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1. INTRODUCTION

Recently several methods of construction of asymmetrical
factorial designs have been evolved. Kishen and Srivastava (1959)
obtained the designs gx S» through hyper surfaces defined in finite
geometries. Das (1960) linked the construction of these designs
with the fractional replications of some corresponding symmetrical
factorial designs. Both Kishen and Das advanced further methods
of construction of balanced designs gx 22 in 2g plot blocks through
balanced incomplete block (B.L.B.) designs. Kishen (1960), Kishen
and Tyagi (1961) presented further methods of construction of gx 22
and ¢x 3* designs through P.B I.B. designs following Shah’s (1960)
technique. In all these works attempts have been made to give
balanced designs, which in many cases need large number of repli.
cations, and hence large amount of resources

As pointed out by Sardana and Das (1965), it is desirable to
give designs involving smallest feasible number of replications pro-
'viding mutually independent estimates of all the effects so as to bring
about economy in the use of resources, It can be even said that the
design need not necessarily be a resolvabe one and also equi-
replicated. Keeping these points in view, Sreenath ( 1965) gave
methods of construction of designs gx 27 in g X 2?plot blocks through
P.B.I.B. designs with b and b-half replications, where b is the number
of blocks in the P.B.LB. design used. Sreenath has also given
methods of construction of designs 2gx 2" in 2g% 27 plot blocks
involving only two replications. This was followed by further
methods of construction of designs K2x 2% in K2x2v plot blocks
involving 2k replications by Sardana and Sreenath (1965) and designs
(2q+1)x2" in (2g+2)x2" plot blocks . by Sreenath and Sardana
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(1967). 1In the present paper a method of construction of designs
g% 3" in g% 37 plot blocks through B.L.B. designs has been presented
alongwith the method of analysis, keeping the above points in view.

2. DESIGN gXx 3% IN 3¢ PLor BLOCKS WITH b REPLICATIONS

We shall consider, in the first instance, the case of the design
gx 3% in 3g plot blocks. The generalisation to the case of design
g% 3min gx 37 plot blocks, which can be done following Sreenath’s
(1965) technique, is indicated in section 5,

2°'l. Construction
Let the factors and their levels be denoted as under :

Factors Levels
A a,, Ay, Qg - 5 Gg—1
B b, by, s
C Co» C1y Con

For the construction of the design we shall make use of a set of
three B.I.B. designs as described below.

Let «, p and y denote respectively the three sets of treatment

combinations, say,
(boCos brc1s byc,) ;5 (BoC2s biCoy bycy) ;

and (boC1s D1C2s Dot)
of the factors B and C. The interaction BC? with 2 d. f. can be
considered to be the comparison between «, § and y. We bave now
to obtain a set of three B.I.B. designs with the g levels of the factor
A as the treatments and the following parameters:

B.I.B, Design Parameters
D, v=q, kl: Iy bs A
Dz . v=d, k2, Ta, bs 7‘2
D, v=q, k3: T3, bs Ay -

where k; +k,+k;=gand the B,.L.B. designs are such that the sum of
the three g X b incidence matrices of these designs is a gxb matrix
with each of its elements as unity.

Replacing the elements 1 in the incidence matrices of Dy, D,
and D; by o, Band v respectively, let us sum these incidence matrices
and denote this sum by Mg, By using the method that follows,
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each of the b columns of M,p, will be used to generate a block of
the design ¢x 32. Let us take, say, the m-th column of M. By
associating the i-th row element of this column with the level a;; of
the factor 4 for i=1, 2, ... , g and then replacing

(i) a;x by the three combinations (a:byco, a:b1¢1, @ib2Cs) 5

(@) a;B by (a;byc,, asbicq, a;05¢) 3 and

(#ii) axy by (arbicy, arbyes, arbyco)

a block of size 3¢ of the design g x 3% is generated

Similarly using all the b columns of M. we generate b blocks
of the design gx 3% each of size 3q plots. Now by changing the
order («, 8, y) for replacement of the elements 1 in the incidence
matrices of Dy, D, and Dj,to (B, v, «) and (y, «, §) we obtain the
matrices Mp., and M., ,p respectively and then generate, as above, b

blocks each of size 3q plots of the design from & columns of each
of Mg, and M, ,g. Thus the asymmetrical factorial design ¢ x 32

can be obtained in 3b blocks each of size 3. The number of repli-
cations in the design is evidently 5.

