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1. INJROPUCIION,

The recent advances made in the fleld of animal
experimentation go to show that the importance of a well
organisad and planned system of sxperimentation has not been
post upon the animal experimenter, The stress laid on the
statistical aspects of the studles, whether they concern
the breeding worth of the animals or the effectiveness of
a group of feeds have helped in drawing valid and logical
conclusions from the results arrived in the experiments,

It has been rightly pointsd out that the statisticlan has
a zuch wider role to play in the field of animal msbandry
as his cooperation with the animal Imsbandry worker can
result in an effective utilization of available resources
and in the extraction of the relavant information from the
datae -

The fundamental utility of statistics is to help in
the distinguishing of the effects of differsnt factors
which lead to the total variation in a body of data. Thus
in agricultural experimentation one would be intsrested in
finding if a set of treatmsnts do have any effact, But
before any conclusions could be drawn regarding the effects
of the treatments themselves ws shall havs to seperate out
the numerous factors (apart from the treatments thsmselves)
that are 1likely to causs a variation in tho material under
study. These are the factors of extraneous variation and
are broadly classified into two clases 1) thoss which can
be controlled 1i) others that remain uncontrolled and which
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produce what is termed the error variation,

The effacts of-‘u'catments can be measured by comparing
the variation dne to them against the error variation. Since
a leaser error will thus help in drawing more saensitive
conclusions, it is necessary to minimize the error., Error
can bs reduced by adopting suitable experimental procedures,
though, 1t can never ba eliminated aspecially in blologlcal
experiments, This is what led to the concept of local
control in expsrimental designs as also to statlstical control,

By local control we mean the suitables grouping of the
experimental material into groups which are wmore or less
homogeneocus, The criteria for such grouping are suggosted
from previous observation and exparience and are factors
closely associated with the variable which is taken to
measure the effsct of the treatmants undsr experinent, but,
whore such knowladge 1s not avallable or is less definite
one method of gaining that information is to carryout an
investigation specially for the purpose on a typical experi.
mental material put under uniform treatment, Such an experie.
wentis lmown as a ‘uniformity triall From ths dats of such a
trial any proposed grouping can be tested for sultability,

It may be used to compare different experimental plans by
super iumposing each on the data of the uniformity trial.
Further, the uniformity trial will help to get an idea of the
inherent wvariability in ths materiale.

It would not be out of place to give a summary account
of the actual procadure adopted in the agricultural experinmen-
tation for conducting uniformity trials,
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There have bsen numerous attempts in agricultural field to
define the sigze, shape and orientation of the experimsntal
Plots which would control the arror most,

A uniformity trial in agricultural expserimentation
would congsist in laying out on a regular shaped pilece of laid
of well defined dimensions and subjecting it all to same
uniform treatment, The crop is then harvested and yleld measured
dividing the land into very small units of uniform size and
shape, A comprehsnsiwe compendiun of the sxperiments
envisaging the effect of the change in sige and shape had been
mads as early as 1937 by Cochran (2) in his paper in the
JeReSe 3

One of ths most important outg:_comes of ths uniformity
trials in agricultural experimentation has been the study
of the relationship betwesn the variability and the area of
a plot made by H, Fairfield Smith (9), The empirical relatione
ship has besen of immense importance to agricultural statise
ticlians. Of the latest developments based on his paper
mention may be mads of ShriEKhando'a paper on cocomut trees (i),

The data obtained in uniformity trial could also be
used as concomitant informgtion to reduce error through the
aPplication of the covariance technique, The removal of the
variation due to the basic variation in ths material (as
evidenced by the uniformity t;:&fata) could result in more
precise comparisons among the treatments,
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The draw back in conducting uniformity trial previously
to cgrryint out a regular experiment with the same experie
mental material is that the labour is doudbled without the
minformation being doubled, Further, the uniformity trial
delays the actual sxperimental results by a considerable
period of time, 1In fact, in animal expsrimentation it
s esns to be poasitively unprofitable to under take such
trials, There sesms to be no record of such trials being
laid out seperately in the fleld of animal experimentation.

In animal experimentation the largest source of
error variation is that among animals themselves due to their
genetic and physiological dissimlilarities, Ths variability
introduced due to the differential ylelding ability of the
cows is removed to an extent by a proper grouping of ‘the
cows. DBut a very efficient means of achieving this end
would be fg subjecting evary animal in turn to all the
treatments, A design which incorporates this idea for
reducing the error variation is the one known as a cross
‘over or switch over trial., In addition to eliminating the
animal to animal variation the design ensures that the peridd
variation 1s also eliminated from affecting treatment
differences by providing equal number of animals under sach
treatment in any period. Cochran etal (3) discuss the uss
of L‘atin squares for providing such designs, If ws were
to apply the design in sucoessive ulactationa the time
involved in thas completion of the experiment would be
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inordinately long and the risk of the loss of the animals
during the course of expsriments great, The designs 1s more
suited to short term experimentation, With the avallable
data on the dally yield records of cows belonging to five
h;;ds,. tha efficiency of the switcheover trials was also
investigateds
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2. BXIRNT AND NATURE OF DATAz

