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CHAPTER I

INIRODUCTIION. ARD_REVIEW OF LITERATURE

For agricultural experimentetion, there are
mainly twe types of designs, These are (i) factorial
designs, which are ndopted when the treatments are the
combinations of the levels of several factors: and
(11} complete and incomplete block designs suiteble for
varietal trials, though the complete block designe are
used for factorisl treaiments also, |

Fisher first introduced the concept of factorial
experiments and confounding for such experimentation,
The theory of confounding in factorial experiments was
systematically 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 ¥ates (1937)., The problem of
confounding in the designs of the type Sm X 2n was
solved by him also, , Afterwards Li (1944) obtained

. some more designs following Ydates, Later, Nair and

s -

Rao (1948) developed a set of conditions which led

to the conatruction of some balanced confounded desigus,



More recently much research has been directed to
construct what are known gst
(1) Fractionally replicated designs intw duced
by Finney (1945)
2 (2) Orthogonal arrays initroduced by Rao (1950).
é (3) Optimum multifactorial designs by Plackett
and Burman (1946), and
2 (4) Multifactorial designs for exploring the

response surfaces introduced by Box and his
coworkers (4951, 1952, 1957),

Das (1981) has given in a series of papere a
sys tematic method of comstruction of all different
types of asymmetrical factorial designs, All these
designs actually come out as g fractional replicate of
some symmetrical confounded factorial design, He has
alse introduced a method of com truction of confounded
symmetriel factorial designs where the number of levels
of each of the factors is the poduct of different pmimes,

Comlng to designs suitable for varietal trials,
Yates (193Ga . 1936b , 1937, ) first introduced in-
complete block designs suitable for sxperiments
involving = large number of treatments, Lattiee
designs and balanced incemplete block (b,i,b ) designs
are the two designs evolved by him, A systematic
study of the verious methods of construction of g.i.b.

designs was first made by Bose (1939), Nexzt Bese and
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Nair (1939) introduced another class of incomplete
designs called partially balanced incomplete block
designs, These designs included as special cases the
v,i,b, and square lattice designs, Later Nair and Rao
(19425 ) generalized tﬁ%e designs so a8 to include the
cubic and other higher dimensional lattices a® specinal
cases of such degigns,

One more type of desigms involving blocks of
twvo plots only was introduced by Kempthorne (19853)
He called these designs circulani designs as the
solution of the pormal equations of such deaigns can
be obtained by inverting a circulant matrix, Das(iQBO)
introduced circular designs, which are available for
any number of treatmenis and replications, In thesse
designs the block size is either equal ® or a multiple
of the replication number, There are several other
series of incomplete block designs 1ike rectsngulsr
lattice, chain block designs, linked block designs ete,

The incomplete block designs considered so far
have blocks of constant size and a constent number of
replicates for all the treatments, Some amount o¢f
research has also been done to gelt designs with un-
equal block sizes as also unequal numbers of repli-
cations, The quasi-factorial designs given by Yates
(193éa ) when v = pq have blocks of sizes p and q,
Again the designs developed by Kishen (1941) havse,
in general, m different block sizes, ky , kg ...ky
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More recently Graybill and Pruitt (19858) has intréluced
g series of designs called staircase designs which-
accommodates block of all sizes less thamn and equal

to the number of trestments, Recently Bose and
Srikhande (1959) have used such incomplete bloeck

designs with unegual block sizes and A = 1 1o get
orthogonal latin squarés of sides 4% + 3 ,t+).

Ffederer (1956) developed a new class of
designs, These designs have one set of treatments
reglicated b times and a second set only once, In
these designs the blecks alsc need not be of the same
slze, N ,

Onsother direction of interest in which the
investigations have been directed concernds evolving
designs with two-way elimination of heterogenity,

These designs atarted with Youden®*g square introduced
by Yates (1937). Much work has plso been done te get
designs by dualising the existing designs and a good
number of de%igns of interest could be obtajned through
this technique,

Al1 these references indicate that so leng
factorial experimentation and varietal trigls have
been dealth with separately. Of late some nscessity
has been felt to combine these two types of experi-
mentation, For example in varietal trisls for gelection
of promising varieties some uniform menurial dose is

taken and all the varieties are tested on this dose,
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It is often found after selection from sush experiments
that a yariety selected from expesrimentation ad & lower
dose of manure lodges when it is grown at some higher
menurial dose, This suggests that at the tims of
rarietal trial the varieties sheuld be selected through
experimentation invélvigg*more than one manué?i dose,
so that the experiment can bring out §f thers is amy
interaction between the varieties and the manurial
levels, The necessity for obtsining such design was
first pointed out by Dr, Panse,

The usual designs which are availeble in
literature are not wery suitable for this type of
experiment, excepting that when the nmmber of manurial
treatments 4s small, incomplete block designs aug-
mented by asspciating sach variety with a number of
treatments can be adopted, Sueh designs already exist
in literature {Bose and Géﬁbr, 1@52 ), though their
application to meét the present contingency has not
been asttempted, -

If we have n manures each at s levels to be
tried with v varieties the tetal number of combinatiors
will be v x 8P, So the designs suitable fer this type
of experimentation will essentially be some asymmetri-
cal factorial design, As v is expected to be very _
large, the usual asymmetrical design where po main
effoct is affected will not be much helP, because the
block size in these designs must be a muliiple of %
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and hence will be very large., This points to the
necessity of evolving other 4ypes of asymmetrical
designs where some amount of information of the main
effect of one of the factors may have to e lost, In
these designs not only the block aize should be small
but the number of replikatieons shounld also be small,

ctherwise, the ezperimantal}l material reguired may be .
too large, and the experiment will be too big,

Severa) serjes of designs which are suitable
for this type of experimentation Have beem evolved
and presented im the present thesis, The analysis of
asymmetrical design offers some diffieulty which is
more pronounced in ithe case of these designs, A
method of analysis of such and other assymmetrical
designs through whigh besides getling a complete
analysis of the data it cen be easily known whether
for any design twe affected interactions are eastimabls
mutually independently, has glso been presented in
the thesis,”



CHAPTER = II

£

SYSTEMATIC METHOD OF ANALYSIS OF DATA E
FROM ASYMMETR ICAL FAOTURIAL DES YGRS 7
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Yo emsy and sysiematic method of anaiégigof
asymmetrical factorial designs seems availablgzin®
literature, Kempthorne {1952) has givén a metﬁ&&fgi
analysfing such designs through fitting of cang@&gtig
But he has mot generelised it and has given it Bﬁly

for a particular design, Here it has been intandeég
to put forward a general method of amnalysis for the.‘"
design of the type v x'2n.

