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The role of statiaticai planning in opeuring tho validity
and cshancing the officlency of exporinentatiova ic bogimnning to
bo rocogoicsd in the field of anim2l gofonte e in th-t of nori=
caltural rocourch. Lesigsna guch no complatoly rondomiced depipgm,
recdonicod block doslgn vnd 1atin sguare dosign are Wming inoracoe
ingly apolied An aninal cxporimanta. Tho Crosa Over Design o
oviteh Jvor Desicn 4o found to bo opecinlly suited to chozd torm
ardmal csperirunte. '
iho largept cource of cxnurimental error wvariation in

unlnal exxrimente is the v ri.tion cfong wnimals duo to theip
g9m0tlo swu physlolo ic. ) dinsimiluriticoc. Tho v .ristion due %o
ho ol lopoatinl ylolding ool ity of enimal fo rexoved to sa oxtent
Ly tho convonulonal proceduro of ouit.hle groupiing of the.anionls
ud da rusdonicod blagk wad lutin cguiro Joudgne Tho rosidunl
orrer v-riacion 19, howovur, otill substantial, This variation 4o
w0 80 Lo elimin.tud slugpcthur by aptlying to cach asisal all
tho t.  uonts $n coQuunco. In othur words an expordmontei unmie
recodves U Teront treatmonts in difforent poricde. Ry thie roans
tho orror v riation 4s ocought to ba reducad. & doelgn which incore
pOr a5 $hin coweupy 1o kuown ad Chanso Over or Switch Ovor ~Oasign,

2y 07 the charascrero studiod such as pdlk production, growth otc,,
c AW & ¢ .n7e with cdwaeo 4n period, The poried to peried

vurl wion o provenmued fron of ‘eoting the stody of tho tre toont
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differoncen through rendering poricds eod treatzonts orthogonal
by having all the trestmonts occur in tho dosign cqually froe
quéently in each poriod,
Tho doaign con bo usad with any nuzbar of treatmento
gabjoct to tho rostriotion that tho uuxbor of amimals wmust bo
o miltiplo of runbor of treatumonts, Thoss dosigng are most
gntablo for ehort term oxpuMponts, bocauso 4F tho cxperimcat
1o conducted in guccessivo lactations, the doration of tho tine
in tho complotion of 4ho wholp oxporinond would bo too long and
thore 4ip tho risk of aniial logs during tho cource of oxperiment,
In tho prostnt work, a study has beou nnde of tho rolativo
efficiency of thn Svitch Ovor Design in Atp various formy with the
conventional dogigns vis., E!xpmmplote!g rondomicod doaign ond
thas randemicod block doslgn utilicing milk ylold data. Tho
chango 4n officicncy with different typos of blscking has beon
invostigatad, tho utility of allowinz a part of oach poriod
undor unifors trootment ond taking tho ylold in the proetreacment
poriecd a9 o contonitant varinble hep boon oxawinced, Tho offie
olency of Eatra Poriod Switoh Ovor Doslgn has alco boun otuficd,
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RE¥LisH LIT: RETURE

In the gtudy of officloncy of designs, uniformity teials
ploy so important role amd a large auzber of triele have been
carrdicd out in tho field of agriculturo, Cochran (1987) has
givon a ligh of tho uniformity triasle conduoted in tho egricle
tural fiold,

trd fornity trial data can bo utilieed 4o etudylng tho
rolavive e. ficlency of difront desigus by mparimpoa;ng the
dedimm. Tuton (1936) cowducted en ifovostipcation on uniformity
rial doty on Orusd treos and showed that poottiowfactorial
arrengesents stublo tho block siz2e to bo kept within ldmits
without the usze of rapoat.d coutrols, ond 16 wmoro officient
t..an the raudoziped block dosign contelning all warletiop in
a tlock wien there 1s a oonnpidarsbls soil hotercgencity. Ho
fourd tho gnin in efficioncy to vary fren 6 to 57 percent,
voc.ran (1941) utllised tho rosultso of uniforoity trial datn
on w.wat and corn to otudy the rolative officiency of lattico
squ.re deglgn and found 8t to vary from 104 to 128 percens,

4 comprehensive study of uniformity risl data on tho
au0po and size of tho plot was wmode in the {eld of sgriculture
by Falrfield .mith, B, (1933} vho dorived an campirical rolatisn
of wido aprlicatility butwcon the v-rianco per olot and tho also
of the plot. This ezpirical relation hasp hean of extonsive une
to tho agricultural statizticians, Yetes (31938) conducted en

oxporimont on school children in the fileld of mutritiocn. Fe

-18‘-
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degeribod throe typue of dopign with four troatments { &
rutions) end chowod ono muthod of allotting the trostoont
in tho dopign aver othor two depigns wes 80 porcent more
officicnt.

Joe work on the study of dosigns suited to anigal
axpsrizantation hao been ¢rrried out. Hrandt {(1938) diccussed
what Lo €alled douuvlewrovarsal trials with two troatments
tricd on cuch ardoml in fwin. Cochran otal (184d) have
diccuszed tho use of owltch ovor dosign in dairy cattle
fo.ding exporinont to sscure ecuurate coapariaions of the
of *-ats of tho rutions and unblazed ostimate of tho oxpori-
ruby 1 orror. Toylor and Arostrong (1933) dascribod the
ol {cloacy of tho dosizo such as doubloerevorpal triala
luvolving two troztmonts and p perieds and incomploto latin
snre, Thuy revorted it after omittin, a rov or column of
s ia-10 square, 4 ip rougonutly officient. For short torm
X ~Tlocabs such as cxporamont of ond lactatien duration, othor
suul 0 Bko woudon . juuro waving £n4ll uvapber of treatmonto
wo 0t ui aly efficiont. Lucas (1980) discussed some oritical
Tsavatus of good dulry foodin,, uxpurimonts ond tho usefulnsgs
waul 0. ficiciloy of the ..sigus such as rotational typs dosign,
GuleCa acx or ¢ ngo sver dogif.f.

wdbrehounion (1561) worked out the relative officicney
of 'a.doolsiu block desipn agalnat the totnl wariation
pro.aftc du the data whon t .o was ro classificntion mnde,

iho efllcloncy was alco cosn aftor oliminating tho v riation
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duo to the factors vim, csaron of ¢rlving mnd order of lactation
with aniwithout tho uso of en awxiliary voriablo. Ho showod
vhat tho degign using ceason of calving for forning blocke was
coro efficiont than doalgns with blocko beesd on the order of
lce*ation, $he randozieod block donign anf latin cquare
dogign woroe aloo suporimpoced ard found moro officient than
othur casigen, Ko did sors proliminary work on tho sulteh
ovar degi.n and showod that suwitch over dosign ie corgbffictont
then randomiood block dosign,

Lo prowont study iavestizates toe uco of Change Jwer

wwslon fu a ofe dot iled wrd curproio.aive nma .or,
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whon en iavostigation 4p crrricd out by gubjocting
a typical oaporirental matorial to uniform treatment and
colleeting tho data on tho smallost foasiblo experimontal
undcp, such & triel is called “Uniformity trial®, 1In egri=-
cultural oxporimentation, the availablo nrea under oxnerimont
19 coun vith a particular variaoty ond is paintsined under
wniforn tru teemt with regudd to oenuriel and cultural
operxtiond. The czperimontal nrea g divided into a moibor
of @z21) unicp end thoe produco of cach plot 4is recorded
£a"arauoly st uurvost, In cuwa of silvicultura)l and
orilcultural :xsoricopta, tho lot may consinto of a
uvin: ls urco or a Doup of wrcug. Jimtluarly dn tho [lold
s afmal suloras a8 51 v wuinul or 2 roup of animclo
Lavd 23 & wa of Lul8y vo BbiLucep wn apoPinogtal undt
4 @ dses 00w Lubor OF sweh Lidtsn palnced ied undor uniform
Waul.dousd 07 fuedluyr wed apasemunt can bad  rogurded co

Y uraley g,
tu oo chu “ollowing :orda ave huen wuien for the

1“\-’0 . N iJDB‘

1. 20 sard b oagracaleural College, A-nand {uaj arat).