As an example we construct the design 7x 32 in21 plot blocks,
Let the incidence matrices of the three B.IB. designs, with the 7
levels of the factor A as treatments, that we make use of in the
construction, be :

 BIB. Dy Dy
design | (v=b=T, ky=r;=3,3=1) | (v=b=T7, ka=ry=1, 233=0) | (v=b=7, ka r3=3, 3g=1)
(10001 0 117 fO0 1.0 00 0 07 (0 0 1101 07
1100010 001 0000 0001101
0110001 00 010DO0TO0 1 000110
Inci-
dence 1 011000 0000100 01 000T11
Matrix
0101100 0 00O0OTI1TO 101 0001
0010110 000 O0O0O0O1 1101000
L0001 011 J| (100000 0) 0110100
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Then we have -

’~aBYYaY°ﬂ (Byeapap) (YaBBYBY
xafyyya - |BByeapa yyeBByp
YoeeByyaw «BRyeal ByyapBBy

May™ lavaapyy| Mo~ [pappran) Mup= |yByyapp
yeyeaBy «BafBPrye PyPyyeap
Yyeyeap - JeaBaBBy  |BBYBYYa
Byyeyoa) (YeapaBB) BBYBYY)

Thus the design 7x 3% in 21 plot blocks will be :

Blocks from Mm[SY Blocks from MBYOC Blocks from M’Ya?' '

Level
of A

1 2 83456 7 8910111213 14 41.5v161718192021

@ |« By Y o« ¥ «|B v« a B afp|lyapPPy By
4 |« a By yay|BByoafBalryaBBryB
a4 |y « « By vy o|x BBy o a BBy yapBry
a3 @ ¥y « « B y y [P o B P Y a |y B yyowBB
a |y o y o« « f y|la B aB By oa|By By T P
a |y v « v « « B |e o B« PP Y|P B YPB YT YT

Yo a B afPB|aBB Y B YY

ag By vy oy «

R

- It can be seen that the number of replications in the design is
7 with the blocks (I, 8, 15) forming one replication and other
replications are formed . by the blocks (2, 9, 16) ; (8, 10, 17) 5 ... ;
(7, 14, 21).

22, .Andlysis "

'In the design, constructed as above, only the interaction BC?
with 2 d.f. and A(BC?) with 2(q—1) df. are affected by block
differences. The interaction A(BC?) with 2(q—1) df. can be con-
‘sidered to be made up of two components viz.

A(BC?), and A(BC®), each with (g—1) d.f. where (BC?);, and
(BC?), correspond to the two contrasts («—y) and (x—2B+-) of the
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interaction BC? respectively. The following scheme of constants has
been used in writing the normal equations and the estimates corres-
ponding to the effects of the affected interactions BC? and A(BC?).

Interaction D.F. Effects
BC? 2 tos 1y b
A(BC?),, (‘I—!) Ugy Uyy -ov y Ug—y
A(BC?),, (g—1) Vos Vis see s Voo1.

The normal equations for estimating the parameters after
eliminating the block effects under the restrictions 3; t;=0, 3u;=0.
and 3;»;=0 come out as

RS 9 {(ky—hs)*+ Uy —ka)*+ (ks —k)’}

6g
for i=0, 1, 2 (1)
|:6b 27(b— 7\1 —Ay—)y) ]ui—f 0
for i=0, 1, ..., (g—1) +.(2)

Ri= [181;— Bl 2 “)]v (1)

for i=0, 1, ... , (g—1) «.(3)
where f (£)=(3/b) (r2 +12 +r3—rra—rars—13) {fo—13}

f()=@[b) (72 413 +ri—riry—rars —rary) {to— 281+ 15}
P,, O, and R; are respectively (BC?);, [A(BC?),, I;

and [4(BC?), 1; after adjusting for block effects, i.e.,

(BC?);=Sum of observations from the treatment combinations
involving the combinations in «, Band v respectively
for i=0, 1, 2

[A(BC?), li=ay(BC?)y— a,(BCz)2 for i=0,1, ... , (g—1)
[A(BCZ)Q ]1- =a,-(BC2)D——Qai(BC2)1+a;(BC"‘)z for i=0, 1,..., (q—l)
a(BC?),=Sum of observations from the treatment combinations
with the i-th level of 4 and involving the combinations in
a, § and y respectively for j=9, 1 and 2,
Adjustment for block effects in (BC?);=—(1/3q) Z; 8:; B;

where §;;=number of treatment combinations in the j- -th block con-
tributing to the sum (BC?),

B;=j-th block total.
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" Adjustment for block effects in [A(BC?)y, i=—(1/q9) Z; €4 B;
where €= +1 or 0 —1 according as the i-th level of 4 occurs in the
-j-th block with the combinations in « or  or ¥y.

