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CHAPTER I

INTRODUCTION

To identify superior‘ cross combinations, both in plant and
animal breeciing » testing programmes are ;:ndertaken. There are
two measures which:eﬂect the performance of the parental breeds,
strains or lines and the crosses they give raise to. These are
genera) and specifiq combining abilities which were originally defined
by Sprague and Tatum (1942). The performance of the parental lines
and their cross combinations as measured by g.c.a., and s.c.a,
determines the genetic architecture of the population under consideration.
General combining ability may be defined as the average performance
of a breed, strain or a line in hybrid (i.e. cross) combination. Specific
coinbining ability may be defired as the deviation in performance of a
cross from that which would be expected on the basis of the average
performance (g.c.a. ) of the parental breeds, strains or lines involved,

According to these definitions and the genetic mechanisms
involved, general combining ability is a consequence of the additive
genetic effects while specific combining ability is a consequence of
non-additive genetic effects. The latter may involve dominance,
over-dominance and epistasgis,

The mean performance among the female line progeny is
a function of both general combining ability and maternal effects.
Maternal effects are estimateifrom the deviation between the average
performance of female-line progeny and male-line progeny.

Diallel crossing system is one of the testifig programmes

most successfully used for estixr}fzting combining ability among line
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crosses. It is also used to estimate the actual yielding capacities
of the crosses. DPiallel crosses are defined as a set of single crosses

obtained by mating v inbred lines in all combinations ao that vz

.

single crosses are obtained. I 'y'ij denotes the mean yield (over a

certain number of replications ) of the cross between lines i and j,

we may write

where § is the average effect , t, a.pd,tj are the general combining
ability éffects of the linea 1 and j ( effects due to-lines), 'ij is the

specific combining ability of the crogs i x j (¢ffect due to cross), mj
is the maternal effect of the line j (whenever jis the female parent) and

'Ei § is the random ‘errorx which may include error due to plot deviation
and also due to segregation ‘within the cross, If the lines are a random

sample from a large population, we may assume that ti. mj and 8 i

are independently noymally distributed with gero means and variances

c-f . q':'n and o'z + Furthermore, when matdrnal effects are ahsent , it

8
{8 known that

e‘: = Cov( Half sibs) and

o': = Cov( Full sibs) - 2Cov(Half sibs).

Because of the inbred nature of the lines involved in the diallel crosses,

2
if epistasis is absent, we also have o% 2 -lé A and u’f nc% where

(ri - is the additive genetic variance and 5'13) is the domijnance variance.

Hence, while thz / Zo-i + c‘i meanures the ratin of additive to total
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genotypic variance, when the gene fréquencies are equal;\/ 62/ o'tz
mea;uies the averdge degiee of dominance.

Accarding te Griffing (1956 b), diallel crossing techniques
may vary dependingjﬁpon whether or not the parental inbreds or the
raciprocal F('s are included or both. Heé considered four different
possibilities and they may be listed as below.

Case (i) ¢ One set of F‘I's is included without considering the reciprocals
and selfings

Case (ii): One set of Fi's is included along with their reciprocals but
without selfings

Case &iﬂ): Case (1) with selfings

Case (iv) ¢! Case (ii) with selfings-

Griffing give_:s—detaued analysis, under two models , of the above four
categories in which diallel crosses may be made.

With the increase in number of parental lines the sumber of
crosses increases very rapidly leading to the problems of resources
and organizational difficulties. In crops like wheat and linseed where
the number of seeds per reproductive unit is very low, complete
diallel set withf larger numbexr of parents becomes unmanagable.
Especially the problem is all the more involved when recipracal
crosses are to be considered. Therefore, the alternatives left are
either to limit the number of parents or base the study on a sample
of the full diallel, that is, on a partial diallel. While discussing the

advantages of using partial diallels among a large number of parents

he
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as against making all possible crosses among a smaller selected
nuthber of pare.m:s. Kempthorne and Curnow (1961) cited the following

in v favour of the former:

(1) the general combining ability of the parents can be estimated mobre
accurately 3

(ii) selection can be made among the crosses from a wider range of
parents and

(11) the genral combining abilities of a larger number of parents can be
estimated, FEach parent will be assessed with a relatively L ow precision
but larger genetic gaihé may result from the mote intense selection that
can be applied to the parents.

-Sampling the diallel crosses has been studied , among others ,
by Kempthorne, Curnow, Fife and Gilbert, Mazny incomplete block
designs have been made use of for this purpose. Balanced incomplete
block (BIB) designs in two:plot blocks. have been used to obtain complete
dialle! sets while fractions of the diallel have been obtained through
partially balanced incomplete block.(PBIB) designs with two-plot blocks.
Kempthorne {1957) gave a method of &natructing designs for partial sets
of the crosses. Kempthorde and Curnow (1961) iniproved upen this and
provided the analysis of these designs. The above designe along with

those propesed by Gilbert (1958) and Fife and Gilbert (1963) ave based
principally o;two:associate PBIB designs with two:plot blocks. The
main disadvantage with such designs providing plins of partidl diallels
is that the number of parental lines to be cansideved for investigation is

conditioned to a great extent by the requirements the designs impose.
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After selecting the plan of crosses, either for complete
diallel or for partial diallel, the experimental data is provided by
adopting an experimental design-which has invariably been a randomised
block design. It is not to gaingay the fact that even a fraction of the
crosses bring-in enough heterogenity in the blocks so as to entail
shortening the block-size.

The present investigation is aimed at etudying some of ’
the above aspects of complete and partial diallel crosses especially
in the light of providing new plans for partial diallels and indicating
methods to adopt incomplete block designs for field experimentation.
Firstly, plans for partial diallel croasses have been provided for four
different cases according to whether or not the parental inbreds or
the recipxocalmFl's are included or both. Making use of partially
balanced incomplete block designs with any Hock size (as against
block size two so far used), any values of A\ and any aumber of
associate clagges, the plans in the four cases give the methodas of
estimating genesal combining ability along with the expectation of
mean squares for the g.c.a. effects. Expressions for the standard
errors for comparirig the g.c.a. 's of any two participating lines are
given. It has been scen that a PBIB design with large number of
replications ig no drawback for obtaining plans for partial diallel i
crosses through them as in the case of agricultural (bloek) experiments.

It has become possii:le to estimate the maternal effects whenever the

data psrmit.

}'a
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Secondly, methpds for obtaining plans of complete and
partial diallel crosces through BIB and PBIB designs yeapectively
have heen obtained so that the resulting crosses may he grown in
incomplete blocks. This ?givea a unified treatment of eftimating the
general combining ability taking inte cons{deration the blocking aspect
of the field experimentation. Metheds are indicated for similaz
blocking of partial dlallels when reciprocal ¢rosdes are also performed.

Estimates of g.c.a. and expectations of mean squayes due to g.c.a.

are aleo given,



CHAFPTER II

REVIEW OF THE PREVIOUS WORK DONE

Genetic analysis of populations using covdylances between
relatives and the associated problems of partitioning the total genotypie
variance into additive and non-additive genetic components have baen
tackled extensively ever since the early work of Fisher in 1918, The
practical application of these concepts of quantitative inheritance to
plant and animal breeding have increasingly been realided in recent
years and techniques inv;:lving ‘diallel crosses® are some of the means
to that end. Sprague and Tatum, Henderson, Griffing , Hayman and
Jinks are but some of the names of early workers associated with
diallel crosses and their use. But an exact generalised treatment
showing the relationship between diallel erogsing method to Figher's
method of covariances between relatives as expressed in terms of
general and specific combining ability variances seems to have been
taken up only from 1956 on wards.

Griffing (1956 a,1956 b) presents an extensive study of the
major problems with the use of complete diallel crosses. Classifying
the experimeental methods utiliging diallel crosses into 4 categories
depending upon whether or not the inbred and/or the reciprocal Fl' 8
are included, Griffing (1956 a ) indicates the analyis of such methods.
A unified theory of the same analysis under two different models
(Model 1 and Model X1 of Ejsenhart ) has been.further given by him
(1956 b ). Here under each model the above four- methods have been
discusced giving estirmates and their standard errors of general and

specific combining abilities aﬁd reciprocal effects. Under both the
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models he gives the e:z‘pectationa of mean squares of the various
estimates, Discussion ¢f-diallel analysis in the presence of maternal
effocts can be found in the works of Hazel, Lamareux, Nordskog,
Topham and others (see the list of References).

But the ideg}i{%\5 :)f\partial diallel crosses has been widely
accepted of late and many sampling designe have been put forward
with a view to minimige the resources and organizational difficulties
a plant or anlmal breeder is faled with. Sampling the diallel crosses
is reported to have been taken up for the fiyst time by Dr».G. W.Brown
(1948). The broad outlines of his method have formed the basis for
circulant samples developed by Kempthorne (1957) which otherwise were
not exploited by Brown himself. Yates (1947) presented a method of
analysis f:r ;partial set of the diallel. The partial set did not arise
out of sampling in as much gs it was a consequence of mutual incompati-
bilities within subgroups of the plants. E was Gilbert (1958) who suggested
partial diallel crosses ag it is understood today, and his schems depends
on using & Latin square. Accordingly, when the number of ines v is
even the sample should he chosen by super-imposing on the 'diallel
table' a v x v symmetric latin square with & single letter on the main
diagonal. Crosses cozzesponding to suitable number of lettars in the
latin square dre then sampled which ensures egual representation ;f the
lines among ¢rosses. If v is divisible by 4.the use of latin squares
symmetrical about both the diagonals is recommended for achieving

balance among the crosses. The very use of latin gquares indicates
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the impracticability of obtaining crosses when there are several
parental lines under consideration which is often the case in plant

breeding, Moreover, Gilbert's samples have singular least square |

- equations and great care {s to be taken to avoid samples which lead to}

|
“ungolvable equations for the general combining abilities. ;
With a view to estimate the genetic variance components
Hinkelmann and Stern (196C) described the construction and analysis of
some circulant samples in which line 1 is always crossed with line 2
and with those lines whose numbers form an arithmetic progression
from 2 to n. They also showed how to construct and anallse a partial

sat of test crosaes.

Circulant samples: Developing on the methods earlier

inflicated by Kem;;thorne » Kempthorne and Curnow (1961) discuased
circulant samples and it was followed up further by Curnow (1963).

When there.are vceparental lines arranged from lto v in a random

order , the miethod of generating such samples may be described as
follows. Let each of the v parents be involved in the same number of
crosses s, 50 that the total number of crosses in the sample is vs/2.
Clearly, s must at least be 2 and v and s cannot both be odd.

Then line'l is crossed with lines k+l,k+2,.....,k+s where k= 12_.(v+1.s).
Line 2 is crossed with lines k+2,k+3,.....,kts+l and so on, the line )

numbers being reduced modulo v when necessary. The least square

equations for estimating general combining ability involve a circulant
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matrix which has s for its 4lements on the main diagonal and non-
diagonal elements ave either 1 or O according as the corresponding
croas has been sampled or not. The crosses 8o generated may result

_ in as many as v/2 differént standard errors for comparison of g.c.8.'s.