>

By adopting the factorial model for pbserva-
tion obtained from experiments of the iLype v = 2P it
is. always posaible to obtain the suwm of squares of
the main effect or any interaction with (v-1) degrees
of freedom from a comparisen of v treatments defimed
suitably as detailed below,

We shall denote the factor with v levels by

% and the other factors will be denoted by A,ﬁ,&, etc,
as usual, Any interaction involving X, say, XI

where, I stands for a group ef letters from A,B,C,
etc,, the §,8, due to X I can be obtained from a .
comparison of the vy treatments given by t§ = vy (aqﬁ),
i=1,2, ...,V where, v; stonds for the ith level

of X, 'a' stands for the sum of all those combinations”



B

of the levels of the factors AB,C,..e. sath of
which has an evenmumber of letters common with I
when such combinations are writtem using small
letters a,b,c, ebe,, as usual ir factorisl designS,
While b stande for fthe sum of the reat of the
combinations of the factorsfk,?,cw.ete. For example,

if we have three factors X, A and B with number of

levels Q,g and 2 respectively, the S,5, due to tg%ﬁ
two factor interaction XA can be obtained by Bati-
mating the 9 treatments ti = vy {a-b) i=1 2,.«‘93 .
where, a = {00) + (01) and b = (10) + {11). (00),
(01), (10) and (11) being the four combinations of
the facters A and B each at levels O and %,

After defining the treatments in this way
e btwoeway table giving the frequencies ¢f occurrence
of such treatments in the dffferent blocks of a
design can be obtained as described beldw,

If apy combination which %s pressnt in the
treatmentd %3 occurs in the jth block,s frequency of
+l or ~ 1 will be ite comiribution in the cell of
the ith treatment and jth bleck according as it
occurs in the treaiment %3 with + or - sign, The
algebric sum of al] the frequencies of the different.-
combinations comstituting t; and occurring in the
jth block of the design will be the frequency in the
cell of the tremtment 44 in the jth block, The
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justification for obtaining the frequencies as above
follows from the fact that by taking the factorial
model, if the mormal equations for each cembinationm

be written through least squares and the equations
corresponding to the combinations in t; be combined

B0 a8 to give t; together with block effects, the
coefficients of the different block effects will
provide exactly the Samé frequencies as provided by "
the above table of the treatment &y in the different
blocks,

Given any asymmetrical design together with
the method of its construction, it can be ascertained
what are the interamctions and maim effects which are
evidently unaffected by block differences, & frequency
table has to be prepared for eaeh of the interactions
end main effects which are affected by block diff.
erences and the freguencg tables qf these inter-
actions are to be placed side by side so that the
bleck numbering for each of ths tables is common,

If any interaction not involving X be affected its
8.3, can be obtained from a comparisomn of two treat-
ments, which {n general, shall be deroted by a and
b, such that a is the sum of all thost combinations
each of which has an even number of latters cemmon
with the intepaction under coms ideration, while b
denotes the sum of the rest, The Frequencies of
these two treatmentis in the different blocks of a
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design can be obtained similarly though no negative
sign is involved in such cases, The freguency ta%les
of such affected interactiopns having 1 4d.f, should
also be placed beside the other tables so as teo

have the same block numbering,

The normal equations for the differend

treatments for any intergctions van be obtained

from these frequency tables as in the case of none
orthogonal data excepting for some modification
necessary because of (1) the possible negative
frequncies and (2) adjoining the freguenoy tables

for other affected interactions tegether with that of
its own, et ky interactions each with v - 1 d.f,
and kz interactionn-sach with 1 d,f, be affected,

We shall denote the ith treatmenrt of the kth affected
interaction with v21 d,f, by tﬁ (l=l,2,,.ky and
i=1,2,0¢,.% Js Similarly the treatment a of f%he
kth affected dinteraction with 1 d4d.f, will be

demoted by e =and the b treatment by akz , iIn

general by'ag'( i=wil, 23 and R = 1,840.u+ kz Ye

¥
The frequency of the t; treatment in the jt? block

will be denoted by ﬁ%é and that of a? by Mg e
The normal equations for any treatment t% after
eliminating the block effects may contain all the

other treatments present in all the frequency
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tables, The normal equatioms for gﬁ will be of the
form

k .k . JkP P K

Ty Y- 'gi Cim. tm =4

where, fg is .equal to the total number of

s

obserzations coming from all the combinationas present

in tk

i * and

the total mumber of obsgrvations in the jth.Ylock,
and

Q§ -7 - 2 1143,33/*1 i

wkere, Tﬁ is the algebric total of all observations
correspopding to the combinatios in ti amd By is the
total of jth block., It will be noticed that 2 Q4
need not be gqhal te zere alwayas, If for the ith

and pth interactions the coefficients Qgﬁ, for
different nm*s given any 1 be zerp or a constant
(though the constant may heve different signs for
different i*s) in a2 design, these twp interactions
are estimable independently of each other through this
design, If agggn given the kth interaction the -
coefficients Cg5p, be similarly zeXo or constanmt feor
each of the p*s mot equal to k, them this inter-
action is estimable independently of =2ll other inter.

actions,
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In a design through which each affected
interaction is eatimable independently of all other
affected iInterdctiomns, if Gggn is constant for all
m # i, this Interaction will be bdalanced, If for
a design through which the affected interactions
are estimable mutually independenitly, %ﬁ is the
solution for the tremtment effect t? N ﬁhe S.8.
due to the kth intersction is given by

;ﬁi % - (235)C 29 /v

With such indication of the method of
anelysfs we shull now give the method of obbtaining
geveral series of asymmetrical designs of the form
v x 2° ;hish are par?icul&rly suitable for
varietal cum factorial trials, through each of
which the different affected interactions are
estimable mutuslly independently, The different
steps involved ip the analysis have been exampli-
fied in Chapter i?, page no, 30 , while discussing
a particular design,



VARIETAL CUM MANURIAL DESIGNS BASED
OF BALANCED INCOMPLETE BLOCK DESIGNS

L) Without confounding factorial effects:

1f there be v varieties and n manurial
treatments each at two levels, there will be v x 2t
treatment combineations, One type of varietal cum
manurial designs with such factors can be obtained
by including each of the v x 2P combinations in n
block and adopting a randomised block design, The
analysis of such designs will not involve any compli;
éation.

Ag such designs will often require very
large bleck size, they are not so suitable from the
point of view of precisfon of comparison, As v is
ususlly large a sultable design with small block
gsize can be obtained first by taking an ineomple te
block design for the v varieties with block size k
{say) and then assaciate each of the 2% manurial
combinations with each of the v varieties whenever
they occur in the blocks, The black size for such
a design will be k x 2n. If£ in a block the k
varieties denoted by 1,2,....k are present and 2#
combinations are associsted with sach of them (Bese
and Cgﬁﬂrt 1@53), the k x 2  treatment combinations
can be alloted to the k x 2" plots in a block in
twa different ways, One method is to allot them ab
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rondom to the plots, The other method is to form

k groups of on contiguous plots each and allet
first the k varietiss at random to the bigger plots
of size zn and then allpt the manmurial treatments
at random to the 22 plots in each group, This
allotment will make the degsign a split plot with #e
mein plot treatments in an incomplete block design;
It will involve two plot. sizes and hence two error
variances, Judging from the nature of the itreatments
for main plets, nemely varieties mo bigger plot may
be necessary for the varfeties, So it will net be
of any advaniage to adppd a split plot desigﬁ*trathér
through this design the main prodblem namely the
varietal comparison will hawe lesg precisien, In the
alternative form of designs whers all the k x 2%
treatments are "allotied at random in a block, ne
main effect or interaction excepting the varietal
main effect will be m2Bfeched and hewmce the analysis
of this design will be simpler, All the main
effects and interactions have %o be obtained as
usuzl, While ﬁor'thenﬁ,sj dﬁe t&h%ha varistal
effects { to be called main sffech X hereafter) the
normal equetions are the same as those for #the
original incomplete block design excepting that the
block size in this case is 2n times the block Bizs
of the original design and the adjusted todals

Qi‘a are to be divided by 2 ond the replication
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A .
as also the A¥s are to beitaken the same as in the
original design., No fresh problem arises for the
solution of these equatiors and hence the 8,5, dus -
to the main effect X which alone is affected by
block diﬁﬁaraneés, can be nthinadwwithdﬁj any -

fresh difficuliy.

