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CHAPTER I ------

For agricultural experimentation, tt1ere are 

mainly two types of designs. These are (i) factorial 

designs, which are adopted when the treatments are the 

combinations of the levels of several factors; and 

( ii) complete and incomplete block designs sui table for 

varietal trials, though the complete block designs are 

used for factorial treatments also. 

Fisher first introduced the concept of factorial 

experiments· and confounding for such experimentation. 

The theor~ of confounding in factorial experiments was 

systematica:lly discussed first by Yates (1933). Nair•s 

(1938) paper was the first attempt to develop a general 

method of construction of confounded symmetrical 

factorial designs with prime power numbers of levels 

of each of the factors. The theory of confounding in 

symmetrical factorial experiments with prime power 

number of levels of the factors was developed further 

by Bose and Kishen (1940) and by Bose (1947). 
Confounded asymmetrical factorial designs were 

first introduced by Yates (1937). The problem of 
m n 

confounding in the designs of the type 3 x 2 was 

solved by him alsQ. , Afterwards Li (1944) obtained 

some more designs following Yates. Later. Nair and ----
Rao ( 1948 )_ developed a set of conditions which led: 

to the construction of some balanced confounded designs. 
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.More recently much research has been directed to 

construct what are known as: 

z 
?... 

( 

(1) Fractionally replicated designs intm duced 

by Finney ( 1945) 

( 2) 

( 3) 

( 4) 

Orthogonal arraya introduced by Rao ( 1950}. 

Optimum multifactorial desi,gns by Plackett. 
-

and Burman (1945)~ &nd 

Multifaetorial designs for ~xplorip.g the 

response surfaces introduced by Box and his 

coworkers (1951* 1952, 1957). -
Das ( 1961) has given in a aerie.s of pape:r:B' a 

systematic method of construction of all different 

types of asymmetrical factorial designs. All these 

designs actually come out as a fractional replicate of 

some symmetrie.al confounded factorial design. He has 

also introduced a meth~d of comtruction of confounded 

symmetri al factorial designs where the number of levels 

of each of the factors is tre pnduet of different p:imes. 

Coming to designs suitab~e for varietal trials. 

2 Yates (1936a , 1936b , 1937a ) first introduced in-

- complete block designs suitable for experiments 

involving a large number of treatments. Lattiee 

des igna and balanced incomplete bl.o ck ( b 4 i. b ) des igna 

are the two designs evolved by him. A systematic 

study of the various methods of construction of b.i.b. 

designs was first mad.e by Bose (1939). Next Beae e.nd 
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Nair ( 1939) introduced another class of incomplete 

designs called partially balanced incomplete block 

designs. These designs included aa special cases the 

b.i.b. and square latt~ce designs• Later Nair and Rao 

( 1942a ) generalized th1Je des !gns so as to include. the 
" 

cubic and other higher dimensional lattices ae special 

cases of such designs. 

One more type of designs involving blocks of 

two plots only was introduced by Kempthorne (1953)J 

He called these designs circulant designs as the 
' 

solution of the normal equations of such designs can 

be obtained by inverting a circulant matrix. Das(1960) 

introduced circular designs, which are available fox 

any number of treatments and replications. In these 

designs the block a ize is either equal tD or a multiple 

of the replication number. There are several other 

aeries of incomplete block designs 1ike rectangular 

lattice, chain block designs, linked block designs etc. 

The incomplete block designs considered so far 

have blocks of constant size and a constant number o£ 

replicates for all the treatments. Some amount of 

research haa also been done to get designs with un

equal block sizes as also unequal numbers of repli

cations. The qua,si.-factorial designs gi·ven by Yates 

? (1936a ) when v = pq have blocks of sizes p and q: 

? , Again the designs developed by Kiahen ( 1941) have • 

~ in general. m ·different block sizes, k1 • k2 ••• km 
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More recently Graybi+l and Pruitt (1958) has introduced 

a se~iea of designs called staircase designs which'\ 

accommodates block of all sizes less than and equal 

to the number of treatments. Recently Bose and 

Srikhande (1959) have used s~ch incomplete block 

designs with unequal block sizes an~ r = 1 to get 

orthogonal latin squares of aides 41! + 2 ;~+ 1). 

Ffede~er (1956) developed a new class of 

designs., These designs have .one. set of treatments 

repticated b times and a second set only once. In 

these deai:,e;ne the blocks also need. not be of t.he same 

s.:tz.e. 

ane·o'bher direction ef interest ~n which the 

investigations have been directed eonoern¢s evolvi~ 

designs with two-way elimination of heterogeDity. 

These designs started with Yonden•; square intrndueed 

'A. by Yates. ( 1~37).. Much wol"k has also been done to get 

designs by d'UalisiM the axis ting de13 igns and a good 
,, 

number of designs of interest could be obtained thro~ 

this technique. 

All these references inaicate that so long 

factorial experimentation and varietal trials have 

been dealt¥. with sep-arately. Of late some necessity 

has been felt to combifie these two types of experi

mentation. For example in varietal trials for aelectio~ 

of promising ~arieties some uniform ~urial dose is 

taken and all the varieties are tested on this dose. 
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It is often found after 5alection £rom su~h ex~er~manta 

that a. :ra.riety selected from ~"e"r~manta.tion at. a lower 

dose of manure lodges when ~t is grown a."t same h~er 

aa.nurial dose. 'l'hia sugges ta that at the time. of· 

Tarietal trial the varieties- !]hould be selected through 
- ~ 

u:perimenta.tion involvi~g ino_r.e _than one manuJ;._al dose-. 

so that the e:x:pe-:r:iment ca.n bring out *f there is an:y 

interaction between the varieties and the manurial 

levels. The necessi~y for obtaining such design was 

first pointed out. by I1r. Pa.nee. 

The usual designs which are available in 

lit~rature are not very suitable for ~his type of 

experiment, excepting that when the nwnber of manu.r'ial 

treatments is small• ineomplete bloGk _designs aug

mented by a.ssQeia~ing each variety with a number of 

treatments can be ado;pt.ed., Sueh de<Signs already exist. 
""' . in literature (Bose and Cop~r~ 1952 ), tbQugh their 

application to meet the present contingency has not 

been attempt.ed. , 

If we have n manures each at a levels to be 

tried with v v~rietiea the total number of combinatiom 

will be v x an. So the designs suitable f~r this type 

of experimentation will essentially be some asymmetri

cal factorial design• As v is expected to be very _ 

large, 

effect 

the usual asymmetrical design where no main 
of 

is affected will not be" much helt>, because the 

block size in these designs must be a multiple of v 
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and hence will be very large. This poin~a to the 

necessity of evolving other ·types of asymmetri~Btl 

designs where so.me amount of informati-on p-f the main 

effect of one of the faetol"a may ha-ve to oo lnst. In .. 
these designs not only the blo--ck aJ,~e should be smal,l 

but the numhe:r o;f repl.~at,j.ons shou)..d also be small. 

otherwise, the experinumtal mater~al required may be , 

too la<rge • and the: "<:u;periment will be too big., 

Several series ef dea!gna which are suitable 

for this type of experimentation Have been evolved 

and presented in the present thesis • 'rhe analys~s of 

asymmetrical design offers some diffieulty whieh is 

more pronounced in l.h~ caac-S or these- designs. A 

method of analysis of such and other assymmetricrai 

designs througA whiqn besides getting a complete 

analysis o.f the. data it can be ~asily knovm vthethe.r 

for any design two affected interactions a,re estimable 

mutually indep~ndent~y, has also been presented in 

·l;he thea is • · 
' 
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No easy and ayatemat"ic method of ana·I~als' of 

asymmetrical factorial designs seems availap~.J·l 

literature. Kempthorne ( 1952) has given a metn<ic? ~±: 
analysing such designs thropgh fitting of const~~t~ 

t ""');i< 

But he has not generalised it and has given it only 
' ' for a particular design. Here it has been intendedf 

to put forward a gene:ral method of analysis f"or the.,.\-: 

des ign 0 f the type v x· zn. 
By ad~p~ing the factorial moael for observa

tion obtained fro~ eXperiments of ~he type V X 2n it 

is. always pos.s.ible to obtain the sam of squares of 

the main effect 0 r any interaction with (v-l) degrees 

of freedom frpm a comparison of v treatments defined 

suitably as· de tailed be low. 

We _ghall denote the. factor with v levels by 
' . 

~ and the other factors will be denoted by A.B~C, etc, 

as usual~ Any interaction involving x. say, Xt 

where, I stands for a group of letters from A.~.c. 

etc., the S "S. due to X I can be o btai.necl from a 
-

comparison of the v treatments given by ~1 e Vi (a~b), 

i = 1,21 ••*•v where, vt stands for the !th level 

of X, 'a' stands for the sum of all those combinati_ollSi':; 
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of the levels of the factorB A,B 1 C,. •••.• eaeh of 

which has an evenl'Jirriber of lett.erl3 common with I. 

when such combinations are wxittefl using mmall 

letters a, b• c, etc,, as us11al in factor.ial des igrxfi. 

While b stands for tht:~ aum of ~the rest o£ the 
-

combinations of the factors 'A,~ ,c, et.e. For exa.mple, 

if we have three factors x.A and B with number of 

levels 9 1 2 and 2 respectively• the s.s. due to t~~ 

two factor interaction XA can he obtai ned by &ati-
. . . 

mating the 9_ ~reatm~nts t.1 = vi (a-b) i = 1,2,:' ... 9; ., 
where" a= (OO) + (01.) and b .. (10) + {11).., (00), 

(01), (10) and {11} being the four combinations of 

the fa~tors A and B each at leqels 0 and 1. 

After defining the treatments in this way 
-

a two~way table giving the frequencies of ~ecurrenee 

of such treatments in the different blocks of a 

design can be obtained as described beldw. 