2. .arisa balvalo ard et 7Altary Tairy Fura ‘sbula Catt,

(- wijubie

dw 4 ta ware rugorded in the form of history shoeto (o

erw el 1 w.ving tho relevant informtion euch as bdrand numbor,

~iftw
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nozo of tho tull, date of corvico, dute of cnlving, lsctation
order and ite yiold, lactatlion length apd dry poriod ete. b dAly
211k yiold records worc eleo meirtuined in a goparato roglater.
Tho amipala in each herd wero meintained under a comrton Danage=
zoct with uniforn trootzmont of focding at tho sarip placo.
Puta portcining to the dnily milk yicld of 40 Honlrs]
¢oug ¢t An.ud 1recordsé in tho portod May, 1682 to Hareh, 10909
ad 24 Kurrah baffaloos at Anbula Cantt, recorded in tho poriod
ron ocuzhor, 1934 to ictoboer, 1935 woro considered for the
suvuediauion, (oraally 4t L2 edviea 1o to sa]iécf. t ogo
w 4.-a10 for tho invedtis tion whoos duto of calving fille
uuliug o short intorval of time, so that tho lacteovion pericd
2OrG OF loud wvarts ot the cuiie timo, but in cuse of Konire§
¢ b Daud duo w exal.or nubor of enimals L.io was tod
+ ~3T10. .10 wnimalp bolon,.d to difrerest orders of lucine
1t weolds W™ 4ur w rbuormul lec suions wors 1£6 oud
~ A aalyeln dhi cutzus 2° sbuomalivy wore atortion,

woasd WAL L0 2 oallule, wwr lovails tout the naturo and

- owl v e tuen vO 1 vr in *ha 2-pondix,
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PROCFIALS Op 0 LYSIS

e Gonecopt of Efficiency:s Ap statod gur’ler tho principal
ain of this work o to examine tho relative of iclonoy of
chango over dogign which $s of particular ueo 4in the field of
aninnl sclonos. A norto on tho concopt of offiocicncy would
mot be out of plucc,

fho cost comrmon msasuro of officiency that hap reciovod
tho paximum uesze 48 dus to Fighor, Ho defined tho reciprocal
of tho popul.tion veriacco o As the %umuant of inforoetion”,
wbote o 1o tho varlencn por exorizontal unit 4o tho
voral. tion. If o * wore lmown oxnctly, the information

would ba "l; otborwiso the 4 formation 4s ostimatod op

¢l

i
ne3 £

vher: .32 ia tho estinatud
OrOr L o o ,4al0 Colegwiuing to tho duelign and n ic tho

ambor 37 au reud 0" “revdon on wdch a‘a io bused, Compurkoon

vl ves  ® a3 in eupoce of officlo.cy connlols in compiring
0 Tuu, veulw ooun g of 4 Jorzmation obu.iaed by the deeigns,
w Pulsddv oficlonoy of tho first dugign to socond io ¢ e

oo L tou uy

(me1) (o5 &

(n, 0 1) (ny + 3) Sf
The adfustmont factor ("1 1) (ry +3)

{ naol.) { 3103)
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is of jumportance only if n, and n, arc gzall, otherwisoo

tho efficienoy could b moagured by the sioplor exprossion, -

%] 1P

Patteroon ond Lucag {19%9) have dofined tho efficiency
of tho doelgn X compared with the dosign ¥ as the ratio of

tho product of tho nunbor of obeerv: tions and the varlance of

a contruot da dosign Y to the corresponding quantity in dosign
i i.0.

whore Vy and v, avre tho variancos of the dogigms Y oand X,

w3 n, @nd n, aro tho guzbor of obearw: tions s tho dosign

Y una 4 ™. xctively.

.9 oCh Ovor el cny In a cwitch ov ~ deai n, cach animal 4s

10 va " ow a coquonce 0 all the tr: tnents. losigns
faval rie, ouch o ellcal arrun uoants of trouttent soquences,
cawvtd o Ovr saverul perieds in order to raduce tha orrap
ve darce duv w tho vurl ddon botwuen animels aro knowh go
¢ *n., over ool o® or ? adtch over design®.
a0 thu ordinury . roup trial, uiere oach animal

rewslvug wuly a aingle treatmont, the aversge oiltk yiold
vuricd upart fron t.hc_r roault of tha troatment with inherent

sleldin, wullity of tho animal receliving the trestnont,
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Sinco animals aro highly variablo in thlas respoct,tho oxprrie
nautal arror from this source %5 often lerpe, which may otly
be partly roduced by okilful grouping of the amimsls, The
gwitch over trial climinatog thia source of veristion by
aglving ovory amimal all the trestmonts in eoqueance. 1t s
10t however dopirsblo to give thoe sxme soquenco to all tho
acimals. Milk production roto usuaally inersasea for 4 tim
after the oalving, Aftor attoinding, the poak preduction rite,
a rolatively slow declino oxists towards the end of lactation
poricd, thon the dooline mostly ccueleratos, The {mitisl riso
end lator declino in production rato vary from animl to
aninel in r‘asp'mt of “ota cmount and durution, Thuo if an
caimul rocodven tre-tmonto 4, 3, € in ouccsauion B, will do
tested ondor tho wost productive pordod amd O during tho
leuot. This difficulty o to be over como by deslgning the
8s: cTiRont oo that in any oxporimental peariod, an equal

cbur of animale are rocuiving e.ch tro thonts. In othor wids
porlod to wriod v: riuaclon ig removed by puking tho trestisnto
ori o 0.ul w piriods. Tor instance, ond third of the anfmals
cip ¢ rocuive tho suousaco 430 , ond third coguencs BG4
«d uns tided ths socesnde CAly  &ith thip arrangement, thiwe
ox: «risonval poriods wro equally roprosentced in the averago
211k yield for uuy troatzont, shus an  applic: tion of the
l.tin ogu ro typo of arrongopent batweonn pericds and sots of
suinala rosultod 4n the owitch over design up  shown in tho
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following -
ta of enionlg
4 = 23 ’
Poriods I A B c
44 B ¢ A
I ¢ A B

Tho mmber of aniﬁala wonld b2 a multiple of nunbor of
trecatmants ond punbey of poricds would be the como as tho punboy
of troatoonta,

Howovar, the effocte of tho laotation curve are rpt olini-
natod from tho exporinental error, ?lesn tho natnral‘rnto. of fall
in ths yisld from poriod to poriod 4p szme for three groups of
aninalg, Thus the groups cay ot bo msde simply at ranﬂom, tha
object chould te to obtain groups which are ap sivilar ac poosiblo
in tho rates of fall of their loctotion curvee. Thus thove
could % guitch over dosigns with or without blocks,

A cozplication which often ariece in the caso of & switah -
over dopign 4p that gince onn treatmsnt follews apother, tho
obrorved ylold 1s ths resultant of diroct effect of the trostmont
givon during the poriod and the restidosl sffacts, i€ any, of the
precoding treatrents. If such residunal offoots are precent; simplo
averages do ot givo unhiasad estimatos of tho offects of the
troateenta,

This probdlon-of carry ovor offects can bo doaltiith fn two
woyse Uno way 1a to odit from tho rosalts thBse parts of tho
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expoericontal poriods which appesr to ghow orrry over effocls,

Thin mothod 48 at bast come what arbltrary, and would bo une
eatigfactary 1€ carry over offscts poraictcd through moot of the
gucceoding periode. Alternatively tho direct and residual offects
can bo estimatod by uning a dooign 4n which all) ths cyolos of tho
orthosonal latin sguare are ussf, Beatimation of corry ovor offocts
and direct effoct Lis posgsible in guth a cops undor spoclfic evdeny

assuaptiona, For axample, for 8 troatments, wo would have tho

following doolgns

gots of animnds,

i 2 3 & 8 @
pariod X A B8 6 a = ¢
13 3 ¢ a © A B

11 ¢ A& B B & &

sor ontimating the carry ovor offects tho following assump=
tlons ro oados

1. wach trogimont ofioct lants for that porisd and only 'om
subsaquent pariod.

2. Thore 45 oo inter..tion botween tho diroet and rosidun)
effoct L.6. tho diroot effect of any troatmont s the
cirg, o nuttor yhat ths provious treutzond wap and the
rosidual offoot of a troatnant is sone, no tattay vhat

vho poxt oreatoont ds,

The unalyocls of tho deslgn fa based on the following linoar
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Caco I1  Sviteh ovor Dasign withouy blocks

Tign T8 %0 * % * %, ° Ogm

whoro yuml o tho wilk ylold in thes J th period of tho i th
amnal given i th troatmont in that poriod end h th troatmend
in tho provious poriod.

B 15 tho genoral moaa yicld.

ay is § th enimal offect (12 4, 8 coe 3 (¢ = 1))

p, 4o the § th poriod offect ( J = &, 2 ves %)

4, o tho dircct effoct of k th trentwent ( k= 3, 2 veet)

T}, 36 tho rogldual offect of h th troatmoxt on tho kth

trocteoot ( B2 3, 2 400 ( t= 1))

cd °1jkb is a randon varisbls vlich 1p dletributed normally
with oan goro and varlence @ -,

Jdthout lowo of gonsralit: we can agsump that tho total
o ‘oued of ths periods, troatmonts, animals and rosiduals to

ta gero. In othor words these ofruocls ara meagured ag doviutions

fr.a 2 worion Dued 1.0,
Lo, 50 420 Yo=0) rad
"1 7 O g3 5 b
s 4 Y 3l vanss sbsorv: tions which were mado undor the
3 oo ofcot of thy k th wre inont nay bo denoted by '?k and tho
@ bt ol ue vewrvations following tho periods ion k th troate
= 4 w.s x A4, or in othor wrdo trom undor the reaildual
v ol

Gir k Ta troatmont pay be demotod hLy Rk. 4 4o tho

o ul 07 .o § th twjusnce of the trouiments cllotted to tho 4 th
.;11':...-1.
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Fron tho mdol wo can ostimto the direct residual,
amimal and perdod offects through tho loaat squaro tochnique.
Tho cormal equations for divoet, residusl end anilmal effoeh

aro as followny
ot(t)onet(daayd «(t-d)n, sevanen(t)
Bw (b ..1)2 2 e (tad)® v~ (t-1) 8, - 2;’:&1 o (2)
(4

thoro g = thoso aumbar of cequancss oy thoso animgla. vhoro
the k th troatosnt laste, |