- _The expectation of mean squares for the estimates have been presented.
Kempthorne and Curnow also give the comparisoen of the ylelding
capacities of the crosses.

Curnow (1963) identified the one-to~one correspondence
between a partial diallel cross of the above type and partially balanced
incomplete block design with two plots per block and two associate
clagses with values of A = O and 1. Cross i x}] occurring in the sample
corresponds to treatments i and j occurring together in the same block

of the PBIB design.— In the notation of diallel crosses the parameters of

the PBIB design are

vav )\ixl
bhrsva/z A\, =0
r=9 n, =8
k=2 n, =y -8 -1
B =
p:l =P

where the above A's correspond to whether a cross is sampled or not; _
a is the number of lines crossed to both lines 1 and § where cross {'x j

is in the sample and § is the number of lines crossed to both lines i ..

and § where cross ix jis not in the sample. Making uss of PBIB designs
listed by Clatworthy (1955), Curnow was able to find certain two-variance

circulant samples in addition to enu’;-;era.ting some more circulants.
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.Samples from Triangula¥ and Factorial Designs: Fife and

Gilbert (1963) have given two-variance sample designs called triangular
and factorial deaigns.

The former designs aye for N = -éf—n { n-1 ) parents, where

n is an intege¥. The parents are numbered off into an gf_:l) (:fx-l) 1,
triangle. For example, {f n = 8, the ten par@a are numbered 54,83,
52,51,43,42,41, 3;, 3] and 21. Then each parent ia denoted as ab,
where a can take afy value from 2 to n, and b can take any value from
1to (a-1). Ther the partial diallel ¢onsists of all crosases ab x cd,
where a,b,c iind d are all diffarent. As each line is involved in

-zl—( n-2 ) {(n-3) of the crosses in thia design there is a restriction that

n must exceed 4. The camplementary of the above is again a triangular
design. We may note that this type of generating crosses is directly
related to 2 plot block PBIB designs obtainable through a triangular
association scheme (cf. Bose et al 1954),

The factorial désigns are for N = mn parents, where mand n
arxe integers. The parents here are numbered off into an m x n rectangle.
For example, f m =4andn = 3, the twelve parents are number 11,21, 31,
41,12,22,32,42,13, 23,33 and 43. Each parent is then dendted as ab,
where 1 { a & m andl { b £ n, and all the crosses abx cd are
seélected such that a ¥ c and b ¥ d ; in this case every line is involved

in (m-1) (n-1) crosses so that m,n must both exceed 2.

~’:a
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The present work is an extension of the author's previous
disgertation on "Incomplete block designs and Partial diallel crosses”,
which he aubmit;ad &8 partial fulfilment for the award of M. Sc.
degree at the Institute of Agricultural Research Statistics, Delhi.

The early part of e‘ha;;tar IV of this volume has a bearing on this

—

dissertation work. { Also refer Das and Sivaram 1968 ).

For fuvtber teforonce _P\GZQ::Q son the
Anpexture at  bbe end.

,"&



CHAPTER I

PRELIMINARIES

As u;bst of the subject matter’in the subsequent pages deals
with the application of partially balanced incomplete block designa, a
definition of them becomes necessary here. According to Bose and
Nair (1939), and lattexr Bose and Shimamoto (1982), a FPBIB design in
two assoclate ¢lasses is an arrangement of v treatments in b blocks,
such that:
1. Each of the v treatments occurs r times in the arrangement, which
consists of b.blocks each of which contains k experimental units. No ’
treatment appears more than once in any block.
2, Every ﬁair among the v treatments occurs together in either \1 or
kz blocks ( and ar; said to be ‘i th associates, if they occur together
in \; blocks, i =hi;z )e
3. There exists a relationship of agsociation between every pair of the
v treatments satisf{ying the following conditions:
‘a, Anytwo treatments are either first or second associates.
b. Eszch treatment has n, first and n, secand associates.
¢. Given any two treatments that are i th associates, the number of
treatments common to the §th associates of the first and k th
: . associates of the second is p}k. and this number ip independent
of the palr of treatments with which we start, Furthermore, )
p}k = P;j (L,k =1,2).
The eight parameters v,b,r,k, )Ll.lz.nl and n; are known as
the primary parameters , and the parameters p’:’k (i,j,k =1,2 ) aze

called the secondary parameters. The secondary parameters may be
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displayed as elements of {two symmetric matricies,

1 . 1 2 2
P P P
Pl = lu P:a and PZ = ;1 ‘?
Py Pa2 Pp1 Paa

The following parametric relations are tmue.
ny+n, =V 1

ny)y +2,\ s 2 »(k-1)

i i
i
nipjk = njpﬂ:
i
and :pjk =uj-l when 1 =§
s n, otherwise.

J
We shall usce these PBIB designs to generate plans for partial

diallel crosses and give analyzes to estimate the general combining
abilitjes, specific combining abilities and maternal effects (when they
occur) of the participating lines. We shall also use PBIB designs in
‘m~aesocizte claszes, where m > 2, to generate plang which are more
flexible and broadly indicate the method of analyses.

. Let there be v parental lines under consideration. When it
is contemplated to have a partial set of the complete diallel which has a
total of v2 number of crosses, four diffevent cases arise according to
the following being true. N
Cade (1): The experiment consists of a given partial set of the Fy's

only but does nat include its reciprocals or parental lines {1.o. selfings).
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Case (ii): The experiment consists of a given partial set of the Fl's and
also its reciprocals, but dees not include parental lines.
Case (iil): The experiment consists of a given partial set of the F;'s
only withdyt its reciprocalsand includea the parental lines.
f:aae (iv): The experiment consists of a given partial set of the Fj's with
reciprocalg and also with the parental lines.

Each cane necessiates a different form of analysis.

It is the plant breederd or geneticist whe is left with the problem
of choosing une of the above four gxperimental methods depending upon
the aims of the experiment, the experimental material at hand and the
knéwledge he has about the material. If it is intended to estimate the
vielding capacities of the lines, information regarding the performance
of the parental inbreds may be useful. When the data under investigation
provide good evidence for the existence of materna}l effects reciprocal
crosses may have to be undertakén. Knowledge about the cost oil
experimentation, in particular, cost per cross, may also determine to
certain extent the type of crosses to be performed.

After the plan of ¢rogses has been selected and the ¢crosses
gyown, during the analysis the components of genetic variance are
detdrmined by equating the expectation of me an sguares dye to the different
effects to those obgepved. Measures of heritability, proportion of additive
genetic variance to the total genotypic variance and the average degree

of dominance may he calculated thereafter under appropriate assumptions.
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The subsequent four ¢chapters pertain to the four different
cases that aride as indicated above. The rest of the chapters deal with
the: blocking of the dialle]l crosses in suitable incomplete blocks and

theiy analyses.



4

CEAPTER IV

1. P.B.1.B. DESIGNS IN TWO ASSOCIATE CLASSES AND PARTIAL
DIALLELS WITHOUT SELFINGS OR RECIPROCALS

Thie; :he tase (i) of chapter III.
L.et the v parental lines be numbered at random from 1to v.

We shall consider them as the trdatments while refering to PBIB
designs. The fizst hssoclates (or second associates, whichever is
convenient) of each line (treatment) are written beside the line (treatment)
in an ascénding order of magnitude, Any lne i (1 =1, Z; esesv) 15 then
crossed with every line j (j > i '); where j is the first (second)
assaciate of i, With the usual notations, therefore, we get vn,/2 or
vn,/2 number of crosses according as the liné i is crossed with its
first 6f second assoclate lines. We shall giver helow the method of
estimm tingr general combining abilities and specific combining abilitiec
of the participating lines assuming that the reciprocal cragses are
identical and that we are not intexested in the performance of the
parental inbreds themsgelves.

, It may be stressed at this point that the above plans for
partial diallels end their analysis are entiyely independent of the values

, of M's and also of the number of replications in the PBIB design. Thus
PBIB desigans even v with large number of replications can be used
with advantage for obtaining plans for partial diallel crosges wl;ich
otherwise would be useless for block experimentation, A further

i advantage is achieved {rom the fact that far most of .the numbers of

' lines PBIB designs are available and therefore plans for partial diallel

crosses are also available for these numbers.
}"J
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As there are no reciprocal crosses and selfings, we make

use of the miodel

-7:” =F+:ti +tj+aij +'é'1j
with the usual assumptions and get the following normal equations,
When the i th line hasg been crogded with its first asgociates, we have

nlp+n1ti+sl(t1) = Ti €1=1,2,...v) (4.1)
where p 1s the general ean, EAG i) denotes the sum of the g.c.a.'s
of lines which are the first aasoclates of 1 and with which the ith
lines is crdssged, and T1 denotés the tat3l yield of all the crosses with
the i th line. |

Adding such equations for all the lines with which ith

line s crossed, we get

afh + nlsitl)‘«r‘ me + pilsl(ti) + pzusz(ti) = 8(T,) (4.2)
where SZ(ti) is the sum of g.c.8a.'s of lines not crossed with the i th
line and SI(T l) is the sum of the totals Ti's of thooe lines with which
the i th line ia ctosseq.

Assuming g‘. ti = 0, we get ﬁ = 2G/vn), where G is the grand total

1
of the ylelda of all the crosses,and the equation (4. 2) reduces to

et (o -0l )t rry Ry )5 6) S gE) @43
Solving (4.1) and (4. 3), we get ‘

R + -31'-3'1'--2-9—(1:193) -
i = (m + ol - py) Ty - S(Ty) - 5F (o1 - By , (4. 4)

. 2 '
(o - 1) (nlvpu)i'nlp%l
i=1’2’-000’ v

The sum of squares due to the g.c.a.'s of the lines is



w18~
The variance of the difference between g.c.a.'s of two lines

1
. Z(nl+pu -pz)(rz
(1) which are not crossed is i

(ng-1) @y - 55 )+ npy

2
2oy b oy <Py *1) o
(1i) whick are crossed is -

(n, - Dia, - oF )+ mipy
where o'z is the error variance,

Given any line the first expression above is used to compare
the dif.("e-rence of its g.c.a. {rom the g.c.a.'s of each of 1, lines and
the second : from each of 1, lines. Thus we can get a weighted average
of the above two variances taking n, and n, as weights, and this average

,

iz given below.

2 [(v-l) (“1“’;1 -pi) “‘1] o

Average variance =

1
(v-1) [ (q—l)(ni—pfl)*rnlpu]

The rosults of second associate crosges are obtainable from the above
results by replacing n; by n,, P:I by sz and pf'l by plzz . The plan
got by crossing the second associate lines will be comiplementary to
the one got through the first associate lines.
Note: - If the plan of crosses is obtained from a Group Divisible PBIB
design, at least ane of the two associated crosses will yield non~sinéﬁmr
least squares equations so that a solution for t; exists,

Considering that the above experiment iz laid out in a randomised
block design with replications r such that each hlock constitutes ail the

vny/2 crosses, the estimate of the specific combining ability of cross i x j
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is simply the mean of the ylglds over the replications and the variance
of the difference between any two s.c.a.'s is Zu-z/ .¥. The sum of
squares due to :;.c.a.. is got by

5.5, due to crosses - S.5. duetog.c.a. =« S.8. dueto
) error(rep x crosses).