If any cnmbination which ~s present in the 

tr~atment ~i occurs in the 3th bloek,a frequen~y of 

+1 or ~ 1 wjll be ita contribution in the cell of 
' , 

the ith t~eatm&nt and jth block aceoll'ding as it. 

occura in the treatment t1 with + or - sign. Th~ 

algebric sum oi' a1+ the frequencies of the d!fferent.

combinationa co~ti~ut!ng ti and occurring in the 

j th block o! the deaigll will be the frequency in the

cell of the treatment t1 in the jth block. The 
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justification fQr obtaining the frequencies as above 

follows from the fact that by taking the factorial 

model, if the :rrormal equations for each combination 

be written through least ·s·quares and the equations 

corresponding to the combina~ions in ti be combined 

ao as to give t.1 toi;te·ther with blo~k effects, the 

coefficients ef the different block effects will 

provide exactly the sam:~ frequencies as provided by '_,p 

the above table of the treatment ~ in the different 

blocks • 

Given any asymmetrical design together wlth 

the method of ita construction, it can be ascertained 

what are the interactions and main effects which are 

evidently unaf(ected by block differen~es. A frequ6ncy 

table has to he prepar_ed for ~.aeh of the interaetioJlS 

a.nd main effects -which are affected by block diff

erences and the freq-u.atJ.a'# tables qf these inter

actions are ~o be plac~d side by side so that the 

b~ock number.ing for each of the tables :S:e. commb;n. 
' If any interaatj,on not invol'{ing X be .affeeted its 

s.s. can be obtained f_rom a comparis~n of two treat

ments • which in general. shaB: be denated ~'Y a and 

b, such that a is the sum ef all th~ss combinations 

each of which has an even number of l~.tters eomn;ton 

with t~e int~ction t;tnder co:q.t,iderat!on. while b 

denotes the sum of the re-st~ The frequencies of 

these two treatments i~ the different blocks of a 
• 
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design can be obtained similarly though no negative 

sign is involved in such cases. The frequency tables 

of such ~ffected interactions having 1 d,f. should 

also be placed beside thE: other tables S!) as to 

have the same block numbering,. 

The normal equations for the different 

treatments for any intertfctions can be obtained 

from these frequency tables as in the caae &f non• 

orthogonal data excepti~g for some monificati~n 

necessary becauae of Ci) t.he possible negative 

frequncies and ( 2) a4So :!ning t.he frequency tables 

for other affe.cted interactions togei>her with that of 

its .own.. tat kl intera~tions each with v - 1 d ~f • 

and k2 inte:tact1on$·•each witb 1 d.f. ~a. affeci;ed., 

We shall denoie the ith treatme:t of the kth affected 

interaction with v'!o1 d.f~ by ti (kJ!ll •. 2 • .,.k}, al!l<i 

i = 1,2 •• , •• f ). Similarly the t~ea~ent a of the 

kth affected interaction with 1 d,f. will be 
k . k 

denoted by a 1 and the b treatment by, a2 • in 

general by a! ( i "' 1 .. 2; and k = 1.,.2,.. .... k 2 ). 

k 
The :frequency of t.he ~ treatment in the j th block 

k k k 
will be denotad by Df~ and that of at by mij • 

The normal e.quatipns for -any treatment t~ aft;er 

eliminating the blocH: effeet.s may contain all ~e 

other treatment$ present in all the frequency 
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tables • The narma,i equations f~:r tk 
-i wi],l be of t11~ 

form 

k k I. 
kp tp . lc 

ri t1 - 0 im-· m = .Qi •• '"'>P 

where, rk 
~ 

is ..equal to the. t_otal number of' 

• 
obseraatio_n~ oo~i~g frQJII a.ll the combinations present __ _ 

in tk and i .. 

fJk:p 
im 

the totaj.. ~Ulll'Qer o-f ~ba~rvations in the JltJl.J)lbck_. 

a.nd 

k k 
q 

' i ~ r- ~illj/U.j t 
j -

whore, ~ , 1~ t~e algabri-e total 'Of :!'11 observat-ion& 

eorresp·oJlding to the ~ombinf'l.ticm in ti __ d RJ t.s 'e 

total of lth block. lt will be noticed that ?: Qi 

n~ed not be §qlla,l tQ 

and pth in1;era~f.ions 

L 

zero always 4 l£ f-or the kth 

the c!)efffeients Q~. foz; 

diffe_re_:nt m" s give~ _an--; i 'be zerr> or a consta.nt 

(though the co~sta~t mar have different signa for· 

different i• s) in a design, these tw£> interactions 

are en tfm.able independent.ly of eaeh other through this 

design. If again given the kth int.eraction the 

coefficients c!~ be si~ilarly zeto or constant for 

each of the p• s not a qual to k!: then this inter:.. 

action is estimable independently of all -other inter

actions~ 
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In a deeign through which ~ach affected 

interaction is ea tima.ble independently of all other 
kt ·-

affected .tnters.et:tona' if eim is constant for all 

m F i, tqis tnteraetioh wi~l b~ balance~. lf for 

a design tqrough whi~h the ~ffected interactions 
.,...k 

are est.ill!ab1e mutually independently; ti is the 
k . 

solution. fo~ th~ treatment. eff~c.~ t.1 ,. the s •. S .• 

due t.o t"Qe ~~h int-eraction b given l>7 

With ~uc.h indica...tio·n of the method of 

analysis we shall now give the m~thod of obtaining 

several series of asymmetrical designs of the form 
-

v x 211 w~ic.h are particularly suitable for 

varietal cum taetorial trials, ~hrough each ~f 

whic~ -th.e. diff~rent a.(fecteti .interactions are 

ea.timable mutually independently~ The different 

a tepa involved in the analysis have been e:x;f¥!1pli· 
• • 

fied in Chapter IV, page po-~ 30 • '17hi.le discussing 

a particular design •. 

,-



~,&RI~:£!1 QID! !!!Y!ti!!l £1ilS!9~ ~4S~Q.· 
ON BALANCED INCOMPLETE BLOCK DESIGNS -- ----- --------- --- -----

A) Without confounding factorial effects: 

If there be v varletiea and n manurial 

treatments each at two levels• there will be v x 2n 

treatment combinations. One type of varietal cum 

manurial designs with such factors can be obtained 

by including each of the V X 2n combinations in a 

block and adopting a randomised black design. The 

analysis of such designs will notinvolve any compli

cation. 

large 

point 

A~ such designs will Qften require very 

block size, they are not so suitable from the 

of view 

usually large 

of precision of comparison. As v is 

a suitable d~~ig~ with small blo&k 

size can be obtained first by taking an ineom.plet.e 

block d~ign for the v varieties with block size k 

(say) and then associate each of the _2n ,manurial 

combinations with each of' the v varia ties wl;lenever 

they ~ccur in the blocks. The block size for su&h 
n a design will be k x 2 • If in a block ~he k 

n 
varieties denoted by 1,2, •••• k are present and 2 

combinations are associated with each of them {Boae 
~ . ) n -

and C~nor• 1952 , the k x 2 treatment combinations 

can be alloted to the k X zn plots in a bl~ek in 

two different ways. One method is to allot them at 



random to the. plots, The other method is t.o form 

k groups of an contiguous plots each and allot 

first the k varieties at random to the bigger plots 
n 

of size 2 and then allet. the manurial treatments. 

at random to the :f! plots in ,eaeh group. This 

allO"tment will make t;he desi'gn a split plot. with 1le 

main plot treatments in an incompletB biock deaig~~ 

It will involve two plot, a izes and hence two error 

variances·. Judging from the nature of the treatments 

for main plots 7 nam~ly va.riet~eg no bigger plot may 

be necessary f-or the va;r-ieties.. So it will not be 

of any advantage to a.dt>pt. a split plot design• .rather 

through this dea!gn the main pro-blem namely the 

varietal comparison will •hav;.e le-s,s p·recisi~ni •. h 't:.he 

ul terns. tri'Ve f.(rrm ef d.es igns- where all the k x ·;.:fl., 

treatments are -allotted at. ranMm in a bloc:k,: n" ' 

main e-f·fec-t or intaraetion excepting the varietal x 

main e,ffaet wil1 be ~fee.~ ~d hence the a.nalyais 

of "this design will be a impler 11 411 the main 

effects and ipteractions have to ~e ~btalned as 

usual. While for- the s.s: d~e t~" ·the va.r!etal 

effects ( to be cal~ed main effec~ X harea~ter) the 

no;r-mal equa..tions al"e the same as t.hlH~e for .the 

original incpmplete b1-ock dedgn excepting that the 
II. 

block size in this ca~~ ie 2 times the block sizs 

of the original d~sign and the ad1uated. tota~a 

Qi'e are to be diYided by~ and the replieat~ 
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as also the ). •·a are to be taken the same aS' in tne 
original d~aign. N& fre'!Jh ·pro,'blem arises for the 

solution of these equat~ons and htHtce th€1. ~..S. due 

to the Il',l~i.n ~ff.ect. ·1 w.hieh a.lon~ is a.U.act.ad by . . . 
block dif,ferenQes, G~n be obtained_ witho.ut. a;ny • 

f.reah dtff icu~ ty: •. 

B) Wtth aome of the faeto~ial effects 

contound~d: 

Xf k be the block size of an incomplete 

block design and there are n manurial fact~+a ~aeh 

at two levels~ the bl~ek size of a varietal ~um 

manuri'al design· de!Jc.:t"ihed in the last se.a-tion will 

be- k x -:fl- 'I'hiEf .size also will o·ft.en be ·large., One: 

way' 9f..;reductzig 'the block size fa not -to tnc1ude · 

all ~he ~ manurial trials associated wlth ea.c~ of 
' -- ~ 

the varietie-a in a bloc! but, to include only a 
·a rr 

f'ractton say i/2 of the 2 combinations a,aso .. 

e!at~d w~\h a var~ety. Th~. problem in this ease 

reduces to <iombirdng an incomplete block design and 

a confound'Sd fa.etod al .de,13 ign. One way of getting 

such de a igns, !s ( 1) to obtain a balanced il!comple te: 

block dl3ai~ in. v vartetiea with bloc~ s'-1i:e k; 
t2) 'tti obtain & ba.lan<:::ad confnunded factorial 4eaign 
' ll 

k x· 2 ~tr!th Quita.bla block size. such that the ma~n-

effect of the :ti-rgt factor Y with k le"t·els ia flOt. 

e&_nf~Ullded·~- .It will be s ee:n tha.t. the f aetbr "!{' has 
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no real existence out is r·equired for association. 

The ith ~eyel of this factor .will be denoted by y1 .,, .. 
d 

-Now the design sui table for varietal eum. 

manurial trials aan be obtained. by suitably Ei,sao .. 

ciating these two deerigns. For ~uch asaociatipn 

let us first take a block of the faef.o:Hal design 

and any block of the b.i.b. design with k plots·, 

the plot~. iti the diffel"ent blo-eks being numbered 

from 1 to k in order of uhe b.!.b design~ the ith 
plot in this order being denoted by Pi• Let Xi 

denote the group of all combinations of the .levels 

of r.t faotq.ra e·~eludi;ilg the f ae tot' Y which oocur with 

the ~~:!Tel ~-i of T J,fl the blo ek under Mns-idera..~ton. 