As mentioned in the introduction, no experiments devoted
solely %o uniformity studies have besn laid out any where
in the field of animal hasbandry. .The btreeding data
collected by the I.A.R.8, for statistical examinationiirn
wers desed suitable for use as uniformity data., The data
consisted of the milk ylelds records of acmal herds of
cows Raintained at a number of livestock rosearch stations
spread over India, The herds included in the present
studies are:

1) Red Sindhi Herd at the Indian Dairy Resoarch
Instituts, Bangalore. . -

11) Red Sindhl Herd at the livestock research
station, Hasur, .

1i1) Tharparkar Herd at the 1:I.vestock research
station at Patna.,«

iv) Kangayam Hsrd at the livestock ressarch
station at Hosur,

At these farms the data were recorded in the form
of history sheets of the animals maintained there, These
sheets included information regarding the date of calving,
the order lactation, the lactation yleld etc, for various
lactations of ths cow recorded on the farm, Since our
interes t lay with the season of calving and the age of
ths cow\_'measured by the order of 1actation’ the requisite
information was drawn from the history sheets, A cow having
a specific abnormality in the course of a lactation was
le8t out of the analysis, These abnormalities included
casss of abortion, still birth, mastitis ete,
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Tha fact that the animals were maintained at the same
station under common management and those calving in the sane
yYedr would De receiving the same treatment of fesding and
nanagement led to the use of ths data as uniformity datsa,

The data pertaining to the total lactation ylelds
of the cows calving in a particular year were taken as
constituting a sst for analysis, Normally it would be
the practice to selsot for experimentation animals all
calving in the same year, and so it vas declded to confine &e
analysis to the animals calving 4in one year, Several
sets of data were chosen for study m’eh that animals which
wore included once 314 not roappoar in othsr sets. This
was ensured by leav:lnz a gap of four to seven years between
the dirtorent yoars choscn for oxtraction of data for a set.

A distrihution of the animals  calving in the s
difforont years chosen for study and belonging to the
different herds is given bslow, A detailed table giving
the number of animals belonging to the different seasons
of calving and orders of lactation is given in the
appendix (table 1),



o 8 @

Table (1); Showing the animals in different
hards that had calved in the years
included in thes study.

\
HERD/ YBAR 928 932 N3 44 1748 /552

Tharparkar - - 65 76 61 4
Rad Sindhi 36 48 43 49 56 -

(Hosur) .
Red Sindhi 13 23 7 41 50 - .
(X.D.R.1.) b
Kangayam 27 42 54 68 61 -

THs above table, of course, does not include animals
which had almormal yilelds or which lagt the farm (due to any
reason) before completion of the 1ae/tation.

.1 .The arialysis of covariance using the preceding lactatlon
¥ield as concomitant variats involved deletion from the
analysisy of theianimals; belonging to the (first order of
lactation, In some very few ‘cases animals having no rormal
preceding lactation yleld alaoc had to be left out. As a
consequence the nmurber of animals which were avallable was
redﬁced. A gplit up of the animals belonging to the
differenf herds and calving in the years taken up for study
is given below. All the gnimals belong to orders of
lactation higher than the first, /

Table (33): Showing the animals belonging to order
of lactation higher than first and calved

in different years.

YBAR .

HERD 19 28 1932 1937 /344 /)48 1962
Tharparkar - - 33 68 49 42
Red Sindhd a5 47 34 a7 50 -

(Hosur)

Red Sindht 10 26 26 35 37 -
(I,D.R,1.) “

Kangayam 23 29 33 55 34 -



——

aPe

2.2 For ths purpose of the study of efficlency of switch
over design the available data pertaining to the daily
milk yield records of the cows belonging to the following
five herds were utilirad. The cows :?;“11 in the first

order of lactation. ) P

Table (143); ©Showing the number of animals belonging
to different hard and which had complete
lactation (daily) yield records,

m o, of spimala

1, Hariana (I.V.R.I.) 28
2, Red Sindhi (Bosur) ;7 0
3, Red 5indhi (I.D.R.X.) ;/’/ 0
4, Tharparkar (weaned) 48 :

B, ,Tharparkar. (unweansd) . .