B) With some of the factorial effects
confoundedy

If & be the block size of an incomplete
block design and there are n manuriasl factors sach
at two levels, the block sizeé of a varietal cum
menurial design described in the last segtion will
be”k~ffén; This size alsp will often bde large, Ons
wéy of “reducing ‘the block size ¥» rot fo indlude
all 4he 3n nafiurial triasls associated with each of
the varieties in & block but te include only a
fraction say 1/2 of the 2° combinations sssos
ciated with a variety, The problem in this case
reduces %6 combiring an incemplste bloek des ign end
a confounded factoriel design. One way of gebdting
such designs is (1) to obtain a balanced incomplete
block design in v varjedies with bleck size k3
t2) to obtain a balanced confounded factorial design
¥ x 2’ with guitabla block size, such that the mdin’
affect of the first factor ¥ with k levels is mod
confounded; It will be seen that the factor Y hasm
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no real existence but is réquired for asscciation,
The ith level of this factor will be denoted by Vije,-

Now the design suitable for varietal cum
mayurial trials can be obtained by suitably dssoe
ciating thesé two designs, Fo; auch association
let us first take a block of the faectorial design
and any block of the b, i b, design with k plots,
the plots in the dfifferent blocks being numbered
from 1 to k& in order of the b,i,b design, the ith
plot in this order being denoted by Pys Let X4
denoﬁa the group of all combinations of the levels
of n factors excluding the factor ¥ which occur with
the level Y3 of ¥ in the block undsr ﬁﬁﬁ&%der&;inn.
Now the rule of association of these two bloeka of
- the two designs is to write the combinations Ki in
that plot of ths b, 1D, deaign which is denstad by
Py » i varying from 1 to k., This type of associabtien
has to be effected for all possible puiPsg of blocks
"o0f the two designs, Thus in all there will be
by x by blacks in the-design vhere b4q is the aumber
of blocks in the b,i,b, design, and b, that of Ghe
other design, Similarly if r4 and rpbe the number
of replications of the twe deésigns, the number of
replications of the cembined design will be ry z rs, -
These designs fullovw from Shah*s (1966) methed
elso 4if one of the bslanced designs in his case han
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only one factor,
Though such = type of design exists, they
are not very suitable for varietsl cum menurial
trials for any valus 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 ohe replication of
the factorial design which will now be of the form
2 x Zn will s8erve 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 2n need
not be balanced always but some of the manurial
interasection may be eompletely confounded, Let the
design v x 2% be comstructed by obtaining (1) the
b.i,b, design with v treatmexnts and k¥ = 2 as bloek
size and {2) 2 x 2P factorisl design with 2 x éni
plots per block, We 8hall denote the factors of the
second design as Y, a pseudo factor with 2 lévels
and A,B,C ete, each at 2 levels, This design can
always be obtained in one replication withoud con-
founding the main effect Y, While obtaining the
design 2 x 2" in blocks of 2 x 21 plots, some of
the 2n-n1_1 interactions gach with 1 4 .f, which are
confounded, will contels Y, while there may be others
“ ‘witheut containing Y, All the imbractions cone
founded and containing Y will be szid to form the set
A of confounded interasctions, while the set of the
confounded interactions without T will be said te
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form the set B of cgnfouﬁ&ed interactions, All

the interactions of the set B considered as inters
actions of the design v x 2n will be cenfounded in
the design v x zn cons truc¢ted as above, All the
generalised intéractions of the main effect X and
the interactions in the set B will be affected but
will remain balanced, Again all the interactions

of the set 4 with Yﬁ;épiacad by X will also be
affected dbub will be balapced, It will thus be seen
that when only ene interaction is confounded while
cbtaining the design 2 x Bn in 2 x z?'l rlod dlocks
and that. toocontains Y, the design will have only
one affected interaction together with the main
eff6ct X Yoth of whieh are balmnced and” mutually
independent, DOne more fact emerges frol this®
investigation that the ifnteractions ipn set B should
be so chopen that they are always of higher ordery
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LT e

My Sl T Tl W S G on G A Tl Nl W el T WD L AR,

BASED OF CIRCULAR E§§£§&§

So far we have discussed methods of obtaining
varistal cum manurial designs obdbtained by combining
& b,i,b, design and a factorial design, As b,i,b,
designs suffer Trom cdertain limitations that they
are not available for any number of treatments with
a reasonable rumber of replications partieunlarly
when the block size is 2, we have to search for
other types o©f incomplete block designs which are
available for any mumber of treatments and block
size 2, The Circular designs introduced by Das (1960)
satisfy-both these eonditions, and as such can
profitably be used s8 the verietal design for
obtaining varistal cum manurial designs, Conatruetion
of a éircular design with any numbser of treatments,
gay, v having blecks of 2 plots can be easily be
done by developing the initial block 1,2, mod (v),
There will be v blocks and 2 replicationg,

For obtaining the varietal cum manurial
design we shall use im this seection (1) a circular
design in v treatments with two plot blocks, and
{2) the factorial design 2 x 2® in 2% plot blocks,
By combining these two designs exactly in the aame
way as described earlier, we shall get the dasign

vx 2 inex 2™ *+1 blocks of 2% plots each and
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two replications, While obtaining the design 2 x ZB
in 2% plot blocks 2% %1 _1 interactions will be
confounded, As in the case of v x 28 designs
obtained through b,i.b. designs all of these con-
founded interactioms which do not contain the pseudo
factor ¥ will be confounded In the desigm v x 2B,
the generalized iInteractions of these ipterastions
with the main effect X will be affected but can bhe
recovered, A}l those interactions of the design

L2 4 En'which;are obtained by replacing the factor ¥
of the remaining confounded interacdtions of the
design 2 x & by the factor X will be affected but
reocoverable, Eseh of these last mentioned inter- _
asctions of the design v x 2" will further lese %1 d4.f,
when v is even, sinece in such case a particular
contrast namely, sum of the treatmenmts with odd
suffix minus sum of the remaining treatmsnts is not

eg timadble,

ANALYSIS: Each of the affected interactions tngetha;
with the main effert X is estimabdle mutually inde-
pendently thragh the data collectsd from such

designs, This becomes evident from a serutiny of

the frequency tables of such design,

-

The frequency tables for the affected inter-
actiona in the design are given in table No,1 for
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the 28781 11ocke ebtainable by combining the
single blockg containing 1,2 of the circular design
with all the blocks of the factorial design, Thus
the table 1Is not complete.

N No other tables have been presented for the
reason that the frequency table for any other affectsd
interactions will give normal equations obtainable
from one or the other of the first two tables, For
such designs the sum of products of the frequencies

of any two treatments belonging to two effectsor

interactiondis gero, Let Xko and Xkl be the two

groupg of treatment combinations of the real factors
A,B,C, ote,, @ach et two leyels, which oceur with 6
and 1 levels respectively of the factor ¥ im the kth
block of the design 2 x 2 in 2B plot blocks, Further
let Gko: and Gk.'-i. denote the sums of the treatment

combinations present respectively in the groups xko
Xkl, It cen be seen from the design that each of

the possible groups Xj and xkl for different values
o

of k¥ will occur twice in the blocks of the design
2 x gn*_ I? there is = block containing xko and Xkl

-

in that order, then there ia another dlock in which
the same two groups occur but in the reverse order
iqe:& the firet grouwup of treatmenis gccur with the
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* Table No.l, ?requanay table for v x 2P desigm in 2%
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level 1 of Y while in the aeaond block it ggggrs
with 0 level of T, Any mffected intsraﬁtian is

expressible as a contrast of the totals @EQ and

Gy, vhen k varies over the blocks, till each
pasﬁihle group ogours only once, f

It can be aeen frnm tha design thad each
such group @iil pacuy With aBy traatmﬁnt;tw1ca.
Bow given any, intgramtian, i the cantraﬁt among
Gko eta@ repxaaanting thgs iytaraqtiqn be such that
any group &hﬂ,is*having -vg or 4ve.aign, tye
frequency of the t¥éstments "{n a1 those blocks
whete this group oeccurs with the tyeatmsnté will
have the sams: sign,. Thus the frequencies under
BRY %reatmanﬁ.ig ﬁha diﬂfereﬁt;bloakg will be in
form of & congrast'ahiﬁh iu the same s that of the
inﬁaraqﬁfon-t§ which the trestment helong, Thus
if there . be %:wa preafments belonging.to Lwe
differenb affected interactions whose conirasits in
terms ' of Gk 8to, are mutually urthogonalg the sum
0% products of theaﬁggquagciga will dbe 20T0.

