an aompared fo thoose obbained
by othopo, c.ge, Holewell who hod volues of the order of

2491 for tonthly and 3,80 for bimssihly pecording.
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Tho results vegording the pumb.r of cous requirzed
4o bo pampled fop cstinsting tho avoirge laotetion ylold
of n group of coug can bo ubtiliscd ir osgosaln,, the merid
of the altorpative plaons for pilk rucordicgim tio koy
viliage ochome, A Koy Willngo block eonsisting of six
oy vililogus centadns abouk 5000 cous of brecding 2go.
It 1o onvisnped that 5 milk recoyd » con record tho yields
of ablenst threo salockod coun ibn mill, morning and ovening,
oveyry vorking day, Ho cas, thorofore, be ozpected to rocord
tho ylelds of 7% cows abt sonthly intervals or 150 cous if
rcoorded ot tus monfhly istérvnls. Fer thore tuwo altornntive

systomts of yucording ths porgentngo stondwd evrrors with chich

tho average 1nctotien ylold nay bo oxpeotod to bo cptinated
vore workod oud from the do%n, 1% was cboorvod thot tha

yalue was 3,2 par cent vith monthly rocording vwhilc 1t sng
reduscd to 23 por Gont wilh pooording of twoenunthly intervolss
It 18 olenr that in cagos when tho cbject i to cotimato tho
averago lostotion yicld of u group of cous and not to assesp
the porformance of lndlefidusl cous tuosmontily prooyding 4+

to bo profapred.

Duping tho year of investipation the otudy conld only b

corried upte the stoge indieatoed in the foregoing parographss

The {nvestipgations nced $o Vo pursucd furthor and some of
tho outstanding problens dpe oo follovs e
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Tho cgoncinoions drenn from tho pyosont study avo to bo
‘Saken an_only tenbtative in the scnss that they aro based only
on o limited ctudy of 41 cous belonging to o pinglo hovd,

1% would bo desiradle to study the datn on othey herds of
varicus Dreeds ap aleo those on village ottle to oo how

far tho cotolusions avo of o geonernd ppllcation, A Iimibed
enpirical investigation hap boon gonduotod 4n the prescnt
theoln on tho possibility of irerensin: the officlonoy

of tho oationte by utilising the knowludge yopordinpg the
trond of tho leotation suiwve, This nocds o be followed up
ard ¢ the 3ino proves to bo yromising,o simple and presticnblo
procedure Lor working out the cstimate fron systomntionlly
rocorded data 41l havo to bo develeopedy A thooroblcal
progedure for ap indireet cotinmabion of tho vopionce of en
estimato based on systomatic sampling epnd utillsing tho |
knovicfgs of tho cuyve also noeds %o be ovolveds In tho ¢aso
of individuel coww on farms the possibllity of increasing

tho prooiafon by sampling at vorying inteyvals in different
stages of lnotntion noeds to be examined, Yates (1948)

has guggested arbltysry ocndweorrsetions to the estimntes
obtalned from systematic sempling for aptificlnlly rodueing
the vnrdobility botueen the cobimates from saumples with
different stavsing observations, The applicabliiity of the
corroctions proposed by him op the sultebilily of any modiflod
gorraoction has also to be cxomined,
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te = Por sgscsping tho pPopreds of eattlo devolepnent
cchemen 1llke tho Loy villmge scheno, which operato on

willoge cattlo, it {8 necossory to ostioato objcctively
the avorapro loctatien yleld of tho animnls In thoe schomoe
Hadntonnnceo of dally =ik rocoyds bolpg prohibitive in
coal, 1% 1o noocosnry to ovelve n sultoble proceduro of
pnapling of & group of cows ag olgo tho doys in nilk of
tho solooted cows ond to devolop an officlont nothod of

catination,

2y As o £iret approach to tho problem, the doily pilk
rocords of 41 loriono coug eolleoted ot tho Government
Livesteck Form, Hissor have beon ezamined o ptudy how
far a procedure of sompling con bo rogomponded,

e % wns found that the averoge logbotion poriod of thoe
heyrd won 301 doyse Thd ayerage lagtation yiold and the
wyorage daily mili yleld pore 1201 pounds and 3.9 pounds
respoetively. Tho coefficiont of tho vordabion botw-on
dally yioldswuns 2§ popr sond.