There being nc esvidence of any preferential treatment
being meted-out to-any animal at the same farm the sets
of data could be used as uniformity trial data,

4
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3. PROCEDURE;

3¢l The details of the nature and extent of the data usged
in the present work have been discussed in the section 2,
As has besn pointed out, .the basic purpose of this study was
to examine the relative efficiencles of the designs that are
coEmonly ussd in animal experimentation, For preparing the
designs the characters which were considered to be of
importance for forming homogenous blocks for local control
of the environmental variations were two, Vvizy (1) season
of calving and (i1) the age of the cow measured by'the order
of lactation, One would be led to regard, from a ‘priori
considerations, that the season of calvié; cé;IQ'exert an
influence on the yield, It 1s a well known fac t that the
milk‘yiold is very much. controlled by the order of f;ctati;n
of the cow, Tims, in most herds the yleld increases at first
attaining a peak in the third or fourth order of lactation
and thereafter decreases in later lactations,

The: work 1s divisible, broadly, intc three parts: 1)
the svaluation of the efficiency of the one way and two way
classifications by the method bf fitting of constants 11)
the- super imposition and the study of the efficlency of
Randomised Mock and Latin siuaro designs, 111) the use of
the covariance procedure for ths reductfon in error by
enforcing statistical control., The randomized block and latin
square designs were of sizes 3 and 5 units per blockd ~ rew & colonn .

3.1.1 » m‘
The data pertaining to the cows calving in the same year
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and belonging to the same herd were classifiad in accordanee
with the season of calving and the order of lactation, This
classification gave rise to nonworthogonal data = the number
of animals calving in the i'D geason of the year and having
the jth order of lactation in that year dbeing mt} ny4

Thus, we may represent the yield of the kth cow which has
its Jth lactation and calvss in the 1 th season as,

where, m = the general mean effect cozg?on to all the cows,

ag = the effect of 1th season. / 1= 1,2,3,4.

by = the effect of the' Jth! order of lactation
‘3 = 1,42,3,4,6,

845 = the effect of the intsraction between ths season
of calving and the order of lactation,

®,4y = the error variation not attributable fo the other

§ factors in ths model and are peculiar to the kth
cow. k'8 are assumed to be all normally
1ndopmdanti§ distrituted with zero mean and
commpon variance k= 0,1,2.......:213

The analysis of the yields w4k is done by the usual method
of leas t squares i.e. minimizing the mum of squares of the
deviation of 713! from its expected value with respect’ to
the parameters m, a,y _h, and g“. The process of minimization
results in a sat of equations(one for each parametar inwolved)e
normal equations which when solved ihe yield the estimates of
the parameters in terms of the observations,
3e1e2. NOTATION;

We shall use the following symholic representation in the
following discussion:

J Kk - IQ

1'“ =2 y:ljk T,
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Further, = _.vﬁ'?i_..
ng
T ﬂiiiﬂijk

o

3.2.3. NORMAL EQUATIONG;
The 1east squares procedurs yields the following normal

squationss
for n Yoo = Neot +Z&o§1 +znl bj inij ‘13
for a, Y:l' = ni.m + ni a, +inubj Zntut“ (1=1,2,3,4.)

by

and for g n (m-!-a +D +‘1j)

13 ’i: 13 1

3e1,3: SUMS OF SQUARES;

The sum of squares due to fitted constants is given by the
sum of the products of the right hand side of the normal equations
by the corresponding estimates, Thus we get

O 13
Hance the residual sum of squares after fitiing the constants

becones B=T-Z__j___ wvhich is ‘within cells' sum of squares,
¥ 11
3.1.5: ADJUSTED SUMZ OF SQUARES:
In order to test for the significance of interaction we shall
assume that in the model given previously ‘11 =0 for all 1 and jJ.

Eliminating the quantities b,'s from the normal equations as followss
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1. =nin+n1ca ZiJJ

Y.J Bn.‘jlﬂ;. +§n13 1

Tharefore b= Yg'i o( m-l-): '1)
Ne i Ne 3 .

or Y:I.' = n, emingea,+ éni ____..,, - (WZ—DL ‘1)

Re
n2 d ) n
Putting By,= nge =) .13 .o _ 13 DB"‘-'J —
b & Sy § =7 U Yo
. L B S BN )

We get Q = P 8 + ipj?’ o i= 1’2’3,@.
L) 11 . t‘ K .
sincs all thess equations are not Mcpondent we uss

the restriction [ =0_and get on eliminating a,, sa¥,
Q!. - Pug +P12. +P13a +Pq 4¥ f%ﬁalﬂ i

which on simplification becomes

1..*. 3 U

-, Ny g n on
Ql. (nl.-z nl’ (n]J nul ) 314- Z fné: (113 ngjj ag+é——43 mla 3’) aa
J no: j nqj y Do J
and. 50 one

¥, FAY A -lre Y - LT TR . I T
eSO E N RN X ] B 84 ) 0¥ 20 04Ty

The total sum of sgquares 1s sesn to split up into two
parts 1) that dus to the fitted constants 11) shat—Sus—tn
regidual sum of

syuares,

due to
As stated previously the sum of squares/fitted constants

is, (I‘L&Qfa\i +Zb3’2‘3) which on eliminating m & b.dbeeoma

ztiqi EF.-:—-‘

¥
The sum of squares due to constants fitted except ai's
1’2‘ Y?: Whath W shall ehiucle 5 8 andnoper bk o, un nurved ] whed 35 duch &
Y 3:-3.
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Hence, the sum of squares due to the age s
ia Qg = (4) as distinct from the sum of squares