PFrom éucé frequency tables the normal
equations for.astimathg Qhe-ﬁreaﬁmﬁﬂtg ua@p out as

n.d+l . mel - n-grd . 28-2- B,
A 2x2 x 2 - 222 x 2 ,{z*z_t,f
negsl 2& 2- B8
£ (2 72°) (ty v by, )= Pym venu()

iﬁ 1Q2;§o¢ini ¥ »>
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For some interactions as also the main effect X,
the normal equations will be with - sign after

t7 , vhile the sign will be + for the rest of the
interactions, We shall call in future these two

types of equations as type B and type A respectively,

The set of equations (1) when simplisfied

becomes

n m n-1i  m m

g2 ty ¢+ 23 (ti-i + ti+1 ) = Pi,m ie=1,2,..7v,
Here tj demotes the ith treatment of the mbh
affected intersction, t?+i denote the treatment
which is just after the ith treatmsnt when the
treatments are written acecording to ascemnding
order, the treatment next to the vih one being
the first treatmemt, Similarly ty_, is that treate
ment which is just before the ith treatment Pi ,m
is the adjusted trestment total of ti‘ These
equations are exaectly like those sbtainable from

the circular designs,

The solubion of the normal equations differ
according as v iﬁ pdd or even and hence have been
obtained for odd and even number of varieties
separately,

' For odd values of v, by solving the
equations as in the case of circular designe we
get the estimates of treatments of different

affected interactions as below,
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(i) The solution fer t? from the normal equations
of type B has been obtalned as

il frp"r)

zi; r{rs+1)

=1

—_ (i)
Wherﬁ, P = ‘«?’-1/2, Pi m = Pi"j‘m ¥ Pi"'j’.m

where i-j and i+] are reducible mod {v)3

wnd P(O) . P,

= m
m
(1i) %he solution for %y from the mormal equations
ef type Pregain depends on vhether v is of the

form 4q + 1 or 4q - 1, The solution when v is
of the form 4q + 1 ecmes out as

() 25 v 3 = {p/2) Pi.om -(p/2) Pg ;

(2) (3)
Hp/2 1) Py g ~(p/2 =1) Pyy
pet -1
? eetea * P(iI:; ) + zn Cm

— - ned
" wherey p is as above { = v-1/2), Cp = Pi,m4/2

when v is of the form 4q;1 the solution is

{v) -2n¢1 v %? = - (p+1/2) P ot (p+1/2 -1) P( )

(FFI/2 -1)Py o ¢

s b Bhas



whére, p and €y are as above,

{441) F¥or the main effect X; the selution &8 given
| s

by - ' -~
nu.-l n¥ \) . (P“'?)
2 v b, = r{r+l) Q.
TRt ) TERY

£ =1
fﬁr’ i = 1*21.pisq¢n? -

wh&re, Q 4 §he aﬁénsted tetal ef dh %th variety

The ayaﬁaga_yariance-for any tyo varjietal

az

cempariaon is. given by
. - n
{v+eZ) x /(322 )

The e¥fficlency facter (E,F,} can be found
from the following reletion

—~ 7 . s Heab varipnes of treatmept
&ifferencen in Randemised
Bl&sk design -

ke

Efficieney ox :
- ' ﬁéan Vafianca of {ntrablock

-

~
o

- " estimate of “treatment differences
in incomplete bleck design

)

¥ithin block variance in incomplets bloek design
x - : . - —

- w&h

¥ithin Yblock garianaa in Randﬁmiaad black design
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3

In this ecase B F,; = Sghv + ¥, -

Fgr even velues of v, progesding as in the

éase of odd values of v, we gt the estimatas of
b3
{3} fZor the mermal eguatiods of type Bm
i n am b 2 {p-r) a

2 v tg = ;r Pi,{m
whare, p = v/3,
and {11} £&r the normal equations of type ﬁAaa

B 0 2 , .2 (1)
(e -2 ¥ % ®+p Pip+ip-d) Py

2 (2) (ped)
- {pqg) Pi,m":":; . v ae® Pi’;

- -

where; p s as sbove { = v/2 ) ehd v i3 of the
form 4q,

Tha solution for even v becomes when visof the
form 4q-2,

n Am 2
(b)) 2 w4 =7

) b 1) 2 (2
£,m ~{p~1) Piii) + {p-2) Pg.,n%i

{p-1)

Enwe + Pilm >

Here in the case of even values of v.as
already stated we loose 1 djf, fer the interactianxn
with X obtainsd by substituling X for the pasude
factor T in the indersctions containing ¥ confounded
in 2 E_Qn déafgn, These are the intaraqtions -
whose normal equations are of type EA@isanaaeé‘
abovey We loose oné d,f, since the contrast

m nf ii] m . S m
Cp 5 %4 - (t£~1 * ti#i’ +{t3,0 + B8 ) & sat ﬁp;i
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where, p is as usunal ¥/32 end v = 4q,
| tn m m o
or 33 o ﬁi - { ti-i * ﬁf“'l ) ¥ esne ® t'P*i

vhep v = 4q -« 24 is not estimadbla,

. e

It may be noted that the contrasts Gy and

€5 remajin same for any i = 1,2..4:¢ V.

*

;iiii} Particulariy for the main offect X the
splution 35 givéen by
& o %;. - gi 2 Qi?ér?

,. ¥=i :
The average variance for any two varietal
comparisen is {v+1]) x f¢;23‘x»2” 3

and 7, = . 3Av+1),

The sﬁlitting up of d,f, for different
components in the amalysis ef variance table for
n )
v x 2 design in 2 plet blocks is given below,

, . n-asd
Let us first suppose that out of 2 -1

interact¥ons comfounded in the design zxi.zﬁ i 2&
plot biecks » interactions do not Involve the
pseunde factor ¥, m

Then for odd values of v, we have the
following analysis &f variance partitioning

Sovrced of varistion e BaB
Dus to Dbloecks v oBvavl 4
Due to main effect X ' v - 1
Pus to- B ' ‘?fnﬂiﬁﬁ

Due to X M (v-1) (2 o 1)



Error 2 v -2 v +2 +1
Total 2 v -~ 1

where, M denotes all the main effects and inter.
getions of the real factors at 2 levels sesach,

While for even values of v we have

Sgurceg_of yeristien dufa
!19&.*1
Bioeke v 2 -1
X v - 1
n
ﬁ " 2 & ;1. - 2 1
B -84
XM {vo1)2 «1) {2 «1=2)
n neasl, \
Error 2 v - 2 {v » 1)
. n+l
Total 2 v -1

ILLUSTRATION:

The method of construction and analysis of
varietal cum manurial trials has been-fllustrated
by comstructing and analysing the 1% x 23 design
obtained by conmbining the cireular design in 2 plot
blecks with 1§ treatments and one replication of
the factorial design 2 x 22 in 4 plot blocks,

CONSTRUCTION:  Denoting the three factors of the
second design by ¥, 4, and B, l& us obtain one

replication of the design by confounding the inter-
action YAB., The two blocks of this design are given
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below:
- o A ﬂ-uwmﬂ—npn-ﬂﬂﬁnbwg—wi-&-‘new'bwpﬁunqup
Levels of locks
T 1
L e R N A e R R ] L
0 - X0 %20
i X414 | 131

g e o an dﬂﬂ’ﬂhﬂ“%-‘a—hiﬂmﬁnm—"ﬂ—ﬂ-v-qt' - e gk it Seomy mh ESge A s e M8 g ap U
where X409 z Xg4 setands for 00,11 and Xgq = Xy4q

gtands for éi,ii. Let the circular design be
obteined by developing the initial block 1,2, The
twe blocks of the 1@93 2 deslgn obtained by
sombining the dleck econtaining the treatments{i,2)
of the circular design and the two blocks of the
faetorial design are