Now we shall consider finding of expectations of mean squares

due to g.c.a., s.c.a. and error.

The sum of squares due to ti is , as indicated already,
v
= ;1 T " Taking expectations,
i=1

2

o =l Sl oep . p2 ]
2ef T < L [y epy-7p) B BT -E T

2
4}, - Py )

« —= M ge? 7
v

where /\ s the denominator in the estimate of t;. given in (4. 4).

Using the model in which tl' 8 i and eij are random variables with

E(ti) = E(aij) a E(eij ) = O and the t,s and o quantities are uncorrelated
2 2 2 2 2
¢ E(Bij ) = o and E(eijk) = 0. the following is

obtained. We shall write o'z for u': + 0’2 .

and E(tia) =g

E E'I.'iz =v [nfp.?' +n1(nl +1)o‘f+ nlo'z]

32 2 1 2 2 2
E ETl Sl(Ti) s v [nlp + {nl(nl«- u)+nl(nl+pn --pu)fcrt +n10' J

and -

*

EGz a (vznf/‘l)p.z + vnf u’% + (vnI/Z) o‘z.

L] A "
o E EtiTt is

,,'.u
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1 - 1 2 1, 2 2,1 .2 2
L | Crorlerogsplyp-veyomyoe 2 -and oty -9 ) |
b2y b L2 2
"Hence the expectation of e an squares due to g.c.a. is

1
A w-1)

[reytop ey, - o) - v 2 + oy - 205,
can? (o) -p2) | e a?

2 1 2
va 4” (py, - P, )
or [..__._1._. 1 n 1 2 2

- o +¢ .

. t
(v-1) Av-1)
Since there are r replications , the expectation of meaw squares due

2

tos.c.a. is simply u-i + ro and that of mean gquares due to error
(replications x crosseg) is o': . Egquating the observed sum of
squares due to these effects to the above expected ones, we obtain the
2 2 )
estimates of Tg ¢ T and o'i s
When mean ylelds of the crosses, averaged over r repli-

catiéns , are analysed then the analysis of variance table is as shown

below.

{.u
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Analysis of variance of Partial Diallel Crosses 1,

Source d.f. Expected vglues of mean squares
Replicates (£-1)

; o2 _____1 ; ] o2
G.C.A. (v \1) a*l*:rcrB + [ 401(1?11 pn)/A\’
5.C.A. v(-&-ll*-l) :'*'Ws
Rep.xcrosees (r-1)( — vnl -1) 2

Total rvnlfa—l

Example

In order to show how a plan of crosses for partiall diallel
can be got we shall f\_:trniah below an illustratien using the twowassociate
cyclic PBIB design given by Bose et al (1954). The design has the
fellowing parameters.

v =17, b=34, »r =8, k =4, =8, n =8, \ =1, A\, =22,
n.l

2 1 2
3 4] 4 4 ’
P1={4 ‘ MG?PZ=4 3}.

The association scheme of this PBIB design has the property that the
first assoclates of a treatment i are obtained by adding (i—l)lmod 17
to each of the first associates of treatment 1. Hence it is gufficient to
indicate the first associates of the treatment numbered 1, and they
are given below in an ascending order.
Treatment No. First Associates

1 (4, 6, 7, 8, 11, 12, 13, 15 )

Identifying the treatments with the inbred}iinea, line 1 is croased with




Z2=
all its first eagociates j such that j > 1, glving us the crosses
Ax4) (x6) (1x7) (1x8) Ax1) (1 x12) A1x13) (1 x15)
Repeating the procedure by writing down the first agsociates of all the
other treatments and making cyosses as indicated above we shall get
the total number of crosses for the partial diallel.

For analysis we make use of the data pertaining to a diallel
involving 17 lifles of bajra (Pennisetum typhoides). The character
under study is productivity and is measured by giving scores ranging
from 3 to 10 with reference to the yield of C. M. S. 24A as the standard
with a gscore of 5. The observations were collected by G. Harinarayana,

Genetics Division, I.A.R.1., New Delhi. The analysis is based on means.

Table i
Lines T, Sl(Ei) t,
1 26.0 229.0 -0, 354072
2 27.5 228.5 -0.142533
3 31.% 226.0 0.444004
4 33.0 228.0 0.607466
5 29.0 227.5 0.078619
6 25.5 223.5 -0, 315610
K 3.0 224.5 0. 405542
8 30.0 225.0 0. 261312
9 27.5 230.0 «0.171380
10 30.0 242 .0 - 0.065610
11 26, O 229.0 -0, 354072
12 25,0 224.5 - 0. 402149
13 28.5 232.5 ~ O, 08484} -
14 26.5 234.5 -0, 392533
15 30.0 232.0 0.126696
16 3.0 227.0 0. 357466
17 28,0 224.5 0. 001696

"J
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Table 1 shows the values of 'rl.sx('ri) and the estimates
. ¢ of the g.c.a. for all the 17 lines. The analysis of variance is ag
shown below and it indicates that the g.c.a. effacts ax;a inpignificant.

"~  ANALYSIS OF VARIANCE TABLE

Sougeg o __D.F. ; S. 8. M.8. P

. g0 d. J 16 11. 71889140 0.73 0.6 *
B.C.8. 51 61, 91346153 1.21
Total 67 73.63235294

% Not sgrbicont |
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2. P.B.L. B. DESIGNS IN m-ASSOCIATE CLASSES AND PARTIAL
DIALLELS WITHOUT SELFINGS OR RECIPROCALS

In the previous section we discussed the method of obtaining
plans for partial diallel through P.B.1.B. designs in two assoclate
classes. The sample was 00 formed that each of the lines was crossed
with those appearing in one of the two agsociate classes. This concept
may be generalised by using PBIB designs with m:aws ociate tlasses,
In this case, each line is crosgsed with each of the lines present in r
of the m associate classes.

Let us consider a PBIB design with v treatments (lines
numbered in some random order) in m-associate classes. Let nj
(j =1,2,.....,m) denote the number of lines prdaent in the j th
associate class. For eachlinei (i =1,2,....,v)a given » associate
classes among itss m classes are choaen and sll the lines in them are
pooled. The line 1{ is then crossed with every linhe j in the pool
such that § > 1, Thus wk will have a sample of crosses of site ¥N/2,
where N = g)nj ’ é".‘.) implying the sum over the selected r associate
classes. For analysis we shall agsume, without loss of generality,
that each line is crossed with its first ¢ (» < m ) associate lines.
The normal equations for estimating the g.c.a. of the lines through
least squares teclmiqﬁe taking the usyal model comes out as below.

Np+Nt, +28, &) = Z T.=Q (4.5)
ST I S

(i =1|2'-¢.0.|V)
where Sj(ti) is the sum of the g.c.a. 's of lines which are j th associates

of the i th line and ’I:] is the total yield of the j th assoclate crosses
’lﬂ

n
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involving the i th line. Adding such equations over the first associate
lines of 1, we get

No,p + NS\(t, )+ = p

o 1j s1 (tl) + Z plj ] (t H...

¢)

1y m i
where SJ (Qt)‘i.a the sum of the Q's of lines which are jth asaociates

~ + a:)pm S ()= Sl(Qi)

of the i th line.
In general, adding such equations over the kth associates of

i, wo have

No p+N (t)+Ep s(t)+zp 3(t)+....
e R T P R B2

+3 pE sm<t1) = Sk (Qi )

)]
B ka1,2,.....,(m-1) (4.6)
v
Agsuming that 2 s = O, equations (4.5) and (4.6) can be aolved for ¢,
i==1

and the analysis completed in the usual lines.

A particular caset Use of 3-assoclate designs

When m = 3 and r =], we arrive at the simple case of generating
plans for partial diallel crosses fram a 3 associate PBIB design by
crossing any line with its first associate lines. The normal equations
for estimating general combining ahility of the lines comes out as below

from (4.5) and (4.6).

nil"'+n1ti+sl(t1) =T1 (§=1,2,.....0v) (4.7)
nfitnit; + 0y (8) + SRS, )PhS, ) = 5(T)  (4.8)

! i
£}

,,’a
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1 2 3
4 = .
By, nls}.(ti) + P2 Sx(t 1)\t;:msz(ti) + Pys 83(t1) 33('1' i) (4. 9)
2G
Assuming ¥ t;i = O, weget p3 . andfrom equations
vo,
(4.7) , (4.8) we get . !
I . A = - - - -—z.'..G-..
t, [(AEB3 A BT, - BS(T)) + A 8,(T) - 2 (AZB3
-AB, -nB +aA, )]/A (4.10)
where
3 3
=3 1 3 = 1 - 3
Ap=(my ey -py) By =P "7y )
Ay =f -3 ) B, =(a +p%, -p, ) and
3Py - Py 3" TP Py
A = 8By -4,8,) » (AB,-4,B)
= v
The sum of squares due to g.c.a. of the lines is = ¢ T . As
isl

Z t, =0, no correctién factor need be subtracted.

i
The variance of the difference between gec. 8. 's of two lines

is now given by

Zo'z
A

W) v, -8,) (AB -AB, +B )

3 32 3

when line {' is croased with the { th line
A A 2
(i1) V(ti - ‘i' ) = "'5"" (AZB3 - A3BZ t Agq )
when the line i' is not crossed with the { th

line but is crossed to a line to which line §
ig ¢crossed

A 2
(1) Ve -, ) = _?ZL (AzBy - A8, )

whén the line {' js neither crossed with the i th

line nor with a-line to which i is crossed,
}«
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Vy +n,V, +
The average variance of the above thrae is i M O M R A E .
n, 4 n, +n,

Thréﬁgh 3 associate PBIB designs we can reduce the

e

total number af crosses when there i8 a large number of lines. This

is so because the total number of lines is .1 vn,
2
number of treatments in the 1 th associate class. Now if there be two

where ni is the

classes the value of n, is likely to be large. But with the same v if
there be a design with three associate classes some of the values of ni's
are likely to be smaller and there is more flexibility in the cholce of

the associate classes.

CONNECTEDNESS

A plan of crosses is said to be connected if for avery two
lines, it is possible to pasz from one to the other by forming a chain
consisting of lines such that any two consecutive lines aze cxosaed.