Now tJ:te. ru;I.e of association of these t.wo :b'loeka of 

the twQ designs l.Et to write the eombinatlon·s :X:t in 

tbat plot .of :tb~ \),,.~_.,b. <ie~,ign wbich :is -d.en~.teu! b7 
r ~6 

Pi .• 1 varying from 1: to. k. This t.ype of a.s-ado_ia.t·ian 

has to be e·;l'fect_ed for all po·saible ;'8-~u..s of bJ.oeks 

'of the twQ designs,. Thus in all there. will be 

1:t1 x b:g blo~ks in the de11 ign whe-re b,_ ts the number 

o£ blocks in_ the b_.f .. b. qesign,. and 1>2 that 1Q}; t:he 

'Othe.l"' deaign 4 Similarly !f r1: and r_zbe the- number 

o-f replications of the two d~signa, the n-q.mber <>f 

replications <tf the e~mbined design will: be l'l ~ ~"2• -
'l'he~:te designs f!2llo,w from 8hah*s H:960) methGd 

als.o if one of the balanced des.ign.s in his ca.s.e haa 
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only one factor. 

Though such a type of design exists, they 

are not very suitable for varietal cum manurial 

trials for any v~lue of k, as very large number of 

replications will often be necessary for such designs• 

One way- of reducing the number of replications is 

to take k = 2 and in that case one replication of 

the factorial design which will now be of the form 
n 

2 x 2 will Elerve the purpose, and the number of 

replications of the design will be the same as in 

b.i.b. design. These designs, namely, 2 X zn need 

not be balanced always but some of the manurial 

interaction may be eompletely confounded. Let the 

design v x 2n be const~cted by obtaining (1) the 

b.i.b. design with v treatments and k = 2 as bloek 

size and (2) 2 x 2n factorial design with 2 x 2n1 

plots per "block. We aha)..l denote the factors of the 

second design as Y, a pseudo factor with 2 l~els 

and A,B,e etc. each at 2 levels. This design can 

always be obtained in one replication withou~ con

founding the main effect Y. While obtaining the 

design 2 x 2n in blocks of 2 x rfl plots. some of· 

the 2n-n1.1 interactions eaoh with 1 d.f .. which are 

confounded, will contoon Y, while there may be others 

/ ·without containing Y" All the inbractions con-· 

founded and ~ontaining Y will be said to form the set 

A of confounded interactions, while the set of the 

confounded interactions without Y will be said to 
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' form the set B ,of' confoun4.ed intaract1ozw.. All 
' the interactions of the eet. B C"OnS·,idered as inter .. 

actions of the design V X zn will_ be confounded ~n 
the des igrl V' x 2n 'C.ons trudted atJ above. :All the 

generalised int~~actions of the main effect X and 

the interaetiobs ill the set B will be affected: but. 
' ' 

will re~ain ba1ancad.. Again all the interaetiona 
l_ 

of the aet A with Y replaced by X will also be 

affeeted but. will 'be balapeed. !t will -thua be seen 

that when ~nly' e.ne interaction is confounded while 
n ]l-1 

obtaining the design 2 x 2 in 2 x Z p~ot blocks 

and that. tooCQntains Y, the design will have only 

one affected inte~e~ion togeth~r· with th&ma~n 

effacft.·l oliotn or vtbieh are balanced a11<Cinutus:tly 

independ·e-nt. Dne more fact emergee. from this" 

inves·tigatio:n that.- the !ni;.eractions 'in 'Elat $ should 

be so choaen that they are :always of higher order,. 



VARIETAL CUM MANURIAL DESIGN 
~------- -~- ------~~ -- ---
BASED ON CIRCULAR DESIGNS ---- -- ------ ......,_ __ 

Sofar w~ have diaeussed methods of obtaining 

varietal o.um manurial designs obtained by combining 

a b .. i,b. des.ign and a factorial design. Aa b.I.b. ,, 
designs a'tlffer 'from .certain limitations that they 

are not available for any number of treatme.nts w! th 

a reasonable ntimber of replications particularly 

when the blo~k size is 2, we have to search for 

other types of incomplete block designs which are 

available for any numb~r of treatments and block 

s l.ze 2. The Oircular designs introduced by Das ( 19'60) 

satisfy~bo~ these conditions, and as ~uch ~an 

profi ta'Dly be used .as the varietal desi-gn for 

obtaining varietal cum manurial designs. Con~truetion 

of a dircular design with any number of treQtment~. 

say, v having blocks of a ·plots can be easily be 

done by developing the initial blo'ck 1.2. mod (v). 

There will be v blocks and 2 replicationg• 

F'or obtaining the val'ietal eum manurial 

des~gn we shall use in this section (1) a circular 

design in v treatments with two plot blocks• and 

(2) the faetori~l design 2 X zn in 2a plot bloCks. 

By combining th~e two designs exaetly in ·the same 

way as 

'II X ZX 
described earlier, we 

- n .. a+1 in v x 2 block~ 

' 
shall get the desl.gn 

of 2'8. plota each and 



two r~plications .• 

in 2a plot blocks 

20 

While obtaining the design 2 x 2
5 

2n-a+i -1 interactions will be 

C"Onfounded. A.s :in the case of v x 2n .Q.esigna 

obtaine~ through b.i.b.. deaigne all of thase con

fo~nded intaractio~s which do not contain the ~settdo 

fac.tor Y will 1:te eonfounded .!n the des·igp· v r 2P ._, 
the generalized interactions of tpese 1n'terahtiona 

with the main e.ffect X will be affeat{ed but can be 

recovered. All thos~ interactions of the des~ . . 
n 

v: x 2 which :.are o·btained by replacing the f aator 1' 
.· 

of -t:P,e ramaining confotmded intera~t.ions of the 

de6ign 2 x 2n by the factor X will be affected but 
recoverable. Each o! these last mentioned in\er

actions of the design V X zn will furth~r lose 1 d.f. 

when 'V is ev·en, since in such case a parlicular 

contrast. namely_, sum of the treatnre!l:ts with odd 

suffix minus sum of the remaining treatments is not 

estimable,. 

!li!1XS!§l Each of the affected interactions together 

with the main effect X is estimable mutually inde

pendently thragh the data colleeted from such 

d6"signs·. 'l'his becomes evident from a scrutiey of 

the frequency tables of such design• 

The frequ~ncy tables for the affected in~er

actiona in tne design tU"e given in table No.1 for 
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the zn·a+i blocks ebtainable by combining the 

single block¢ containing 1,2 ~f the circular 

with all the blocks of the factorial d~aign. 

the table is not complete. 

design 

Thus 

No other tables have baen presented for the 

reason that the freque~cy table for any other affected 

interae.tions will give normal equations obtainable 

from one or the other of the fir.st two tables. For 

such designs the sum of products of the fraquenoiea 

of any two treatments belonging to tw~ effeetsnr 

int~raetion~is zero. Let Xk and Xk be the two 
Q 1 

group~ o~ treatment ~ombinations of the real factors 
• 

A,B,o._ eta., each a~ two 1.evelts, whi-ch oceUl" wi'hh 0 

and 1 levels respectively of the factor Y in the kth 

bl~ek of the design 2 x 2n in 2a plot block&. Further 

let Gk and tllt denote the sums of the treatrpent. 
1l 1 

combinations present respectively in 

Xk • It can be ~een from ~he design 
1 

the groupe Xtt
0 

that. each of 

the possible groups xk and xk for different values 
0 1 

of k will occur twice in the blocks of the 4eaign 

2 x 2n,. If there is a. blQek. containing Xk
0 

and ~l 

in that order, then there is another block in which 

the same t.wo groups occur but in the reverse orde:r 
• i.e • ., the first group of treatments occur with the 
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'abh ~I) •'-• an des igllt in aa 
,.,...__.. ·- ~ ....... ~ .................................... ....,.._,. 
Gene~a11sed interaction 
of aet :a with :lE · 
.a 2 . 2 · 2 
ti t.2., t3···· ~" 'l t., 

f-requenctr table for v x 
. · - .. "plot. l?loaka 

., .... --~·r,. .. ·i~in"";!r;~i-i··--- :oo· ... ·.-~:t(}~~;;. ;. n;,'1;t.;;:;:rt~ .... 
Blo.ok$ 0 · 'tl'EHJ.tment!J ·of t?et l ;Ith . .X 
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2 

3 

4 

~ 
• 
• 

2n.a+1 

2
a•1 

aa""1 

a, ... l 
2 

a'l!1 a .o ... , 
a a--1 

0 ,.,,,. 
a•1 

2 0 .,,. ... 

a-1 a·•1 
2 2, t ...... " 

2a .. 1 a. ... 1 
2 0 •.•• 

a ... i a .. 1 
0 2 -.2 r 
. a.-i a .. t tr · ,..)! ~.a · 

(). 
a-.1 .a .. 1 

2 ·2 
e.-1 

I· o·, 

.0 
' . 
0. 

0 
a ... 1 

..-2 e o 
I 

• 

a+1 l • I 

....... 

.... t •. 

...... 
ll "'·' " 

0 
a.~1 ...a a <>~ _..,. 

I 

0 
. 

'Q. 

0 

0 

0 

a;.l a. .. 1 
2 2 0 
a•1 a•1 

~ 2 0 
a .. ~ f•1 

•2 -2 0 

·• .. , 
, .... 
. ., ... 

a-1 a;.1 .. a · •2 o ....... 

I 

a.-i a. ... 1 

2 ~ 0 ~···· 

0 

0 

0 
- ' 

---o-

0 

.......................... ,. ••:+•· ......... ~ • ., .......................................... ,_ ........................ " ..... ~ ................... - .......... ~:.... ~· ... :it-.4 ............ ,...... .. _ .... . 
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level 1 of "! while in the second blo.ck it c~eara 
' with 0 level .of "!~ int:t}raQt.ion :is 

expressfb:le. as a· contrast of the to tala G!f 
0 

~1 when k v.arte~ ov~r tbe bloc.ka., till each 

po~sible gro·up o~o.urs OJllY, once. . . ~ . ' ~ 

' 

and 

l " 0 'I II 1> i+t e,ca.'n be s~e~. ,.f.E'Qm. the d~s,J.gn tn:at.· aac.h 

suQh _g:v.o.up vli1,1 aec~ wi;t.h allY.· treatment twice. 