Block Block content
2 1y 2,

where g = xiO and b = Kzo. Similarly 33 mora blocks
can be obtained out of the remainimg 18 blocks of

the circular design,

ANALYSIS: As such designs have not yet been
applied, no actual data could be found for fllust.
ration of the method of analysisy However, the
observations #n the different plots of the design
have been taken from the data of anm uniformity trial
on Malvi CGotton reported by Panse and Sukhatme (1§57)

"
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The obaervationsin the blocks have bean
presented in table Ne,2, together with the treat-
ment combinations given in_brackets,‘iﬂ which the
first pumber denotes the varjetal level and ths
rést two the levels of A and B respectively,,

4

Toble No.2. The table showing yield of
: - seed cotton in gm, per plot .
of size 1/2000 acre,

P S eeeam
Blocks | e
1 94 121 122 108
¢100) . (111) {210) ( 201)
2 143 138 165 135
(110) (101)  (200)  (211)
3 103 82 o7 28
(200) (211) {310) (301)
4 62 162 64 68
{210} (201) (200) (311)
5 73 BY7 74 B5
{300) {(311) (410) (401)
‘8 49 81 36 28
{310) (301).  {400) (411)
7 56 97 35 66
{400) (411)  t510)  (501)
8 67 76 89 99
. (410) (401) (500) {511)
) 82 52 60 72

£500) (511) (610} (601)



10
P
i2
13

14

15
17
18
19
20

22

24

93

”(éio}

61
(600)
87
t610)
.51
700X
.80
{710)
56
{800)
108
{810}
8l
t{gooy
107
{910)
107
£ 4000)
52
£1010)
(1100)
79

{1110)

78
{1200)

1‘%%?9)

32

57
{501)
62
{611)

... 96

(601)
58

11?11)

(7013

87
{811)
. B4
{801)
ki
{911)
62
{901)
101
(1011)
126

(1001)

. 104
(2111)
82
(1101)
99

£1211)

(3881)

8
(600)
76
{710)
78
(700)
58
{810)
. 50
{800)
8
{910)
87,
(900)
8%
{1010)
80
(1000)
82
{1110)
55
{1100)
108 -
{1210)
120
(1200)
89
(1310)

P1z00)

63
(611)
42
{701)
75
(711)
93
{so1)
91
(811)
G
{9p1)

(941)

59
(1001)
87
{i011)
118
(4101)
&7
{2114)

-+ 418

(1201)
111

(1211)
62

{1301)
88

E

(1311)
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. Ry

30
a1

58

33

\I

53 82
{1300)  (1311)
© g8 15
(1310)  (1301)
90 98
(1400)  £1411)
86 96
(1410)  (1401)
67 70
(1500} €1511)
99 85
{1510} {1501)
79 89
{1600) {1611)
45 78
(1610) {1601
5 89
{4700) (1711)
" 82 106
{1710) {1701)
B3 8
{1800] {1811}
128 80
{1810} {1801)
133 101
{19003  {1911)
118 Eid
(1910) (1901)

99
{1410)
89
(1400)
104
{1510)
64

$1500)

61
{1610)
80
(1600)
59
{1710)
30
¢1700)
70
t1810)
49
£1800)
76
{1910)
A5
£1900)
125
{1310)
114
£106)

75
{1401)
72
(1411)
95
{1501)
85
{1511)
83
{1601)
75
(1611)
48
{1701}
134
(1711}
68
{1601)
67
{1811}
7
{1901)
121
£1914)
133
{101)

108
{314
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The tetazl §,8,, bleck $,8, and unaffected

mafn effects mrnd interactionsS$.8.'s cam be found as

usual, and have besn given belew,

Totel S.8, =  103766.520

Block 8.9, &= éé321t??é
5.8, due to A = 497,533
3,8, dus to B = 18,480
8,8, dus 4o AB e 43,164
S.8. due to XA = 4429342
8,8, due to X8 = 7800,895

¥e have now to find the 8,3.,*s due to the
affected main sffect X and interaction XAB, lLet
the 19 varietal effects he denoted by x¢'s ($=1,2
,pga.ig)@han&~thﬁ i@ treatments for the intersetion
XAB by 3’8 {1 = 1,2,,00veel0)y where, ty = x4 (00 ¢

i1 - 16 ~ 01 ). The frequency tebles for both fhese

sets of treatmerits have been presented in table No,3.
These show that, X and XAB are independently esti-

mable, as sum ¢f products of the frequencles of any
column of one table with any column of the pther

table iz zerc, The normal equations for X ceme

out ms |
4 x4 -Q,Qxi_l *Xgoq ) = Qg » ¥ = 1,2,... 19 e (1)

and that for XAB are
4' ti + 2('&1“1’4"&1,‘.1 ’ = Pi * i ‘_‘“1;:.2:*&“*&&-1’ 19 \opi(II)

Jo



35 \ ’
Here, £ ~ 1 and 1 + 1t are to be reduced med (19),
if necessary, and Q3 is the adjusted total of the
ith variety, while Py, is that of ith treatment of
%48 defined by tie

~ The splution of the set of'&é gquations
given by (I) provide the estimates of xi's by writing
dowp the reduced mnermal equabiens, which are gbtained
by dddikg the normal equations ca%raaponding to the
treatments which afe equidistant. from the ith treat-
ment, when the treatments xl,ixg;; —— zié are
written in a eircle in deacending order, As for
example for treatment xzy , (2£i1 e 7991 N
(x;_5 4%4,5 1 , ete., av¥e the pairs of equidistant
treatments from x4, and will be called different
associates of xj, Here there are é pairs of equi-
distant trestments with respect to any particular
treatment, JIn general for odd values of v treste
ments there are [¥-1)/2 [ = p say) such équidistant
treatments or associates, amdfor even values of ¥
there are p { = v/2 ) associates, Letb uﬁ(d?note
xg_j *:&i‘,;}, by sij’ and Q-i-.,g*%gj by Qii » Then
the reduced normal equations for'first pei { =8)
assoclates for treatment %; elong with the mormal
equation for x; are as follows |

- (1),
4 Xi -2 B¢ i me A wa mwm WV = Qi . ‘-4‘(1)

, (1), (2) (1)
-4 X3 +4 a4 -2 3§; reebrawe T Qg_ eseat3)

-~
")
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B L AR Lo G T3
CATAEDAN e
,2t§)+4§§)- (?) wsravessnen B a§4) AR &)
-z§§)+4g?)- (ij‘ prvaeeseses B aiﬁ’ os.(6)
I L L I L B
A AP A e dT e
-2§Z’+4§§)- ﬁz} eveirarne = {8) qean)

and, 28 there are ié unknowns in @ equations which
a¥e not all indepamdentawe add to thess set of ¢

12
equations the restriction pa Zg¢ = O which is same

a8 the equation,

1 2 y 97
Ei 4gi)Q§§ '2 LR RN R + 3(1 22’ 0 . ?Iﬂ(ic)

With the help of tlieae ten equations the solution
for % is obtained as

2) 3) ) ,:(5) )
xi =§45Q1 *36Qi *28& +812 ﬁiﬁg +10Q4 ﬁg

* 3%2) +Q§8) )/ 3

fpr; i = 1#‘2",‘!‘0#0.;19#
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The estimates of different x; for (i=1,2,

ve:39 ) are given below

, 1 2 3 4 5
Estimates 18,276 29,079 10,888 -8,566 -8.043
6 7 8 9 10
-8,214 »15,158 9,395 9,697 1,750
14 12 13 14 15
22,447 9,105 .14,502 1,961 -1,237
16 17 18 19

-4,434 0.368 -12,579 4,724
9 N
The 5,8, due to X is as usual T X3 Qg ,
and is found to be here esgual to 9303,145.
The variances of the comparison between

varieties for different associates are given bslow,

Between 1st sssociates = §o2/49 , e.g. for xi,V(xi -
x5.1) or V{z; -

Xisl)s
°  2na " =1702/19
u 3rd n 2240 /19
" 44y : =30 ¢2/19
" Btk | =350 /19
" 6th . =390 /19

" Tth " =42 3/19

}‘.—
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Between Bth sssoeiates 3446”719
" 9th * =45 02418

The average variance is found to be equal to H¢2/3,
and EwF, = 0,15.