A‘utm Otd"*l'(i)
vharo r{1) 4o the residual affcot of the treatoant applied
in the lagt pordod of tho & ¢h soquenco,

2dding a1} thoso eaquelcos wharo & th troatment laots, 16
becomes as '

Esaxnt{uumegaa‘ - (¢ =1} x,

ar -4 t+{t~1 - {(te) - secsscheEre s
E;‘*“‘ Juoe( )"k‘ﬂ):gﬁ ()
¥altiplylng by & to the equation (2) and mudstitubing

thore tho valus of = ¢ E a, from tho equation (B), ws go®

a8
t.ak-}‘;aiuta (t=2) ne (t=2) [ ¢ (t-2) =2 _Jn
B

- t (b-l.} dk ..‘OOI‘I‘!U.(G)

4dding oquation (1) and (4)
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2
o 8B T, @ ¢t _(t° =1)
Rl = 8 By o Es‘x’ x° oL o
* ‘t - 135‘ (M) - Jrk .otoooao.(ﬁl )

Bence B,8, dus to rosiduals aliminating direct offectote

. 3 [Eaf- ( En,;)‘}
o=y gy | ®)

Similenly for colving tho direct offocts, moltiply tho
oquation (1) by [t (t=a)es ]

[o(tea)er 7 1, = tit-dn [sit-1)-3 Jo s(t-2) [tit-2)es J8,
< (=) [t (o102 T 1y ceecerenn(®)

/ ¥
A8ding equedion (Ef and (7)

R Rk’E‘a’ Loit-2) -4 7,
It}
at (te1) (1% me s (1) /8 (t2)2 T4, oeuninl(B)

Thorefore the 5.8, due to direct cffects oliminating the rogidunl
effoct is ogquel %o

i lir?kg - ( :?; )a}t -.o‘s)
t(t=1) 081 )1 7/ 8 (tm1)-2 7L ¢

Viry o 8 (1) [ #(t=1) <2 J77

Vi) = ¢ (1) L% (t1) -1 7 £ (b1) 2 J >
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Rulo for tho varlance of & ond &

For =~ cultiply the coafficlents of ry end By from equation (3)
apd T

For dyt~ mltiply the coefficienta of 4, and D from oquation {8}
and o

Similarly thb variance of tho differencs of the repidual and
diraot affocts ara an

(r, ~ c) 21@0"" .
L P R

w dk_d;‘)‘a“[i (t-1) =1 J o™
t (1) [o(te)) =2/

fule for the variance of the differences

For r, ard ryt=  ratio of tho coofficlsnts of ry snd By and
zaltiply by 8T F

For @, asd ds =  ratio of the cooffialonts of 4, and ¥y and
anltiply by g™

Thoe mormal oquation for comwon effoot o, period ond
sninmnl effects becomos

: a
Y svee &3 » 4 . ¢ ‘t"l)ﬂ eevseass fOT' G
1155 1}kh

I, . = f..&:.'_:_o H{t=1) by eeeerenecsfOr porinde
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g = Lo

t traveaasntroacsanes 10T animal
8 (t-i) a

The 5,8 duo to psriod and animnl effects fgnoying the residual e
affact oro

2 2
z Y..j. p; = r Y..J. - Yesee (lg)
t ( tel) 2 (1)
and

Ly = J:af_—- A

% a ...tt‘t...ﬁ.‘n)
t° {tel)
Total Sut of S ) R
€1 oquores yijm soea ----00-00(12)
2 (1)

vas IT: Jdltch over .osipn with blocksy  Cup-ose tho aninals

=0 groupud into tho (t~1) hogogencous blocks baced on coms
churauir, he totul degruos of froudon / t(tei)=t / for antmals
.ro divided fawo two groupo, (t=1) duf. for locka and. (t=3)° d.f.
booWcus ninalp witia in blocke, cnd thors will bo weome inturzotion
wiveolt poriod misd .lock. For the onalysis of the doolgn tho linoar

mueos 18 toakun bubt for convonlenco the model is
R TR T I W T DR
wlot egp is tho L th anionl offoct &n the I th block
[ ie1tos /
Ijk is tho effect of intorestion batwsan § th poriod and

k ta block,
b, 40 tho of joct of tho k th dlock ( k= 1 to $=1 )
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and °:l 1k io the readon enriasble.

Lot By ond € 5, 40 the block total and § th period in
the Lk th block reepoctively. She mormal equations aro

Y. 2
el ¢ 0D ssessscsnsanssaelll
% ° o0 k 4e)

| J
.Itéka toe t Iak L2 hk « ¢t PJ "oat-ooco(m)
The A.8. duo to block 1a

Doy s Dol - _x.t
2 2 (te1)
4 L. 3. duo to interaction io Y. sk Iji:

-.o-ooonnom )

3
or Ef.jk - Y--aa '

%

= 8 3. duo blocks- 3.3. due
t3(t-1) '
to periods e....(19)

Tha 3. 5. tetweon animals vithin blocks nay to found out ty
pedsvrueting tho .8, dua o dlocks from the 3,3. dus to tho minals.
Toa the tovul »ud of oquarg all those J.o. sra cubstragtod for the
erioPr cuz of CruLIog,

20 TITs If tide cot g reps ted q timos, thore gplutions
venadn tho 629, Tho coofficlonts of n, and Gk are sultiplied

Wy Q 48 vues of rogldunl and dirsct offeot and the L.H.S of the
. «auions (8) and (8) dooa not alter. Othar torms may bo added q
w208 und thoe divisor for sum of eguaves ip saltiplled by q. Thas
vu 1ancws of tho difrerences botween dirsot and rosidual affoct are
aivided by q.
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Analysie of Pxtrs period Design: Lucas (1959) proposed a

rodification of the switch ovor design by odding an extra
poriod to the basic latin equare dosign. The troatments of the
last pordod of tho basic deslgn aro repoated ln the axtra
poriod, Eoro ths direct and residunl effects aro ortbogonal
and the informstion por chsorvetion can bg inereassd. the

following 4o an example of oxira poriod decign for 3 treatments,

Sats of nnimels

i 2 3 4 . 6

Tariods I a B ¢ A \ ¢
11 9 ¢ A ¢ A B

1.1 C B B e A

1y c s B B c A

Tho doubles nuricd with the acpo treatment 4s conas..dum&
as o wehara 0 poriods in the anal vie. Th.a sate mdol 4g token.
Wi wuB ke to bo flcted for dircet, rceidunl, anitinl, poriod,
twock wid intoruction totweon block and pordods The estimates of
auimal, roriud, block and intorzotion effects Wlll ho tho amms
vxcont for he divicor of p. For ostimating the direct and
ropldual offeet, lot

rka Zyk end Rkn Zsk

LIS 15 tho yield of undts in tha periode in which &: rocoaives
o k ot treatmont end By 13 total of the imwediately provious

ylold. Assuzptiong are same ag in gwltch over Qeglgn. The noraal

oquavions for direst and animal offecte are as
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4 2 ™
Ty, = 1" =} * t“'l) ooo-.-.no(&)
k= ( o ( 4, ’iLﬂi

whoro g 46 ssquoncos wiero the tronteent k lasted in the

{ pel) = p' th poriod,

A"n p' o+ p‘ a!' * dk 0--..-.00--00..:(2)
ca ing ovor tho g sequonces

ra3{ted) PO p te1) & seseef3)
L= (t1)p o pL%alttl)k (

or

mpt Loaga (ted) ptwe (=1) @ = LAy
jog i=g

11*4plyin, wuua lon (1) by pt and substituso tho valud of =pt J o
fl..il &3,,&3 bﬁt
2
‘; = pt T, '&*1 = b(tad)pt &+ (t=1)(p* =) & +see(d)

wiCO L.ue due to direct of ©e .3 oliminating tho eningl

a.'oul 8

2 _ A(te1) (pred) (pt =2)
¥ whore 2 = o (tol)

Jmili.ly after oldminuting puricod offect and igvoring
1 wuun ooythe rusiduasl effoct is

>

P, ,K-—‘Q;'_. (‘Jk-P
pi=1

1k )

wharo 'y, = to .al ylold in poricd lct of all “locks
recoivin; tho k th treatmont,

% * wual yiell of tho sme block over all perioda,
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2
and 8,8 duo to rosifusl will be L. R,

i

¢ 9'2

whero C o ~Amb) (pte1) (& pt - t-i)
p' { t=3)

2 ‘
v (4 ~ da,' } s —-‘;i-— and V(rk-sk.} o _?.Ei

1o ¢rror moan square of tho doolign.