Now g~Y;~ll f!,ny ,.int~:ra.ct.io~. if the co~t:raQt; ap1ong 
' ' 

Gk
0 

etc-~, repr.aaentin~ th~a l~ter~ti<;n be ~u:c.h that. 

any grslip (Jk .J.a.ha.v.iJ:).g ... v~ or +ve ~t..gn,. tb,e 

freg,v,a~)' sl tne· t.real.ments 'ttl' a1r·tnoae b~Qcks 
where .. th:b!. g~oup occurs wtth the t.reatm.ents will 

hate the. same , sign. Thus the fl"eqtten~.tea und~l1 
' ¢ ~ ~ • 

·a.n1 t-rea-tment.: iSt tile ct:Hbrent.: bloc~ will. Qe ;in 
. ~ . . "' 

l:~rm <>·f ·a, con~~~: 1t'lii·~ ;ls the s.am~ as ~h:at. o£ t'l;.flc 

interaq;tfon · _t.~ w!;t:i.ch ~he "tr¢~tm~p,t be19D€h,' Thus 

S,:f ·~1'4',b& ~wo trea1iP!~pira. bs;long.ing ,to ~9 

differ.ei;L\. at'feot,e.d ,i.n,t&p;aet~ons wl\ose con~;ras.t'S m 
' 

terms ·~f\~.ko. eto .. ~re fi.l'\l.t1l~l}.y !?rthot?;onal;,: t.P.e sum 

· . .9f ;produi31;S '{Jf the .f.yaq'\lapc1,&a will }:!~ '-et'O:•, 
' ' ' ~ l • 

'<:1 

.From ~uch i'r~.quenoy. tabl.es t.he ~rwtl 

·a.qua.tiQp.a f.o.t .. e,.J:Jtfu.t,a:t~ng t.b.~ i;rea:~mel'lts. ooht,e out a.s 
• I " • • ' 

n--'a+1 . a.-1 ·, :U-a.""'1 : 2a.,;.2· B. $ 
. -t ~a · · :a: 2: .~ 2%2 x a 1 a· ) t:i 

t (2JJ.'111e.+1 x22a!t-2/2~) (t~1,,.. t~.,.l } = P.t:.m ~ ••• (1) 



For some interactions as also the main effect I, 
the normal equationa will be with- sign after 

t.~ • while the 

interactions • 

sign will be + for the rest of the 

We shall call in future these two 

types of equations as type B and type A respectively. 

The set of equations (1) when aimpli~fied 

becomes 

n m n-1 m m 
> = Pism 2 t.i! 2 (ti-1 + ti+1 i r= 1.2$ •• v. 

Here t~ denotes the i th treatment of the mth 

affected inters.ction, 
m 

ti+i denote the treatment 

which is just after the ith treatment when the 

treatments are written aceording to ascending 

order• the treatment next to the vth one being 
m 

the first treatment. Similarly t 1• 1 is that treat-

ment which is just before the ith treatment.. P1 m 

is the adjusted treatment total of t~. These • 

equations are exactly like those obtainable from 

the circular designs. 

The solution of the normal equations differ 

according as v ti odd or even and hence have been 

obtained for odd and even number of varieties 

separately • 
I 

For odd values of v• by eolving the 

equations as in the ease of circular designs we 

get the estimates of treatm~nta of different 

affected interactions as below. 
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m 
(i) The solution for ~i from the normal equations 

o£ type .! has been obtained as 

p 
n-1 ;m L 2 v t.i = rCr+i) 

2 
-~"=I 

-1/n .,.(j) where, p = v- a, 61 .m c p. ~ x-., .m. 

where 

and 

i-3 and 

P~O) = 
1 ,m 

i+j are reducible mod { v?"; 

( ii) 
m 

$he solution for ti f~om ·the normal equations 

of type ~Aagain depends on whether v is of the 

form 4q + 1 or 4q - 1. The solution when v is 

of the form 4q + 1 eomes out as 

n·1 Am (1) 
(a} 2 V t.i = (p/2) P:i.,m .. (p/2) pi;m 

(2) (3) 
+(p/2 -1) Pi,m -(p/2 -1) Pi.-m 

(p..1) n-1 
+ • • • • • .. p i.,m + 2 °m 

when v is of the f~rm 4q-1 the solution is 

(b) - ) (- ) (1) = - (p+i/2 P1 m + p+i/2 ~1 Pi m , ., 

( - ) {2) 
- p+1/2 -1 Pi m + ••••••••• • 
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• 
. ,H:i) For ·the· main ei''feet X,i' the ~aolntiop ts. given 

by 
<C 

n .. 1 ,.6 
z v tt 

.-
::: 

\> ~(p .. r) L :l'( r~1 ) ra1 
of'~\ 

for i = 1l2-.• ..... v ., 

'l,'he aV:at*a.ge va.t'!anee ~or .a.J+y t.vo. 
""!:~ '":::4 "' • .:: ~ .... 

Gomparisqn is; given by 

The e~·U.cienoy factor (E._F,...1 can be .fa.und. 

i'J".om tJJ,e fl):l~wi:eg ral~_t:ton 

: -

_, -
',. 

- Mean var;:J:l.~ea i)f. tzrea.:tmef).t. 
' 

tl'.l:f.i{erenMEf ~in hnd.smis ed 
"'' ~ 4 • ,.. ~ ~ 

~l,ae~ liesiga 

Md~ ~':aJ.ianci~.of lnbabloalt 

eattmat~ ~i' ·~reatme1ltr di:fi'erenM~ 

!n tnqcmP.let~ bleqk d~stgn 

' 
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F~. even v.alu.es .of v;, I>roeaeding a& in t.h& 

.Oa.sa of, odd values of v ~ we @t the est.irnataa oi' 
m 

t;. 
(' i) f'or tl'\e. ne;nna.l equations of typ.e i l:8 

n "m ~ 2 ,.;'p.-r) 
2 " tt e: L r ,. f ·m 

~ .. 1 ·• 

whEtl>e_, p t:t v /2 ... 
and ( 11} for tb.e norma'! equat.ioris <rt t;ypa ~Aas 

l'1 ,..m 8 . 2 ( 1) 
C a) -2 "l ~, • ~ P Pt.~ + ~p .. j,) ?t,rn 

2 (2] (p~1} 
"' (p .. :~) p1l~·-~ ,~_.4.,.+ Pi,.m 

where~ p .f,a ai:f ~~ove. ~ ~ -viZ 1 and v ls ot the 

fort!! 4q~ 
The so iution -f<Or -even v beeornea when v .fs.o,f the 

... ... .... 
' 

He::re ill ~he· ,ease of even values of v ...as 

alread:r. ~s t!ll-:t.aft we. lops~ 1 d,ji'. fer- tha.. tl1_ta.t>E:C tiO.nn 

w.it.~ X obtainec;l by subs M:t-utr:lns X: folt· iohEr paa~do. 

fa.ctp:r 1; in th~ interac.t.f,~ns contail'!~~g T c.on·t'Gunded 
n 

in ~ r Z ~es!gn~ T~ese are the interaotiona 

whose ~ormal equ~t~ope are of type JA4!sc.ussed' 
above"i We loose ep.& d4 f., aine.e the e.ontrast 

m m m m m m 
01 ~ ts. - ( 't..t..-1 -t ti+i) •l tb2 + ~!+2 l ~- .:·., ... tp+1 



/ 

\ 
' 

• • 
I~ may b~ .note.d ~hat. the eontra.sts fll and 

p2 rema~n same for ~~y i Q 1.2 •••• f. • 

t i:u.) Pa.rt.ieula.riy· for the main effeet X tJle 

solutlon is given by" 

.n A.o I> 2 (p.;.r) 
2 v t-1_ "" L. r Qi 

..r~l 

' The average u'ar4:ance- for any two varia tal 

comparison is (v,.l) x ():l./(s x-·lt ') 
a.nd E_.f ., = .. ~;6( v.+ ~ ) "' 

T}l-e splitting up 'Gf d •. r. fpr different 

components in the ana.lyais of va.rianee t.able for 
n a 

v x ~ dasign i» 2 pl~t blocks is gi~n below. 

n-a.+1 
l.et us first s11ppose t.hat ou'li of -2 ·- 1 

intera.ct!ona colffoundea in the· design 2 -i ffl .br 2a 

J>io-t bie.cfts z interact1ons do not. inv-olv~ the 

:pseu.do factor "f~. 

'I'llen tor oM. value-s of v,. we have the 

fo-llowing analysis o-f' va:t"!,a.nce pa.rt.t_tion!-ng 

h!!rs~uL~! v~hllin 
Due to blo~J!s: 

Due to main effect X 

1l'tte to -- I 

Due to X M 

-- ~ .. f. 
v an·a+i -1 

v - 1 n 
2 ... 1 ..... g 

n 
fv-l) (2 • 1) 
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Error 
n n-a.+1 

2 ~ - 2 V +Z +1 

Total 
n+l 

2 v - ,1 

where, M denotes all the main effects and intar

act•ions of the raal f.actors at 2 levels each. 

Whil.e f(lr even. values of v we have 

Blo.eka 

X 

li 

:x;m 

Error 

Total 

• U·Ln§-!E!!!OJ:J:..a 

5!.! ... 
n .. a.+1 

'g ? -1 

v - 1 
n 

2 .. 1 .. z 
n n-a+1 

( V• 1 H 2 •1) -( 2 •i•z) 

2n v - 2n"M
1

( v: ... 1) 

n+1 
2 v - 1 

• 

The method of construction and ana.lyaie of 

varietal· cum manurial tl'iala has been •illustrated 
2 

by constructing and analysing the 1~ x 2 design 

obtained by cambining the circular design in 2 plot 

blocks with t9 treatments ~nd one replication of 

the factorial de2ign 2 x 2 in 4 plot blocks . ., 

.QQE§TRUCTIQZ!,l Denoting the three factors of the 

s ect>nd. de"13 ign by 1, .A,. and B., 1ft us o bta.in one 

replica:tio·n ·o-:t the design by confounding the inte-r

a.ction YAB. The two blocks of this design are given 
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below: 

-----<---------------- -~-------- ... -- _____ ,_..... ........... _ ---
~vela of 13loclte 

y 1 2-_ _,._ _____ ,__...., ___ ,. __ ., __________ .,. __________ ...._.,..._ ____ .... ~-
0 

'; 

1 

-·-··------- .......... .._ ______ ·---------·--..----""'-----~------ ..... -... 

where x10 ; x21 etands for 00,11 and x20 a x11 

Qtanda for 01,11.. Let the circular design be 

obtained by developing ~e in!t1al bloelt 1*.2". The 

two bloe~a of the 1~9~ 2 design ~btained by 

combi,ning the- blttck eon'taining the treatmentS"( 1,.2, 

of the circular d.ea!gn and the two blocks of t-he 

faetorial design are 

~·oct-~2ll:~~nl 

1a. 2b 

1b 2a 

where a = x10 and b = X20• Similarly 36 more blocks 

can be obtained out of the remaining 18 blocks of 

the circular design. 