Proceeding as in th 33aaquf main effect X

(i)

and dano‘blﬂg t£'j+‘ti‘f‘3hy 'ﬂ.i and Pi-j'f Pi‘*jby Pij,

the reduced normal equationg over first g8 associaten

for 4 along with the mnermal equation for tj

obtained from set of equations (II) are given below,
(1)

465 #2035 40 ie as ew oi e ve 2a ¥ Py eeofl)
srgs abigen o er ki ve an 4 Y L2
| z&i’%éﬁf’%aﬁﬁ  ver e ar BB u(B)
R T Rt L B
VT S L S N
253?’44%:?‘*2@«),@, v o ® Pés{ v of6)
2&§)04£§2#3§Z,.. or 2% ==Pié) sesk?)
2§§3*4§§)+2§2) ereens = P§7) esof8)

t7) (8) {9) {8)

Eui +4ﬁi *2“& aerngs = Pi F:'CQ)
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The solution of t; can be bbtained with the help
of these 9 equations and the restriction Z,ti =

u=1

€ (constant), i,e, the equation

{1) (2

by 28y e Y

{9)

*P e FhFsFa RTes & "“ui = C

Tt is found to be

4%2) -Zgi +«3¥; 4) 2§ géi}

(7) (a)

“Pg -2¢C )

‘fﬂr‘ i = 3— 2;@ Qn&bi.tw-ig

Substituting for by in equation (10), and aolving

for C we get,

ta} ¥ aig

2Py =

2P2=

g"% ZP&

v=el

The algebrie expresaion for P;s for 1 =1,2,

are given as follows,

2%,
2T,
2T
27,
2T

_Ig

2Ty

= 21g

t

14354+Bé ﬁB? 'BB 3
(,B7 3By +Bg ~Byg )
(sBg +Big +B1g -Big )
(-Bgy +Byp +Byg ~Byg )

(-Byg +By4 +Byg ~Byp )
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2Pg = 2T9 =~ {-Bys *B4g +Bi7 -Big )
Fyg = 2Ty - (-Byy +Byg 4B19 -Byy )

- ( ‘éB ; "‘B *B -B

11 = 2%y 19 *B5p *Bgy Bag )

"

(BPyg = BTyg - (Bgg By +Bgy -Byg

— -

wn

2P1q = 2Tq4 ~ (-Bpg +Bpg +Bpy -Bpg
2Py = 2T15 « (+Bgy +Bgg #Bgg -Byp

—

15 © 2Ty « A+Bgyy +Bzp +Bay -Bgs

B+

2Py = 2Ty« (“3551 +B32 f?sé -Bz4

Pig = 2Tyg = A»Bgz +Bgq By -Bgg

2Pqg =2Tyg - {-Bgg +Bgg +Bgy +Bgg

vhere, Ty is the difference of the sum of the plot
yields having ftreatments (ios), (111) amd

(10} , {£01) and By is the total of the ith block,
5,8, due to XAB is given by

Wk s # g

12 . 19 . \ . -
TPy ={Thy I Py Y19 = 7215,461

1=l

The analysis of variance table is as

follows -
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Table No, 4 . Ananlysis of Variance Table
Sourceg of §d,f,§ S.5, { m.s,
Terjation S s
Between Blocks 37 é§321s776 1é3§,318

X - 38 93@5.1&5* 518,841
A i 497,533
B 1 18,480

AB . ) d 454164- o

XA i8 4429,343’ 346,075

IB. 18 7800.895 433,383

148 18 7215,461 460;859

Error 39 14136,730 368,480
Tobal 151  103766.520

VARIETAL CUM MANURTIAL PESIGN BASEPR

ON OTHER INCONMPLETE BLOCK DESIGHNS

WITH TW0 PLOT BLOCKS

When the varietal design is any other in-
complete block deaign with twoe plot blocks a varietal
cum manurial design v x 2 c¢an be constructed )

exactly similarly as described earlier, In these
designs alse there will be two types af normal



gquations, and the analysis will be aimilar as in
the case where the varietal desigm is a circular
design in two plot blocks with v odd, The meihod
of solving the normal equations will follew the
sagme line gs in the case of the incomplete bleock -
design used for obtaining varietal cum manurial

design,

VARIETAL CUM MANURIAL DESIGKES BASED QN
CIRCULAR DESIGN WITH FOUR PLOT BLOCKS
We have discussed so far varjetal cum

manurial designs based on varietal designs with
énly two plots per bleck, Other varietal désigns
with four plots er in general EP plet blocks can
also be nsed to obtainm varietal cum manurial design
with a8 many replications as that in the varietal
design, In the present investigation we shall
consider only varietal designs with four plot dlocks,
and one replieationfthe factorial design 4 x 2n in
En plet blocks so a8 to give the combined design
v X 2# in Bn plot blocks, Further circular designs
in 4 plet blocks will be taken as the yarietal
destgn, |

CONSTRUCTION: For construction of the design

v X én, we shall first obtain the circular design
in 4 plot blecks by developing the initial block
(1,2,3,4) mod(v), Next one replication aof the
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factorial design 4 x 2n in 3# plot blocks will be
obtained (fallowing Das 1961) from the symmetrieal
degign 2 2 in 2 plot blockse, The four combie
nations of the two extra factors each at twée levels
in the design 2 nra give the four levels of the
first factor in the design 4 x 2%, These two
factors will be demsted by Xy end X9, By con-
founding three interactioms of the itype X313y ,

X5 Ip and X4 X, (Il Iy )s whers, ¥y stands for

8 group of faetors containing only real facters
t.,0, other than Xy and Xz-, and Ig similarly stands
for smother group and net ddentical with Ii group
of such factors, while (21 Ig ) stends for all thé
factors in I and Ig which are not commen to both
the groups, 1In each of the four bloeks of this
design each of the four ocembinatiors.of the factors
X3 and Xa will occur an equal number of times as
none of X4 ,X5 and X4 Xg is confounded in the
design, The two desigps can now bs combined as
indicated earlier, 1In the combined design the
main effect X will be affected togather with the
interactions XIy , XI, and X (I I, 33 Ig LIs
heving the same meaning Iindicated earlier,

ANALYSIS: In the factorial design 4 x 29, we
shall denote by G, the group of 23_? combinatiens
of the n real fectors which oceur in the first
block with (ééf-@ombin&tion of X,and X,, Simflarly
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\

e PL ,63 will denote ﬁhr@e other graups of
¢ombinations of n faciors each of size 2 which
occur in first block with the gther three Gﬂmh;a
nations of the factors X, and X, , namely, {01),
£10). and ¢11), This block will be written in order
00G, , 01G, , 108y and 116z, In the other threr
blocks these four groups only occur such that thsy
form & latin square in all the four blocks each
oceunrring once with each of the four combinations
of the factor Xl and X.z, . DBach of imternctions

Ii »1g and i?ﬁz} can always be expressed as a

contrast between £30)$ (G3), tG@) and {Gé y, where
(ﬁ;) denotes the sum of 2ll the combinations

