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CHAPTER I

INTRODUCTION

To tdentify superior croes combinations, both in plant and
animal breeding , testing programmaes are undertaken. There are
twjo maeasures which reflect the performance of the parental breeds,
strains or lines and the crosses they give raise to. These ave
geaeral} and specific combining abilities which were originally defined
by Sprague and Tatum (1942). The performance of the garental linu
and their cross combinations as measured by g.c.a.lhnd s.cC.8.
determines the genetic architecture of the populatiap ugdor consideration.
General combining ability may be defined as the avl/p';age performance
of & breed, strain or & lins in hybrid (i.e. exosa) combinmation. S8pecific
combining ability may be defined as the M}mmmﬂqm ofa
cross from that which would be expected on the dasis of the average
performance (g.c.a. ) of the parental breeds, straina or lines involved.

According to these definitions and the genstic mechanisms
involved, general combining ability {s a consequence of the additive
genstic effects while specific cembining ability i a consequence of
non-additive genetic effects. The latter may involve dominance,
over-dominance and epistasis. !

The mean performance among the femalo line progeny is
& function of both @rﬂ combining ability and maternal effects.
Maternal effects arxo estimatelfrom the deviation between the average
parformance of female-line progeny and male-line progeny.

Diallel crossing aystem is one of the testing programmes -
most successfully used for estimating combining ability among line
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" crossos. It 1s also used to estimate the actual ylelding capacities A
of the crosses. Diallel crosses are defined as a set of aingle crosscs
odtained by mating v iabhred lines in all combinstions go that v

slogle crossas are obtalned. If 'ir'u donctes the mean ylold (ovor a

certain aumber of roplicetions ) of the cross betwaan lines { and §,
we may write

71) ug+g‘+tj+¢u+mj+su

whore pis the average effect , t and ‘j are the genornl combining

ability effects of the linas & and j ( offects due to linas), I‘l"il the
/
specific combining ability of the crose 1 x j (effoct due to} ¢ross), mj
is the maternal effect of the line J (whenever | is the fgmale parent) and

.513 is the random error which may {aclude error dus to plet deviation

and also due to segregation within the cross. K tho lince are a random

sample from a large population, we may assums that tt' mj and s”

are independently normally distridbuted with sero means und variances

cf'. cfnand o': « Furthermore, when matdrnal effecta are absent , it

{a ‘mown that
o: s Cov( Half aibs) and

c:, a Cov{ Full 8ibs) - 2Cov(Half siba),

Becauae of the inbred nature of the lines involved in the dlalle] croases,

if epistasis is absent, wo also have ri = -%c; and cE uczD whoro

c‘: is tho additive genetic variance and Vg i{s the dominance variance.

Hence, while 20 / 205 + 05 measures the raflo of additive to total
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genotypic variance, when the gene {véquencies are oqmll}/ e r:‘

measures the average degree of dominanca.

According to thm;g. (1956 b), diallel crossing techniques
may vary depending upoa whether or act the parenta) inbreds or the
vgciprocal F)'s are included or both. Mo considered four different
possibilities and they may be listed as below.

Cage (1) : One sct of ?l'l is included without considering the reciprocals
and selfings

éuo (i1): One sct of F"l is included aloag with theii/‘eclprocall but
without selfings

© Case Yiif): Case (1) with selfings

Case (iv) ¢ Case (i) with selfings.

Qriffing gives detailed snalysis, under two médels , of the above four
categories in which diallel crosses may be :;nde-

With the increase {n number of parental lines the number of.
crosses increases very rapidly leading to the problems of resources
and organisational difficultias. In crops like wheat and linseed where
the number of seeds por reproductive unit is very low, éompleta
dialle] sot with; lirger number of parents becomes unmanagadble.
Espocially the problem is all the more involved when reclprocai-
croases are to be considersd. Therefore, the alternatives laft 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. Whils discussing the
advamages of uaing partial diallels among a large aumber of parents
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a0 against making all possible crosses among a smaller selocted
pumber of parents, Kempthorne acd Carnow (1961) cited tha followlang

{a . favour of tho formoz:

(1) the genaral combining ability of tho parents can bo estimated more
sccuratoely 3

(1i) sclection can be mado among the crosses from & widor rango of
parents and

(44) the genral combining obilitien of a largor number of pdrants can be
estimated., Each parent will bo agocased with o relattv?!;r i ow preclaion
but larger genetic gains may rcsult from the mo¥e intense aclsction thas

/

can.bo appiied to tho parants. \
Sampling the dinllel crossco hao bemW » among othors ,
by Kempthorno, Curnow, Fifo and Gilbert. Mony incomplete block
dasigns have boen mado usc of for thia purpoge. Balancod incompleto
block (BIB) dosigns in two-plot blocks bave been used to cbtaln eamploto
diallel scto whilo fractions of the dinllel have been obtained through
partially balanced tacomplote hlock (PRBIB) dosigns with two-plos blocks.
Kompthorns (1987) gave a method of constructing designa for partial coto
of the crosses. Kempthorne and Curnow (1981) improved upon thia and
provided the anslyaio of those designs. The above dosigne elong with
thooa proposed by Gilbert (1938) and Pife and Gilbert (1963) are based
principally on two-associnte PBIB designg with two:plm blocks. Tho
main disadvantage with cuch designs providing plins of partial diallels
s that the ouinbar of parental lines to be conoldaeyed for invaotigation is

conditioned (o a greas extant by the requiremonts the designs impose.