Aa aueh designs have not yet been 

applied, no actual dat_a could be found for illust

ration of t.he method of ana.lysi.s'CI However, the 

observations tn the di£;I;erent plots of the des,lgn 

have been taken from th~ data of an uniformity trial 

en Malv± 6otton report-ed by Panae and Sukhatme ( 1957.) 
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The observatiom$in the bloeks have been 

presented in table No~2, together with the treat

m,ent combinations give.n til. brac;k.ets • ~n w.Aic:Q 'the 

first number denotes the vari~tal level and tbe 

rest two the levels of A and· ·B respeetively't.-

h}?J;a;....Ng..~. The table showing yield -of 

., ~eed eo t~on in gtn . ._ per plot.. 

of size 1/2000 acre • 

......... ----;--~-......................... ---------------:--------------- .. _ 
Bloeks I 
---------------·---......--~.------ ------..----. ----~---··· ... -- ..... ----

' 

1 94: 121 122 108 .. 
( 100.) ( 111} !210) (201} -

2 143 138 155 135 .. 
( 1.10) ( :101) ( 20{)) (211) 

' 

3 103 82 9'1 '38 . 
( 200) (-211) ( 31()) (301) - - -

4 62 102' 64 ti8 

( 210) ~ ?01) ( 300) ( 31·1) 
-

13 'B'l '14 p5 
{~OQ] (311) (410) (401) -

'6 49 ·si 36 28 

(310) ( '301). (400) (411} 
-

'55 9'7 35 6G 

<4ooJ <".411) t510) (5Q1) 
-

8 6'1-- va 89 9·9 

(410) (401) (500) ( 511) 

9 82 52 60 '72 - -. 
(500) (511) (610)' (601) 
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1Q "!12 57 '78 63 
-' -

'" 
·{ 510) (501} (600) (911) - - -

1.1 61 62 ~6 42 - -
(600) tsu.) f'110) ( '101) 

- -
12 ,S"l ' .· , __ {?6 ' ~,(5 'Tfl - -. 

(610} ~601) ('lQO) ('111) 
-

13 5~ 
' . . 58 . 56 

"'"' ~ 
93 

("TOO:) ~1:1'1)- 1610) (801} 

14 ·."eo 1.2 . 50 91 
('710'} ('101) <eopl h~U) -

15. . !)J? 8'1 18 19 -. . 
(800) (8~1) (910) (901) 

- . . 
1S 109 '· 54 ·8"{ 54 . 

(81,0). ~801) (900} (911) - . 
1Y a1 \ 78 ~l 59 

... ----~ . 
Hioo)· {9:U) (1010) {1P01) .. 

1S 1~'1 '• 62 eo £7 
' 

(910) t90l) (1000) (1011) 
-

19 10't 101 82 ~16 

·f 10QO) ( :1._011) ( 1110-) {1101) - -
20 9'2 . - ~~6 ~5 fl'f 

{1010) { 1001) (1100) (~111) 
-

21 '13 . ·104 1.(}8 . . ·11,6 . . 
(1100) (11.4,1) (1~10) (1201) .. 

22 ~9 82 t2Q 111 
-

(1110) (11'01) {1200') (1211) . . . -. -
23 'IS 9~ 139 62 

t1200) ·(1211) ( 1310) {1301) . 
24 tt~~O) (f~1) ~isoo) 88 

A 

;.~.~ (13:1.1) 
./' 
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28 --

. 
'29 

30. 

31 

. 
34 

35 

" 

53 

{1306) 

as 
(1~10) - . 
90 

( 1400) 
56 

( 1410) 
-
6? 

t'15()0} 

99 
{15i0) 

'/9 - .. 
(1600} 

45 -
,1610) 

se , --
t1'f.ool 

52 

(.1'7.10) 
s;; 

(,3.'6001 
128 

{:1810) 
13.3 

tl900) 

'1t9 

119.!0) 

33 
\ 

- I 
62 

,1311) 

~ 
(1301) 

9~ 

(1411) 
·-
96 

(1401) .. 

\ 
\ 

'10 
{1511) 

85 
'(1501) 

89 
{ 1e1~:) 

78 

t16o:t' 
89 

(1:'1H.) 

1(1~ 

(1'101} 

18 
(·1£:1.1.) 

~0 

·t ·1ft!».) 

'101 

t19.1:1) 

19 
'(1901) 

99 
( 141.0) 

89 
(1400) 

104 . 
( 1510} 

54 

{150Q) 

51 
{1510) 

80 
~1600) 

59 

{ 1'710) 

60 
~ 1100,. 

10 
(1810) 

49 
.(1800} -

'If} 
t1910) 

:ill'T. 

{,1900} 

·125 .. 
(:.110,') 

111 

(100) 
"'' 

'15 
0.401) 

12 
( 1411) . . . 

l9.5 
(1501) 

ss 
{151~) 

83 
(1601) 

'75 
(1611} 

48 
(1'101) 
1U 

( 1'7~1) 

66 
t:1ao1·> 

i1B11J 

'./? .. 
!t-901} 

:1.21. 
~J-9.111 

:133 
( 1Q1;) 

J.1oa 
{111.') 

-··-· ........... .,. - .. -~ ....... ........,.. ~.,.i..._ ... ....,..,. ___ ,._...,. .. ~--·-·--..., ....... ......,...~ __ ...,......,.. __ __ 
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\ 
Th~ tot.al S' .. s"·' 'block s ... s. and unaffectatl 

main effeeta and interaciiion?S,..~.is o..al1 be f0und ae 

usual, and ha1re been given below.· 

Tot.al s ... s. l:f ~t13766.520 - .· . 

Block s,~. !::>' f!0321-.'7'10 
' 

s.s. due to. A .,. 4g'l.~ 

s .. s-.. dna f.OJ) '::t 1.9 .• 490 
-s.s. due to A£ c 43-.164 

s.a. d11e to X:A = 4429.342 
a·.a. due t.O'X'B = "reoo.a-s:s 

VJe hav& now to fiad the a •. St."s due to the 

affQcted main eff"e-et X and interaction XAB,. :Let 

the 19: varietal eff~cta be denoted by xt' s ( fo1.,2 

... ,M.1.9).~.and-tJla 19 t.X"aatmente for t-he lntera.etfon 

XAB by ~1's o(t = 1..2,, .. ~ .. ~··19),.., 'l'lher~ .. t.J: = x1 (OO + 

11 ... 10 .... 01 ). The frequ~ncy table~ for both the:se 

sets e>f 'treatments have. been presen.ted in \.able No .. S .. 

These show the.~,. X and X~ are indeJ!e?Jdently e~ti-· 

mable. as sum ~f,prpdueta ~f ~he frequgneies of any 

column of one table w1t.h any colu:mn of the. other 

table ia zero. The no~~l equations for Z ocme 

.o 'U t l:I.'S 

4 X;t. ... 2 (xi-1. +Xf+i ' :;: Qi ;c i: a 1.2., ••• 19 ..... {I) 
( ' 

and tha.f> for XAB are 

4 ti + 2( ts. .. +*"t.:i+1 ) u Pt • ! :=1,2uu• 19 H,.(II) 
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' 

Here, ! .. 1 and .i <+ 1 are to be reduce~ mod ( 19)" 

if neeessary,. and Q.i is 1;he adjuat.ed total of the 

ith vari~ty, while Pi, is that of ith treatment of 

·fAll defined by *'1·• 

The aoluti9n of t.}fe set of ~9 equations 

given: by (. n provide the estimates of x:l' & by writ.ing 

doVlfl ·the :ueduced nqrm~l equat.itms .. ., which are obtained 

by a,~d.i~ thE:~ nor.mal ~quaJ..l.o.n.ll co.rr~-spoJJ.di;ng ta the 

t.reatmen·ts which are equidistant.:from the lth t,reat..-
, 

men~. whe~ the treat.me¥tta xl" 'J.Z. ~* ...... ,.. z.1g are 

written in a ei~ele i~ deaceading order. As for 

example fo.r :treatm~Jlt Jt'( ,. {x.f .. 1 ~-i+1 )._ 

( xi-Z ,xi+2 , • e.te... ~e the pain et' eqJ.l!:dis·tant. 

treatments from xit- and will be called different. 
• 

associates of Xi• IIE:)re there are 9 pairs of equt~ 

distant 1;reat.ments wi1;h respect to arty particular 

treatment. ln g~neral f·ol' odd values of v treat .. 

m.ents there are ~.v-1)/? ( = p say) sueb equidistant. 

treatments Ql" ~soeiates •· ani for even v-alues of 'll' 
' 

there Qre p ( ':lJ "V/2 ) a.aeo cia tea,. I.et us( denote (l) . .. ~) 

llit .. j +.xi+j· by a.l· e.n.d Qi-j+Q..i~j by Qi .:• Then 

the reduced ,normal equations fQzt'firat .p.-:1 t =B) 
asaociat~a ~or treatm&nt x1 al~ng with the normal 

equation fo·r: xi .are as follows 

(1}' 
4 xi ... 2 s.i . ,., .... •.tot .... .,.,. ~;~ ..... ( 1) 

. (1), '(2) 
-4 :m1 +4 111 -2 sa. ••••• ..... ..... ( 2) 
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(1) (2) {3) 
··2~ 1 +4a1 .. ?aj ............. • •• 

(2} (3) (4) 
-2si +4s1 •2s 1 ............ '. 

(3) (4) (5) 
- 2_ff i +4s 1 - .za1. . ................. ,. = 

-
(4) ·(5) . (&). 

'l"2l;ii +4ai ·28 i ,. • • ....... r •• • • 

(6) J-7) ~8) 
"'2a i + · i -2a l ......... ._ . , . ., 

' 

••• (4) 

•-:• .( 5) 

-
• ..,..(6) 

,., •• ( 8) 

and, as there ar& 10 unknowns in 9 equations which 
' l are :rtot all lnde:pa:;ftd·a~~ -we ada to these set of g 

,~--,- 1.~ ' 

eq_ua.Uona the :reat:r:::i.ction <.~ ~-1 = a whiO:h is BaJ!l& 

aa the eq~ation-

., ....... ., .... ..... (10) . ' . 