WhoTo o

A bertar ogtimato of orror ray bo obtainod by omitting the
first poriod yiold., Tho ostimatos of roaidual offectsn arc obtained
Gwdrely frua tho 2nd4, 3rd ... p* th poriod yields, and 3,4 due
o tho disoct erfeet is roculoulated, or purpose of convoniences

ds will bo roforod to ap tho rodifled extra poriod switch owy
doui e

s4e-Fh mo1d 4,0 of tho Tosiener Io ordor to sotudy the sfficioncy

0. Sdlueas ovur dusl o, the dosicn wue euperimposdd on tho unie
ivtdiy v wvilaclo, Throe, four, and five treatuents and
WOa 00 0210 ly thrvo nuriodo of 80, 60 and 80 days ocoh watg

giw 1.3, duwe 1n the mafority of ¢ .£os, milk yiolds upto 250
wyu w0 Widluwlo,

+4uw0bion in ercor vad anco duo to the uso of concosdtant

v 1. 12 v .0 Suwdod {n tho following way. At the otart of oach
~i10.7y thu first throo dayo yield for 50 day porded and 8 days
Ji.13 far 60 and 60 day portods wero excluded for eliminati{ng the
1-: yulir yloldp Suriny the suitoh over. The next soven days
1012 15 80 w.y poriod and 10 days yleld 4in 60 and 80 day poriods

W u wilon o copcomitant varisblea. Ths undoriying assunption i
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that reaidual affoeat ia gmall snd le over during tha short poriod
of carry over and that the rocording of the convombtent yviold
undor a gtonfard uniform troatment would roflect the varistion in
porpistence gmong tho enimals, The first poricd of 7 or 10 days
period nay callcd standardisation poriod and remaining 40, 43 ond
6> doys exporimontal voriod { Lacas, 1980). The following toble
caowe ho distriuvution of dayo for &ifforent coriods.

Total pariod Corry ovor poriod Jtandardieation Experimomial

pordod (X) peried (X)
50 3 7 ©
6 5 10 @
0 5 10 6

"5 atundardis: tion porfed ylold (X), vas uced as o
cotuodaue variace ond oxpuriment 1 poricd (1) daye yiold ce
o cudn, v ia.lo. Jurin; tho standardigotion poried, all the
Adeads w oo wwd for cax rimuat cwould bo paintainsd in a
4 id Ras0r Wb Comion arduanent. ot the cnd of stander-

o0 dun ~ dod, vacd cuiosd woud B evitchud o tho appropriato

& oTabsu ol tro. oot

i oo, lockns  The afffcioncy of grousing of exporicontal
wall } Jor fomdr, houogoncous Blocks on tho basis of the followin
3L Mo wfo wor oxcaincd,

1. ~ .00 of ¢ lving

1,  ruvious lecuation yisld

3. -eralotoncy of ho milk yield in the provious lectntion,



-y 23 t=

For forming blocks acesiding to scason of calving all ths
treni numbar of andmals were arranged in tha ordor of tholr dato
of calving ond gots of cnimale with cloes datoon of calving oqual
in pushor to tho trontnmto were teken ae blocks., Sioilarly oll
minalo wore erranged on the baols of asconding order of praovious
lactation yisld and blocks wsre formod. Gimilarly the porodctoncy
of uilk yicld was caleulated of sach typo of poriod for cach
animal end blocke wove formod. {(The paraiatan!w 35 tho vatlo of
tho last period ylold ta the total poriods ylold).

Analvsis of vardancg table of the desians In case of uniforadty
data the treatmont 4.3, will bo merged with the orror o of
squaros. Tho analyois wad domp vithout apd with blocks,

i. blockss Lot thare Lo ¢ trostmento cxd ¢ p
19 tho nuzbor of animalo whoro r is tho mmder of latin oquaron,

In complotely randomisod doeign,ons treatmont g allotted
to r unicels randatly and in cwitch over dealgn ths soqusneco
of t trostmonto 1 cllottcd randonly t¢ r aninslp, Aftop overy

poriod the trcatrent will be changed. The analypds of varlencs
w2010 4o given bolosus

8o anco tab
229rce of varintion d.f. M5
% Lwect poriods (t=1)

atvwern animalp (tvr =~ 3) .~§
esldual (t=3) (% r~1) %

Total 2rey
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In the corresponding complotely rundomigod design, tho
error varianco for one single poried will bo %. Thorefore, the
comparicod of § against % will give tho rolative officlopoy
of euitch ovor design without blocks over completely randomiced
doslgn vis

; &
Py Eolative officiency o -i;-
/ y

(ien the ediustment factor was ignored).

s
#

r

2, 2. jnolyndn of cwitch over domism with blockey When tho
blocke are formed, thore will exist ths interaction botwcon porlodn
and blockse Rollowing is tha akolton of analysis of vardaneo,

Analysis of varisnce tablg,

fourse of variatio d, £, ot

petwesn blocks {r~d)

gotweon poeriods ‘ (t~1)

Blocks x pariode {r-2) (t~31)

Botveen aniials within blocke | r {t=1)" &

Error r (&-1.)2 Sg
fotal (&8 v =)

Tho praper crror variance for randomieed block design will
,;i 1.0, ToBD square betuoon aminols vithin blocks, ant for Guitch
owor design with blocko s & Thoreforo the relative effictoncy
of eltch ovor dogign with blocks rolative to rapdomisod block
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donign would bo 9. igoring the edfustrsnt factor.

€imilarly thoe conpariecon between af and @ vill give
ths relative efficisncy of mdtoh ovor Gesign with blocks velativo

to without blocks subject %o ignsring the factor (ne 1)(n'ed)
(ns3)  (nts1)

vhoro o and n; gre the d.f, of sultch ovar design with ond with=—
out blocks.

By taking the oxtra pariod, tho efficiency was compared
in o similer fashion with snd without blocks. Tho enalysis of
varianco table is givan belown

(1) Mthout hiocke

Ana 80 anco table,
Jouseo of veriation g HaBs
Latwoon pariods t
Zotwoon aninals tre-l Sg
Residual | ¢ l(t © =1) § )

Total tri{tei)le=1
(11) mith blockms
Annlysia of wvarfancs table.
u ) 1\ . £, MaBe
Potvesn blocks {r~i)
patweon periods t
3locks x Poriodo t {r-1)
Animalo vithin blocks r(t=1) &g
Error By substraction Sg

Total tr{tel)=1
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‘Tacas (1959) svwowed that better estimntos of the regidual
effccte con by made ontirely from tho rosults of 2ud, 3rd «eoe
(t+1) th periode nfter leaving tho yicld of 1lst period. %he
rolative officiency wao obtained ap earlier. The mnslysis of
variance table of thls type of design regcmbles with the swlich
cver doesign,

The officisncy of Extia poriod doglign over the cwitch
ovor dopinnh with and withont blocks end the efficlonoy of oxtrs
period design uftor loaving the let poried relativo to tho oxtrn
verdod dosien wvith (t + 1) poriods and switch over design with ard
witbhout clocko was aleo comparcd, with the proper Grror Dosn DQUATOD.

In the analysis of covarianco the following mum of squares
cud cu3 of produc.s woTo Calculated,

Jreg of vardacion

Atvceu blocka

 § W
qm
ﬁfy

Bhac.u ps 'lods ?xy Oim
locloa p riods (I)W ‘nxy (I)m
Adnade within blocks Ay A Aex
2Tor Byy EX? Rxx
w1 ;
T Tyy T,

fter adjusting the proper error mean square for completely
s uleue J0cign and mdtch ovor design with and without bhloeks,
0 icivuuy won compured 4in tho emme wsy. The afiiciency of
~v 71 %o wesdqua dn ohe doaign with smd without blocko for
a1 wiCde Wre (zonto wan obt.inod Ly comparing the propor arror

Tu s -32.TQ Vig, Raai'«i.n ‘fé"o“‘-*"g, - £ vroe Tt .igua»&, L_i(mo,alﬂ.‘)
Evra cons fu Aguant (a_cld) -
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Bagulte,

She officiencies of difforent dsaligns for tha variocuy goto
of dato ars precontsd in o Appondix An Statowonts L ¢o B. Tor
puzan ripirg, tho valuog are here ¢lassifiod {nto tho following
groupss

1. 11 vaeluos logs than 100

3. Valuos botwscn 100 to 500

3. Values bdolwecon 501 to 1000

4. Valuss batwsan 1001 to 3000

3, Valuzss totuwoen 3001 to 5000

8. Valuas slove 5000,

Tho results are prossutod undsr four &ain heedings givan
bolowie _

i. Effloioncy of awitch ovor design.

2. BEfficienay of extra pesriod dosgin erd coxparicon with

owitch over dasigm.

8. sfficlency of modified cxtra poriod dosign (aftor
omitting tho firsd poried ylold in the analysic,
Comporison wdth cxtra porlod and switch over dosign,

4. Efficlency of switch ovor dogign utilicing tho infore
matiod OB conoonitant variate,

Unfler cach heoed, first of all, tho switch over dondgn
without blocko was compared with the coxpleotely rardondsed dazign,
-acondly, tho dosign with blocko was compared rolative to tho
ranflamieed block design, and 4n the lagt place, comparison vad
ncdo botwoen tho design wvith blocks end withoud blocke, Tho

LY

=t 29 t= ’
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relative efficiency koo boen oxprecced in porcantage in the
tablos,
3. ifficioricy of Suitch over Moolem,

The switch aver design without blocks was comparod with
the coiplotoly ramdomised dosign in which only omo treatment was
allotted to cne aninsl through oub tho exporiment. The rolative
efficiency of tho sultch over dosign was found to vary from 403
to 2737, The dotailed results aro preeonted in Statecent I{a).

the results of qompaumn of the efficlancy of cwitch
over dsglign with dlocko rolative to randomiged block daaign aro
presentod in Statemond I(D) aend sumearised in Table i, iho
relativo officiency tnnggd _batwoen 830 end 7010,

fable 13 Relative efficiancy of switch over dosign with

blooks cazparcd to randomised blook aeu@
(Poresntage) _
BEo. of treatacnto,
Threa  _Boux s -
Ho. of oots of dnta.