The normal equations for the main effsct X
will be the same &5 obtained in the cireunle? design
oxcepling that each coefficient on the left hand

side will be multiplied by 2 ne2 » Actnally these
equations are as shown below,

-2 - aed ned
2 x'12%x§ ~2 23 (x5.1%%441)-2 = 2z or 24,9)

-qép“zx L€z 3Bga% ) = Qg epeae €I)
i 2 31,2500ea7a
where, Xy,{ otc. are to be reduced mpd{v), and 2
s the adjusted varietal total of R

ne2

Defining, R4 = Q3 / 2 we can write dhe set

LY
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of equations (I) as

12x5”3 (xi—txi‘"‘i)- 2(31-221.92)”(3:1_3*31*5) zRi 00( II)

To solve for x; we write down the normal equation
for 24 and p.t (where, p = (v-1)/2 or v/2 according
as v s odd or even) other eguations ezech of which
is obtained by adding two normal equationp corresw
ponding to two trestments which form, an amsociate
group of the treatment z,., The associate groups of
treatments are the same as in the c¢gse of circular
designs in two plot blocks, The assoeiate groups
do not chamge even when the treatments are far
interactions, The rastrictian,ié g =0 is to be
taken to get an(?gique golution, Dene%%gg ag before
tioj *tieg DY By and Ri-ﬁ *Ri+j by Ry, for even

values of v we have the p+l esguationas es below,

122y -3 b1 =250 830 weveree SRy oan(D)
-éxi +1Os{31-)~4§!§)-2§f)0§?’) AR PR =R§.1) 040(2)
(1) . (2) (3) (4) (5) (2)

-411 -"4Bi "‘1251 “SSi "231 "Bi vs ey = Ri 6.&(3)

-2x, .ggi)-sgg)*izgf)ﬂséf)-2§§)~§§).,é Bgs)...(4)
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-éi’- APa PP AT e 2 B ()
hgf)v gf)- g?)+12g?)- g?)-zgz)~a§8) Ceereciieey Ri(ﬁ) ceeedl8)

9 ¢ 8 28 8 P& &N EPSN L ] LR ] LA 4 LR ] LI L ] s o L) [N J

LN LN »e > e L ] L N L .9 [ [ ] L N O [ 3 N J L LB " ae L N 3

TG S ST R L LR e

1)

«5 -4 -3 -2 -1 -2
-gg )‘2g? )-sg? 212%? )’4g§ ) gg) t e d ee dathoa & Rgp )0000( P.i)
-4 «3 -2 -1 -1
-gg )-zgg )‘4g§ ) 1 gi )-sgg) LN R B R I N A = gp )GOOO!(P)
1 2 -1 :
a-nd’ Xi + gi) + Sg 2 LK B I +g§ ")'ng) Q_O‘too-qo::.o 2 0 l'Ol(P"’i)

Since the restriction ¥ Xy = 0 is same equation as equation (p+1l) abdove,

i o}
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The solutimm of X4 can be obtained dy
solving igr Xq frgg three independent equations
in z;,, sy and 84 , which are obtained by
eliminating other unknowns from the above set of
(p+1)-equations, This can be done by finding
three independént sets of multipliers Ty, H§~1
been By 3 Vo 5T g seenes Vo3 and W W g 0B,

such that when the sbove p+l equations are multi-

plied by these in the order stated, that is equae.

tion €1) by Uy, equation (2) by Uy 4 and lastly

equation (p+2) by U, and are ?.dded all other une
1 _

knowns except X3 , 83 and sy are eliminated,

The above multipliers are easily obtainable from

the following recurrence relations,
Uy -0p = ‘zgr-i‘ggro2*123r-3“5uru4“23r~5‘ﬁr—é
Yy *va'% “2Yr,1”5vrfg 1V a8 5" Trup
L™ ‘wq = “2Wr-1'5wru2*12Wr-3'3Wr44‘2wr-5'wraé
for, r = 8,§£¢....et°.

The values of Up Vyp and Wy for r =0,1,2.....%
are given in table Neo .6,

So finally we get the squations as



P

(180, 8l -4, v 2Bp3 )xg +(-30y +2005.

(1)
a4v._2 ~Zﬁ§.3 «Up.g ) s3 » (~20p -4Up.4
2
*120 -2 -3%_3 ‘3 p-4 "Up-s )5§‘. )
b . -
. E; 7y R {P i) L
where, Riﬁ) =2 Ry o _ -

The other twoe egquations camn be written down by
puthing g‘a and Wp instesd of ﬁ‘% 3IAn the above
equation, ;g

For odd walue £ 28 %there hangaa 1n
the caefficﬁe:ia“af afp? Fp ?r~ i n $he
lagt three reduced wormal equatinna*wthe mnltipliera
B, ¥ and ¥'s &aﬁa—amfferan% valuﬂa. Whereas the
rscurrence xelgtigns of the muitipxia?a and form of
the threé in&epandﬁnt aquations f.zsi.xi,f sgil and agz}
remains unchsnged, The initial valuen of ¥ , ¥
and Wp for r = 0 1}2,....? are given in tabla No .9
when v is odd

-

The ndrmal equations for XI,, wheXe Ii
GBH&BPOI}&B to the &on’b.jg‘agh xﬁ’a) + iG‘l) 9{32)‘ -{3’3)*
comg oud as

% 12ty 2 (*i %‘*t§+i ) +2" % 2(t§*§*t§i; )
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‘ (1 \
* n ax {%31:)3 ‘*'“ti-l-% Y= P{ 3 for i”ls%t*va?

) The normal equations for XEg, vhere I,
aarresPQnda to the contrast (Gﬂ ),ﬁal) +# G, ),

~{Gz), come out as
4

- ﬁ%i% e wifi 2 e el
o 2
). 5 ui.,%*tﬁ.,% ) = Pi 2

. fer $2d 2 aman oV

"Ukile the normal equatioms for X{Iy I, )y
where, {I315) correspends to tlecontrast (G,)

| -{¢; ) ~{8g ) *fas ¥, coms out se

2% 12%5)" Mmﬁi *bia.,% ye 2% 2@%2
(3} . - 2" 2, 13) {3)

*ti42 ) «2 Kbtjog vbiaz FPy g
for iﬂ&},z}g;u sas¥

Each of these sets of equations can be solved just
like those in ¢pse of main e¥ffect X, The only
diffarence is that here the xastriatfon tekey ia

- &; ti = Ly {Ganstanﬁ), and not zero es inm main
effect X, where Ly = { Z. Ry, m )fiﬁ =

e

v n=2 -
(%, Piol@ = 18),
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for m =1,2-and 3, Vhere m\ﬁ&,B, and 3 refer to
three interactlons XXy ,XIp and X-(Ii I, )
respectively,

Yrom the above normal equations for any
interaction the three independent equations in ﬁ? .
ﬁgiih and iim can be obtained fellowing the same
procedure as in the caﬁe of the main - effect X,
vhere =, 3ﬁ &enetes as before the sum of tha trente-
ments of jth aasnaiata group to treatment tg s 1.84
aieg} » E?!j *tﬁgj « These three equations come

in the form

2 z !
ﬁlt‘i * B} ﬁi o +G3y ﬁgigl £ Z_ Hj iéi;i; vesoll)

j=i
(1Y (2] s {p~§)
ﬁgfri + 32 "Shm '!ch gi,ﬂl = J}.; .vj Bitm 233 {2)
Ly - SR
" Agti + Bg ag,m + Oy 84 fz) ur‘giwi Biimi Wy L,
‘!&ﬁyowfzi