With the help of· t.l:ieae ten eq't,Jationa the aolution 

for xi is o~ta!ned ae 

A ' - (1 ) ( 2) { 3' ( 4) . ( 5' -( 5) 
xi =~45Q1 +36Qi +28Qt +?Hlt +.19.41 +10Q1_ +~f.l~ 

(7) (a) 
+ 3Qi + Qi ) I 38 
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The estimates of differen~ xi for (i=1.2, 

•••• 19 } are given below 

xl 1 z :i 4 5 

-
Ea tf.matea 18.276 29 .0'79 10.882 -8,566 -8.013 - . 

6 '7 ~ 9 1{) . -· 
•8.21·1 ... 15,158 9 .. 395 ~h591 1,.'750 

11 12 13 14 15 
-22.441 9;105 -14_.59-2 1.951 -1~231 -

16 1'7 iS 19 

-4.434 0.358 -:t2~S'f9 4.724 

I'; 

The s.s. due to X is as usual f. 
A 

Qi • xi 
and is found to be here equal to 9303.145. 

The variances of the comparison between 

varieties for different associat~s are given below. 

Between 1st associates "'9<>2/19 • e.g. for xi,V(x1 .. 

2nd 

II 4th 

5th 

" 6th 

• '7th 

" 

D 

II =42 q-o/19 

Xi-1) or V(x1 -

Xi+1}'-
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9th • 

'l'h& average variance is found to be equal to 5 o-a./3, 

and Jl1.,.F. = 0.1.5 .. 

the reduced normal equations over first. 8 a.asoc!atea 

for ~i along with the ncrmal equation for tt 
p-btained from set of equations (II) are given below. 

(1) 
4ti +2Ut ...................... 1;t pi ••• (1) 

( 1)· -·{a). l'3f 
2ut ~4ui +.211{ ,. ··• 

( 2) ( 3) (4) 
2ui +4ut +2Ui,..•• 

-

...... ~2) 
~<l· ....... = pi 

{4) :(5) (6) 
2u1 +4~1 +2~· ...... • .. 

-
(5) (5) ~7} 

' 
(6) 

2u1 •4ui + f!u·i •• •• . .... =·pi 

-
(6) ('l) (13) 

= pi'' ZUJ.' +41l! +2U1_ ......... !t 

("() 4(8.) J.9) {a) 
au1 + ut + 1 4~"Al+4i. =pi 

. 
~-

... (2) 

....... (3) 

.... (4) 

-
••• (6) 

•• .;< '1) 

.... ( 8) 

.~ .,9) 
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~h~ solution of ti can b~ bbtained with the help 
• •'1 

of ·these 9 equations and the restriction ... ~ t.1 = 
C (eonstant) 1 £.~. the equation 

(1) {2) 
i;l +u,t ~ui + .... .,. (9) 

• •'ll! ::; c 

n;- i a found to be 

Subst.itutlng for f.t in equation '( 10), 
"- • , f ' • \.~ • ! I' ' 

for e we get. 0 ::r -i .L. P..:,.. . 
.... ~, ..., 

and solving .. 

... ,.19 
The- a:lgebVi·~· e•:tpre-aa.i-on for Pis for J.. e1•2• 

ar& g!.v.JtZJ. as follows. ,. 

2P:r '= 2'1'1 ;. {Bi -ll2 .. BS?• ~.38 ) 

.. . ~ -

2Pa = 1?!.'2 - { aB1 •»2. +bg -B4 ) 
,. 

2Pg =- 2'1'3 .. (-B3 ..-.B4 +B5 .~BS ) 

2P4 = ZT4 ... ~~~~ +B6 ·~ .sa ) 

2P5 = 2T5 .. (~B'l 4Bs +Bg .. :e1.{) ) 

" . ' 
2P6 :: aTs ... ( ~:eg, . +B1o +Bu. -:s12 ) 

2P7 .. 2f., - { -B11 .,.'B12· +B1.3 .. B14 )' 

aP6 = aT8. .,.,,., ... ( -:B1.S +B:1:1. +B:s-5 -Bi~ ) 
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._ 

2.P9 = 2T9 - ·(-B15 +BiG +B17 ... B18 ) 

2:r10 = 2T1o .. { -B1"1 "'B18 +Big -1320 l 

2P11 =r 2T11 .- (.;Big +B20 •B21 .. B22 ) 

2P1a ::= 2T12· 
,.. ( .B 21 +B~2 +BZ3 .oB24 ) 

'.2P13 = 2T13· - ( ... .n23 • 1324 •»25 -B:a8 ) 
' . . 

2P14 ·= 2T14. ... ( .. ~25 +Bz6 +.B2? -1328 ) 

2P15 = 2T15 .. (~'13'27 +B28 •B'29 orB so ) 

2P1S i\ 2T1a ... (,_B~ •Bso +Bsi, -Bsa ) 
• 

2Pi'l a 2'1'1"1 • (•B31 •B3~ +13ss -B34 > ~ 

-
2P18 u 2'1'18 "! o(,.B$3 "'S..34 +Bse -Bss ) 

2Pf9 =2T1g ... -t~3s:· +Bzs -+:113'1 ~:ass ) 
. ' 

where, Tt is th~ d1r£arence of the aum·of the plot 

yields having ~reatments (ioo)~ (i11) and 
' -· . ~ 

tf10) ., Hi.01) a.nd ~i is t.he t;oi.al of t-he ith block., 

s.s. due to XAS rs given by 

The a~alysis ~f variance tabie is as 

follovrs. 
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Table No. 4 Analysts of Variance Table --------- , ...... 
... ---- -- ... -... -~ -----.. --...... ---... -- -- .. _ _, ____ ., ____ ....,.,. ___ -·--· ..... 
Sour~e& of , . Rd,.f .• ~ . s.s.. ~ m.s. 
Va~i,atl~~ ~ ~ . ~ 
--~~--------~·-~--~-~-~~~--~~~~~~·~--------~·-~------
Between. Bloch 37 ~0321.TrO 1630.318 

X 18 

A i 
B 1 

m 
' 1 

XA 1'8 
,'lll 18 

' 
XAB 18 

E~l"O"X:' 39 

To-tal 

9 3.03 .1_4~. 

497 "53~ 
. " 

18,480 
-

43.,164-. . 
4429.,3~ 

7800._895 
-

7215.451 

1413G.730 

34f>.o'75 
433rS8.3 

400 ·1359 ., . 

...... _,... ____ ... __ ..., _______ ....... __________ ._ _______________ .,..,... __ 

V .~.lUETAL CUM JU.NURIAL PESIGN BASED 

ON OTHER ~NCOMPh&TE B~OCK DESIGNS 

WITH TWO PLOT BLOCKS 
•••• 

When the Yarietal design is any other in

complete block design with two plot bl~cks a varietal 
n 

cum manurial design v x 2_ can be cons '!iruct.e.d 

exa.e.tly B imU_a+ly as ~inscribed earlier • In these 

designs .also the~e wil~ b~ two type~ ef normal 
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~q~ationa, and ~he analysts will be similar ~s ~n 

the case where the varietal design ta a circ~la~ 

design in two plot blocks with v odd. The method 

of a-olving the nO>rllia..l equations will follow the 

same line as in the case of the incomplete block 

daa!gn us~ for obtaining varietal oum manurial 

design. 

VARIETAL CUM MANURIAL DESIGNS BASED ON 

CIRCULAR DESIGN WITH FOUR PLOT BLOCKS .......... 
w~ have discussed so far var!etal cum 

manurial designs based O"D varietal designs wit~ 

only two plo ta per bleck. Other varietal dasig:na 
p 

with four plots or in general 2 plot hlocks can 

also be used to obtain varietal cum manurial destgn 

with as many replications as t~at in the varietal 

design. In the present investigation we shall 

consider only varietal designs with four 
of 

and one replication~the factorial design 
n 

plot blooks, 
n 

4 x Z ,in 

2 plot blocks so as to give the combined design 
n n 

v x 2 in 2 plot bloeka~ Furth~r eirQular designs 

in 4 plot bloeks will be taken as the varietal 

CONSTRUCTION: For construction of the design 
n 

v x 2 It we shall firat obtain the circular design 

in 4 plot bloe.ke by developing the ·init-ial block 

( 1.,2.t3.4) mod( v). Next one replication of the 
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n 
fae~orial design 4 x 2 

obtained ( f<Q.llowing Daa 
n+2 n 

n 
in 2 plot 

1951) from 

blooks will ba 

the symmetrical 

deSign 2 in 2 p,lot. blocks. The four comb! .. 

nations of the two extra factors each at two levels 
n+2 

in the design 2 give the four levels of the 
:n 

:t'irat factor in the design 4 :x.: 2 -. Theae two 

t'aetora will be denoted by l1 and :&2• By eon

founding three interactions of the type X1Il ~ 

Xa 1 2 and x1 x2 0:1 t 2 ),. where., 11 stands for 

a group of faetors ·containing only real factors 

i.,a. other than x1 and X.z· .~ and 12 similarly atand·s 

for e:nother gntup and n0t 'identical with I1 group 

of such factors. while (11 12 ) atanda f~r all the 

faotora in I 1 and t 2 whi.ch are not comm&n to both 

the groups,. ln each ef t'he four bloeks ~f' tllie 

design each of the four oambinatio.na .. of tp~f factO'ra 

xl and x2 will o.ceur an equal number of 'times a.a 

none of x1 .x2 and X1 x2 is confounded in the 

design. The tW» desi~na ean now be c~m~ined as 

indicated earlier.. In the combined design the 

main effect X. will be aff.a ated t.Qg:tth~r w1. th the 

interac-tions Xll , XI2 and X (I1 12 ); I1 .z2 .,. 

having the aame meaning indicated earlier. 

n 
ANALYSIS: In the factorial deelgn 4 x 2 • we 

n-2 
shall denot~ by G0 the group of 2 combinations 

' of the n real fac~re which oe~ur in the first 

bloek w$th ( 00,. -eombtnat.ion of Xl a~d x 2 • SinJilarly 
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Gt-G-2 ,_Gz wil.J. denot..e thr~'e ot-her groups of 

n .. 2 
~ombinations of n ;t:'a(,::torn. each. of size Z wh!ch 

occur j,n first.· bio.ck with the Qthe.~ three comb!, .. 