Bslative sfficiency in §

S s e S WD A W W SR AN W Ay ay W NG 4N AN WS P ews snp wiy gh ik B WE WD G WS W

L
¢
L
[ ]
9
v
m - Em t - - 8
t?
501 ~ 1000 ' v 8 -
L
1004 - 3000 ' 10 6 e
]
3001 =~ 5000 ' - - ¥
)
above S000 L] i 1 -
!
---ﬂﬂﬂ-‘-ﬂ-ﬁﬂ--l— - A - -y R - ek e -
Total MY 12 6

Bext the relative efficiancy of grouping the oxpericental
unite into hozogencous blocks in o switoh ovor doeign as agninst

{
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tho desizn without blocks won examined. Tho rolative sfficioncy
varded 4n tho range of 86 ord 8688, Tho rosults are progonicd 4n
detallo in Stotecont I{o) and pummardecd in Table B,

e 1 gl 1Bt o6 g o cckn

Fo. of troatments

Dolative officiency in %, Jhrea Bour, By

' Fo. 0f cota of dats
L ]
Less than 100 , o 2 ?
. .
100 « 800 t 14 10 4
L
D v il e R SR WR Gk ol wm wm e ek T O A T el AL el W WA o AR e AR W A
Total LS 1 12 6

In most of tho cages tho cwitch ovor deaign with blocko woo
found more efficiont than tho doglgo without blocks, tho relativo
sffiolency vith Dblocks buing toro than 100 &n 28 cacos oub of 34,

2, »xtra voriod Resipn,

Tho exira poriod design io constructod ty adding an extra
perind to tho baoic switch ovor dooign. A4s a rooult, tho direct aumd
resldual effacte can bo wootimetod by moans of orthogonsl contrasta.
wre elso the ox‘ra poriod deaign wanp compered Wth complotoly
randomisod doalgn crd rendontgod block dosign. Fhon tho docign
vithout blocks wvao compared with complotely randomiecd design,
the valuce of tho rolativo afficioncy waried froo 615 ta 2330 which
sbous that extra porisd dosclgn 1s 6 to 20 tima officiont than
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cuzplotaly rucdoniesd dooign. Tho masults ero giver in dlatomort
11 {a).

A conparison mado botweon extra period dosign with blocks and
the rundomieed block dogdgn ghamd that oxtrn poriod dealgn wos
hirhly efflciend aotho range of roletive efficiency voried from
716 to 13,556, The valusp of tho rolativo officicnoy are prosented
in Scatexont IT {b) 4n sppendixz and cummary of efficiencios is given
io iablo B,

Tatlo 3t "slative officicncy of oztra peripd doaign with
blocka comparedl to rondomiecd block design (Percentage)

lio, of trentzonta

oL tyve officloncy dn 3 + Throo Bour 7 \ics
: No. of sots of data
e b e e v G e e oy e B a  w m m we  an e r D e
SuL - 1000 ' 6 3 -
4960 -~ 3000 : 3 g 1
3001 - 5000 : b N - 2
wbovo 8000 : 2 i -
¥
[ T P

2x% tho oxtra poriod doslgn with blocks was aloo compared
rol: tivo to the doclgn without blocks, 4ho dlstridbution of tho
valusa of relativo efficioncy 4s precented in Table 4§, tho dotalled
valuoo boin, given in Stotdxent XX(e). Tho formstion of blooke
reoulied in doorossed error woristion, tho rolativo officicncy
being wore than 100 4n 17 cagos cut of 24.
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Tahlo 4: HRalstivo officiongy of ¢xtra poried deoign
vith blocks vigea~vip without blocks (Porcentage)

fo._of treatmento.

hxeo Eour, B
. of casoo of datae

e ww em) Gy Ay M v WS o WD WD R D M S AR W AR

L4

Rolative. qfficiopcy in @

!
A\l
¥

-n-..--.--uc--.-..-—i—l'm

1oss than 100 v 2 2 -
100 ~300 : L 4 8
501 - 1000 o1 - -
m e mmemmemmabeccsccmn— e ———————
Total v A2 8 )
di. cd Fxtra Emrioﬁ 1

tting tho 1g® poriod

In Statemcnt IXX, the comparicona arc niedo in tho ciodldr
faghion ag in the cao;o? the oxtra pariod depign. Tho nain
differcuco was that 4n thip dealgn, the first poriod cbservations
voro laftout fronm tho analyeis., With tho semo comvertionnl
eotiod, first of all, in Statement IXI(a) tho relative officiouvoy
of tho design withoud blocko viswo=vio tho completoly randomdsod
wolgn vas obtoined. It mn;;ad freo 826 to 8299%, Tho ordor of
o ficicnoy wos obzerved woro than 800 4n 21l casen excopt for tho
slugla cazo of threo troatoante of anbala,

The desigh with blocks was, uext, cooparcd with the randomiced
olock duaign. Tho valung of the roletivs officionsy are givon 4n
oo venent T1I{b). Ths desizn wos found highly efficlont and the
» n:o of relstive afficlongy varied botween 403 to 3789 porceng,

11 the vuluug wore found wore than S00 oxcept in 2 caces For threo
tr uacoud ab mhala.  Tho valuce arv classAfied dn Juhlo S,
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Table ¢ folative effictenay of wodified extra porded
design with hincks comparod with rendcaised
block design { Percontase).

Ko. 0f trostmonts
Rolntive officlonoy In B Three Four HBvo
' Bo._of sots of data,

100 « 500 2 - -

501 - 1000 é 3 -

1001 -~ 32000 5 i )

3001 - 5000 3 i -
above 8GO0 - - b 8 ~

S P

Bext tho modified extra poriod design with blocks wao
cozpared with the depign without bincka in Statement III{e) amd
tho volatdve efficiondy wns found 4n the ranze fxom 87 to 226,
The rolative effiefonay wos legs than 300 4n 5 cncop out of 84,

It vas alap conzidered usefel to compars the modified
extra poriod dosign with the extra perfod doaign and baglo
gwitch ovor doslgh, She compariecon was meds whon the dualgna
voro takmn with and withont bdlocks. It wae observed fron
@ awgzant IV(a) that the efficlancy of wodifiod oxtra poried
desi;n without blocks was fnforior o that of extra paricd vith
~ut ~locks only 4n ainglo czse et imbale, but on the contrary,
Jae nodified extra perlod design with blocks wno found 19@:3
sfficiont 1n 9 caecag out of 21, Tho-ranpo of officiency varied
frum 40 to 139 parcent Statement I7{b),

imilerly in Stotemont IV(c) whion eumpered with evitch
over Jesign without “locks, the reletive officicncy ranged from
0 o 297 and only 4n 2 caszen, tho nodified oxtra period degirn
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valao wao leas officiont, On tho othor ham! in Stotemsat IV¥(d)
wvhon wodified oatra period with blocks was coxparcd with cwitch
ovor dosign vith blocks, tho relstive affiaiency ranged botueaen
20 and 872 and tha; rodifiod dosigu wae legs officlent than miteh
ovor dosign wWith blocke; in 16 casos oud of 30,

o officicucy of utilising a prelininary uniforo period of
firgt coven and ton days oo oncillary information wao stulicd,
Statament V{a) gives the volus of emﬁam of oitch ovor dooign
vithout blocks bud with uwtilisation of concomitant variato rolative

to oomplatély rardontond dosign. Tho runge of relative officlency
voriod fron 280 to 4643 pevcost,

Hoxty the galn in efficiency dun to wilisation of onclllory
inforoation 4n switch over depign was studied, Tho rolovant compa=
rigons vare nado in two wayss

1) Io the £irat cecs, tho comporiron wag nado botwesn ewltch
ovar deatgn without blocks but wdth utilieation of coneomdtant
voriato and ewitch over dagign without blocks and no covariate
(Statemant ¥{b}), The covarianco tochnique generally rusulled fn
€alns vhich woro gubatontial for three ard four treatueata in the
enso of data on Hoakre$ cous ot Anand, tha gaio rengiog from 89
to 73 porcent, Thoro wao very amall galn in the case of data of |
dnbala buffalooas,

11) In ths sccond caed, tho efficicnoy of switoh over design
with blocks with concomitant varinto was compsred with ewitch over
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dogign with blocks withont ueo of concomitant woriste. Tho
results ero prosented in Statemsnt V(@) and are swmmarised in
Table 8¢ . The rolative qfffoisncy ranged botwcon €7 ond 200
parcont. .

gablo 63 Falative officliaoncy of cwitch owor dsclgn vith blooks
vith concomitant variote rolativo to ocwitch ovor dosimm
with blocks bub no covorlate.