Adjustment for block effects in [A(BC?)q li=—(1/¢9) = i B
where ;=41 or —2 or +1 according as the i-th level of 4 occurs
in the j-th block with the combinations in « or § or ¥.

Thus we- have here
- Py=(BC?),—(1]q)(ky T+ ko T+ ks T)
- Py=(BC?),—(1 @) (ky Ty +key Ty +- k5 T)
=(BC2)2—(l/q)(k Ttk Ttk T1)

b

where - Ty= 2 B;; T,= 2 B;; Ty= 2‘, B;. ...etc.
o i=1 i=b+1 i=2b+41

It may be noted here that the fuactions f(¢) and f*(¢) occurring
in the right hand side of the normal equations for interactions -
A(BC?),, and A(BC?), do not appear in the estimates of the contrasts

of interaction effects #’s and v;’s obtained from these normal equa-
tions. Since our interest is in the estimates of the contrasts of the
éffects and not in the effects as such, the presence of these functions
in the normal equations can be ignored while obtaining the estimates
of the interaction effects, We thus have the estimates of the inter-
action effects as

A 6(]

it - — P
. L= 18bq —9b{(k —ky )i+ (ky—kg)*+ (leg—k1)*} ‘
) for i=0,1, 2 ..(4)
A 3q . _
0= 18527 (b—, —he—7) Q; fori=0, 1,..., (g—1) ...(5)
A 3q .

vi=54bq—81(b—)\1—7\ —5;) Rifor i=0, L..., (q—l) . (6)

The sum of squares (S.S.) due to B(’2 A(BC?),, and A(BC?*),
can be obtamed as.

2 A (g—1) A A
S Py 5w Qi—E Q)Eiu)[q
and
(g—=1) A

A
S v Ri— (3 Ri)(S: vi)/q respectively.
i=0
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The relative loss of information on (i) BC? with 2 d.f. will be
(1/243){(k,— R+ (ky—es)? + (kg —K)?} 5 (id) A(BC?) with 2(g—1) d.f.
will be (3/2bg)(b—A,—A,—1;). The total relative loss of information
in the design will thus be 2{=number of blocks per replication minus
one). It may be noted that this design is a resolvable design.

As an example let us consider the design 7x3%in 21 plot
blocks obtained in section 2-1. We find that the normal equations,
in this case, for estimating the parameters after eliminating the
block effects under the restrictions 3, t;=0; Su;=0; Zy,=0 will
come out as

P,;=135¢; for i=0, 1 and 2 g ...(la)

0;=42—45/Tu;—(12/7)(t,—1,) for i=0, 1,. (2a)
R;=(126—135|7)v;— (12/7)(10—2t1+t2) for i==0, 1

(30)

where Py=(Sum of observations from the treatment combinations

. 14
in aye, aye, axe, ase, a,e, as and ag@)—(3/7) Z B;—(1/7) 2‘, B;
i=1" i=15

0y,=(Sum of observations from the treatment combinations
in agx)—(Sum of observations from the treatment com-
binations in agy)—(1/7)(B,—B;— B+ B;—B;+B,—B,
_L'B10+B11+B‘3 15+B16 ‘B19 B21)

R,=(Sum of observations from the treatment combinations
in a,o and agy)—2(Sum of observations from -the treat-
ment combinations in ay8)—(1/7)(B;—2B,+ B;+ B,+ B,
+Bs+B;—2Bg+By+ By o+ By — 2By, + Bis— 2By, + By
-}—Bw—2B17——2B18+B1,!—2320+B21)...etc.

Thus we have

A ‘
t;=(1/135)P; for i=0;1,2 .. (4a)
A _ . :
w=(7/249)0, for i=0,1,...,6 . ...(50)
A .

vi=(7/T4T)R, for i=0,1,...,6 ...(6a)

S.S. due to BC? with 2 d.f.=(1/135) = P, .=
$.S. due to A(BC?);, with 6 d.f.=(7/249){ s, Q“’,-—(E Q,)2/7§

S.S. due to A(BC?), with 6 d.£.=(7/747) {z R — (2R¢)2/7} -
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The relative loss of information on BC? with 2 d.f. is 4/49 and on
A(BC?) with 12 d.f. is 15/98.