4e The pecording of mﬁi& yiocld nt weoukly intopvals

would provide no oftimale of o singleo laetstion yiold with
n precision correspondlsg to a standord error of aboub $.5
per cont,which wonld bo goneidercd veasonably satisfactory
for the purpose of yablonnl oupewwision, An ostimnto bosed
on wealily rocording canpet, howover, ba relled upon in
casoo whero tho lestoatiopn yiold is required %o boe estinated
with & moar,in of orror leas thon 3 por cond,
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/S, Tho blas irn tho eabimato Ty, of o single lactation
Iy
/ yﬁ%ﬁﬁ, banod on systomntic sonplo nenn wap found o bo losgy
thon ono por cont for oll thoe intorvals of reoording consldercd.

Bhe The goins in efficlency of the two orithmetic estimnbes,
Ty and T,y foroer bagoed on the systenntic somple totals and
latter on gystomobic aomple meuns, were 629, 408, 100 and 91y
and 579, 441, 236 and 160 rospeutivelys for peoording ot
y ono woolly tue vrolg,fotr weoks and eight weckse
/ﬁ In tho 1ilsh4 of the £oot that tho bios proscent in
Ty is mieglipniblo ond bocouse the inereasg in eg‘ficie:my
over Ty incpoases with tho intorval of rocopding, 1% noy be
recommended that tho ostimate Ty, may bo adopted for nonthly
o iargagvintarvmiﬁ of vocordings

7o A 1imited empirieal sEUTY indicnted that thove in

o furthop gﬁigiﬁgm;hant 150 pod eent whon tho koeulcdgo regarding
the laoctabion queve 1g utllised ip cstimading » loetotion yiold
from syston~fic samplo recorded ot t4«-dny intorvnl, loucvor,

in viov of tho Gmnll nusbsy of cowp thot has boon analyscd for

thio $tom of study, 1% 1o not pespible to nalkie o £irn retormendntion,

8. Fron tho nmoon squares, émtweﬂﬁ the lactation yieléds of
tho cous and botvocn oystomatio anmplo estlioates within cows tho
numbor of cous yaquired to bo solocted for milk rogording nk
given intorvals Lor ootimating the everegoe lactotion yleld of
hoprds of diffoeront pizes with porcentoss ptondord eyrovs of
progoribed masnitude wos founde Tho number of cowe reguircd

to bo senpled vas almost the samo for a given hord siso and
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lovol of preatsion irpespootive of tho intepvel of rocordings It
wvas found that the averege lastation Pleld nay bo eptinatel with
5 ;er cont sbandard epyor by sempling abont 25 cows froa a smoll
herd of slgo 10D and about 30 Yo 39 wows L£rom hords of lapgey

e A mi-thod of approxinabely ostiunting the vawiniee of the
estinated average lactation yield wis dovoloped . 1% ung shoun that
tho eatimate Ives » slight underéstinmntion of tho variorca thich
ig lens than 2 pop cont for evon bimonthly sompling in hords of
gizo lapger than 300, " wover, fof gmallor hoyds tho nméﬁroaéimaﬁima
1s 1ikoly to Lo highor for longer Lf%orvoalo of soxpling.
10, Tith tuo rosults obindped; the plan for milk rocording
in n villogo dovolopment progearmd guch ag the key villags schone
for tip purpesc of ostinntipg tho averspo lectation yiold of ¢he
population in the schone wag ozxaninedsy A koy vilingo bleck
coneisting of sizm koy villaoges cogbadns oboud 5,000 cows of btrocding
agt. It 1o opvisnged thnt a nilk recordor con yosord yield of
threo cows morbing nnd ovening overy vorking doys Fo ¢op thus
record tho ylolds «f obout 75 aoug ot nonthly igSorvals or of 150
covs ab Bimenthly intorvolos It was obgerved thnt tho porcontago
shardard error of cotinsto of the averspo lcetotion yleold of the
population of broedicg oovs wan 3.2 per gent with nonthly recobding
and 2,3 for binonthly reeording. It»aéqms thnd in cases vhon $ho
objest i to catimrte tho avernge luoctotlen yileld of o gromp coup
and pot %o asgoss the porforaopas of lndlvidunl covs bimenthly
rogording is to bo proforrods



Ze

@33

e

Ga

74

2

De

-
-

90 BRoR T RIS

cra

Aghton, .,D,{1956)

CannonCe¥y 3 FrycJ.B.,
and Sime, Re(1942)

Cothran, Vet (1946)

Copaland, L, (1928}

Do Lury BaD, (Y950)

Diole, TeDe(1950)

Frby Nalay Conduin, L',

"1k and Duttorfat recording,®

Tochy Conmunicotion Dol

Gonmopreslth Baronu of  alry Gol.é Toche
Commonucalth gri. Buroaux

fornhom Hoyal Ducks ,  “rplond,

“Proediofing J0%+doy ylelds fronm
short-tine rocoydsy

Je Tmiry Sol. 25(12) 991=99,

"Helative accuraey of systomntic ~nd
stratifiocd random samplos for a tortain
olass of populations,™