1

10e O 0 ni
folativo officiency tn % , Threq Eoux &
: * Ho. of e2ts of data
v o e e . o e ww o e iy . e . - e . - . v 4 e
Loss then 100 5 2 -
100~ 800 \13 10 6

'qﬂ*-”--ﬂ--“ﬁ-;"”*-‘-ﬂ‘n--ﬂ---‘-“*-
18 12
L]

Eoxt the gain in officlency dm to blocke in mdtch ovor

doelgn with the utilisstion of enoillary information was studied
( tatament V(4))., Tho values are sumarised in Tablo ¥, The

raoge of relative eofficlency varied from 79 ¢o 228 porconts Tho
formation of blocks 4id not contfitute to officierncy whan tho
information on concomitant variate was already uscd in 9 caned

out of 30 in tho casg of throe and four treateents. In tho caco of
fivo troatoonts tho formstioh of blocks resulted in incrensing the
officlonoy 4n all tho cases studled,




=g 88 =

Tablo 71 Helative efficiancy of switeh over dosign with

blocks relative to without blocko using concomdtant
vardate {u both denigns (Porcontags)

! gplativo offtcicney da $ ' Tweq fouz Bvo
)

' Bo. of cases
-—-—ﬁ'-m——-ﬂn-“-mnwnmﬂ——mﬂ_ﬁt---.---n
]
Lesa thon 100 : B 2 -
]
100 -~ 500 s 13 A0 @
]
-H-----m-‘ﬁmbq-&—--—mwnm"—nnma-l--t-nw-
Totzl v 18 2 6

In Tablo 8, thn valmes of the officionoey are cwmarised
whon the gswitoh ovar dealgn with blocks tut withoud the uso of
concamitant variato wes compored with the dosign without blocko

tut using the conoomitsnt vnilata. Tho detailed waluss are given
in Statomant V(o). '
Table 83 BRolative afficlency of switeh ovor desipgn with

blocks bubt po covariats relstive to withoud blocko
uging coveriate (Porcentage).

Eo. of treoctnanto,
Rolative offtcloncy An $ | Three Four Five
: [o. 0f esto of data,
-ﬂﬂ--ﬂ--“ﬂﬂﬁﬂ.--“-hiﬁvﬂnﬂ_‘ﬂﬂu-*ﬂ--
Less than 100 : 10 7 -
100 - 500 , 8 8 6
--“—“-ﬂn-*-‘ﬂ'd’_—m-q‘-- s was Nl Ay A WS T Al o
Total : i3 12 -8
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Tho relstive officloncy rangod from 89 to 227 percant, The
fornation of blocks was Gore officient than tho ues of ths infore
mation of coacozitent varieto mpmm of five troatzents whilo
roverss 4s found in csse of three and four ¢rostment as tho

formation of blocks is laps afficicnt in 10 cacve oud of 30,



0n thy wholc, change over design proved for suporiod ia
cotiparison to coapletoly randowised design and randoniped blook
dosign. ThO rolative officiongy of switeh over de@lgn without
blocks rolative to completely rendomicod design veried fron
1046 to 4043 at Avond onf from 280 to 1181 at Ambala while
that of cwitch over dosign with blocks viose-vig randomised
block dosign varied from 878 to 18,836 in tha care of Esnkroj
cowd ab dnand end from 339 to 2314 in the came of Wurrch
wffoloes at Ambaln, Tho valuos showed that a very ocuch
large nxzbor of enimals would bo required in the caso of
treditionnl Gogigns to gain the oame procision as in the
svitch over dosign.

Cx0 way of olininating tho wvarintion &8s through
local control of orror. Tho officliency of throo differems
types of local control for grouping the animals &nte ‘wmneons
blooka wao studicd. lLocal comrol wap tased on tho oharagtewy,
coason of calving, provious lactation yiold amd porsistonay of
pilk yiold, Tablo 9 summarisso tho results.

Tadlo 91 Holgtive afficis noy of change over doulzn with
blocks relativo to that without block (Porcentsge)

f:l;uvn officloncy gOoecon of | Previous lretation

Yorgl otency
colving | wyield of cilk yield
laes than 300 9 14 8
300 - 500 b3 8 24 83

---ﬂr-..--‘---—ﬂ--ﬂ—ﬁ--ﬁ—ﬁﬂ-‘- - A R T LB ]
Q
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Proo the tablo 44¢ 15 cloap that thoe formation of dlocks
based on the puyglotengy of mtlh yield Tosultod in a gxin in
efficicncy in alooet all casop and the gain was highor than with
the blocks based on tho othor two charscter, Grouping of wunito
basgd on ceason of calving scemnd to do ths maxt best ( vido
Tablo 6). This finding Lo fntoregting and pragtically inportand,
If doctaitod yloldn of previons lactatiob are rod avallable, 4%
wonld ecen profurablo to bagzo the foroation of blocks on soaspn
of cnodng calving which coald bo gupssed ef ones, the Coud
ere dlagnoecd for PrOgUInST.

fhe oxtra pertod dosign conld bo otudicd for threo and
four trostoents with both tho mis of datsa, tho duration of
treatuent period btoing 80 and 60 days. Although it 1o 2ot useal
wmrm than five ptriods, with the data for cous &t
Anarfl, tho design could Be tricd for five trogtzoots and ©
poriedo of G daye sach. Tte extr poried design with throg
and four treatzents asch of length 80 daye when compared with
exitoh over design with threo amd 4 troatments oach of 60 4ays
period was found woro officicut &o altpst all casss. Soilerly
tho oxtre pordod deaign with four trostmonts axd 60 days poriad
vith guitch ovor design with threo troctmpents of 80 dayme TR
axtra porisd depign wag HERd 4n all ¢nsso pore officliond oty
tho doalgn wns with blocke or wvithout blocko,

Eoxd tho modiitoed oxfra period design was coupared with
axtra poriod doaign with and withoud blocks., $Tho cosparison with
extra porlod dasign without dlockp showad tho wodifiod desgign o
bo slightly =nre offiolent 4n guneral. But whon the cenparieon
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wag mada with dlockp, the wodificd extra porfod dozign with
dlocks was cofo officiend ofly An G0 porcont casSns

the ocooparison botwoon oodified oxtra poriod dogign
end gultch ovor doaign both with and withoud blocks was alco
acdo, In £irgt cese whon the efficionoy of wodifisd axtra
poriod deolgn without blocks aoasured with evitch over decign
vithout Slocke keeping the total period of exporizent couotand,
tho relativeo officitngy ranged fron 104 to 207. idth warying
longth of totsd duration of experimunt 4¢ varted fros 43 @
188. Tho dopign was leos of{lctictd only in two cssoe. Sccondly
tho conpmricon wAth the blocke totueun wodified catra poriod and
suitch ovar dosign eltowod the efficiency ranging from 81 to BYL
for constant poriod amd 30 to 130 for 42 cagd with varying
langth of total duration of exporimend. The design wae found
slightly lecs sfficient in caes of conateat lsngth of expovie
meatal duration taud in A4 coses cut Ri An casp of varying longth,
' fhe utilisation of concoaltand variste do switch over
declign aleo faproved tho rosulte ard fnorenssd the a?ﬁelnmf
of tho dogigns gomerally, Tho covariance techoique was soon o
pnoreose tha offfch ooy in all oacos oxcept omo. In tho camo of
axitoh over atsigh with dlobkp, tho uss of covaricuco tochnique
wao found to result &n godn the offiqionoy 4n 20 cusos oub of
88, The results of thw rolativo efficioncy of muitsh ovor

doslgt urdng concondtant variate with blockn vioec~vio withoud
blocks ehowod that oven when covarlance tocholgun is used,
formation of blocks Lo cultch ovor doaign was useful in B9

cacag cat of 38, Xt can Bo concluded that cwitch over, extra
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extra poriod acd nodifiod axtes period design with blocks was
found poro officion? that tho docign withoud blocks, vhethor
the concomitant variato wne used or not.- Lestly, ths relative
off{cignay of cwitch ovor dosign with bdlocke was also emmirnd
relativo to without blockas bub with coucomitant variete, Tho
foreation of blocks was obeorved to result in groator efficloncy
shen tho duration of each trestmsot was tskon to bo 50 days.
" 10 othe¥ cawhp of 60 and 8D days period, ths caco of conconitand
variablo wao gemorally more aefficiont,
Mnam;rtpsememMmdaMrimw
ing tko number of traatonnts and the duration of treatzont
period, It wap oheorvod that the rolative efficlecoy won®
doun with imsrensn in mmber of trestrosts, kecping the duration
a;treatmtpsriodcamt. 0n tho other band for congtant
axzbok of troatnentsn, tho rolative efficloncy chowadtls limoap
down ward trond all @oot in all casso with fncreaso 4in lsngth
of&uporlodundareach troatzont,

- ho valuos of tho relatiw officionoy were found to do
genorally of lowew crdar for tho data on Murrh buffaloshord
at imbala military da iry €arn ap cazpered with thoce for date
on Doukrod bord ot Agrioultural Collogoe, &rand which Andieatod
that voriation botvoen buffaloecs ot izbals was of the lowor
ordor than tho ¢own at Anand,
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Tho rols of ostatistical plannipg in ensuring tho
vaMdity and endancing tho efficlonay of experirontation
18 daginming €5 Yo rocoguiced in daivy cattle experivants
oviteh ovor design is a design particulorly sulted to amipal
exporimontation, In tho present work, a etudy hao boed Rads
of tho mla\ﬁvo officionsy of tho change ovor design in its
variouo forns innluding cxtea poriod degign witb the convops
tional dusigno vie,, the completoly vendomised doslgn and
vanfomisod block dosign 4n the caze of doiry exparinento.
Dadly rocnrdo of milk yield of o hord of cows and amother of
tuffaloos under unifhra conditions of faeding end nanagensns
havo been utilized for the puvpose. Thoe utility of allowing
a part of sach porfod undor wilfoss trestmstd and teking tho
ylold in prostroatsant parlon,an a concomitand variublo has
algo bead stodied,

the change over dogsign withowd blooko compsred with
conplotely ranfomdsed design was found 3 to A2 timss moro
officiont ap judged with the &ata on Kuvrah nffaloes herd
at izbala mAMtary dastry farn aod 13 %o A7 timep from tho data
on Eonkrof hexd at snend, Tho switcl ovor dasign with dlocks
wao found ts bs © to 135 ¢ines ag offioclond as wandowd ded
block dealgn with jnsrd Gafla end S to 28 t{imes cs officiemd
vith fnbala data,

In thle fovestigation, thres critaris wore ucsd for the
forwaticn of blocks,

i. Svason of ealving,
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‘ B."Provions lastation yleld,
3. Poraistonny of nilk ylold based on the previcus
1sotation yisld.