3. DesisN gx 3% witH 2b. (1/3) REPLICATIONS

We shall, in this section, consider a méthod of construction by
which it will be possible to reduce the requirements of the experi-
mental material by 1/3,

3'1. Construction

The method of construction is on similar lines indicated in
section 2'1. The first set of b blocks is generated from the b columns
of Mg, The second set of b blocks is generated from the b
columns of M.g,, Where M., is obtained similarly as Mg, except-
ing that the order (e, B,v) for replacement of elements 1 in the
incidence matrices of .D,, D, and D, is changed to (y, B, ). Thus in
all 2b blocks each of size 3q of the design g x 3% are obtained. Each

of the blocks is a 1/3 replication and there are therefore 25.(1/3)
replications in the design.

3-2, Analysis

In this design also only the interactions BC? with 2 d.f. and
A(BC?) with 2(q—1) d.f. are affected by block differences and are
estimated independently, Using the same scheme of constantsin
writing the estimates and same notations as in section 22, the normal
equations for estimating the parameters, after eliminating the block
effects, under the restriction 5 #,=0 and 3 v;=0 come out as

Py {Sb(kl i) 9b(k21?:;k23) N}t _9bk2(/§1;-k3) [, 18bkKy 5

3q
il _ 18bk% 9bky(ky+ k3)
Pl—{ﬁbk2 Tq'}tl— —Sq— (t0+ fz)

2
P2=§3b(k1 ) — 9b(k ?t;k% }r2 9bk2€5/;1+k3)t1q18bklk3

0

3g fa
«.(7)

0, {6(r1-|—r3)— 18(2x1—}—32qx3—x2)}ui_9(;.1_;.g)q(kl+ks)(to_t2)
for i=0, 1,..., (¢—1) ...(8)

Ri= {6"1+24"2‘*‘6"3—‘(162-"72/'3(1)} Vi_{g(r1—272+rs)/3q}
{{kl—{—k3)(.to+t2)—2szl} for i=0, 1,..., (¢—1) -..(9)
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where P;, Q, and R; arc the totals (BC?);, [4(BC?)_l; and
[4(BC?),, 1; respectively after adjusting for block effects, x;=r;—2;
for i=1, 2, 3,

The above equations (7), (8) and (9) can easily be solved for

estimates of the effects under the restriction (ky+kg)(fy+ f,)+2kyts
=0,

Thus, we have the estimates of the contrasts (f,—#,) and
(t—2t;-+-1,) corresponding to the interaction BC? as

L _P
Estimate of (1,—t,) = 2 5
3b(k, 4 Kg)— %L‘*f};ﬁ

Estimate of (f,—2f,-+2,) =(1/35) { :f: 2—};} ..(10)
3 2

18(29, +-2x; —

=060y BB

xﬂ)% for i=0,1,...,(q—1)
..(11)
1= Ra/{61r,+ 24,4 6ry—(162x,/39)} for i=0, 1,..., (q—1)...(12)

The 8.S. due to BC?, 4(BC?),, and A(BC?), can’ be obtained as
A
z_t Pz H «uzQz_(Euz)(ZQz)/q aﬂd Evz 4 (2 Vz)(le)/q r_espeCtiVely.
1

The relative loss of information will be
(i) 1—{3q(k;+ks)—3(k;—k3)?}/24* on the contrast (to—1t2)
of BC?
(if) 1—{9%:,(k,+k;)}/2¢* on the constrast (t,—2t,+1,) of BC?
(i) 1—(3/2bq){q(ry+r5) — (2%,+2x;—x,)} on 4 (BC?),,
and (%) 1—(1/2bg) {qlri-+ry-+4r)— 9%} on A(BCY),

The total relative loss of information will be 2(= number of
blocks required per replication minus one).

It may be noted that this design is usually non-resolvable and
also that it is not.an equi-replicated .design. However, when
ky+ky=2k, the design will be equi-replicated.

As an example let us consider the following 5x 32 design in 15
plot blocks with 20. (1/3) replications obtained through’the B.LB.
designs Dy(v=>5, b=10, k;=2, r,=4, A\ =1), D,(v=>5, b=10, k2=]
re=2, }=0) and Dy(v=>", b=10, k;=2, ry=4, A;=1).
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Design 5x 3% in 15 plot blocks.