« { While choosing a ﬁa;(x}ple.-.&mm'i adiallel it is better to choose a.sample

! which is connected, When the plan of crosses is disconnected, the .

f
i
| lines will fall into sets 50 that no two lines from difforent sets are crossed.
I

.~ But this need not be a serious draw-back as in the casd of estimation of

' treatments through incomplete block designs, because the estimation of
t

, g.‘ c.a. is still possible through such disconnected sampleé by following
E the method discussed by Curnow {1963), It imay be pointed out that the
method of analysis presented haere holds even for disconnected samples :
though depending on the parameters of specific designs the value of A

may be zZero in some cases and hence no sqlution is avallable in such

cases,

}'J
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CHAPTER V

P.B.1.B. DESIGNS IN TWO ASSOCIATE CLASSES AND PARTIAL
DIALLELS WITHOUT SELFINGS BUT WITH RECIPROCALS

When maternal effects are present and so the,reciprocal

crosses are performed the dialle) analysis differs significantly. Assum-

- ing that we are not interested in the performance of the parents them-

selves, wé shall discuss this aspect which is cited as case (lii) in
chapter IIl. The Hnear model for estimating the combining abilities

of the lines is now given by

'fijap+ti+tj+sij+mj+gij %”
where m.i stands fqr the maternal effect of the j th line appearing as the
female parent.

| To generate plans of partial dialle} crosses PBIB designs with

two agsociate ;la.sses aye again used. As earlier every line is written
beside its first asaaclatea. Any line { as male is then ¢rossed with
each of its first associate lines a8 females. Hence there will be a total
of vn) crosses, when the firat associate lines are crossed, and each
line will be crossed ny times both as male and female,

The normal equations for estimating the g.c.a. and maternal
effects through the least squares technigue are as follows.
ngp + nlti + Sl(ti )+ 81 (my ) = T, (i=1,2,....,v) (5.1)
and nyp + Sl(ti) + 11115i +npm, = ‘I‘; (5.2) )

whaze T; is the yield total of those ¢rosses where the i th.line is present

as male ; similarly Ti' is the tétal yield from crosses where the i th

line occurs ag fonmle. 5(t; ) denotes the sum of g.c.a. effects of lines

}J
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crosged with tha i th line and Sl(mi) is the sym of maternal effects of
all the females crossed to the i th male line. Adding equations (5.1)
and (5.2) over all males and females respectively which are first
assaciates of line i we obtain the equations (5.3) and (5. 4), under the

assumpticns Eti = O and Zm =0,

2 2 1 _.2 2

"'1‘”‘“1"‘?u)*i”(ﬁ*pu'Pu)s1(‘1)+(“1‘Pn)mi
+(pil-p:1)sl(mi) =§(T; ) (5.3)

o+ (ng ~ B B, + (o 4 By - 2 ) S) #nS m) =S (T1)  (5.4)

From (5.1) and {(5.4) we have

oy = 8(T)) =% -+, - (py -2 ) 848 (5.5)

Adding (5.5) ovex all male lines which are crossed with the i th line,

a8y(Ty) - a)T{ - pn (Ty) - n (T')

= (oy-p )y 2oy, + [(f - my + pY)-(e]), - 23] 508
(8.6)
Solving (5.5) and (5.6)‘g1ves us

b = A LA s ¢ (a8 - Lm-pi)Ty o -oR)syiry YofiG ]
CDh

(1=1,2,....,v) (8.7 _

where . G denotes the grand total of 2]l the yields and

F‘J
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= - 2
A= (af- n1+pn ) - oy, - 2% )
1
B = (pn = pn )
; = - - z 1
C =(ny ~ oy - py } + 0,0
2

D =n(n - B} + o5 - 1)+ Py

Herelsl(T 1) and Sl(Ti ) have similar meaning in tarms of total yields

' - t
aa Sl(ti) .  Denoting anl SI(T H ) by Qi' the sum of squares dua to

the g.c.a.'s of the lines adjusted for maternal effects, as. each male

line is not coming with the same set of females, is L E tiQ

n, 1
Also from (5,2) and (5. 3)
nT{ - ST,) = (ap - my + 55 - (B - B3 ) 5,(8)
+ (@ - + Bt m, - 6 - 9% s,tmi) (5.8)

Adding (5.8) over all lines which are female and first associaten of
line i, we get equation similar to (5.6) but where (ti-!-mi)appears in
place of t; and 91("1) + Sl(mi) in place of Sl(ti)'

Then solving we obtain expression for (t;+my) looking similar to t;.
Hence

m, = A [ 8, (T! - T, ) - {SI(T; }8,(T, )j]
+ B[ o {8(r]) -8t ]+ (a - 03 ) (T -Ty)
g W e AL S s Ao M oPp it

1 2
ol -3) {sytrp)-s(xp]) sep (5.9)
The sum of squares duetom, is 1. = r’:‘ni M;, where
n

M, =a (T] - )+ §(T]) - Sy(T,)

For comparing any two lines , the variance of the difference between

the g.c.a.'s is given by

yo
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‘. A anAo'
Vi, -t ) = when the { th and m th lines are not
m
CD crossed
" 2n 2
l(A - B )0’

when the { th and m th lines are crossed,

=2

Ch
The average variance from the two expressions comes out to be

anl [A(v -1) - Bnl] o2
CD(v -1)

The variance of the difference between maternal effects of two lines
may similarly be written down.

The results of second assoclate crosses are obtained from the

above results by replacing ny by Ry pil by piz and plzl by P;a .

When the crosses are obtained from a GD design whose association
scheme has say, n groups of m treatments each and when either m or n
equals 2, then we get estimates of g.c.a. for one of the two associate
crosses.

Making.nse of the corresponding random model in which
Eft,) = E(mi) = E(Bij ) = E (eij ) = O andthet, m,s and e quantities
are uncorrelated and E(tz) =gk E(mz ) = gt E(s 2 ) =02 and

< i [ i m’ if 8 )
E(eiﬁk ) = 0'2 » we obtain the expectation mean squares. When theré

are r replications, the expected mean sguares for general combining

ability is fiven by

2 2 vy 3 2 1 2,2 .
og + xol + NN [ A {nl(nl'l"l)-an (z.x:1+1:-u-2pf1 Jt(ny-pYyy)

' + mytagopy )2 §
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+B [ nj (2111+P;1-P12i ) - n{‘ (n1+1)(n1—pﬁ )

2 2
a2}, - p5) (-"Tni+p}_x-2pn ) -d4aiph) - ud (aytpy 5% )

2 2 1 2 2,2 1 _ 2.2
+ny(ny-py, ) (nlwil.-pn Wy - ) {(nl-pn) n,(n,tpy, P ) }

2 o2 sl o2 H 2
+2n1_pn§(nlpu)+n1(nlpn ) o
v A
The expectation of mean squares for m i.e. -1 _ _E= m, Mi
1

b n,(v-1)
is got as

» 2.2
oh+rog+ nl(vfl)cn [ A inlz(“f - 3“1*3"}1“(“1"’11) +“1(°1‘Pﬁ+plzl)}

2 o Vuln 4ol ood L } ] 2
+ By {(nl'ﬂt)(n1 Pyy)- (0, 4Py, L )20, -py,) O
The expectations of mean squares for s.c.a. and error are obtained

a8 usual.

USE OF 3 ASSOCIATE P.B.I. B. DESIGNS

Earlier analysis allows generalization in using three associate
PBIB designs for abtaining plans in this cass {{ii). Further generalization
is complicated. If each line ia crossed with lines present in any two of
the 3 agsoclate linea, the normal equations for estimating the effects
come out as shown below,

o p 4 nlti + Sl(ti) + Sl‘mi) = Ti {3.10)
Adding (5.10) over all male lines which are first and second asso;:iatea
of i th line we obtain (5.11) and (5.12).
nfi + (o, - pd 2+ ey -p 38, (6 (523 )5, 8,)

+ (ny-p%, Jmy +py, - Py J8,(m,) + (Pfl - pp)S,(my) =8y(T))  (5.1)

e
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nyngi - PRAAHE), - 1z Silt) + (o *egy By S,8)

+(p::z - pfz)sl(m1)+(plaz'sz)SZ(mi) = Sz(Ti) (5'12)
Alsonp + at. + 31(‘1) + nm = EH (5.13)

Addisg (5.13) over all female lines which are first and second associates

of the line i, we get (5.14) and (5.18).
ndiut(ay-p ity + (e - my ) 8,6, +0F - 23 )8, ()

+n181(m1) 3 Sl(Ti' ) (5.14)

myagh + (b, = By )9,y B3, - B ISa(tyMrayS,(m,) =5,(T}) (5.16)

It is obvious what the symbols stand for.

From (5.10) and (5.14)
BTy - 8T = (“12 “A oy -ay) Sl(;i) ~A3S,(t,) (8.16)

where Al'Az’AS respectively stand for the coefficients of ‘1'51("1)'
S,(t;) in (5.14).

Adding such equations (5.16) over all male lines which are the first and
second associntes of the 1 th line, we get fwo more equations involying
ty. Sy(ty) and Sz(tl). These two together with (5.16) can be solved for t,.

Also from (5.11) and (5.13) we get another equation as follows:
T} - 8,(T,) = (of - Ay + (a)-4,)8,(t) -A,S,(t;)

2
+ (0] - Am He A S (m )4 S50m)  (5.17)
" This i8 exactly similar to (5.16) but for the fact that (t;+m,) appears

in place of t; and S;(t, }+8,(m;) appears in place of 5)(t;) ete. Solving
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this in similar lines we get the estimate of ti+m1' From the above two
we can obtain the value of m, by subtraction.
If Qi stands for / ani -SI(T; ) Jthen sum of squares due to ¢;

N

ni

Also if M, stands fox L-nl('I" - T, WS,(T})-5,(T! ) _/ the sum
i

i
1 ~
of squares due to m, is —=— z mlMi'
b
Example

The following example indicates the procedure of analysing
the partial diallel crosses when reciprocal ¢crosses have been made,

In view of the fact that real data was not available at hand, ficticious

tog

data has been made use of for this purpose. Appendix I shows the
small table-of data , where obgervations along the rows c‘or:l-e spond to
those of female line progeny and observations along celumns to male
line progeny, ‘Since the data may be asgumed to consist of mean
ohservations, only the estimates dg. ¢.a,and matarnal effe& of the
lines are given together with their sum of squares.

A PBIB degign with the following parameters and structure
serves to provide a partial set of a 9 x 9 diallel croas.
vzsbh=9, ra2ks3, n1=6. ny =2, =L X\ =0,

3 2 6 o ~

P1= and PZ = .
O 1

}..l



The Design Treatment Association
Number Scheme
1 2 3 1 (2,3,4,5,6,7)
1 6 4 2 (1,3,4,5,8,9)
1 7 8 3 (,2,6,7,8,9)
6 8 3 4 (1, 2,6,7,8,9)
6 9 5 5 (1,2,6,7,8,9)
7T 8 4 6 (1, 3,4,5,7,9)
2 8 5 T (1. 3,4,5,8,9)
7 9 3 8 {2,3,4,5,6,7)
Z 9 4 9 (2,3,4,5,6,7)

i

Identifying treatments &g parental lines, each line |
(i=1.2,...,9) as male i3 crossed with every line j as fernale where
j belongs to the first assoclate lines of i, Thus there will be 54 ¢rosses
intotal, exeluding selfinga. Table 2 shows T,,T} which are the yleld
totals of crosses having i th line as male and female parent reéspectively.
It also gives 5(T,), 5;(T] ) and values of the g.c.a. estimates t,, t
of males and females and my, the estimates of maternal effect. The
analysis of variance is as shown below.