L'%
T - Yi. .
Z'ﬁ" .—A‘ ;A%AthewmdmofsqmesdnotofactorAw
e My S A |

The sum of squar 8 due the constants a's and s exesph .

ia Q,;r(i_n._} )

0% Hmcadmoﬁa.:th&a—h’ﬂw

get the sum of sguares dus toc the eonatants ats and b's as
(A) + B—‘_‘:_:._'. By symmetry this 13’ alé equal to- (B) + A-!#‘

Hence As(A) = Ba(B) =4 , the adju@ent factor dus %0 none

arthogonality as defined by Das (4)e '

8.1+ IRICBACTION SUM OF SOUAREG:

The interaction sum of squares i1s obtained by subtraction
of the{d), (B) and ths within csll sum of squares from the
total adjusted for nonecrthogonality. That this is true may
bs seen from,

EsTeiAs(B)el or IxTeAs(B)eE

=I%a(4)=(B)=E 2
vhere T!=Te &and I 1s the interaction sum of squares,

Sele7. CQVARIANCE;
The model for the casze of the covariance is

-~

e +b3+‘13+u11k”13k - wy »
are.all defined as befors,

¥s 3%
where m, aqy bj, 313 and .uk

1 3k is the preceding lactation y:hld of the kth cow which is
in 1ts jth order of lactation ang. palves in the ith season.
b 45 the cosfficient of regredsion qf the yield of the cow

7,
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on 1its preceding lactation yield,
As before we may define the gquantities

13 Z Vs 3k Yio"iyiék Y‘J'zyijk Yoo = Z )

: " T
1, v, Lnlk

and similarly for the x's

xig'zxuk injk 5 13K %o = i3k
Y, ge
Q=¥ “"Z Y’j and U(x) =Xy, Z______il Xy
*3
The total sum of prodnots [ fg:k’ijk 13 denoted by T.S.Pe
The total sum of squa.res foax ¥ %xﬂk by (ToBeSe)yy sums
ot products < u ..iL_J. andzi____;u by B.3,P, and Prv
J &J ' 13
2
respectively, S X ) by (B.SeS,) andzf____{i by Tgx
Y ' S Py
NORMAL, EQUATIONSs

The least sguares procedure yields the following set

of dequations
Yoomool*znicai"'zna "‘Zn 3‘13"'51'00
Yi.-nio(l"-a )+Znn +* nuzu%x

Yo:'noj (n+b )+Inua,_+£n liji-bx.j
(Lo SeP2 Y muKa ot {Jx.r&” “*-b(T.S.S-)

20M3_OF SQUARES;,

As before the sum of squares for fitted constants
= mY, o+ Za, AT ijx. Z ‘ Yy +B( T 8uP)

\ \|T
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Substituting for ¢ N this decones

Y
Z J tb!T.B.P.-Z _xi, EY)
o7 P1g - Dy,

LY
v

. Y 3 e s pPxy )
By T,gcﬁo -TZ

-
!.‘Y

2

# ince from equations for g 3 and b we got the estimate of ha

as T.S.P-ny
T. S.sfé-i- .
Bsnce, the rosidual sum of squares is _ /' | — -
Z Z (T.8,PuP, o )2 /
g T 72
W °S'S‘x’ x 3

Similarly, if we hypothesize the :“ to be absent then the sum
of squares due to the constants becomes
IY¢.+ iaixi."'z bJY +b(T.8.P.)
)

(TeS.PuP
u mY, o8 +5 by Y.+ xy P
Zﬂ: i 150y T (248,P,)

which when subtracted from the sum of squares due to all the

oonstanta gives the 1nteraction sum of squares as /

Z _3.3 . (T.scpﬁpxy )

Ot n1’ T'S'S'Ihﬁx

o (A)=B

where (A) stands for the adjusted sum of square due to the
seasons and B the sum of squares dus to lactation unadjusted,
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(A) and B 1
The normal equations can bs solved very aimply either for

ai or bjo

Eliminating ba'l we get

n.n :
Qg=ay (!110- — -1 ).Zak nk: 1) +bQ1( x) $=1,2,3,4.
7‘ .J .

and (TeSePeB, 5.P) -Saiq +b (7,8,8)_(Be8s3s)y

i(x)
Denote (T.S.F-B.S.P) by u and  (7.,5,8) by a and by ¢

a .
bthon ej'iqn =b 7 -

K - a b - T -

/

Hance 0121 putt:ugu Qiucqi( )a Q'

_ "Z By3 . Q:(:) - ay,
n.y
"Z-—‘ Y13 o M@ B ) gy

-

the pormal equations in a; alone become.
Qi = Zauak (1’ k=l,3.3,4) [1

L8

As only 3 of these squations are indepsndent the réstri.
ction ):ak=0 is applied. Eliminating a, vs get