1t wos condluded thmu;aof blagke uced an
poraistency of nilk yield provided groater officiency thad
other two. Rurprisingly tas dosign with blocko based on
scacon of calviag bhaged on énaeson of calving proved to te
BoTo offi&ient than ths ane bamd on provious lasmtation yisl4,
Thrce Surations of poriod undar ccch treatment of S0, 60, end
B0 days wero tried, ‘

The cxtra perlod dasign was core efficiont than tho
ordinery avdtch over dsgign. If tho total experimmtnl
pariod wso kept constant, thy relative efficlangy of extra
poricd Gesign compared with suitch ovs? doslgh was Eoro
than whod t29 treatzond perlgd vas kept congtant and tho
total duration of cxporisant variod.

Tho nodifiad oztra pariod dsaigh withoud blocks oblajmod
by ocdtting the fired psriod was found slightly wove efficlent
than tho axtre perfod dosign withont blockn, Fho codified
dm.;.@n with blocks wnp moro offieiend tinn the corrosponiing
cxtra poricd dezign dn 603 cosse. Tho relative officionoy of
codifiod oxtra poriod dosign vioecevio the oprdinary ovitch ovor
deaign wae oore whon the total cxporimuntel pericd wan kopt
conptan® than whon it wap varied,

Tho aftoption of covaridcco tochrique eliminated consle

]derable ortor variation whothor tho desipn vap uwlth or without hlooks,
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The uco of dlockn in mdltch over donign but withous utilisation
of concomitant variaste win found alznot equally officiend o

tho doaign without blooks bud with tho utilioation of conconitand
variate,-

It wvaa obgerved that co tho mwber of troathignte wes
increcend for congtant durction of treatiosmd poriod, the solative
officiency decrensed 4n almost all tho osgss. It uas obearved
that pa the duration of troantmend porisd Ancoreased for constant
treatients, the sffiolongy fecroascd,
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APF EBDIX
Btatoment I

(a) Bfficiency of svitch ovor deatgn without blocks relative
- to coxpletoly randomisod dosign ( Porcantage).

N\

-dﬂ---1---w-“w_.‘-‘ﬂ-.-ﬁ-ﬂ-ﬁ-‘-unﬂ-—--c.—‘-n--ﬂ

of ——
troatoont
period R anand | smbala
M--- o e I R o BN - en ww W N

80 ' RYSY 408

60 ]

80 |

L §
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(b) Efficiency of switch over degign with blocke compared
vith rondomipgad block doslgn { Porcontagp).

Tengthofl CCTTITTTISIC

—

R WD WS G fge S W am e W aE W A e

troatpent Thyeso

pariod l Blocks tasod oms é, v

{Paye) 1| -~ lanond]ssbaln)inandf ambalaianacd) inbala
1. Sozeon of calving 2120 6Y0 2888 813 20697 339

80 2, Previous lootation yleld 4403 9536 1780 678 1607 349
3, Porsictency of milk yield 6309 891 010 68¢ 3393 <03

1. Esason of calving 1353 1281 2079 @88 o
60 8. Previcus 2actation yiold 638 1438 1067 - 628
3, Persistency of mlk yleld 2028 2314 2289 31001 )
1. Seeszon of valving 1601 877
80 2, Provious laotation ylald 896 833

8. Parsigtonay of milk yleld 1201 15378

(¢) Efficiency of mdtch cvar design with blocks vie=a-vis without blocke

Longth of I fo. of Srsotmngte .
\‘.matmnt} Blocks based ons i fhreo Four RAve
1. thason of calving 364 102 164 03 188 160
30 2. Previous laoctation yleld 199 86 119 98 112 S
8, Pergistancy of wilk yield 86 120 801 129 168 g3
1. Soason of calving 60 13 M43 10
a0 4. Provioug lactation ylold @6 108 10 102
3, Pusclstoncy of milk ylold 193 261 L0 W R+ ¥
1. foason of calving 162 93
80 &. Previous lactation yield 109 88

3. Porsiotongy of milk yleld 219 €51
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~ Stqtement XL

(a) Bfricioncy of extra poriod design without blocks compared
vith completely randomiscd dosign ( Porcontags),

-

= “"*"Eﬁ‘nah"?m "f' o R e ey W e
vy Psriodo(l}asaa} __%_g‘ o % v,
A 2 Aem o e e e m = o = ' _tmang_smbade_fansnd fagbndal_tnend

T 90 8245 TOL 2847 82 2380
. 60 1939 613
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‘ b) Bfficlency of axtro poriod dosign with blocke coupared
with randomigod block design ( Porcsatago) ‘

troatmect]  Block baced on fhree 1 Four. e
pw . 3 i f
{oava l.L e e mmm = == = 8004 [4obale Yanmdl_smbalg Yanapd,
1. Soamon of calving 8208 V82 2888 876 8051
50 2, Provious lsotation yileld 5933 756 208 716 1632
8, Porsistoncy of wilk ylold 5294 887 13358 v33 8399
/
1. Seaton of calving 1937 767
60 . Previous lactation yinld 1169 730
8. Peradstonoy of milk yleld 1391 €36

-q-------------‘ﬂ---“-‘-uﬂ---‘-_“““lﬂ“ﬂ-

(c) Efficlency of oxtra poriod deaign with blocks relativa to
oxtyn poriod design without bloeis ( Percontagn).

trootzant{ Blocks basod on ) | Th ar !ﬂ,g
period |
VD). I o e e e e e = = = - JADERA Rinbolal snapd (Ambale JAnacd
1. Ioapon of calving 152 83 140 9 62
50 2, Provioua lectation yiold 839 24 118 oy 110
8. Perasisisnoy of milk yleld 23 14 500 123 18R
i. Seagon of anlving 140 110
60 2. Previous lactation yiold 103 109
8. Porsistoncy of cilk yield 143 138

S G G Sy WP TR Wh T WP Vg JUS WS W e e ol Ay Wl W W el G G W WS VS M SED Mgk St dmd ANF AE RE MR W W e A
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(a) Efffoloncy of modified ozt poriod design without blocko
%{?Avingm{st pariod) compared to complotely rardoniged deel.?

W e W G G A Wk EE R up B TN R Gy W e

poriod (daya)

50
&0

(Pexrcontago

W D B eeuby s AR Ame e W e W el Wl WER B TR i e Wit AW A BB

Longth of trentment § — _ To,

0 e LIr A el

¢

287 630 3270 ¢e8 2948
’723 328

-nﬂ---ﬂq‘ﬂﬂ_--'--ﬂﬁﬂﬂ-.-‘u--“u--—-ﬂﬂ-wﬂn-.--

{(b) Bfficlency of modificd oxtra poriod dosign (lmzvi.ng 1st pordod)
vith blooks rolative to rendomioed block dosign ( Porcenmtage)

Length of
treatzondi Blocks based on
period

ﬂj——‘_ﬂﬂ-ﬁ-ﬁﬁm-—_—ﬂwﬁ

»

of troatmonts

_gm

Yo
j&ﬂaﬂs lambola Janand Jsintmla} Angsd

i, Bseson of calving 2664 633 8004 VY3 Q93¢
50 R, Previcun lactation yisld 1957 970 2491 865 1565
3. Porsigtency of milk ylcld 4338 612 3759 643 2803
1. Soneon of cilving 2250 480
G0 g, previous lactation ylold 1609 408

8. Poralstoncy of milk yield 1218 538

P
MR A W R R AR SN SUn um Wl e NP Gl S AR G MAN SEE WY o AED N We wEE YR M YD WEE A RS MNP N WY S eml i Ry AR A

{¢) &fficionocy of mpdificd extra poried desipgn with blocks
vith wodificd extra period dosign witbout block ( Percontage),

treateent] Dlocks bLased ong h Fou Ridva
foero_ 1. 1 tean e
1. Ssacons of enlving 130 83 138 2l 144
80 2. Provions lactation yield - 159 103 127 89 103
B. Persiotoncy of ailk yicld 228 o2 198 in4 130
L. Boncon of calving i 114
€ 2, previous lavtation ylold 02 08

3. Persistoncy of milk yleld, 114 162

W e G B R h G G D s D TR G D Ay el e SIS SR e R IR NP S G e e MO R G SR S e I aae W e b s
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{a) Effiociency of wodified oxtra period ecign (lsaving st poried)
vithoyt blocke rolative to extra poriod dogign ( Parcentagn).