The values of Ay, By, ﬁi;-%z-mBg.,ca,; and
Az By Oz are different for different interactions

i.e, for different m's, So¢ is the case Lor the

multipliers U, ¥, and W*s, wvhich apart frem being
different for different m*s are different for odd
and even ¥aluea of ¥ alse, The coefficisnts Ay,

By, ©; in terms ef the mulbipliers Uy, for different

{nteractfons ars however, given in fhe fellowing
table No 5y 4, By 5 Cgand -As Bz ,c':,’are ebtained
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by replacing U by ¥ and W rsaspectively,

Table No,5t Table giving A4,B4,04, for
different affeched inbderaections

Coefficients
+4U P + .
e - - .
| 2, By g Up.z +205.4
259;_3 _ o ) e ;
p=D

2 38Up +6Up.3  BUHL0U,_ 3 ¢ ~20, 4T, 4 +

AU, o +2Wp_x  Apop ~R0, 3 120, 5 #3055 -

-4 0
B 188, a2lply UphldUy g+ 2UpHIR0 5 +Upuz
0, 5 -2z 2.z -Tp4  #20p.g +Upag

Ay AP W A N G W W S N m-*wﬂ?qu;\yq‘m - unwmqﬂ;ﬁn ﬂn-ﬂ-qs-f-mq' g

P

The recurremce relations for the multipliers Up faor
Adifferent m are given below, they are same far even
or odd valunes of ¥,
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(a) For m =1,
Bp 47, = "25;'-1 *Vp 2 ’12Ur-3 *Vr s "232-5 'Ur.a

for r = S,é-,qmg ete,
{b) Fer m = 2y
T}r *H = Zﬂr 1 ns'ﬁ -2 -izﬁr z -315 4‘!‘231, s 6

for r= a*g,w...etc,
{¢c) For m = 3, |

Up = 8, = 20, 4 *‘ d *lguy 3 *Up, 4**2Bf-5aﬁnr-6

for r = B*‘g, ' = = gtet.

™

The recurrence relatiems for the other two selsg of
multipliterns can be written down by replacing U 4n
the abeve relalions by V and ¥ respeectively for
each affected interaction, The wvalues of Up V.

and Wy for T = O,1585v.47 are given in table ¥o,B
and T, for even and odd values of ¥ rzespectively,

The sum of squares for the unaffected
interactions ars obtained as wvsual, While 8,3, due
teo interaction m s obtained as

v A v v -
'LEbiPitm“(E; %!g. ‘?‘-Pi'mjfﬂk

The analysis of variamce table is same a3 that in
the case of o0dd wvalwes of v in two plot bloeks,
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A Table Ro é Table giving values of Uz ,Vr , and Wy for even v,

I RS S ii;"({{za:‘ﬁ"”*"ixg';&”;g'i“““" X131, Amez)
%&igi‘; Wy Vg Wy Uy Vg Wy By Vg Wy T W
e e trrrscmay e mis e mme s b e s rm s e et me e e e g pm e

0 0 6 2 0 0 =2 ¢ o 2 0 0 2

1 6 -+ 0 o 1 06 6 1 0 0 -1 0

2 1 4 o 1 1 o 101 0 11 0

8 2 4 4 w2 1 i 2 +1 4 2,1 1

4 -8 «if 6 ’4 -12 *b @‘ ﬁié 4 4 -12 4

5 22 45 #1 .22 11 g <18 -45 ¥ 22 -1t 1

6 1 o831 168 73 <23 <18 BB <31 B ., 43 83 49

7 w172 +239 -30 -220 197 5B .76 269 <86 820 197 142

; ; ™. H " N i NP s B )
"'**d’viﬁ'P"“!M-'lib-ﬂh-*"‘"ﬁ#"‘,"“‘”'ﬁ--mwQ-r“!’.-ﬂ.”eﬁvﬂﬁ!‘ﬂ:ﬂ‘”Q?hwvwdwﬁﬂwwﬁq-y“-,p\‘gq
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Table No,7 Table giving values of Up ,Vp and ¥y for odd v

*p—’,mqa,-ﬁnunﬁénml-cpcpub*ipq--‘-nwa-a_Qu&uuwn--”u‘zwniﬂ-'u------'-&-q-llnmp wlﬁ“"ﬂﬂ&--‘p - e P g e SS.me e W e P gk A

m 1 X1y, {a=1) X1y, (m=E) 1(1715),{n=3)

Bgltiend vy v, W By vy, Wy U Vg Wy G VoW

pliers !
.

qﬂ*b—*-‘-----n-!n--!-*-v*&%-‘-ﬂ-ﬂﬁ-h9*90%-Wﬁﬂﬂﬂwﬁﬁﬁﬂﬂvqu*"#ﬂ-!---}nr—-%"‘-eﬂﬁvd-m“un
o ‘o o 1 0 o <1 6 0 -4 0 0 1
1 o <+ o0 0 1 0 0 % 0 e 1 0
2 11 0 ¢ -1 0o 1 2 0 1 -1 0
3 5 2 1 -3 2 1 1 1 1 1 2 1
4 5«18 <1 7 .18 -1 -1 #17 3 T 14 3
5 15 45 0 -2 51 4 .17 -64 4 19 18 B
8 78 -13 16 102 147 <20 48 .98 18 . B4 77 32
7 154 B3 .48 -332 - 564 B8 -BO 218 74 166 -340 1do.

T A A T D R U St S WP A W o BT T Ao A 5 e N W AT WA e e il s A -
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SUMHARY

The thesis deals with twe main problems,
Theae are {4) obtaining designs which are suitable
for factorisl cum manurial trials and (2) a method
of analysis of such and pthar asymmetrieal designs,

So long factorial experimentatiaons a@d
varfetal trials have beem den)t separately, Since,
it hen been often found tChat the varieties
gelected from a warietal irigl conducted at an
uniform level of mavure lodges at a higher doss
of menure, some necessity hes been felt to evolve
designs through whieh in addition to selection of
varieties sonme knowl&dgg_regnrd§§g~tha interaction
between the varieties smd manures can dlsc be
pbtained, Thﬁ“uﬁnai designs which are  'aveilable
in literature are not vary anitable for this type
of experiments excepting that vhen the number of
manurfal treatments fs small, incomplets block
designs angmentsd by associating efich éariaﬁy
with » number of treatments, as introducsd by
Boge and Coner (1952), can be sdepted, The designs
suitable for varietsl eum menurial i4riais will
essentially be some asymmetricpl design, As the
number of variesties is usually large the usual
esymmetrical design where no main effeet is
affected is not of much help, as very large block
size is required for such experimentation, Theres

fore attempts have heen made to svolve varitetal
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cum menurial designs by combining a b,i,b, desizgn
and a fachtorial design, and thus a Beries of such
design has been obtoined, «As b,i,b, dasigns suffer
from certain limitations thalt they are not available
for any number of treatments with a reasonsble
number of replications partieularly whem block size
is small anaﬁﬁer series of designs haes been obtained
by combining eircular desigus introdaca&‘by“ﬁaa_iigéﬂi
with suwitable block gize and a factorial design,
Tnfthe prosent thésis we have restricted ourselves
to the manurisl factors each at two leyels, The
seriéa ocbtained nre bysed on a factorial design of
the form 2@*1 end on {a} circular deeigns in two
plot blocks and {b) circular designs in four plot
blocks, the latter design being obiained by de?alnpi
ing the initial black %,2,3,4 mod {v), where, v is
the number o¢f varietfes and varieties are mumbered

in natural numbers 1 to v,

Kemp thorns €1é52) has given a methad of
englysis for a particular essymmetrical design, An
attempt has been made in the present thesis &p
give a general method of enalysis for the design
? X 2 through which besides getting a complete
anpalysfs of data it cen be easily known whether
for any design two affected Interactions are
estimable mutuslly independemtly, An illustration
for the above method has also been given,
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