Analysis of Variance Table !

Source d.f, S.8S. M.S. S. F
g.c.a. 8 84,6666 10.5833 130
Mat. effect 8 93,1111 1.6389 1.43
Error{(s.c.a.) 37 299,0549 8.0827

‘Total 53 476.8333

In this example both g.c.a. and maternal effects are not significant

at 5 per cent level.
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Table 2

Line T T{ sl('ri) sl('r;) t, t; =ti+mi m,
No. R
1 128 133 845: 865 -2.74074 -1.53703 1. 20370
2 - 146 144 853 843 0.92592  0.40740 -0.51851
3 139 143 852 842 -0,18518 0.29629 0.48148
4 143 142 852 842 0. 48148 0.12962 -0, 35185
5 141 148 852 842 0. 14814 1.12962 C. 98148
6 133 149 853 843 - 1.24074 1.24074 2.48148 .
7 143 139 853 843 0.425925 -0, 42592 - 0. 85185
8 156 141 845 865 1.92592 -0, 20370 - 2.12962
9 146, 136 845 865 0.25925 -1.03703 - 1.29629
Grand Total 1275.0

Correction Term =

.30104.166.7



CHAPTER VI

P.B.1, B, DESIGNS IN TWO ASSOCIATE CLASSES AND PLANS FOR
PARTIAL DIALLELS WHEN SELFINGS ARE INCLUDED BUT NOT
RECIPROCALS

It oftentimes becomes necessary that we study'thAa perfortmance
of the parental inbreda also in order that a better comparison of the
combining abilities among the hybrid combinations is effected. When
the estimation of yielding capacities of the crosses, whether sampled
or unsampled, is envisaged , information regarding the performance
of selfings would greatly help in the selection. The yielding capacities
of the crosses may be estimated either through their mean ylelds oz
by adding the g.c¢.a. effects to the grand mean for any given cr;;s'.

The latter method is especially useful in dealing with the unsampled
crosses. Assuming that rociprocal crosses are identical, the present
situation - case (iii) of chapter III - necessiates that the plana of partial
diallels disgussed in chapter IV should only be supplemented by the
selfings. The analynis-of such plans when the first agssociate lines are
crossed and selfing are included in addition, is the following.

With the usual p.atatioﬁa. there are a total of :.?1.. + v
crosses in the diallel. The noymal equation for estimat!zng g+.c.a. of
a line i8 given below. M now consists of 'I‘i which 18 the sum of yields

of all intercrosses with line { and twice the yleld of selfing of line 1.

(ny+2)p + (ny+4) + Sit;) = T (i=1,2,....0v) (6.1)
Adding such equations over all the n, first associates of the {th -
line, we get

ny(ny+2)s + (nl'PE 14+ (n1+4+a}1 - Plzl)sl(tii) =§(T,) (6.2)
a8 % t, =0,

i=] i
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Solving (6.1) and (6. 2) Ié‘ t;» we have

A ATy 5]:('1'1) - (n12) (A<n))n

. (13,2,....9) (6.3)

i ' 2
Aln, +4)-(a) - p; )
where A = (n1 + ph -'plzz + 4) .
v
The estimate of p is, in fact, ¥ Ti/v(nli-z) .
1
o) ZG
f.e. p =
ving+2)

where G is the grand total of all the observations. Thus

1 .2 G
A - -2 - +4
i~ '

3 (6.4)
A(nl+4)"(n1'pu )
v A
The sum of squares due to g.c.a. i8 I t, T;. Let the denominator
i=l
in (6.4) be denoted by /\ . Let the error variance be cz. Then
the variance of the difference between g.c.a.'s of any two lines which

are not crossed is Z.Atrzj /\  and that of the difference between g.c.a.'s

of any two lines which have been crossed is 3(A+1)w3/ A .+ The
2/ (v-l)A+nl_/ o2
(v-1) A

average variance of the two comes out to be

The random model for analysis being

Vi ™ Hﬂiﬂj+aij+eijﬁ (i,j =L2,....,v)

we may agsume here that 8., =O. As usual we have E(t;) = E(e

ii tj) =

E(eij) = O and the quantities t, s and e are uncorrelated having

2 2 2 4. 2 _ -
i ) =¢”_ and E(eijk s + We shall now find the
expectation of sum of squares duc t¢ g.2.a. which was given by
v
ZHT,.
i=l

E¢f ) =l B

}‘4 -
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A A T Az T2, 4t . 4
EB Ty i,e‘ ZBL Az'rt E:risl('ri) 4(‘\pn pn+ )G/v_j
Now '

EX 'rf s VL-(H-&Z)zgzO'{(n‘fd)a*nl} wf 4 (nlM)az 7

EE T(T,) = v/ s2)®s {{a#4)m, - 2 ) + nyloy oy o7 43
2
wnge” 7
2 2
Edz a M (n.l '3 113-& v(n1+2)z «3 4 v(nl-l-z) o
4 ¢ 2

where cl'z =¢rz + a‘i.

i Bz -

Hence E 2 ti‘l'i is

L [ (Al 3y +18 ) » (ay+4) (- By Jomgh -5l -5 ey 21/} oF |
+ {VA ‘"1“"’"‘1'3(";*3)(9& - p;H) } o> _7 . ,,
or the expectstion mean squares due to g.c.a. {8

e AL Mul + 90y +16) - (nlﬂ)(nl-p n) nlA-4(pu -pn + 4)(ny+2) /v]a
VL)

2

0.
If the exporimeant io replicated » timea, then

3” s % yu/r and the sum of squares due to s.¢.8. 18 obtained by
¥
subtracting S.8. due to.error and g.c.a. from the total 5.8, of the

msan yields. Then the expectation of mean squares due to g.c.a. is
!

"y 2
g_+zrTo +
e ™8 v-l)&

l. Al +90,416) -(n,+4)(ny-p])

. nlA-d(pu-plzl‘té)(al&&) tv 7 o
whére, ag already indicated, A = (nﬁpix-piﬂ) and AaA_(nlM)-(nl-pﬁ).

A
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Expectation of mean squares due to s.c.a. is cr: + rcrs and

that due to error is o': .

The second associate crosdea ate analysed as usual.

The following example shows the analysis of the 17 x 17 diallel

crosses discussed in chapter IV whan the parental inbreds are

included. Table 3 gives the totals Ty Sl(Ti) and the estimates of

~

g.é.a. » ti.

Examble

This example is the same.as the one already given with a

plan for 17 x 17 diallel ¢rosges using a PBIB design with parameters

v=17, b=34, » =8, k =4 ete. But here the selfinga are also

included so that the total number of crosses is 88.

Analysi# of Variafice Table

Source D.F. 3.8. M.S. F
g.c.a. 16 6. 7741 0.42 0.3
8.¢.a. 68 93, 8023 1.37

Total 84 100,5764

» Not cignificant



TABLE 3
Grand Total = 286,80
Cgrrection Term = 565,67 -

T S(T;) t
31.00 272.00 -0. 250919
36.80 270.50 0. 233485
33.50 270.00 -0.020480
36,00 266 .00 0, 228643
34,00 274. 50 -0,012637
30.50 26}. 50 -0, 211886
35.00 2710.50 0.104849
37.00 267.00 0. 303768
32.50 268.00. - 0.090762
37.00 275.00 O. 241268

, 31.00 265.00 - 0.19623)
32.00 266.5%0 - 0.1220)2
35.80 274.50 0.116268
30.50 273,80 - 0, 308606
35.00 273.00 0. 085018
34.00” ™ 273.00 - 0, 000919
32.00 263.50 - 0.098575

1
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USE OF 3 ASSOCIATE P.B.I1.B. DESIGNS

With no further difficulty the above analysis for partial diallels
when selfings are included may be generalized to the case of 3
assoclate PBIB designs. When the first associate lines are crossed,
the normal equations for estimating g.c.a. ara given hy, assuming
Z t. =0,
S
(n1+2)p+(n1+4)ti+sl(ti) = Ti (6.5)
(ng#2)ub (s - )+ +p) 0308 (6 462 - B )8, ) = 8r))
AR TP AT T P P S T P T P Py i
' (6.6)

b 3 1 3 . 2 3
+ - + - - = - i
nz(n1 2)pe plzti (plz p1zjsi(t1)+(n1+p12 PIZ+4)SZ(ti) Sz(Ti) (6.7)

Putting
- 3 3
Ap=ing -py ) By =Py
= 1 -’ 3 = l - 3
= 2 - 3 - z - 3
Ay =Py - P, By=lny +p, -pp, +4)

and solving for t,, we have

~ . = TA
t; = (AaBS-AsBz)Ti - By SI(T1)+A382(T1)'(”1+2)[-A233'A3Bz'nlB3+nZA3-/"'

= [__(n1+4)(A3B3-A3B3) - (A;B; ~ A B)) J

We may note that ﬁ 2 ZG/v(nl-!-Z), G being the grand total.

The sum¢f squares and standard errors are calculated in the usual

fashion.

"y



CHAPTER VII

CASE OF PARTIAL DIALLSLS WITH PARENTAL INBREDS AND
RECIPRCCAL CROSSES

When maternal effects are present and reciprocal crosses
are performed including seliings, the estimates of g.c.a. and maternal
effects are given as shown below. This I8 the case (iv) of chapter III,
Suppose each line i, occuring both a8 male and female, is crossed
at each time with n, first assoglate lines and also line { is croased
with itself. This type of plan got through a PBIB design is different
from the one presented in chepter V only in that this conteins selfings
too, There are v(n1+1) crosses that are sampled. Then, using the

random model with maternal effect, we have

(nl-l-l)p. + ("1”‘)‘1*"“1*31"‘1”51(’“1) =2 T ¢ (7.1)
where Ti is the sum of cbservations corresponding to crosaes involv-
ing line i as male {(and this includes the selfing of the i th line) and the
other symbols stand for the usual quantities.
Adding (7.1) over all the male lines which are first assoclates of the

i th line,

()2 + §2my#)-ph | ¢ + (ayeoly-phy+9)Si,)

2 1 2
+{(n, -p) H1) m +H(py, - Py +2)8;(my) = Sy(T ), (v.2)
v
as Zt, = O. Inthis situation SltTi) includes T, also.
i
Moreover, if T{ indicates the sum of observations of crosses involving
the i th line as female (and this sum includes the observation correspond-

to selfing), we have

(n1+1)p4in1+2)ti+sl(ti)+(nl+gmi = T} (7.3)
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Adding (7. 3) over all female lines which are firat associates of the

i th line,

(a#1)2p + § 20a41)-p], ¢ 4y o), P +3)S, (8, ) +(my H1)mm,

+ (nl+1)31(mi) = Sl(Ti‘ Vs (7.4)
where Sl(Ti' } includes T{ .