nations o.f the f$-Ctors xl and x2 •. .tla.IiJ.ely. { O:t '·· 
.(10). JIDd f11). This block will be written .in order . 
OOCJp ._ 01Gl , 10G2 an,d lJ.Gz• In ~he ct.her thre~ 

blo~_ka these four groups only oecur such that they . 
form a. ~atin square in a.;u the f.our blocka e.ach 

occurring once with -each of the four combinaUona 

of the fa.ct.o~ Xl and X2 •. .Each of :lnteraet_i~na 

ti ,12 anq ~ I:f:2) can always be axp:resaad as a 

cont-.ra.ah bet_we.en (Go>.., (Gllt (G.2) and {G~ ). where 

(G,tl denote-s 'the a.um of all the combination~ 

i'o.rming Gt #' 

The 'borm.?-1 equs:tions for the m.a.in effect. X 

w!J,l ba the same ~ obtained in the circular tieaign 

excepting that eaeh coafftei:en\c on the left .band 
n•2 · 

side will be multi~).ied by 2 • Aat'!la.lly these 

equath)na ar.e a.s shown belofl. 

n-~ · n-o2 · ( ) n.-..2 
2 x· 1:~. ,-2 X3 Xi-1+Xi+1 -2· % Z(::i:~2"' :&{+"2) 

n-2 
.-.2 X 1 (xi.3"'Xi+3 ) ;: Qi ........ (I) 

t ':; 1. 2t ••• .,11 •. 

wb,ere. '%1+1 (tta. are- to b~ reduced Iri~d{v)._ and .Qi 

is the ·adjU.~ted varietal total of ~t•· 

n-2 
DefininE 1 RJ ~ Qi / 2 ~ we can wri~& the set 
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of equations (I) as 

To solve for x 1 we write down the normal equation 

for x1 and p~1 (where. p: (v-1)/2 or v/2 according 

as If :f:s ~dd or even) ~ther aq:uat·ions eaeh of which 

is obta.ined by addi7lg two normal equations co.rres

ponding to two treatments which form~ an associate 

group of the treatment x 1 • The associate groups of 

treatments are the same as in the ea,ae of circular 

designs in two plot blocks. The assoeiate groups 

do not change even when the treatments are far 

" interactions • The restrictio.n i~ x 1 =sO is to be 

taken to get an(j~!que solution. Deno(f)g as befor-e 

t!-j +ti+j by si and Ri-·j +Ri+j by Ri, for even 

values of v we have the p+1 equations aa below • 

••••••• • • • ( 1) 

......... (1) 
=Ri ••• (2) 

-
{1) (2) (3) (4) (5) (5) 

-2x1 -2ai -3si +12si -3ai -2si •si •• = (3} 
R1 •• .( 4) 
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-
(1) (2) (3) (4) (5) (6) (7) 

- s i - 2s i .. 3s i + 12s 1 - 3a ! - 2s i -a i 

-
(2) (3} (4) (5) (6) {7) (8) 

•81 •2Si -3Bf +12Bi -3Bi •2Bf •Bi 

• • • • • • • • • • • • 

• • • • • • • • • • • 

( 4) 
= Ri 

.. R ( 5) 
- 1 

..... ( 5' 
-

••••• ( 6) . . ". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(p-6) (p-5) (p-4) {p-3) (p-2) (p-.1) (p) 
-ai -2ai -3ai +12st -3ai -2a~ -2s1 

(p-3) 
••• = Rt •••• ,(p-2) 

(p.5) (p-4) (p-3) (p-2) (p-1) (p) 
-a! -2ai ·3ai +12si .4si -4a1 . . . . . . . . ~ . (p-2) 

~ Rt •••• ( p-1) 

(p-4) (p-3) (p-2) (p-1} -(p) 
-a i -2a 1 -4s i +lOa 1 -6s i • • • • • • • • • • • 

(p-1) 
= Ri ...... (p) 

and, xi 
(1) (2) 

+ ai + si + • • • • • 
( p-1' ( p) 

+si +ai ;.~·••4••••• = () •••• ( p+i) 

~ 

Since the restriction .r x1 = 0 ia same equation as equation (p+1) above, 
~-1 
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solving f!(r 
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aolution of .t1 c~an be obtained by 

xi fr9m three independent equations 
\ 2) 

and a i , which are obtained by 
I I '' 

-eliminating other unknowns from the above set of 

(p+1) equations. Thls can be done by finding 

three independent seta of ·multipliers Up., Up-i 

..... rr0 f Vp ,,Vp-i' , ........ V0 ; and VIP ,Wp•i•••••Wo, 

aue4 that when the above p+1 equations are multi-

plied by these in the order stated, 

tion (1} by up 'eqbation {2} by up-1 

that is equa .. 

and lastly 

equation (p+1) by U0 and are §1-dded all other un .. 
(1} \2) 

knowns except xi , Bi and s1 are eliminated. 

The above multipliers are eagilt obtainable f~om 

the following.recurrence relations. 

U~ -U0 t ~2Ur-1·3Yr.2+12Ur-3•3Ur-4•2Ur-5-Ur-S 

'!%' .vo = ... 2Vr .. 1~3Vr!2 12Vr-3·3Vr-4'"BVr-5..-vr.6 

wr ~w9 ~ ·2Wr·1-3Wr~2+i2Wr .. 3- 3Wr•4~ 2wr_5-Wr•S 

The values of Ur ,Nr and W:t- for r ..:0,1,2 ••••• '7 
ar~ given in table No.6. 

So finally we get the equations as , 



(1) 
} B·i + ( -2Up -4Vp-1 

-+12Up-2 -3~3 -2l.Ip"\'4 -Up .. 5 
< 2)' 

)ai 

. I# t. i] R.{p ... J~ 
j=l ~ i 

'l'he other tw,o. equati:ons can be written down l>y 
' • < 

putUng ·p a a.1;1Q. w• b instead: of .1J' a b the above 

equa.ti•• ., 

· io:t' .. (~ ~uu.~{ r(f y. !i,.)the:re .~!i~ha~a& in' 
q.·h ..,D:L ... 't . ..,. pI p. < -.1d s. .P. ' - ...... , 
'~' e eoe~u.e.:.:an. a- ~.I. Q'l, -~ ~i ,~ s 1 in "WJ.8 

laa;t three. red:u~d normal. e.quatio:nsi".'the multipliers 

lf,. V and "l' l1 <t.~ts:e.-c.tif'ferent. v~lue~J·. Whereas t.he 
• "' _.':. ~ • ' 't - ~ ,. 

re~~+re~~~ z,:el,ia.~bAs o..! th~. l.llp.l.'tJp.:a~'f's;. and" r .. rm· of 

the thr~e indep:end~nt a-q:uatioua~ in •~tr .. ai1l_ and :sl2 ) 

remains unch~n:_ge~·-• The ;f:ni tial ~al uE(a. qf U-r ._ V r 

and W~ f!or r .• 0_;1.).2,_ .... • 't !U"Ef gi'ten; in ftabl~. No_.-; 

when " ia odd_, 

The- no'rma.l equat:iotts for nlf. what,'& ll,_ 
coneaponds to the e.ont4"8J}t ~{i4i>) i' :(G1 ) .. {G2 )' -(~) .. 

o.ome out as 
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. The normal -e'4ua.tion11 for Xt2-. when. 12 
eorr.eaponds to the contrast. (Go ).(G1 ) +(G~ ), 

·~ Gs) t come. out. a.a -.... 
\ . { .. 

· n-2 ( 2) n-il . ( 2) ('2) n~£ ( 2) a x12~.1 +2 '~=· 3(ti-1 •*-t+'- ~ ... a x· ~-~i .. 2· 

t2) Jl.-2' ~~} '{2) 
•h.,.2 ) " ~ ~ t~t. ... :;+t.i+3 ) ;=. Pt.a 

· Wh.lle the:_ noJ,'ma.l aquatfo~ fo~ l(It l2 ).f 

:where• ti1tz) ¢arres~oncl.s t9 tm :c-ont.~t {Ga.) 

.. (Gl ) -~-G2 ) +:t&,3 }. ccme 'out as'· 

. . . 
n•2 (3) n-2 (3) ~5) 'n.o8 (3) 

2 X 12t~. -+2 (t.f.-1 +t!+.1 ) + £. ,.% 2tt.i•2 

( 3) · n•2 (.3) (3) . 
•t.t•z J •2 (ts-~ +t.t+3 ):rPi 3 .. 

Ea.eh of these sets 9-f .equ~t.iocn& .can· be s-o.lv-ed lwt 
like tho~e i:n -cas .. e ot ~atn effect x. .Tbe "1111 

dif:ferenoe ia that hera the xe.etrtetton taketf ia 
v m . . 

/ .'?;. t1 = lm (Constant)• and n9t. zero aa tn main 
... -l v - -

Ettfeet X~~;·vtheJ:~ Lm ::r ( "~ Rt..,m )/1-£!. -= 
" n-:2 

( '{-;, -Pi,ml/(2 % iS)&, 



fo~r m ='1.2·· and r· 
thr.ee interactions 

respaotively. 
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Where m l;>1,.2. and 3 refer to 

.111 .xt2 and X (r1 f 2 ) 

?rom the a'bove normal· equations for a:ay 

• 

m 
lnteraetion the three independent equati~ns in t1 • 
(1.} (2) . . 

tJ.hnt- and si•m e~ ba o.bta:!t:ted fol1.,owu1g t~e aama 

proced-ure s.s ~ the ea.S'e -of the main ·affe~t 1,. 

whe:re a{!m} ·aapctes as -bef~re- th& sum 1)f t.he. tra:at.-t. . m 
merit"Et <>f 1th asa-oeiat.e group t.o treatment tt .. !.e. 

'(j} m m . 
&i-i:ni ,., 'b:.t-j +"t.t•J • 'fhel3e three equations come 

in the f"o%111 

1lz (i.l (2) 
Al tt <t ~1 &t,t.tt t:Cl -si .m 

in (1} (2} 
~2t-1. + ,~~2 .. -~.t.m +O~ ~i~m . .. . .,. (2) 

,. 
m (1) ---- (2) 

& . ., A3 t 1 + B3 ·s 11111 + a3 s:1:.ln 

:i.,.e., for dif-ferent m' s_. ao 1a -t.he. e~ase tor the. 

mu). tipliers. u.~ t and ~ s_. which a.paM. from being 

different for different. m• s are different. for c.eld 

and evan· values of v also. '!'he eoef'ftcients Al,' 

Bh C1 in "berms ef the mttl t~liere lit' fpr d,tffarent. 