Ann, Daths, B¢nt. Vol XVII {391’¥M"?7
“Uonthiy and Blemonthly TostaY,

Japney Bull. 47 ppe 731+32,

“Values ond Inteprals of the Orthogonal
Polynenials upto n 2 26"

Toronto, Univopsity of Torunbo Proas.
TZ2ome rosnlts on tho accuroagy of

alik gampling over o cotplote lnotntion
and the dolly variobllity in unilbe-yield.”

few nemland J, Sois & Toch,
Voled?, Socte 4(1), 25929,(

“Lagtables otudlos. I1I, Variations

Uoprisony Rete ond Sham,fs Uy in d0lly ylolds of delry coug.

(1952).

Flishmonn ', (1899%)

Pishor, Re A {1950)

IV. Adguracy of differont noethods of
subtimmting loctntion yleldo.

2. Dodey Sofe 35t 967= 76, S77-87,

“2&#&5t§%aﬁiﬁns onr the milk fron 16 pure
bred Friesios Cows in Tast Prusia

£

throurhont ons lontation,®

Landw J%, 203 “reansongoband 2
"8tatistionl mrthods for Rescarch workors.
Cliver end Boyd , “nglends

Raferentes not cited in tho body of the thesis .



10,

ETh

124

13

144

15

16,

17

18,

19

. 0600*

Plahap, ReA and Y¥ates,; 7.
(1953)

Gaires # Telay (1927)

Houston, J and Hnlse, R,
{1932)

Filho, 348, ond Gomes, FePe
(1956}

Ron@all I,%, (1546)
Fhondekar, H.C.(1956)

Hartiny B, (18991191231914)

e Candlish, AJC, and
UeVicay, A, (1925)

o Cogthy, M.D, ond
Boylo, g{’(i%#@)

HeDowoll, J¢Ce (1927)

15tatistical Tables for Biologlenl,
rricultoral and “edieal Resaaroh,™
mivor ond BoyQa.

“The deffored Short=tim. test as o
meagure of the performancs of Jairy
QouSL Y

Je Agric, losme 35(3)

“Thoe orrors fnvolved ip cortaln
nethods of estinnting tho lectation
yiold of milk and buttorfat,”

v aﬂify Ros, 4(1) 37"@?

thtudy on tho prooision and coceuracy
of 2 foo pyaoctionl methods of
aotimating nilk production of dalpy

BOT8 , ;
Bionetylasy 12(2)1 abatracts (333)
“The advanced thoory of Btntistios,”

Volalle pp~t58a60
Charles Criffin & Co, Linibed, London,

" Inveatigntions in sampling of milk
records for cstimnging the total
loetation yield of cowge”®

Unpublished theols I,0.A.8, Yow Delhi,
"Meferant Wiking Machine Teobal,

Arb dtsch LandwGas,
ﬂﬁwB?; Hoe211, ﬂﬂﬁéﬁﬁu

vAre M1k Recoyd Association Results
Accurato?™

Tha Scotidsh Jour, of Azvic,,
VoleO, pps 201204,

¥The ogeuracy of nonthly, siz-vookly
and twoeponthl wgighinga in
optimating mile ylolda,

I Pupe Apgelcsy Tilro, 43&5*33*

?Tas&ing sove for proGuotion avory othep
tonthe " :

Lirgs U.Be Depr Agria, 1.




» 61 »

e

20, Petorson, 7,™s (192%)

21, Onis, L (1927)

22, Sukhatme, P,V.(1953)

2 Tylier, Wed >~ {ha n, Asde
3Q (‘9¢43 % 9'353
24 Yapp, TeT4(1919)

2%, Yates, P, (1543)

“ageuracy of onesday and two=day
tasts”,

Jepsey Bull,44-(2044, 2058)
"gilk produation ard ths Ge5«8 gysten,”
Industr, pecunr. 28 Ho. $18.

"fiampling theory of Survey with
Kiip ica&ianﬁ.gy

Indian oo, of Agris Hes,, Low Dolhi,
Tha Iowa State College fress, mes
I,m, Uoso AI

54 pimplificd mothod of estimabing 305«
day lactation produetion,”

J¢ Dalry Sol. 27(6) 463~09,

*A gfudy of the relative reliadbility of
tests for daipy cown,®

Bull, Iil, Agpi. Fap, Stadion, 219,
Yiyatematic Sampling.”

pkﬁla Teapencs Loy, Saﬁ.. 5&?:*, V51:943§
DD 345070,