Q= ,11 [a P:lk (1s1,2,3)
9
where PhaP - 1(33 (Q(py *%x

n, (n )
Pnzn...z\ i) ki 43

y Bey

Py Q
ik = P i
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' D y=R4y

and gk %1’ n‘J
The total sum of agunares is split up into two parts as before,

U Yeemda Y.+ [b Yo+ Te 80P )

v Y
Euninat:lng M, bjs and b interms of a, this becomes

[t

The sum of xsquaros due to fitting cons tants othsr than a'a
1s equal to[__j___ + be

Y Do /

Hance the sgn of -quaros due to/f:lttinz ats alone is
Eaiqi This 18 as before called adjusted sum of sguares
for the factor A and we denoted by (4). As in the previous
case we get (A)+Bx(B)+A=sum of squa res due to estimates of
all the constants, Bance, A=(A)=Be(B)=2 ths factor of adjuste
ment dus to non.orthogonality,

ASALYSLS OF VARTANCE ; (Adjusted)

Source of variation d. Ly 8. 3.

+be
n. i

Bstwean A =classes 3 (4)

Betwsan B aclasses 3 (B)

Intsraction 9 I2(T)w{A)e{B)wE /
Residual _Deawl6 B

Total Dee=l (T)
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3.2 ONE WAY CLASSIFICATION;

The efficiency of the one way classifications possible
with the two characters under study were also studied, This
was done by starting with the modsl

y“m-l-aiﬂu where ay is the effect of the 1th season
and e, j" are error variations and are distributed normally

independently with zero means and variances + The method

of least squares ylelds (using the same notation as in section
3.1).

Y..“mooﬂ"'z“hioai . /r -~ T \ : f
- v L S S -
‘Yio mioi'l'n i«-a 1
i - * B
Hence the sum of squares due to the constants ai's‘ and m 1s
‘Y. -‘23' i?izi.
=7 Y,
. ni, 2

2
i ' Yi Y..
Thus, the sum of squares dus to ai's is Zaiii. -Z ' .
.
\

N.o

Hence error or residual sum of squares is

2 2
i yij ‘E.Y.i..:. = (Ted),

R nio !

For the case of analysis of covariance we fit the model
yi 18 mi+a 1"'“13"13 the analysis follows very simply by

the msthod of leasts syuares,



3,3 SUPER IMPOSITION OF THR DESIGNS:
(a) Randopized Blockas:

~\

Perhaps the most commonly used deaign in any experimentation

is the randomised blocks design. In the adoption of the
design there are two factors to be considered i) the nature
of the blocks 11) the block size, With regard to the former
the season of calving and the order of lactation were taken
as the two possilie ways of enforecing local control. As for
the sizs of the blocks, ws have usod‘ blocks of sizes 3 and 5.

The actual super 1mpos:l'b19n of the design was very simple,
The animals were grouped togaéhor according to the season
of calving and blocks of aiéaa 3 and 5 formed in the first
cass. Simllarly,blocks of the animals all having the same
order-of lactation were formed.

. An analysis.of covdriance uqii.u- the preceding lactation
yields was also parformed, .

(b) Latip Squares: .

For ths super imposition of latin squares, the two
factors vizy season of calving and the order of lactation
ware taken for forming the rows and columns respectivaly,
The cows were ordsred in accordance with the order of
lactation to which they belonged and put into cglumna. Next
the cows belonging to the same colurns vwere ordered according
to the season of calving, Thus each row had cows calving
in the same season but belonging to different orders of
lactation.Bach colugpn similer)y, had coys pelonzing to same

——r



order of lactaticn bat calvimg ir different seascns of the
year, Unfortunately, thq number of amimals ir different sets
of data di1d mot permit latim squares of sizes beyomd 5:5.
Latin squeres were builit up of two differemt sizes vigs 3x3
ard 515, An smalysis of covariamce with the precedimg
lactation ylelds alsc ves performed,

ANALYSIS

I® all the cuses the wgnel procedure of suaiysis
of the dat_g gar randoxized block emd latim square desigms
wag folloved, The énalysis did rmot present eny corplicaticass,
The coveriance techrigue epplied ves also the stiandargl one with

’ -~ PR

no ehangéa.
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3e3s1. NEASTHRMENT OF EFFICIENCY: |

A mote on tle u:asnremaat of ‘the effieiency would be
in plece im tkhat thie thesis is primarily comcerred with the
megsuresent of efficiencies of different designs,

Cochren emd Cox (1) have discussed different ways of
messurexents of the efficiencies of designs, They have quoted
papers on the snbjects by Feyman etal (8), Walsh (11) snd
Pisher (5), The most conmon moasure that has received the
maxisum Waage 1s perkaps the one dwe to Fisker, He defines
what ke calls tthe amonnt of information? as the reciprocsl
of the varience 1m the populatien, However an observation
x subject to error variance whose magnitude itself is pot
correctly known bat i1s estimatod by a megch square s2 op m
degrees of freedom wonld not give imnformation amomnting to %'.:2.