!ntera.et.:f:one fU"e :kowevr;,r., glven in the 'fo-~lQwing 

t.a.bl~ No~'fll A2 .. ~2 i c2and 'A-3 ,13 3 .c3a.rs o.bta.ined 



Tabla No .,5't 

•. 

51 

"ra.bls giving '-j,,.B1 ,.o1,. for 

different affeete~ interaetions 
••• 

-·-. ..-.. , •. ,..... -.,. ... -....--.--- ~ .... -- .... --· ·"-!1;·---- -----·--- .. --- '!-'- .... __ -.....~ ... -

m A , 
l 

Coefficients: 

B1 ·--·- ..--.-: . .___. ___ ......... ___ ---..... ..,~-- ---~--·_..,. __ ......,.._....,. .... -- ... ---·--... ·--.... 

1 

2 

12llp-2Up ... 1 

1'4U'p•g + 

. -
1.211p +S'Up•1 

.4trp- 2 ... zvp-z 

12ll;p 6>.2llp .. 1 

+4ti~ •.. 2 .. zup .. z 

.. u:P•141JP-:t + 

~uP,. :1" liP -4· . 

Ztlip +iOU'p-1 + 

4~2 ··2llp .. 3 

JTp•1~UJ:} .. 1. + 

zap .. z.·t!p"4 

2U'p +12'Up-2 -

uP. 3 +2llp.4 

+ tJ "" p• ... 

.. zuP •4'nP~iw ... 

12lfp .. ·g +3.Up .. '3 .. 

Ztlp-4 +t1p•5 f 

211p+12U~.2 +'!Jp .. z 
+2Up .. 4 .,.up .. !S 

Tb~ recurrence relations for the multipliers u~ for 

.-differen:li m a;r.e ghen below'*· taey are same fllr even 

OJ<"" odd value~ of v., 
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( al For m =1,. 

-Ur +U:o = -2lJr-1 +Ur-2 ~i2Ur.3 .. ur-4 ... 2u~-5 .ur .. a 

(h) For m- = z, _ 
Ur •Uo· = 2Ur~1 ·3»r.2 ·12Ur-3 ~3Ur-4+2Ur-5-Ur~G 

for r ::: 8;9._.., .... etc• . . 
(e) For m = 3" 

lfr :'!" :go = 2lfr .. 1 ... tir .. a +12tTJf-S ~~4 •2Ur~i '~r~6 
for r a 8 t.9, • • • • a tc • 

The recurrence relatbu for the -o~er two sets of 

mul~~pL!er~ can b~ wr!~ten a~w~ by ~placi~g U in 

th-e abo'O'~ rela,Uoll;a by V and W respe:etbel y f'or 
eE,~.eh ~ffeotf)rl interal.)t~n~ The values of Ur ,v r 
an'Cl W.t for r 'l;f &~1~:~;~ tt ·~ 1 are given.. in tahl& il.o .a. 
a:nd 7-. for -even and .edd 't-a,luea of " l'eapeeti vely '! 

The sum of squares for t.he unaffected 

interaoitions ar~ <tbta!ne.d g.g usual" Whil~ s~a .. _ due 

tD interaa.tion m is obtained as 

The ana.lys is of variance table 

the case of odd va.lnetl of v in 

is S·8lll6' t$ tha. t in 

two plot block~~ 
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-, Table Ro .6 Tabl.e giving values , of Ur ,_Vr • and Wr for even v., 

::~ :: r ·-··-··x. -·.-------iii: fm:i i ~--·--~ia ~{m;a;---·-. "i(i: ii2;:-i ;:~r ----·-. 
Multi- lJ{ VJ Ws. U1 Vt Wt l1t, V.t Wt U1 Vl WJ. 
pliers 

i . -
-~····· .. ~--·---- ............ ~ ............ -.~ ... -"" ... "'*""'~·.,...... .......................... __ . __ ,..._ .... ,.... ___ ._ __ ..,.. __ ,.,.....,..,....,..,._~···-·---· 

' 

0 0 D ~ 0 0 --2 Q Q 2 0 0 2 
' 

1 Cl ,...1, 0 e 1 0 0 1 0 0 ... 1 0 . ' 
2 1 1 0 1 1 0 " 1 0 l. 1 0 . 
3 2 1 1 •2 ·1 1 2 .. 1 t a 

' 
1 1 - - ' -

4 -s .. 1$ {) 4 -12 -0. Q ·16 4 4: -12 4 
• 

5 22 45 ·1 ·22 '-1 .z -1~ -45 ' 22 ·11 11 
-. - .. - ,.. ' -

6 1 ·31 16 '73 ·:?3 ... 16 ,..fr~ ·31. ... e , '13 ·23 40 
-, - - . . ' - - -' ., ·1'72 •M9 -30 -220 19V 38 •Yil 269 ... ae 280 ·19'1 142 

- - - - . - . - - - . - . 
... ._ ~. '· ' • - ' • ,.>. 

......... i-. ·- ...... .,._ ·----··--~··~----~.,. ~ ••• -. ........................ --...... ·---......... ~ .................. -.~-·-,..-- -· .......... 

• 
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Table No.7 Table giving ~aluea of Vr .vr and Wr for odd v 
' , ... -;;-~-.. ·----·---·r ... ·-·--·-·-·x:x;_:-<;::.tr ___ _._ii2:·r;;a; ,. ___ .. ---~<iii ;;;(;;3r·--

itiit.i:.·R . u1· v1 Wt u! v1 wt "! v1 w1 . u, vi w1 pliers R . • 4 

i . 
' ' -.:...,..... ·- .. -........... -... -... -···4· ..... ~~....., l!i ............... "....,. _ ................. ..,... ... .,.._,.,._,.. ·~·~ ··---. -- ~ _,__- ·---~··,·-- ·~--

' ' 
0 0 0 1 0 0 

' 
-1 0 0 .. 1 a 0 1 

< ' ' ' 

1· 0 ·-1 0 0 1 0 Q 1 0 0 1 0 
·' . 

2 1 1 0 1 .. 1 0 1 2 0 1 -1 0 .- . • < 

!3 -3 2 1 -3 2 $ 1 1 1 1 2 -t 
- • 

4 3 ""iS .. 1 7 .. 18 -1 -1 •17 3 3 14 5 . - . - --
6 15 45 0 -2S 51 4 .. 1'7 ...64 4 19 19 e - . - - . - - . 
a ·'78 -13 -16 102 ·147 -2Q -46 .. gg -12 54 77 32 

- - --
'1 154 ·33S .. AG. -.322 ~64 $. -50 216 .r.,'l4 16$ -340 .1:1(}. 

-- ...... ~,.. ... -.., .... _ ............ ·--~ . .,..--- ....... - ..... -"lf' ....... - ·- ........... -···~- .. ...,. ....... ,....... .............. - .. - ...... ~- ,... ..... _ ..... __ 
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SU!UlARY • 

The thesis deals w1 th two mA'in problems,.., 

These are {1) obta'-tling designs which are suitable 

foE' factori(:l.l cum man-urial t.r.ia.ls and ( 2) a. method 

.of analysis of sueh and .othar a.symmetriea.l designs. 

So long 'i'a..etorta.l expa·rimentationa 'S.lld 

val'l'tef..al ir;lala have bee~ da.e.;u .. .separately• Sinee, 

it ·has· been often found ~hat the varie~ies 

aeleeted tr~m a ~~~~et~ tri~l -~ondue~e~ at an 

unifor-m level of ma.n"!lre lodgea a.t a higher dose 

of manure, e~e neeessity has been felt to ev~lve 
' 

designs th~9ugp whieh in addition to sel~~tt~n ~f 

tarieties some knowledge regarding the !nteract!Qn - ~ 

Qetween the varieties and m~n~res can also be 
o bta:tn-ed ,.. fhEf-u&ual des igna which are 'a.vailal{le 

In Htarature are not "!lery auita.bl.e i'o11 this tyPe 

of axperimertt.a e:&:eept.ing that whsn the number of 

manu.rial tr~atm~lJ.ta is small,. tncoiDPlet.a bloek 
• 

designs aJlgtll(lntad by a.asd.oia.ting eaeh lf'al"ietr 

with a number &f. tretLt.met+t.a_. {tB introduced by 

Bo\'e and C~cr' ( 1952.),. oan be ado:pted.. 'rile designs 

sui table for vari-etal eum m.anuria;l t.ri.ls will 

eaaeD.t~ally be s()me asymmetrical dee tgn. As t.he 

-ntnnber of v,arietiea is usually large the usual 

a.aymmetr.ical design vhera ·no main e-ffect> 1s 

af~ected ia not of much help. as v.ery large b~ock 

siz.e is re.q:ttirad -fo:r suc.h e:x:perimentatioll,. Th!3re ... 

fore attempts have Q8en mad& tc evolve, variet-al 



(!1) 

c'flm. manur:i:al das:Igzm by combi·ning a 'b.i.b. design 

and a factorial design, and thus a aerhs of such 

d.e&tgn has been obta,i1led. • Aa b.I.b. designs suffer 

from oartatn lililitat!ons tha~ they are not available 

fo~ any number Q£ trea~ents. with a reas-onable 

number of reJ?.licat.io ru:l particularly when blt)ok a i.ze 
' 

1a small another sert.es of des!gn_s has baeD, obtained 

by· eom'bin"ng elrc.:uJ.ar designs introduee.d by 'J)as. ~ 1'960) 

wi t.h suitable bloek ~Jize a.nd a fa.ei.orial daa~. 
•. 

Tn ihe p-resent th~sis: we have restricted ourselves 

to the manurial factors ·each at tw.o levels,. The 

series obta!n'Eld are based o.n a factorial deli}ign o:f 
11+1 

the form 2' and on ~a} ei.l"cular designs in two 

plot.. blo0ka. and {h? e.ircuiar destg:r:w in fonr plot 

bloch •. the latter design being ~btained 'by develop.:. 

ing tn-e initial bl.oeR.: 1.2,~,4 mod (v). whEu·e., v its 

the number of varieties and varieties are aumbered 

in natural numbers 1 to v. 

Kempthorna {1952) has given a. method of 

analysts· for a. particular asymmetrical design ... An 

attempt has bean made in the pr-esent theaia tQ 

give a gene~a.l method of analysis ~or the design 
n . -

1' x 2 through wh.i·cll besidl;)13 getting a eonrplete 

analysis o·f data it can be easily known whether 

f-or any design two a.ffee.ted fnteract:iona a<re 

estimable mutually independently,. An illustra-tion 

for the above method ..has also been give~. 
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