Blocks from M“BY Blocks from MYBI

Level
oefqu 1 23 456 7 8 910 11 12 13 14 15 16 17 18 19 20

ag @« « @ By y vy vy B Yy vy B o eaoalf
ay e vy v B ¢« a « By ¥y vy« a By vy ¥y B o«
a, y « By oy f o ay @y fp oy By y o«
as Byeyyayaolpa Bavyaary ey
ag Y Byaoe Y B o« yaouw « B ey a B y ax vy

The normal equations (7), (8) and (9) under the restrictions
s u;=0, 2 vi=0, and 2 (f,+1,)+ #,=0, in this case will reduce to

P,=120t, ; P;=60¢, ; P,=120t, ; ...(7a)
0;=36u; for i=0, 1, ..., 5 ...(8a)
R;=(1116/15) v; for i=0, 1, ..., 5 ...(9a)
Thus we have the estimates :

A A A

to="Py[120 5 t;="P1/60 ; £,=P,[120 ; ...(10a)
A

u;=0Q,/36 for i=0, 1, ..., 5 ..(11a)
A .
v;=15R;[1116 for =0, 1, ..., 5 ...(12a)

The S.S. due to BC?, A(BC?), and A(BC?), can be obtained as
((P?y+ P2)[120}+ P2[60 5  (1/36)(S Q%— (3 Q)%5} ; and (15/1116)
{s R:—(3 R1)2/5} respectively. The relative loss of information
on (i) (BC?); is —1/5, (ii) (BCY), is 7/25, (i) A(BC?), is 1/10 and
(iv) A(BC?), is 19/50 in this design. The total relative loss of
information is (—1/5)+(7/25)-+(1/10) X 4-+(19/50) X 4=2.

4, DESIGN g 3% WITH b. (1/3) REPLICATIONS.

It is possible to further reduce the requirements of the experi-
‘mental resources to 1/3 only. This reduction can be brought in
“wheén the block sizes k, and k; are equal, i.e,, say k;=k;=k and
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consequently ry=ry=r, A;=2A=2 ; and x;=X;=Xx etc.,, and further
when the B.I.B. designs are such that a treatment in D,- occurs stimes
with any other treatment in the same numbered block of D, (or Ds)

where x,=2s,
41. Construction
The design is constructed by generating only b blocks from the

~ b columns of Mg,

As an example, we shall consider the constructlon of the design
4% 3% in 12 plot blocks. Let the incidence matrices of the three
B.LB. designs used in its construction be

B.LB. design

D,
(v=4, b=12, kz—

. Dy
(v=4, b=12, k1=1,
4, 7\2—— 2) .

: . Dy
: (v_4 B2, k3_1
=3, 3,=0) .

Fo=: rg=3,

M-ﬂ)

Incidence
matrix

000000000111
000001011000
001010100000
110100000000

111060i}1ooo

100110100110}

010101010101
001011001011

000111000000

011000000001

100000001010

The design 4><32 in 12 plot blocks each of size 12, thus constructed
will be

Lgfvc;; Blocks from Mypy
1 2 3 4 5 6 7 8 9 100 11 12
g B B B v ¥ v B P B & & «
@ B v ¥+ B B o« P e e B B ¥y
‘@ | y B « B e« B « B y B v B
“ag « « B '« B B ¥ ¥ B ¥ B P

4'2, Analysis

In this design also only the interactions (BCz) with 2 d. f and
~ A(BC?) with 2(g—1) d.f. are affected by block dlfferences Usmg
the same scheme of constants and notatxons as earher, we ﬁnd that

000000110100
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the estimates of the parameters, under the restrictions 3 #,=0,
3 Vr'——O and k(t,+1,)-+k,t;=0, from the normal equations can be
obtained independent of the others as

A A A

ty=P,[3bk ; t,=P,]3bk, ; t,=P,/3bk (13)
A

U;=Q,/{6r—9(4x—Xx,)/3q} for i=0, 1,..., (q—1) ...(14)
: .

vi = R[{6(r +2r,)—8lx,/3q} fori=0; 1,..., (g—1) ...(15)
The S.S. due to BC?, 4(BC?),, and A(BC?), can be obtained as