X

. 0F & £3 L N
pericd (Bays ) fhro 5 .g% 90

80 : 133 108 133 103 12
60 159 8l

-*dﬂﬂ--ﬂ‘ﬂ*ﬂﬂﬂm—_‘n-ﬂaauh‘n‘-hﬂﬂwﬂwﬁ‘-“-ﬂ‘ﬂﬂ

{b) Bificiency of wudified cxtra poriod docign with blockg ralative
%0 extro poriod dosign with blacks ( ‘orcestage)

treatoent Blocks Lasod ons R e LT i
pertod ! | S
Oy do e e - = - Ano0a] 2ubolnfinend TubalifAcand
1+ Seaoon of ¢alving 1331 102 18 a0l 300
50 2, Provioun laoctatlon yiold @ 19 137 1 T TV f
8. Porolstomay of nilk yield 114 o3 5% 88 80
3+ Sodegon of calving 120 B4

6o 2, previcus lostation ylold 142 83
8. porgietency of wilk gield 100 84

W P UN aEh GVR Al TR VD MR S AN N WS e e i EDE TRl WU dwh . W O SR S W it W s Wi sl i W e R APy S ok



- Statenent XY (Contd,)

(c) EBfriciency of modiftod extra poriod design without bdlocks
comparod with sitch over dosign without blocks (Porcantago).

---ﬂc-w-— u----------,-'n-—---—d---ﬂ--.'.ﬁﬁﬂﬂ-‘-

¥
P=50 vo p=80 118 123 1190 93 101
patd ve P=60 196 43 :
p=60 vas P=80 207 123
P=50 vs P=60 2249 104 141 130

-y ol My MR e ol W s mir wl S S WL T S SEF G SRR Gl WP TEE W SO s D A b i R R SRR o A WD G AR S AR YR

(d) Bfficiency of modificd extrn poriod dosign wvith blockp
compared with evitch over desipgn vith blocke { Porcontago)

roatont B 8 based on rg_ e - e B e <A
poriod (Page)l _ __ _ g: R Ty mvala "53
P=50 vp P=30 1, feaeon of calving 104 111 ] 89 2 %
2, Pravious laotation yield 135 149 129 B8 02
3, Poraisotency of rilk yield n 83 % 90 98
P=S0 ve p=00 1, Soazon of calving 209 '¥3 202 128
2, Provious laotation yield 8N W3 20 12w
3. Perciotency of milk yield 260 1490 232 @)
Pegl ve P=80 A, Eoaneon of calving 209 148
2, Provious laction yiold 231 133
3. Porsistongy of uilk yleld 134 181
Pe2éd va P=60 1, Boason of calving i 83

2. Previoup lactation yield 150 80
3. Porsistengy of milk ylold 0 20

W S R WD T eus ey e A AU WD AU A A G WD emE N e AN R T vl We SN G G U AR T M WP G W e D A A
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{a) Erftciency of citch ovar dosign with out hlock with
concdaitont varinto rolative to the completely randonisged
dasigh an! no concemitant variate ( Porcentage )

A S GEN S W Wy ek TS GR Falp eml u dmh Ml B S R W A smb e W Gtk me VAT G A ek R e by Y WS cmE ek S A W

f Fo. of troatmont — |
length of treatment § |
period (Days) Anand)inbala {inond Anbela) izandliobela |

W Gy R WP Mg WY M mn v o hmg s W T e TER W am e e e b e e W e

Ay M RRE WL Mg R T VYR GO WP gew SEE N

50 83808 307 4848 336 8342 280
&0 207 T4 4083 743
80 2081 635

I G W TEL e bR T Eh e s e ek v e AP D e TR R WER e YRR W e R Y W e R e A e T e e W MR A |

{d) BEffioichsy of cvitch ovor dosign withou? blocks With covariato
vicea=vis ouwitck over deodgn uithoul blocks but oo covariate
{rercontaga) :

-ﬂ-%'mwﬂ—wwmuﬂmqu—uwﬂrﬂf‘mm i EEE e D weiy WEE e AEE ek YRR

ila, of tmqtmma

wngbn or reatmane i Thraa Faur Fivo

80 123 w1 A1 W04 100 97
80 187 300 14 05
8D 168 107

W P D Wi N REP TS WD WD sy WD Uee Wi W wm UM A QT ode B W RS AN YR MEN AOR A W NGNS WA S MR R gy Ve el A ek el

(o) &fficlency of suitch over deaign with blocko with cov- rlnte ) l
rolative to gwitch ovor demign with blocks but mo covarinie
{Percentage)

Sup diy SES wen was

troatoond] Block bassd on i _ E
pardod Threa Ehm- t Five
1. 3eacon of calving 02 105 1936 104 154 AQ3
S0 2. Provious laotation yiold 103 100 205 &0 104 103
3. Porsiatonsy of allk ylold 08 59 139 104 140 100
. dsecon of calving 188 90 1Y 103
60 2. Proylous laotation ylsld is54 i00 iz 101
3. Peralstency of milk yild 103 89 100 99
i. Soasoa of calving 133 103 :
80 2. Proglous lactation yield 183 100

8. Persistency of milk yleld 107 o9
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(8) Efficlonoy of switeh over design with blocks with covarlate
compired to ewitch over deolisn without blocks with covuriate

{Parcontags)
mmtl Docks bascd on 5
1. Ioasop of ealving 139 3% 12 g3 214 113
80 2. Provious lactation yiold i28 88 125 21 114 108
8. Perglotoney of mile yleld 228 106 188 134 215 13
1. Sengon of colving - 320 M8 1832 A0
60 2. Provious laotation ylold 93 102 1297 103
3. Persotercy of ilk yiald 87 203 115 148
1. Eeacon of colving ig 100
80 2, Provious lactation yiold 83 78

3. rersigtotoy of cilk yiold 100 220

AR dmh W WS b ok WD e M s v WS P VIR b W M MM e M) W e R b el W W G MR i B A R A e W MR e

(c) zeficiency of suitch over dosign with blocks but no covsriate
rolative to owltch over desizn without blocks using cohcomiteont
vuriate { Porcentago)

ma-n“aﬂ_-ﬂﬂﬂwmabdu“ﬂ

Length of To. of trontmomta _ .
treatzont
puriod | our
{ays) 1 $anand}antalajAnandf snbala {Avond mbal&
*“*ﬂﬂﬁ-‘-—”---.ws-ﬂ_--l-\ﬂ-_ﬂ'umgﬂwﬁwﬁﬂﬂﬂ‘**mﬂﬂ
3. Joason of ealving i086 98 130 g
g9 2, Provioup lnotation yiold 122 Bﬁ g0 93 110 108
3. Porsdptency of milk ylold 237 102 186 182 i8¢ 132
i» Joagon of calving 93 107 67 108
60 2, Pravious lactation yleld 63 e 63 23
2, Porsletancy of milk yield 87 203 77 189
1. foagen of calving 83 93
80 2, Provious lactatiosn ylold 57 (1]

3. Pereistonoy of ollk yfold g3 222
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List of tha cows ant sericultursl Colloms ‘nand,

Lactation into of
<Anduz calving
iz 14.8,62
¥1 2.0,82
. 4 12,.6.62
v 14,7.62
11 23.8.42
v 8.8,62
I D, 0,62
11X 19.8.02
13 20.9.62
11 29.10.62
11X 10.31.642
X 15.13,62
11z 13,11.62
X 22,11.62
.o ?.12,62
v lgt 1063
Iv 22.1.68
1z 24.1.63
1I 4.2.63
11z 22.2.63
11 i8.4.63
Vil 20.4.63
:I 2: e éo 63
It 30.4.8%°
Iv 21.5.63
iy 7.6.03
11 14.6.63
v 12.6.63
I1I 24.56.63
Iy 26.0.63
Vi 80,6.63
1 ~1.1.64
9.4+ 7.1.64
11 12,1.64
II 80.1.84
n £1,3.64
112 29.4.64
I 30.%5.64
II a’ &.64
8 ¢ G.7.63

Provioun lactotion

Hold in fge

2321
3R2
2743
2229
2573
2167
3097
2069
1897
3749
2381
2603
8886
1662
2456
8443
2082
3939
3334
EN 7]
26938
82¢3
2858
1734
1899
1922
1899
1884
3101
3295
1853
2016
1087
1284
€334
206886
1651
1320
1684
2273



Liot of buffaloan et military dniry famm Azbale,

N

tleBo. »  Lactation Hate of' Previsus Yoc* *lon
onder salving viodd in Ibey

1. 11 £6.12,54 3728
2. 1 £8.42.84 4232
3, Vi 29,412,954 4364
4. I '2a1.58 2731
S, 113 2.1.99 3202
6. v $.1,53 4358
Te 11 8,1.55 . 4092
8 Vi 7155 4269
.. 131 71,85 8828
10, VY 19,1.59 8244
1, pisl 23.1.53% 3663
id. ) 34 26.1.53 2845
i3, 7 87.1.55 4308
14. ViiX 2.2,8% 8445
A5, Vi . 2,2,6% 4516
16. vi 2,8.53 2871
19. I - 0.2.55 8859
is, 11 14,2,55 3928
io. 4 24,2455 8182
20, 12 4.3.53 5318
<. Iz 11.3,53 4202
22, v 18,8,53 396%
23, I1I 12,3.9% 8374

2%, ) §1 14.5.53 4203