It kas boeen shoun thet this amount 1s given by m4l La,
Re3 8

A logileal ltep further,,...22
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for the comparison of ths efficiencies of two designs is to

compare the amounts of information supplied by ths designs

regarding the means. That 1is
n,+1
1 1
n,+3 2

ONE_WAY CLASSIFICATION;

- The comparison was made betwesn the srror varlance of
the cass when there is no olassifécation against the srror
variance in the one way cla ssi{ic‘étion. Similarly for the
cagse of two way classification a comparison of the error
variance against the error variance when there is no
classification was made., For finding the efficlency of the
covariance technique the sames procsdure mh;;oon adopted.

A e

Zhat_is, "the error variance hoﬁro—ﬁe adjustment for the
concomitant miat&em????h;t after ;hé adjustment

uhmtgo efficiency of the covariance technique -against
the analysis of variance procedure, .Of-sourse, the adjust=
ment for the differénces in the degrees of fresdom fn the two
casu%'; made in accordance with the above formula.
Se s H O GNs

For the convenience of discussion we shall consider the

cass of 3 treatments A,B& C. In order to eliminats the
animal to animal varlationh every animal is sudbjected to each
of the treatments. Since the ylelds of the cows are sesn to
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%

V¥ry with the period of lactation we adop%f( design in
which 1in any experimenrtal period on third of the animals

receive the sequence 4,B,C, one third B,C,A, and one third
CyAyBys 20 that in each perlod one third of ths animals
receive each of the treatments, This is facilitated by the

adoption of the latin square of the form

Period
1l
2
3

b §

A
B

AR

a“

Cow

4

2
B
c
A

£

3

c

A ,

v, B / N S S '
P

In practics the presence of rasidual “effects complicates

matters, and the design has to bs modified using orthpgonal .

latin squares for sstimating the direct and residual effects

raxpaettyaXy seperately.

Since in this case there are no

different treatments involved these complications do not arise.
There are two methods for allotting the animsls to the

sequence of treatments,

3r animals say, may eithsr be allotted

randomly , r to sach treatments or they may bs first grouped

into » homigenous blocks according to some charactsr such as
persis tency of milk yield and the threa animals in each
block rllottod at random to the three sequences given by the
columns of a latin square, We have trisd both the methods

in the later case using the milk yield in the first 35 daysjo

ﬁ,u., (Cacky.
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Case_(1)i- Switch over design without blocks:

The analysis in the case of uniformity data in a switch
over design without blocks turns out to be when there are m
treatments and mr animals s

sSource of waplation [-P% 2 Defa
Batween pericds (1) -
Betwesn animals (mrel) 8:
Regidual (me2)(mr=1) 312
TOt&l (llarnnl) /

For the corresponding straig ”6 forward design viszj
completely randomized design the appropriate error will te
given by the means square between animal's’g « Hence a comparie
son of si against sg will give the effielency of ths switch
over trial,

Cage (13):= Switch over design with blocks:

The analysis in the case of a switch trial with blocks

in uniformity data becomes:

Source of vyariation Qafe Bafle
Periods (m=d) '
Blooks {rel) /
Animals within blocks (rmmr) si
Perfod ixto Wook (m=1)(rel) >
Residual (mel)?r .

Total (narol)
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The efficlency of the switch over & with blocks may be
compared against a randomiged block design for which ths error
2 )
will be s, the mean square between animals within bdlecks..

The efficiency of ths switbh over design with the blocks
relatively to the same design without blocks 1s obtained by

4 2 g )
comparing s, with (rel)ss * (mel)rs®a o “
el

rai r 'i’*.. ’ Y ’ " " P

S BN B st LR A
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4, RESULTS;

Table II 4in the appendix presents the sfficiency of the
one way classifications and ths two way classification for
the different sets of data. The degress of freedom avallable
for the residual sum of squares in each casde are also
pressnted, The degrees of freedom as was to be expectad
varied from ons set to another, The tharparkar herd
provided the largest degreaes of freedom ranging from 30 to 50.
The Kangayam provided degrees of froedom ranging from 20 to
80, In case of data from R4d Singhi herds at Hosur and
Bangalore the degrees of faxmit freedom varied from 20 to
.