Now from (7.1) and (7. 4)

(ay#)T;-8,(T} ) = {(n1+1)§nl+z).2(n1+1)+p131 bty - (p}_l.pfl +2)5,(t)
=@l 4o+ by - (e < B0 H2S)  (7-5)

Adding (7.5) over all male lines which are croesed with line i,
(m41)S,(T,) = (a - P&, + 1T} - () - D2 + 2)8,(T! ) - pZG
i Bl AL Ul o Bl 2 17 Py Py 1 1

= {(aPen 402 )ty ps Yo} pae) ] ¢

- {y - 72 Gl - py + 0 - (aintp? )} 5,(4) (76)
Equations (7.5) and (7.6) may be abbreviated as

Ag +B 5 () =X

a B, X, - B,Y
Hence ti = m—z-i__}':‘éi » ( i = 1. 2. as s 'V) (7. ?)
where

, ] 1 2
A1=(nf+n1+pn) Bl=-(Pn-pu+2)
1
2 - 2
A, =-'(!:|1 - Pl )B]'-FA,:l B, Al+(pu P 1+1)B1

X = (a)T;-8(T] )

L
}‘J
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sod ¥, = (ap)Sy(T))-(oy-py 0TIy b2 20, (Ty ) - PRG-

Ag wsual G denotesthe grand tétal of all observations.
The eatimate of maternsal effects ia given by

. f
Baxi BlYi

where Xi and Y; are obtained from J'i’l1 and Yi by replaciag

¢

('I‘i' . Ti) for Ty, (Sl(T; ) - Sx(Ti))Ior Sl (Ti) and (Ti - Ti' ) for Ti' ,

(5,(T,)-8,(T}) ) for S,(T] ). )

Sum of squares due to t, is 1 = ?i Q,
(ay41) 421 © 7
where Q, = (nl-l-l)'l'1 - SI(T; ) = X,7 : and gum of squares due to m, is
v
D :[:':‘aixl
(nl-l'l }i=l

The exprassion for expectation of mean squares due to g.c.a:

has a long form and comes out to be

5 , .
o 4 xal + (n1+1)(::132- AzBﬂ[ (n1+1)(nf+5n1+4) ({Bz(n1+1)+Bl(n1-pu+l)}
" (3n%+9n1+n1p111 -anpil-apilﬁ) {232(‘1‘”1)*51(“1*1)2
- Bl(nfl)(pil-pﬁa-zhnl(nl- }_14-1)}
+(5 Hin + p Snp -4pZ +p -*4){ -B (p} -pz+2)}
"1 "Py n'n un

+ 4B 1(n +1)

1Py
L 3 2 21 2.2 1
+ Bl(n1+1) { n +1()n1 +1 7nl+2nl pu - ?.nl puj-6nlpn

,."4
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-85 iznl + 120y + 14n+2alp) - 2

3

Z 2

" Pn



%
CHAPTER VIII

Diallel cr osses are generally grown in the field by following
a randomised block lay~out . This being the practice so far, it is
understandable that the blocks become heterogencous when the number
of crosses 15 considerably large. A complete diallel or even a partial
diailel will involve enough number of crosses to be performed so
that there is a necessity to shorten the size of blocks by using
incomplete blocks, This chapter deals with this aspect of the problem
and has three sections. In section 1 we give incomplete block plans
for complete diallel crosses by using BIB designs along with their
analysis, Section 2 pertains to generation of such plans for partial
diallel crosses; their construction and analysis depend upon PBIB.
designs. This section has two parts. While Part (a) deals with the
use of 'simple’ PBIB designs, Part (b) makes use of PBIB designs
in two associate classes with any values of \'s. The last section, »
section 3, indicates hroadly the method of constructing incomplete
block plans when reciprocal crosses are also pr;aent. In all the
following cases we shall essume that there are v parental lines under
investigation which have been numbered at random and that they have
been identified with the number of treatments of the incomplete block
designs used. The words 'lines' and 'treatments' are synonymous
throughout the chapter just as in the earlier chapters.

INCOMPLETE BLOCKS FOR COMPLETE DIALLELS USING B.1.B.D.

Conaider: .a balanced incomplete block design with parameters
v,b,rk, A\ wherz v ptands for the number of parental inbreds under

consideration in complete diallel crosses, _:’We shall assume that
}'4
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reciprocal ¢rosses are identical and that we are not interested in
t;tudying selfings. It i3 required to generate a plan such that these
available crosses may be grown on the field in incomplete blocks.
The method is as follows.

The lines (treatments} in each of the blocks of the BIB design
are arranged in an ascending order. Each line (treatment) i belonging
to a particular b]‘;.ock is then crodsed with every line j in the same block
such that j > i. Thus each block of the BIB design of sise k will generate
kcz crosses which will form an. incomplete set of all the ¢rosses,
Ther?;;o:{?; there will be b.%‘C 2 crosses in all generated by the blocks
of the BIB design . In general, for a complete diallel of v parental
lines a BIB design with parameters v,b, r,k, A\ will provide a plan in
b blocka each consisting of lq;(_.l2 crosses such that every cross appears
A times in the plan ahd each line occurs in these crogses r(k-1) times.
In short a BIB design is first formed with the inbred lines asa
treatments, Next out of the lines in each such block a full diallel
cross plan is obtained obtaining thereby b blocks each of sige kCg'
The analysis of such a plan is as follows.

We shall denote the yield of the ¢ross between lines i and m
in the j th block by Yiemj and adopt the model

Yimj SRR 7] +tm+sim+'bj +ei:mj
where i is the general mean, t; is g.c.a. of the i th line, 8, is
the s.c.a. of the cross (1 x m), by is the j th block effect and e{mj 18
the random error. Then the normal equations to estimate the g.c.a.

of the lines by least aquares technique are given by



-7

T; = r(k-1)p + r(R-A1 40 T ¢t )+(k-l)2§ 8.1)
i =T B+ x( i mgfi!n j(i) (

iim =21,2,00.0,v
j =1:23-¢'-gb

where T, is the total yleld from all the crosses involving the ith line

i

anﬂjé‘.‘) indicates summation over all such blocks where the i th
- v
line occurs. Agauming = t, = O, we have

i=1
= r(kel)p +[ r(k-1) - x] t, +(k-l) = b (8.2)
K i)
Also, if Bj denoctes the § th block total, we get
; k(k-1) Bt (ke1) 2t + (k) (8.3)
2 L) 2 J

where i(}&) t; is the sum of the g.c.a. effects of lines oceuring in the
j th Block.

Adding (8. 3) over all the blocks where the particular treatment i occurs,

28 = D L) (o a)r B 5 ey
w2 2 i)

i 31.2,.‘....?.
Solving (8.2) and (8.4) we get

k/2 T, -j(;:), B 2/ k {r(k-n . x} - (k) (r-N) 7t

e T zjfiJBJ (8. 5)

- e t
i Ak - 2
~ 2G
The estimate of pcomes outto p.= — . | where G is the
blk(k-1 )
grand total of all the yields in the design.
v -
The sum of squares due to the g.c.a, is = tiTi‘. as Tty =0, no
i=1

correction factor need he subtracted.
)'a
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‘The variance of difference between the g.c.a.'s of any two

lines is given by
2ko”
Avi(k- 2)

- If the experiment had been in randomired blocks with the same

V@i- gm ) = + Where lrz in the error variance.

number of replications of the ¢rosses A, the corresponding variance
of the difference between two g.c.a. 's would bige been Zu-;/ Av-2)

where 0:2 {8 the errox varlance for randomised blocks, Hence

R

the present design gives a more accurate experiment than that from

randomisged blocks if

O’z < V(k-z !
c; k(- 2)

This is the efficiency factor of the design (plan of crosges).

Expectation of Mead Squares

We shall now find out the expectations of mean squares for
the estimates of g.c.a..

The expectation of the sumn of squares due¢ to g.g.a. is given by

ezt = —L [k ST} - 2EZ (2 By )T, _/»

* }"V(k'z ) j(i)
i 31,3... o Ve
Now E = -rf 2y L_kz(v-l)zpz-!-hz(v-Z)vtz-P Ay -1)(k-1)o':+}.(v-l)vz_7

where q'z' = m:o'

2 .2
EZ(2B,)T, av/ el 2, k(v-Z)(kvl)(r-k)orf

im 2
k(k-1)A{v-1)
2

or‘z,-d- M (v-1)o __7

o
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(v -2)

LEZ ;iTi = L—kl(v-Z)-z(k-l)(r-b.) _7‘0':4- (v-l)o*z .

(k-2)
Hence, writing crg separately, the expected value of mean squares

due to g.c.a, is

(V-2)  /Tawez ) -2kD(r-N) T oo+ ol + R
(r-1}(k-2) L2

The analyais of variance for the plan of complete diallel

crosses in incomplete blocks would be as shown bglow.

Analysis of Variance Table

Source Do Fo SOS- E' Mc 5.
Blocks (b -1 2 Z Bj-CF

k(k-1) 1

v
g.c.a. (v =-1) ?tiTt Eg
Errxor E

e
bk(k-1) 2
Total —_-1Zy « CF °
2 im]

Example

The example shows an incomplete block plan for a complete
diallel cross experiment involving 6 parental lines. Th\ia plan is
obtained by using a BIB design with the following parameters.

b=10,v =6, r=258, k=3and A =2. ‘

The blocks, both in BIB design and the plan of Diallel Crosses, are

along the rows.
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B.1.B.D, Plan of Diallel Crosses
1 4 3 123 1x4 3x4
1 2 5 1x2 1=x5 2x5
1 6 4 1x 6 1x4 4x 6
3 2 1 | Ix 2 1x3 2x 3
1—5 6 lx 8 1x6 5% 6
2 6 3 2x 6 2x3 3x 6
4 5 2 2x 4 2x 5 4x B
2 ¢ 6 2x 4 2x b 4x 6
3 4 8 3x 4 3x 5 4x 5
5 3 6 3x 8 8 x 6-‘ 3x 6

Making use of some ficticious data the following analysis is cariied out,
Table 4 shows the treatment(line) totals, block totals where a particular
treatment occurs and the estimates of g.c.a.

TABLE 4
Grand Total = 1730
Estimate of p = 57,6666

No, Treatment Block t,

Tatal T, Total = B,
i) .
1 566 852 -0. 5000
2 584 822 9.0000
3 579 850 3.0833
4 575 87 - 1. 4166
5 582 936 +10. 5000
6 574 859 0. 3333
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The analysis of variance for the example is as follows.

Analysis of Variance Table

Source D.F. _?.S. M.85.8. F

Blocks 9 958. 0000 106. 44 0.5
- g.C.a. 5 24,0000 4. 80 0.0

Exror 15 2858,6666 190.57

Total 29 3840.6666

The analysis indicates that the g.c.a. effects are not signifi-
cantly different.

