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Summary

This paper deals with analysis andconstruction of partially balanced incom
plete block (PBIB) designs with sevenassociate classeswhichcan be used for
confounded diallel experiments involving v = 2pq crossesbetween twosets
of inbred lines to obtaindifferent amount of information on all the seven
types of comparisons i.e. comparisons ofgeneral combining ability (g.c.a.)
effects of the two sets, specific combining ability (s.c.a.) effects, residual
reciprocal effects and Fi-crosses v/s reciprocal Fi-crosses.

Keywords : Diallel experiments; Fixed effect model; Mixed model; Orthogonal
contrast.

Introduction

Theconcept of diallel crossing has been immensely useful in analysing
genetical potential of a set of lines and in evaluating the best combination
of crossing material in breeding programmes. Griffing [7] presented
analyses for four diallel crossing schemes depending upon the inclusion
of reciprocal crosses and/or parental lines using randomised complete
block design (RBD). But for large number of inbred lines, the use of
RED may not be possible. So Kempthorne and Curnow [8] andArya [6]
gave circulant plans forpartial diallel crosses. Raghavarao and Aggarwal
[13]; Aggarwal [1], [2], [3] and [4]; Arya and Narain [5] and Narain and
Arya [10] used PBIB designs for diallel experiments.

Robinson [14] offered analysis for crosses between two sets and within
one set. Lin [9] presented RBD analysis for crosses between two sets of
lines, coming from two different geographical/genetical back-grounds,
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including parents. We are introducing PBIB designs, following a new
association scheme, which are shown to be useful in analysing the com
bining abilities oftwo sets of lines. The often demand fordifferent amount
of information on different types of comparisons necessitated the intro
duction of the following 7-class association scheme.

Definition 1. Let v = 2pq (for p > I and q > I) treatments be denot
ed ij and ;/•(/= 1,2, p; j = P + hP + 2 P + «) and the
treatment ji be called the reciprocal of the treatment ij. For any treat
ment ij,

(i) all treatments ij' ij' ^ j = p + I, P + 2, p + q) are first
asssociates;

(ii) all treatments j'i are second associates;
(iii) all treatments i'j (j" 9^ z = 1, 2, . . . , />) are third associates;
(iv) all treatmentsji' are fourth associates;
(v) all treatments i'j' are fifth associates;
(vi) all treatmentsj'i' are sixth associates; and
(vii) the treatment ji is seventh associate.

For any treatment ji, its ftth (A: = 1,2, ... ,7) associates are recipro
cals of A:th associates of ij.

The parameters of this association scheme will be

V= 2pq, «! = «2 = 9 — 1. "3 = "4 = «B = «6
= (p - 1) (? - 1), "7 = 1;

ph = Ph = ph = Pli = ph = Pii = pis = 1;

Ph = ph = Pi5 = pie =Pi6 = 9-2;

/jIs = Pli = Pa5 = Ps6 = Plh= P-2-,

plf, = pI& = {q —2){p~ 2); and

any other p]^ (.i,j, k= 1,2 7) follows from either

P'jk = P'kj or "iPjk = »lPlk

otherwise it is zero.

Example : Let p = 3 and q = 4

For ^ treatment 14 (say) its seven associate classes are :



PBIB DESIGNS FOR TWO SBTs OF INBRED LINES 137

Associate class Treatments

First 15 16 17

Second 51 61 71

Third 24 34

Fourth 42 43

Fifth 25 26 27 35 36 37

Sixth 52 62 72 53 63 73

Seventh 41

Definition 2. The association scheme given in definition 1 will be
called 'Extended Right Angular' (ERA) association scheme. The PBIB
design following the ERA association scheme will be called an 'Extended
Right Angular (ERA) Design'.

Let N be the incidence matrix of an ERA design with the parameters
V= 2pq, b, r k,h{i = 1,2 7). The eigenvalues (0<) except 0o =
rk of NN' with their multiplieities (aj) (i = 1, 2, . .. , 7) are given in
Table 1. The non-zero eigen-values of the C-matrix of the ERA design
will be <?!>;= r — (0//s) with their multiplicities (aj) (j = 1, 2, .. . , 7).

7

The ERA design will be connected if 0 or 67 9^; rA: or S ah ¥=
»=1

r(k — 1) for any 6^ (7 = 1, 2, . . . , 7) where C/'s are coefficient of Vs in
7

0/. As S «(Ai = r (k — \), therefore values of A,'s should be such that
/=1

7

s ^(n, - ei) for any 6j (7=1,2 7).
For definitions of various breeding terms used, refer to Aggarwal [2]

and for the definitions of various statistical terms and notations used
refer to Raghavarao [12].