'The coefficient of variation also was computed and it
was found that the values ranged from 30 to 45 percent,

Aa'regards the efficiency, classifications according
to the order of lactation gave values lying between 90 and
200 percent, the majority being over hundred, The afficiency
of the classification according to the season of calving
varied between 95 and 114% with the majority values less
than 100. These results are summed up in the following
tables ’

Bfficiency(%) Orgor of lactation Season of calving
—B0. of spt¥s of data Np.of sets of datg
90 «100 4 8
100-120 9 6
over 120 1 -
ol am——

14 14
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In all the cases of two way chassification studied the
intaraction betwean the order of lactation and the ssason
of calving was founi to be nonesignificant. This justified
the procedure of fitting constants being utiligzed for esti.
mating the amount of variatlon attributable to each way
of classification,

The two way clasaification was effective in reducing the
variation to a great extent, Excepting in one case the
efficiency varied between 95 and 136§, A summary table given
below shows the dlstribution of the efficlency over the

different ra nges. ﬁ’
Efficisncy (%) Nupiber _of cases
Less_ than 20 1
90e100- - ¢ - v
Over 100 ___ . . -

13

Co;paring the gains in efficiency of the two way classie
fication over that due t0 one way classification it was
seen that in the case order of lactation in 10 ocut of 13
sets of data there was a gain in efficiency by the use of
the two way classifieation, This gaiﬁ in erficiencz,ranzed
upto 33%, Similarly the gain in efficiency by&:29€gse of
two ways classiflication over the classification giwe the
segson of calving varied between 1 and 3%, there being 12
cases out of the 14 in which there was a gain 1in efficlency.

Analysis of covariancs carried out with the preceding
lactation yield as the concomitant variate was seen to be
very effective in reducing ths error to the extent of 200%

in some cgses, In most cases the gain in efficlency was seen
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to bs upto 50%.

With the use of the preceding lactation yleld as comcom
itant variate one way claggification both with the order of
lactation and the season 2 calving 4did not result in any
improvement. A table giving the summary of the results is

given below:
LCSS than 90 1 -
90 « 100 8 9
100 « 120 8 8
OVer 1@ . , a -
13 14

Two way classification howevear gave better results there
bein: 7 cases out of 14 in which the efficiency was greater
than 100 as can be seen frem table below:

Effaciency Bumber of cases
5, N, . t .
Less than 90 ' 4
20 w 100 3
- Awr i T

On the whole the uss of the two way classification seems
to bs very effective way of removing the variation dut to
the extraneous factors from error, Although the one way
classification according to the season of calving is net so
very effective as the order of lactation but, as indicated
by the results exporiments using both together control the
error better, Covariance by itself was seem t0 be a powerful
teol for the reduction of error but no gain is obtained in
cass of the classifications along with covariance procedure,
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3-Plots—theother—of-b—plebs—par-hlock, The system of blocks
with the season of calving was not very much effective in

controlling error, The incrsase in size of bhlooks adverssly
Affected the efficlency,

Order of lactation as a mode of forming blocks was
more sffective in the reduction of error, The table shows
a remarkable gain in efficliencys The i)lock size does not
soem to hava great influence on the efricioncy with this
system of block formations~ Analysis of covariance tochniqua/
proved ‘successful, In all the cases ii-1is—to—be—seen that
the covariance ylelded higher efficlency than a simple
analysis of wvarlance,

Thus on the whole ths results to indicate that a system
of block formation with the order of lactation as blocks is
a useful tool for the reduciion of error variation whereas

S

dates of calving does not very much improve matters. It may

be pertinent to point out however, that it may be somewhat
effective from the demonstrative value of an experiment to

have roughly and equal number of animal under each treatment

at any time in an experiment, The grouping of animals according
to date of expected calving would be useful from this point

of view,



P 4

A table giving the distribtution of effietency of super
imposition of randomized blocks design is given belows

(1) £
variance
Effispency (%) Order of lactation Season of calving.

. S.ploky 2.plots £ plots
Less than 100 - 4 13 .
100«150 ) 8 3
150-%0 7 3 - -
Over & 2 - - »

18 16 16 16
(11) Apalysis of cowariance /
Bfficiency (%) Order of lactation Season of calving
- 2plots. 2. plota, 3_plots
Less than 100 - ' 2 ) 4 7 .
100180 8 12 7 7
A80m200 - 7. 1. — =
16 16 14 14

(b) Latin_sguare design;
The efficiency of the latin squares relative to

coxpletely randomized design showed a great deal of variatiocn,
The afficlency was greater than 100 in most cases of the 3x3
squares but with sguares of size 6x5 1t is found that'ﬁany values
fall below 100, A table giving the average values of the
efficiency for the different cases studied for the various sets

of da ta is given bslows
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In cass of covariancs unfortunately there was a lack of
sufficient number of cases for averaging in the Aifferent seps
especially for 5x5 latin s quates. The results are tatulated
in the table given belows

Analvalg of variance An of
Efficlency (%)

3x3 &xb 3x3 5x5
Less than 100 3 4 4 8
100150 10 4

‘9__:..150... 5__..1_3_ o /[',_m ‘ e

It 13 seen from the table that for /c?variance whereas
in the 3x3 squares as many as 12 out of 16 cases hava efficisncy
greater than 100 in the case of 5x5 aguares only & cut of 13
show gain efficiency over the adoption of a ec;mpletely randomized
design with covarlance,