A A A
{(P%+Po)*[3bk}+ P [3bky 5 5 wQi—(Z u;) (S Qg ; and v R
A :
—(3 v:)(3 Ry)/q respectively. The relative loss of information will be
(i) 1—(3k/q) on the contrast (t,—t,) of BC?
(ii) 1—(9kk,/g) on the contrast (t,—2¢,+1,) of BC?
(#i) 1—(3/2bq){2gr— (4x—x,)} on A(BC2),,
and (iv) 1—(1/2bq){2g(r+2r,)—9x,} on A(BC?),
which are the same as in the designs detailed in section 3 for thecase
k1=.k3-

These designs are also non-resolvable and are not equi-
replicated, However, when k;’s are chosen such that k,=k,=k; the
design would be an equi-replicated one.

Taking the design 4 x 3% constructed in section 4'l and solving
its normal equations, we obtain the following estimates of the affec-
ted interaction effects which are independent of the others ;

A A A

ty="P,[36 ; t;=P,|72 ; t,=P,[36 ...(13a)
A

u;=Q;/12 for i=0,1,2and 3 = ...(14a)
R : , : :

vy=R;/63 for i=0, 1, 2 and 3 . ...(15a)

The S.S. due to BC?, A(BC?),, and A(BC?), can be obtained as
{(P%+P2%)[36}+P%[72;  (112){Z Q4%—(5Q:)*/4};  (1/634{= R%
—(3, R;)?/4} respectively. The relative loss of information is (¥) 1/4
on (BC?),, , (i) —1/8 on (BC?), , (iii) } on A(BC?), , and (i) 1/8
on A(BC?%), . The total relative loss of information will then be
AAH(—1/8)+ (X 3)+(1/8) X 3=2,
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5. DESIGNS gX 3" IN gX 37 Pror BLOCKS

The methods of construction detailed in sections 2, 3 and 4 for
designs g% 3* in 3q plot blocks can be generalised to the case of
designs g X 3 in g x 37 plot blocks following Sreenath’s (1965) tech-
nique.

Let 4, B, Bs,..., B, be the (n+1) factors at levels g, 3, 3,..., 3
respectively. Firstly, we obtain a (37, 3n—2-1) confounded symmetri-
cal factorial design D, with By, Bs,..., Ba as the 'n factors, having
each of its blocks further divided into 3 sub-blocks of size 3? by
confounding an independent interaction, say, I between the sub-
blocks. We define the set of interactions between blocks of D as ‘the
between block set’ and the set of interactions between sub-blocks
within blocks as ‘the between sub-blocks within blocks set.’

Let «;, B, and y; denote the sets of 37 treatment combinations
in the j-th block of D, contributing to the totals (I, (1) and (I,
respectively, Evidently a;, B and vy; will be the sub-blocks into
which the j-th block of D was divided. We then obtain the three
B.I.B. designs Dy, D, and D, with the levels of the factor 4 as treat-
ments, as detailed in section 9:1. Now by associating each set of
(o, Bsy 1) for j=1,2,..., 3n-»-1 with the B.LB. designs as detailed
in sections 21, 31 and 41, the design g X 3" in g x3? plot blocks is
obtained in b, 2b. (1/3) and b. (1/3) replications respectively.

In these designs the interactions affected along with the relative
loss of information will be :

(i) All blonging to the between block set, being completely
confounded between blocks, No information is available

on them, ,

(i) All Y, belonging to the ‘between sub-blocks within blocks
set’ each with relative loss of information as that of BC? in
the corresponding design g X 3? in 3q plot blocks.

(iii) All of the type A(Y) with relative loss of information as
that of A(BC?) in the cqrresponding design g x 32 in 3¢ plot
blocks. ' ' .

The total relative loss of information is 3»?—1 (=number of
blocks required per replication minus one). The S.S. due to affected
interactions can be obtained in a manner similar to those in corres-
ponding ¢ x 3* designs discussed above.
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SUMMARY

To bring about economy in the use of resources, it is desirable
to obtain desigos involving smallest feasible number of replications
providing mutually independent estimates of all the effects. It can
further be said that the design need not necessarily be resolvable and
equi-replicated. Keeping these points in view, methods of construc-
tion alongwith the analysis of the confounded designs ¢ X 37 in g x 37
plot blocks through balanced incomplete block designs in b,2b.(1/3)
and b, (1/3) replications, where b is the number of blocks in the
B.I.B. design used, have been presented in this paper.
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