INCOMPLETE BLOCKS FOR PARTIAL DIALLELS USING P.B .I1,.B,
DESIGNS

Part (a). Simple PBIB designs

When a partial set of the diallel crosses is to be arranged in
incomplete blocks, then a similaxr method ¢f generation of crosses may
be adopted. In this case a partially balanced incomplete block design
is used and in the present sub-section we gshall di-scusa the use of a
'simple' PBIB design. A partially balanced design with two associate
classes 1is said to be simple if either (i) N 7 O, X, =0 or (ii) =0,
3.3 # (;E“"Z Bose et al 1954). The case (ii) can be reduced to (i) by

:i’nte;changing the desgignation of first and second associates. Hence
B W ﬁase (i) will alone be taken.
) A plan of crosses generated through a PBIB design of the
above type provides in a neat form the blocking of the partial diallel
crosses for which reciprocal crosses and selfings are absent. Identify-

ing the treatments of the PBIB design ap lines, all possible croases
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among the lines in each block atte made and these crosses form the
blocks r the diallel cross plan. As Ay # O, A, = O the plan so generated
will have b blocks each of size kg 2 such that each cross {8 replicated
!\1 times. The analysis for estimating the general combining abilities
of the lines is preseénted below.

Lot the parameters of the standard simple type PBIB design

be b,v,r,k, Nr ha'nl’nz'

Pl Pl i I:’z P2
P = 1 12 and P = 1u 12
1 2
1 2 :
Pya Py2

Usirg the same model as in section 1, the normal equations -fox'

estimating the g.c.a. effecta of the lines are as shown below.

T, = nlxlp. + nlklt‘i + xlsl(ti) % (k-:l)‘-ji)bj . (8.6)

i 51;2,.....\7

N 5;'-‘; PR S

Lyt *
wheze T, is the total yield ﬁfail crosses with line { and the other
symbols are the usual-ones,

B § denotes the total yield of the j th block, we alao have

MED) ey B, ¢ SR (8.7)

j 2 i) 2

j =1’2'.-a..b : =

where Xt is the sum of all g.c.a.'s of lines in the j th block.

1(J)
Adding (8. 7) ever all the blocks where a particular treatiment(line)

i
appears,

Iy
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rk(k-1) k(k-1)
nB, = + (k1) § ot + AS.(t) L+ Zb (8.8)
wi Tz SR U A i) 3
From equations (8.6) and (8.8) we get
__ ¥T, - g.j(f.; B, = Nk-2) [nlti -Sl(tl)j . (8.9)

Summing (8. 9) over all first associates of the { th line and letting

Z, stand for the L. H.S. of (8.9), we get

5)(Z;) =\ (k-2) [ ("l'p:;+P121 )8, () - (nl-p%) ti:} . (8.10)

v
aszZt =0 .
19 !

Sl(Zi) is the sum of all those Z's corresponding to the first associate

lines of the i th line. Solving (8.9) and (8.10) for t;, we have

I S
;iz (g =Py tey )z, + §(2z) , (8.11)

a (k-2) [ oy (a-py + 23 )-(ay-p2 ) ]

i=1,2,...,v
v/\
The sum of squares due to g.c.a. s I/k Tt Z, .

i=11 i

The variance of difference between g.c.a. 's of any two lines is now

given by 1 2 2

KA 2k(n, - p tp -1)e

Vi, -t ) = 1 .
m A

whean the lines 1 and m are crossed
1
2k(ny - PYy + Py Joo

A

when the lines i and m are not crossed.

A denotes the denominator in (8.11) and o2 is the error variance.
.
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We can find the average variance in the usual manner., It

is given by
1
2e[v-1)(m-ph+pd).mle? .
(v-1) A
The estimate of mean is ;I = 2G/bk(k-1), G being the grand total of
all the yields

Expectation of mean squares: - We shall now find out the expected

value of the mean squazes due to g.c.a. The sum of squares due to
v
g.c.a. is known to be 1/k E’I\: Z, where Z = kT, « 2Z B, and
a1 T

(a, - Py + 95 ) 2, +5(Z,)

.

N(k-2) [ mym -] + ) - (0 - PE )

. "~ = 1 R 2
A El/kztizi — L(nlpui'pu)pEZ-PEEZS(Z)]

Now

Ezziz = ankf' [(nﬁl)kz" -41-:(n1+1)+4n1+4 ] ai + vnlxlk(k-z}o-z.

o2 indicating the error variance. And

2 1 2.2
EXZ8)(Z;) =vayN (py - 2afk-2)%" - vnlllk(k—Z)vz,

so that from the above two expressions

vn!_kl(k'z) 0% & (v-Dol
k t

b

A
E 1/k B,Z,

Therefore, the égpectation of mean squares due to g.c.a. is given by

vnlkl(k-?-) * 4 oL,
k(v-1)

t

.
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The analysis of variance table for the plan of partiall diallel

crosses in incomplete blocks would look like the following.

Analysis of Variance Table

Source D.F, S.S. E.M.S.
2

Blocks (b-1) 2 _ZTB, -CF

K(k-1) ?

1
Error Es

kb(k - 1) 2
-1 = -CF

Total " A m

Part (b): Use of PBIB designs with any values of A's,

In this sub-séction we shall discuss the case of using PBIB
designs, in two associate classes having both values of \'s positive,
in order to achieve an incomplete block plan for pa-tial diallel crosses.
Under two important assumptions regarding the parent PBIB design
and the plan of crosses obtained therefrom we shall give the analysis
for estimating the general combining ability.

Suppose that we are making use of a PBIB design with v
treatments having both values of A's greater than zero for generating
a plan of partial diallel in v parental lines., We identify as usual
the treatments with the lines. All treatment pairs in eath of the
block of the PBIB design are formed and are designated as crosses,
These crosses arrange themselves into b blocks each of size kcz and

™

they consist of both the first and second associate crosses.
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Omitting all the second associate crodgses we will be left with tho
first assoclate crosses alone arranged in the b incomplete blocks
necessary for the ‘partial set of the diallel. As a result of such
omission of all second associate crosses from each of the blocks,
the remaining block size need not be constant. But we restrict our
investigation to those cases only where the remaining number of
crosses is the same from each of the blocks. We thus constrain
ourselves to plans got through crogeing, say, the first asoociate
lines and having a constant block size. Consider anith line s
Let c be the number of treatments common between the first
agsocliates of the i th treatment and treatments occuring with it in
any given block of the PBIB deaign./ We shall further Agsume that
this number ¢ is independent of i and dlso of the block in which
it occurs., For partial diallel plans obtainable through such designs
the analysis is as shown below,

Making use of the model

The normal equations for estimating the g.c.a. are as follows.

Ty = \p + nlklti + Llsl(ti) +c E/.‘.)bj (8.13)
B j i
i 31.3..-..-\?
where T, is the sum of all yields of crosses with the i th line and ¢

is the constant defined earlier. Alsp, we get
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B, =ke/2p+tc 2L, +ke/2Db
J N J
i(3)
jJ=l2,...4D
where Bj is the sum of all ylelds in the j th block.

(8.13)

Adding (8.13) over all the blockg where a particular line 1 occurs,

rke [ :l ke
B, = ptc | rt +xls(t)+xs ) |+ Zb, (8.14)
i ATvif T tevavy 3
@) 3 2 2 50)
v
From (8.12) and (8.14) we have, assuming T t; = Q,
i=l

Z, = kT, - 2B, = k( -rc)p
i 175 ) N

+ [nlxlk-Zc(r- 2)] Lt [Hk'ze("l'kz-)] s1(':‘)(5;.15)

By adding (8.15) over all lines which are first associates of the i th

line we get another equation, on the left hand side of which we have

5y(Z;). Solving this equation along with (8.15) will give us the estimate
[B+D(pil - plal )] Zi - DS‘I(Zi) ~A [B +D (Pil - pfl - a, ?'ﬁ

ti==— -

2 1 _ 2 &0 _ 2
B” + BD (1:»11-131‘,“)-&)(u.1 Pu) (8.16)

i =1,3,....V

where

A= k(nlhl -rc)

B =noxk - 2¢ (r - \y)

Daklk-Zc(hI-hz) and

b= 2G/vayN, G being the grand total of all yields.
v

~
is I/k L ;% , and
i=1

Sum of squares due to 1:i
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1 2 2

2k[B +D (y, - pn)m] ¢
A

whon the lines i and m are ¢rossed

Al A
V(ti - tm) =

Zk[B-t-D(pln-pi)]u.a
A

when the lines i and tn are not crossed

where /\ is the denominator in (8.16).

If the second associate crosses have been made and they form
the contents of the blocks, through similar arguments the analysis
may be presented.

INCOMPLETE BLOCK PLANS WHEN RECIPROCAL CROSSES ARE
AILSQO PRESENT

Thig aspect of ‘ha pooblem is discussed only for the casa of
partial diallel ;c’roasés whose plans ar= obtainable through PBIB
dexigns. Hence most of the succeeding arguments have a bearing on
those of section 2 of this chapter,

When reciprocal crogses are also performed similar methods
of generating incomplete block plans for the partial diallels as
presented in section Z may be used with slight modification to allow
for the reciprocals. Two cases may arise. Firstly, the conatant

¢ may be even. That is, there are even rumber of treatments
common between the firas assoclate of = particular treatment, say i,
and the other treatments occuring with it in any block of the PBIB
design. To allow for the raeciprocals in this %}g‘ltion. the number of
blocks in the plan will be doubled with the block-size remaining the

same. Secondly, the constant ¢ may be odd. In this ¢agk =

}:4
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the block siz¢ of the plan is doubled, the pumber of blocks remaining
conatant. The analysis for the former is discussed - using PBIB
design with any values of A'g, while that for the latter case is discussed
only for a 'simple’ PBIB design. It may be seen that ¢ 1s equivalent
‘to (k-1) for the PBIB design of simple type.

Case 1: When ¢ is even

The plan of crosses arranged in incomplete blocks and having
reciprocal crosses also, is obtained from the plan for crosses without
reciprocals by replicating each block twice. But here the replication
of the block is effected in such a manner that in each of the identifal
blecks a line appears half the number of timea as male and remaining
half the number of times as female. Anillustration would help under«
stand the situation better. In the following illustyation where the
rows are blocks, the PBIB design ia given along with the plan of crosses.
Here the second associate cyosses (A, =1) are omitted and the first
assoclate erosges (Ll = 2) are retained and each block of the plan is

replicated twice t6 accommeodate the reciprocals.

Parametsrs of PBIB Note: Each pair of letters below
design indicates a croas. The first
v=b=9, r =k = 4, letter stands for male line and
M =2, A, =1, the seconfl for female line.
nl = nz = 4,
1 2
1
2
Pz = .