A comparison of the one way clagsification with the appropriate
randomigad bBlock design was made, In all the cases of 3 plot
blocks with order of lactatlon as a classification r.b.d showsd
greater gain in efficiency than one way classiflcation. Whemeas
in 5 plots blocks the r,b,d. showed mors gain in effioien/cy in
9 out of 13 cases studled., Ths season of calving for randomlzed
blocks and one way classification showed greater 'in efficlency
in 7 of the 14 cases ztudled for 3 plot blocks and 10 out of
the 14 for 6 plot blocks in favour the former,
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4,3 Switeh ever designs;

The switeh ever trial gave results which were really
remarkeble in that the efficiercy of switeh over with and
vithout blocks wes very high as can e seen fyom Tadble VII,
The values ¢f relative efficlercy ranged from 213 te 903
per cent for the case without the formation of blocks and
from 107 to 1031 per cent fer the cese wheB blocks were
formed, Formation of blecks in addition to the adoption
of Switchover design resulted only in a gain in efficiency
varying from 2 to 28 per cent except in the case of Harians
herd for which the value wes 224 per cent, It is thus
apparent that the adoption of switchover design is very
errectivo in reducing experimental errors,

It should de pointed cut however that the adopt:on of
the design Pequires care when the effect o{ treatments 1s
slov and the residnal effects are likely to be present and
last lenz, The avalilable designs assume that the residunal
effects last for the duration of only one subsequent period
of trial and that the residual effect of a treatment remains
the same, Ro matter shich other treatment is applied An the
pext period, Im cases vhep residual effects are likely to
be altogether absent the design would be extremely efficient,

I
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A study of the relative efficiencies of the designs in more
common use in dairy cattle experiments has been mads, Ths two
characters used for forming blocks for possible reduction of the
error varlation were

1) ordsr of lactation
11) season of ealving ~

The relative efficiency was studied against the total variation
present in the data when there—ls no uasaifimtiogfmdc. The
efficiency gained in eliminating the variation due to the envircne
mental effect of the season of calving an{the physiological character
viz; order of lactation by the method of :ﬁtting of consgtants
was computed, It was found generally that the latter accounts
for a greater portion of the variation than th'e former - a two
way claassification being in general ér much greater V8O ffetioontss

The use of covariance whixkx with preceding lactation ylelds was
found to be very bensficial in reducing the error, Super
imposition of randomiged block using both the season of calving
and order of lactation as the possible blocks of simes 3 and &

was found to be very sfficient, Greater block size tendsd to
reduce the gain in efficlency, Covarianae, dus-to—dscreasing

Latin square could be super imposed only in few cases due to

non-axailability of sufficient number of animals, But with number

breg ke d“\}'\f\ bt v
of available cases, it % found that)J laﬂa—eqﬂaroaffég'—my
. I e d
useful in reducing error, %—m—e-f—mm-iaaeunzéo—as-m_tm
&N

The switbh over design was tried with 3 treatments and periods.
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The efficiency of the switch over design with and without
blocks was determined. It was found that switch over in all

the cases gave very useful results giving very high percentage
galn in efficiency,

L S LY
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Table 1 (B
1932
Total

Red Sindhi ZRangalore
1928
Order
Quarter

First

MEERE

UMW
M h/
NN
@ i
Hedom

VO &t v
. lﬁ

S BN 2 :

Y 1M

*ririrp-

‘Nﬂmﬂ

888t

Second
Third

Fourth
Total

19

1837

MHHWS
DO
DNWNﬁ
*HWWS

AN N
]

16
43

NHY 0N
~

N rw

NMM s

NN O

wHONAO®

First
Sscond
Fourth
Total

Third

1948

~

13
19
12
12
56

~

o
o« S

WENNY
~

1 NNMee

]
| @ﬁﬁ

t*ri 10

First
Sscond

Third
Fourth
Total




Table 1(C )

923

GAY.
Order

Quarter

Total

b

1

Total

Het 4§

tNMYw

Ne 1 O
M~

al-R 2 ¥,

W 06w M
@ ~t

t ot §i-
‘N

NN

weumw

~t 1~
L e

108HAY

First
Sscond
Third
Fourth
Total

1044

1937

~wo-Neo
]

AP
.

N
S
€0 A
-

L Tal iy
@ ~

12
13
11
18
54

e laly el

ML

el o o0

NMmNe A
ri

WWWWet
N

Third
Fourth
Total

First
Second

1948

First

a/4a3

1NN N~

ANt

NN

it~
N !

mgwba

Second
Third
Fourth
Total
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TARLE VII
ok pn,
The Efficiency of sutchoverZ (¢4

EFFICIENCY OF SWITCEOVER EFFICIENCY OF BIOCKS
HERD WITHE RESPECT 70 SIMPLER DESICN I
| WITHOUT BIOCKS WITH BLOCKS ~ SWITCR-OVER
HARIANA 850 1031 324
REDSINDHIX 429 107 102
RED SINDEI® 320 b1 113
THARPARKARL 903 521 128
THARPARKARZ £13 300 lo7
x EDSUR
® Bangalore
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2 Unveaned,
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