2. Confounded Dialled Experiments

Let two sets of inbred lines represent two differentgeographical/geneti-
cal back-grounds. Let the first set contain p inbred lines and the second
set contain q inbred lines. Let 2pq crosses, involving fi-crosses and reci
procal Fj-crosses between the two sets of inbred lines, be represented by
V= 2pq treatments of a connected ERA design with the parameters v,
b, r, k, (1=1,2,..., 7). Let the yield (Yuk) of the yth crossallotted
to a plot in the ^th block be given by

Ym = m + g{ + gj + stj -f + mj Pi + eiju, k= 1, 2,..., 6 (1)

♦Confounded diallel heremeans that the partia set of crosses (,2pq) from diallel
experiment with {p + q) inbred lines is experimented with the poncept of confoundin|
explained by Raghavarao [9, p. 245J.
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where m is the general mean; gi is the g.c.a. effect of the /th line and so
is gh sij is the s.c.a. effect of the ijth cross, is the maternal effect of
ith line, mj is the residual reciprocal effect due to yth cross and Ps is the
effect of A:th block. Let (1) be fixed effects.model (Scheffe' 15, p. 6) with
the restrictions

P p+g p P+^

^ gi = ^ gj = 0, Si) = sji, S Sij = S sij = 0,
f=l ;=p+l /=1 j=P+i

p+q p b
nii + = — (rrij + njt), S = S rtji = 0 and S pj, = 0.

j=p+l i=l k=l

eijb's are assumed to be independently and normally distributed with
means zero and variance o®.

Considering the sum ^» + g'j + Sij mi + nn \a {\) as the split of
the true effect (at;) of the y'th cross, we can obtain the reduced normal
equations

Ca"=e (2)

The orthonormal eigen-vectors x^s, jij's, w„s's, z„i's and x corres
ponding to non-zero eigen-values (^j) of the C-matrix of the ERA design
represent various types of orthonormalized contrasts given in Table 1.
These orthonormal eigen-vectors and eigen-values provide a solution of
the reduced normal equations (Raghavarao [11]) which helps in comput
ingthe ANOVA TABLE (Table 2). For testing the significance of any
effect its mean square (M.S.) is tested against the error M.S.

From the least square estimates (a,7) of the true effects of the crosses,
the least square estimates of various parameters, their variances and
variances of their elementary contrasts can be worked out and are given
below :

gi = {Qi. -f

gj = (Qj. + Q-jV'^p^z,

rrii = {Qi. — Q-i)l2q<l>2 +

mj = (Qi. - Q.j)l2p^4 + (l/<^4 - l/<^7)

so - [Qij + Qji - {Qi- + Q-i)!i - (Qj. + Q-j)lp]l24>,-,

nu = (Qij —2y<)/2'̂ 6 ~ (Qi- 6-</2#6 + (1/^6
- W (e^ - Q-j)l2p + (l/<^6 - W ^?lpq

V{gi) = (p- I) o^l2pq<l'i.
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v(ff^) = (9 - 1) «j2/2/75<^>3;

viint) = [{p - l)/^2 + 1/^7] °V2pq-,

v{mj) = [{q - l)/^4 4- °*l2pq-,

v(iiO = (p — 1) (? — 1) a^l2pq<l>s;

v{nij) = [(p - l)/^6 + 1/^4] (? - 0 °'l2pq-,

Hgi - gi') =

v(g; - £/) = o®//'̂ 3;

v(mi — w/') = o'lq<l>2,

vimj —m/) = o^lp't>i,

v(si^ — 5,,') = (;j - l)aV;7«^B;

v(id - 5;,;) = (?-!)

v(7ij - Si^j,) = (pq-p-q) °*lpq4'i,

v(nu —tiu,) = [(;? - l)l'i>6+

v(n<j - «//;) = (g -I) '^VqK and

v(n,7 - ni'j') = [(m -Z' - 9)';''6 + ql't'il'^^lpq, i' = 1,2, . . . ,p;
Ji^j' = p + \ p + q.

3. Mixed Model

Let m and Pi's in equation (1) be fixed effects and g.'s, gf%, sus, mi's,
riij's, mj's, tiji's and e.ys's be independently and normally distributed with
mean zero, variances a^, ct|, and o®, respectively and
pairwise uncorrelated. Under these rerstrictions, the expectations of
various mean squares are given in the Table 2. The usual test procedure
is followed for testing the significance and estimation of the variance
components and

4. Methods of Constructing ERA Designs

Theorem 1. ff q = p is a prime or a prirr^e power then a series of ERA
designs with the parameters

V= 2p\ b = p {p - 1), r = {p- 1), /c = 2p, Aj = Aj = A3
= A, = 0, (3)

— ^6 — ^7 = (p — 1). can always be constructed.