1
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2, B.I.B.D. The Plan of Crosseés
2 3 4 7 24 " 32 43 37
42 27 34 73
1 3 5 8 15 8 38 53
51 18 83 35
1 2 & 9 16 9] 62 29
61 19 26 92
A 5 6. 7 15 61 73 67
51 16 5.7 76
2 4 6 8 24 62 84 68
42 24 48 86
3 4 58 9 34 83 94 59
43 35 49 95
1l 4 8 9 18 9N . 84 49
81 19 48 94
2 8 7 9 27 92 75 39
72 29 87 95
3 6 7T 8 37 83 % 68
73 38 67 86

b

Conaidering the model
Yimj = p.'!‘ﬂi +tm‘_"ﬂim+mm+bj "l“eimj
1.1!1 =1.2..--.-v
j “’uzs-o-o.%
where m_, stands for the maternal effect of the m th parent (appea.r‘ing
as female in the cross) and the meaning of other symbols we already
know, the following normal equations may be written down. In the
general case for 3 plan of crosses from a . PBIB design with the usual
parameters we have, ‘
Ty soghge 4ot + xlsl(ti)ﬂ@l(mi) + c/:;(;z; hj (8.17)
where T ig the yield total of all the crosses involving i th line as

mzale

}'.r




-61-

t =

T nl)\p. + nl\tii-nlklmi + llsl(ti) + c/?:i(?)bj (8.18)
"where T{ is the total yleld of all the ¢rosses involving i th line as

female.

Also

s ke ke
B nwp+c2ti+c/22mi+ X b (819)
1 i(5) 1) 2

j ﬂl,z.....Zb.
where B, is the total yleld in the j th block and Z m, is defined similar

J
1(3)
to X t; for the maternal effects. Adding (8.19) over all the blocks where

i(3)

a particular line i1 occurs, we have
jE)Bj = rkep + 2¢ [(r-kz)tiﬂkl-kz)sl(ti)] |
‘ +c/2 L(r:xz)mi+(xl-xz)sl(mi)];- kc/zjf“;)bj (8.20)
From (8.17), (8.20) and (8.18) we get
X, = kT, -jﬁ)nj = k(nlk1 -rc)p+ [nl)lk . Zc(r-—kz)] t;
+ [k - 2e (3y-2,)] 5,(t,) - ¢/2(x-\,)m,
+ k- "/3("1"‘2)]51‘“‘1’ (8.21)
and
, =kT] ;(;L)‘ By =k(m) -re)s + [nlllk-Zc(r-Xz)] t;
+ | Ak - 2e(0)]5,6) ¢ [N -c/2(x-2y) | m,
- ¢/2 (Nq-23) §y(m,) (8.22)

Then solving (8. 21) and (8. 22) we get

Y
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A

- 1 z - -
2 (np-pppteyy) (¥ Xi? +8(Y, - X, )

Kk [nl(nl-piﬁpfl)-(nl-pfl)]

131,2..-.-..7
where Sl(Yi - xi) is the sum of the differences ('Sf1 - X, )} corresponding
to the first assoclate of the { th line. The estimate of ti has the follow-

ing form and is rather combursome.

1 2 2 ~
[eateslpy -pp) | W, - 0,8 (W) - e [e,¢ 33(1’11,"’11""1‘*1"3] .

ti =
(ol 2 2, . o2
°, [ea + e, {pp - pu)] ~e, (211 Pn )
1 31,2,--.-..7-
where

1 _ .2 ?
1 2 2
4y =8y (o5 (oyy - oy ) - 24 ] 2325 (oypyy )
) 2
4 =2y (o5 oy - 0fy) 2] 45 oy - my)
dg =8, [, -2, (Py - P ) * niala'?]
d6 = az[ ag - 37 (P:l - pfl )]+ a3a7 (nl-plzl ):l
d7 = a-336 + aza?

. 12 2
dg =ag [2g - dq (e, - ry )] - a, (o -p3)
a, = k(nll.l ~-xch 8, = nlklk-ZQ(r-kz)
ag 3 Mk - 2c(i-1;) - fxc/z(r-kz)
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a5 =kN - c/Z(ll-kz) y By T lklk -cf2 (!.'-7\2).

2. =cf2 ()\ - )LZ) and

= 1
Wi = t.’lSZi + d4Zi ’

1 2
Z.i = [as (pu - Py ) - a.4] Xi: - aSSI(Xi )

1 2
t = - -
Zi [a6 a, (pu pn ) ]Yi + a781(Yi), and the estimate of p is

; = 2G/kc, G denoting the grantitotal of all the yields,

A
Sum of Squares duetot, is Z tiXi/k.

i
Example

This example will show all the computational steps need to
analyse a partial diallel with reciprocal crosses which has been raised
in an incomplete block plan, The plan is given in the next page. The

normal equations for.the analysis axe as follows:

Ty = bp +6t; + Sl(ti) +Sl(mi) 4-55)1:j (£.1}
T! =6p + 6ti+6mi+sl(ti) +j izi:)}:»j (E.2)
B, 33p 42 It + £m, + 3b (E. 3)
1 ™y
1) 10) '
.. EB, =18p+2/ bt +25(t) /+/ 3m +S(m) / +33b, (E. 4)
j(1) 2 o T
X; =3T -J (?) Bj = 61:i + sl(ti)- 3mi +Zsl(mi) (E.5)
Y, =3T] - ZB, =6t - Sl(ti) +15m, - sl(mi) (E.6)

i)’
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P.B.lI.B.IX The Plan
1 2 3 12 31 23
21 13 32
1 6 4 14 61 46
41 16 64
1 7 5 15 7N 57
51 17 75
3 8 6 36 83 68
63 38 86
5 6 g 56 95 69
65 59 96
4 7 8 47 84 78
74 48 87
3 9 7 37 493 79
73 39 97
2 5 8 25 82 58
52 28 BS
2 4 9 24 92 49
42 29 94

Parameters of the PBIB design’b =v =9, r =k =3, )Ll =1, A\, =0,

2
3 2 6 0
=6, n, =2, Py = ). P ).
| 2 1 o 2 .
S1(X;) = 98(t;) - 9S;(m,) (E.7)
SI(Yi) = 9Sl(ti) + 1asl(mi). ag Lt =T m, =0, (£.8)
S9X 231(}(1) = 54t, - ZTmi + 931&1) (E.9)
18Y, + Sl(Yi) =108t; - 95,(t) + 270m, (E.10)
From (E.9) and {E,10)
Z; = 90X, + 208, (%} + 18Y,+85,(Y,) = 648ti+8131(ti) (E.11)
A 4052, - 81 5(z,)

- 8y(Zg) =405S\() L 4 = e TEae )
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Also (Y, - Xi) = ISmi - BSl(mi)

162

For actual data handling the following table would help.

' X
No, T, T; 5{53j ‘ Yi sl(xi) 81(Y1) Z1 sl(zi)

Case 2: When c is odd

In this case each line in a block of the PBIB design is crossed
with all the other lines in it once as male and once as female and the
second associate crosses are omitted. Thus the b blocks so generated
in the plan are each of size kc. We give the analyais belaw for such
a plan when a simple PBIB design is used for which ¢ equals (k-1).

On the earlier model, the normal equations take the following
form
Ti P, nlklmnlxltia-xlsl(ti)+\31(mi)+(k-1)'f.i:)bj (8. 23)

! i=l,2,....,v
whaere Ti is the gotal yleld of crosses involving i th line as the male

parent

! - ‘ ; ] -
! = nlllp + nlﬁ'ti + k}s.}(ti):ml J\lmi + {k l)j(?) bj (8. 24)

where Ti is the tqtal vaeld of crosses involving { th line as the female.

B, = k(k-l)p»fzkkq)nei +(k-1} & m, + k(k-1)b, {8.25)
! i(3) )

1(7)
§2L2,.0eeb
.’:i (}1:) B, = rk(k-1jp+2(k-1) [ It +xlsl(ti)] +:k~1) [rmiﬁlsl(mi)]
. + k(ka1) = by (8.26)
@)

"y
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From (8.23),(8.24) and (8. 26) we have

X, =KT, - B; =r(k-D(k-2)t, - M(k-2)S)(t,) -x(k-I)m,

+AS, (m.) (8.27)
and

_ 2
Y, =kT] - = BJ. = ;'(14':--1)(1:--?.)1;i - xl(k-z)sl(ti)w(k-l) my |
- \(k'l)sl(mi) (8. 28)

Adding (8, 27) and (8. 28) separately over the first associate lines
of the 1 th line we obtain S,(X,) and Sl(Yi)'

Then, if w indicates the value [mnl(lel-pi1 + pil) -(nl—pfl) _7. we have

z, = (nl-plu ¥ pfl X, +8)(X,) = My(k-2)wt - \won, (8. 29)
and

Zy = (n - p:l + p;‘;l )Y, +8(¥,) =\ (k-2)wt, + (ko (8.30)

Solving (8.29) and (8. 3p), we obtain

A k-1)2y + Z
ti - ( )41 2i , and
k(k-2)w
e
. 21
Ay S (k-2 - —— 1 =L,2,....,v
w

Sum of squarea due to g.c¢.a. is ‘Ikz?ixi.



APPENDIX 1}

Table showing data corresponding to 9 x 9 dialle} including gelfings
and reciprocals.

1 2 3 4 5 6 7 8 9

1 L 21 21 20 19 Zz2 al 25

2 24 20 22 28 25 24 23
319 25 19 28 23 20 24
4 24 26 22 21 24 28 20
5 24 25 21 24 19 28 21
6! 19 28 19 24 2% 20 23
7 23 2¢ 27 23 25 21 25
8 25 28 27 30 26 20 23

9| 22 21 22 24 29 28 24

'



SUMMARY

The role of partial diallel crosses in plant and animal breeding
experiments is wellknown. The plans for partial diallel crosses
hitherto have been generated by using partially balanced incomplete
block designs in two plot blocks and two associate clagses., But these
plans are not free from certain restrictions which the above two
plot-block designas impoaa.

In the present iavestigation- new methods of evolving plans
for partial diallels are suggested Which prove to certain extent
more flexible than the earlier cnés. Making w e of PBIB designs
with any block size and any number ¢/ associate classes, the plans’
have been generated to suit analysis when reciprocal crosses are
also performed. Methods of analysis for estimating general and
speclific combining abilities and maternal effects are presented
along with standard errors for comparison. Expectation of mean
squares due to general and specific combining abilities and error
have baen calculated. Different cases according to whether parental
inbreds with/without the reciprocal Fy's are included or not have
been discussed in chapter IV through chapter VII.

The necessity for shorter blocks in the layout of the experiment
becoming evident, methods for growing partial and complete diallel
crosses in incomplete blocks are indicated . The analyses of such
incomplete blocks of crosges are shown in chapter VI and they

include the case when reelprocal ¢rosses are also present.

il
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Annexture to Chapter II
The author's attention has been brought to a paper by Hinkelmann
and Kempthorne {Biometrica (1963), 50, p 281) who have considered the
correspondence , in thd usual sense, between partial diallel crosses and
PBIB designs with m associate classes. The block size of the PBIR's
remains two as was the case earlier and theypresent analysis in a

generalized fashion. Maternal effects and other related extensions have

not been considered by them.