TABLE 1—SETS OF ORTHONORMALIZED CONTRASTS

Sr.
No.

roots of NN'

1. = r + X7 + (9 — 1) (Xi

+ Xa ~ ^6 ya)
- (^. + >^4)

2. 62 = r — X7 + (9 — 1) (Xi
— Xa — X5) + Xfl)
- (^3 - W

3. 03 = /• + X7 — (Xi + X2)
+ (/' — !) (^3 + ^4
— X5 — Ag)

multiplicities

at = (P - 1)

= (P - ])

a* = (9 - 1)

a jcift =

contrasts

r fe
S (aj. + tt-i) — fc («(»+!). + "-(i+l))

_« = 1

-f- [2gk(fc + 1)]"2, A: = 1, 2 p - i;

r
a'yiJ! = ^ ("i. - «•<) ~ ^ ("(jt+lV ~ "-(fc+l))

-472# (fc + = 1
~ p+k

«' = 2 (Kj-. + a.j-) —fc(a(j,+s4.j).
L;=/> + l
~4~ Of- [2A (fc + = 1,2..... 9 - 1;

2 («/. — K-j) —'H"(p+fc+l).
L;=/'+l

~ "-Cp+fc+Cl)
[2pk (k + l)]i/2, fc = 1,2" .., 9 - 1;

p+k
s (Kfi + a,i) - k (a,-(p+fc+i)

L;=/)+i

V+fc+l)')| ~"

effects
represented

g.c.a. effects
of first set

maternal
effects of
the first set

g.c.a
effects of the
second set

4. 04 = r — X7 — (Xi — X3)
+ (P — 1) (^3 —>^4
— + W

a*I = (? - 1) «'2aft = maternal
effects of the
second set

5. 06 = r + X7 - (Xi + X,) = (/> - 1)
— (Xg + X4) + (Xs + Xa) (9 — 1)

k' Znft =
n

2
Li=l

s. c. a.

effects

. ^ , ("(n+iy + ";(n+lp
.J=p+l

+

~ '̂ ^(«(n+I) (p+fc+I) + V+fc+1) (n+1)^

[Zn (11 + 1) k(,k + 1)P'̂ n= l,2,'..,P -I
k = l,2,....g-l;
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Source

Blocks ignoring
treatments

S-c.a. effects of
the first set

d./.

(b - 1)

(P-i)

maternal effects of (/? — !)
the first set

:g.c a. effects of
the second set

maternal effects of
the second set

:s.c.a. effects

(9-1)

(9- 1)

(P - 1) (9 - 1)

TABLE 2—ANOVA TABLE

5. S.
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/29^i

s (Gi. - Q.i)2 - (24F )Vp hgh
L/=i -I'

/2p^.p+g
X (G.-. + e..)2

Ly=/'+i

s (Qi. - 8-5)2 - (2Ax® )'/9
U=/'+i

/2P^4

E(M.S.) Mixed-effects
Model

o2 + 2^1 [af + Xj]
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<t' + 203
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r P P+9 P
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residual reciprocal
effects

Fi-crosses v/s
reciprocal

Fi-crosses

(P -!)((?- 1)
p p+g p
s s ^Qii-Quy- s (Qi.-Q-iflq + 2^e

Lj=i j=p+i /=i "

- ^ (.Qi. - e.;)2//' + (2aF )2/P?
y=/'+i

2(Ap)«/9i7^7

/2^6

o2 + 2^, [a2 + 5a2 j

Error (vr — 6 — V + 1) By subtraction

Total vr - 1 sjj y2 _ yi. .
ijk

where Q,-,, Q.j, iP and Ap can be analogously defined as inTable 1.
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Proof. Put crosses in & p x p square array such that ith row
(j = 1,2 p) contains crosses i X j {j = p \ 2p) and the
yth column (7 = 1, 2, . . . , p) contains crosses / X (/? + j) (i = 1, 2,

Superimpose each of the (/> — I) MOLS on this square array.
Putting all the crosses which occur with the same letter of a latin square
in a block, we can get p blocks with each latin square. Thus {p — \)
MOLS give p{p —1) blocks. Doubling the block size by adding the
crossy X i for each cross /X j (J = \, 2, . . . , p-, y = p + 1 2p)
in these blocks, a series of ERA designs with the parameters given in (3)
can be obtained.

Theorem 2. A Series of ERA designs with the parameters

V= 2pq, b = b*,r = \ = X^ = A, = r*, k = 2gk*, A3 = A,
= As = \ (4)

where v* = p, b*, r*, k*. A* are the parameters of a BIB design, can
always be constructed.

Proof. Construct p groups of 2pq crosses such that ith (i = 1, 2,
. . . ,p) group contains crosses /X J,jX i (J = p + 1, . . . , p + q).
Define a one-one correspondence between these p groups and the p treat
ments of a BIB design with the parameters v* = p, b*, r*, k*, A*.
Replace each treatment of the BIB design by all the crosses in the corres
pondinggroup. Thus we get a series of ERA designs with the parameters
given in (4).

For the series of ERA designs given in (3), the relative loss of inform
ation (Shah [16]) is only on d.f. pertaining to s.c.a. effects and that is
l/(p—1) for each d.f. For the series of ERA designs given in (4), the
relative loss of information is only on d.f. pertaining to g.c.a. effects of
the first set and that is (r* — X*)lr*k* for each d.f.

5. Worked Example

Let V= 24 (for p = 3 and q = 4), b = 6, r = 3, k = 12,

Ai = Aa = Aj = Ag = 1 and = A, = 3 be the parameters of
an ERA design. The yields of the crosses i X J,j X / (j = 1, 2 p;
j = p + \, p + 2 , . . . , p + q) are given within brackets in the
following 6 blocks.
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"1x4 2x43x44x1 4X24X3 1x52x53x55x1 5x25x3
. (11) (1) (3) (5) (8) (10) (9) (5) (5) (8) (2) (2)

"1X4 2X4 3X4 4X1 4x2 4x3 1x6 2x6 3x6 6x 1 6x2 6x3
. (7) (3) (6) (8) (1) (5) (6) (2) (3) (9) (11) (9)

• 1X4 2X4 3X4 4X1 4x2 4X3 1x7 2X7 3X7 7X1 7x2 7x3
. (9) (2) (5) (4) (12) (10) (II) (7) (8) (3) (2) (5)

1X5 2X5 3X5 5X1 5X2 5x3 1X6 2x6 3x6 6x1 6x2 6x3
(8) (2) (5) (1) (11) (6) (10) (4) (1) (3) (6) (12)

1X5 2X5 3X5 5X1 5x2 5x3 1x7 2x7 3x7 7x1 7x2 7x3
(10) (3) (6) (7) (4) (2) (5) (1) (11) (9) (7) (12)

1X6 2X6 3X6 6X 1 6X2 6x3 1x7 2x7 3x7 7x1 7x2 7x3
(13) (5) (3) (1) (15) (2) (4) (6) (5) (8) (9) (7)

The roots of the C-matrix will be = <^2 = <^4 = <^>5 = =
^, = 3 and == 2. The values of Qu's are given in Table (3). Assum-

T-^BLE 3—CALCULATION OF Qj/s

Cross

('• X j)
Tu B*ilI2 Qii Cross

U X i)
Tsi BUI 12 Qii

I X 4 27 18.08 8.92 4 x 1 17 18.08 —1.08

1 X 5 27 17.92 9.08 4x2 21 18.08 2.92

1 X 6 21 18.08. 2.92 4 X 3 25 18.08 6.92

1 X 7 20 19.42 0.58 5 X 1 16 17.92 —1.92

2x4 6 18.08 —12.08 5x2 17 17.92 —0.92

2x5 10 17.92 —7.92 5 X 3 10 17.92 —7.92

2x6 11 18.08 —7.08 6 X 1 13 18.08 —5.08

2x7 14 19.42 , -5.42 6x2 32 18.08 13.92

3x4 14 18.08 —4.08 6x3 23 18.08 4.92

3x5 16 17.92 -1.92 7 X 1 20 19.42 0.58

3 X 6 15 18.08 —3.08 7x2 18 19.42 —1.42

3x7 24 19.42 4.58 7X3 24 19.42 4.58
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ing various effects to be fixed, the anova table for testing various effects
is given in Table (4). From the anova table, it can be observed thatonly
the maternal effects of set 1 are significant at 5 per cent level. The least
square estimates of Wi, Wj^andmsare 1.21, —1.96 and —0.54, respec
tively and estimate of SE (tm; —mi') is 1.04, i ^ i' = 1, 2, 3. where Tij
is the total of all observations from plots to which i X J is allotted, 5''
is the total of all blocks in which i X j occurs and the adjusted cross
total Q,j = Tij -

TABLE 4—ANOVA

Source d.f. S. S. M. S. F-ratio

blocks ignoring treatment 5 8.79 —

g c.a. effects Setl 2 22.33 11.17 0.86
maternal effects 2 120.78 60.39 4.63«

g.c.a. effects Set 2 3 15.80 5.27 0.40
maternal effects 3 31.82 10.61 0.81

s. c. a. effects 6 61.57 10.26 0.79

residual reciprocal effects 6 40.22 6.70 0.51

Fi-crosses v/s reciprocal
Fi-crosses 1 13.35 13.35 1.02

Error 43 561.21 13.05
—

Total 71 875.87
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