“Se

After selecting the plan of crosses, either for complete
dialie] or for partial dizllel, the experimental data {3 provided by
edopting en experimantal desiga which hus iavariably been a randomised
block design. R ia not to gainsay the fact that sven a fraction of the
¢rosacs bring-in enough hotoroganity in tho biocks so an to entail
shnrti;ning the block-gize,

The present investigation 19 aimed at studying some of
the abovo aspacts of completo and partial diallel crosses cspecially
in tha light of providing oow plass for partial diallels snd ipdicating
meathods to adopt incomplete block designs for field axper en.
Firatly, plans for partial diafle] croascs have been provided for four
difforent casos according to whether oy not the parental inbreds or
the rcciprocal Fy's ere included or both. Making t/uo of partially
balanced fncompleto block designs with any Hock sise (as against
block size two so for used), any valuss of A and any number of
asssciato classes, the plans in the four cases give the methods of
estimating gensral combdining ability along with the expectation of
mean squares for the g.c.8. offects. Expressions for the standard
erzors for compariag the g.c.a. 's of any two participating lines are
given. I has Doen seen thit a PBIB design with large gumber of
roplications is no drawback for obtaining plans for partial dialle}
crosses through them as in the caso of agricultural (block) exparimants.
B has become possible to estimate the maternal effects whenever ths
data perrnit,
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Secondly, methods for obtaining plans of complete and
partial diallel crosses throngh BIB and PBIB designs respectively
have been obtained so that the resuiting crosses may be growa in
incomplete blocks. This gives a unified treatment of astimating the
;ipnnl, combining ability uklng into consideration the blocking aspect
of the field exparimentation. Methods are tadicated for similar
blocking of partisl dinllels when reciprocal crosses ase also performed.
Estimates of g.c.s. and expectations of mean squares due to g.c.a.

ave also given. _ /

/
Ty



CHAPTER I
REVIEW OF THE PREVIOUS WORK DONE

Genetic agalysid of populations using covariances between
ralatives and the associsted problems of partitioaing the total genotypic
variande into additive and non-additive genetic components have been
tacklad extenslvely gver ginco tho carly work of Fisher in 1618. The
pracucgl’ application of these concepts of quantitative inheritance to
plant and anima} bzeeding have lncreaaingly been realised in rocent
ycars and techniques favolviag ‘diallel crosses’ aze aome of the means
tothat ead. Sprogus and Tatum, Henderson, Griffing, amé’nma |
Jinks are but aomo of the namos of early workers usmufgé with
diallsl crosses and thely uno, But an éxact generalised tf‘nmnm
showing the relationship betwoen diallsl crogsing method to th?r ‘s
msthod ¢f covarisnces between relatives as aspunqd’-ln torms of
genaeyal and specific comblning ability variances agems to have deen
takon up oaly from 1956 on wards.

Griffing (1956 2,1956 b) presents an extonsiva study of the
mzjor probless with the use of campleto diallel erossan. Classifying
the experimmantal rmethods utilistog diallo} crosses iato 4 categories
depending upan whether or not the inbred agd/or the raciprocal F's
are {ncluded, Gtkﬂbg {1936 @ ) indicates the analyls of such methods..
A unified theory of the same analysis undor ¢wo different models
(2o0del 1 and Model II of Edsenhart ) has been firther glven by him
(3954 b ). Hero undor cach model the ebove foar mathods have been
discussed giving eatimates and their standard crrora of general and
spacific combining abilitics sed wegipracal effecte. Under both the
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models he gives thé expectations of meas equares of the various
eatimates. Discussian of diallel analysis in the pregence of matarnal
effecta can be found in the works of Hasel, Lamsryouz, Nordskog,
Topham and cthera (see tho Mat of Reforences),

But the idea of partial diallel crosses hes been widely
acceptod of late and many sampling deaigne have been put forward
with & view to minimise ths resources and organizational difficulties
& plant or animal breeder {5 faced with. Sampling the diallel crozses
19 reported to have been taken up for tha first tixns by D».G. W. Brown
(1948), Tho broad outlines of his mothed have,lformnd tke basio for
circolant sgamples davelopod by Kempthorae (1957) which otherwiso wore
nct exploited by Brown himself, Yatsn (}347) psm::lod a method of
analysia for a parsial set of tha diallel. Tho partia} sct did nct arise
owt of anrapling in as rmuch a5 1 was a conseqience of mutual incompati.-
bilitios within subgroups of tho plante, B was Gildest (1958) who suggestod
partial diallel crossea 03 it is understood today, &nd his scheme dopends
on using a Latin square. "Accordingly, when the number of linos v s
even the sample ahould be ghosan by supor-lmpoasing on tho 'dlnll?l
fable' a v x v eymmetric lstin squars with a gingle Jeiter on the main
diagonal. Crosses corrcsponding to euitable pumber of letters in the
latin square are then sampled which cnsuros equal reprosentation of the
lines aymong crogses. I v o divieidble by 4 the nae of latin squaraes
Symmetgrical about both the diagonals is recommended for achieving
balance among the crasaes . Tha vory wse of latin squares indicates
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tho impracticability of obtaining crosnes when theore aro soveral
parental lincs undor cons{deration which {o ofton tho case in plant
broeding. Moroover, Gilbert's samples have singulor leact oquare
equationo and great care 1o to be takon to aveid samples which lead to
unn?lvnble equations for tho general combining abilities.

With a view to catimato the genotic variance components
Hinkelmann and Storn (1960) doscriboed the construction and analysis of
gomo circulant samples in which line 1 {5 alwnys crosned with line 2
and with those lines whoso mimbers form an arithmetic progression
from 2 to n. They also showed how to conatruct and cnhlise a partial

!
set of teot crogses.

Circulant scamples: Devoloping on the WB carlier
indicatcod by Kempthorno , Kempthorno and Curpow (1961) discussed
circulamt oamplos and {8 was followed up furthar by Curnow (1863).
Whon thare ore v .parental lines arranged from 1to v in o random
order , the mothod of ganarating such semples may be described as
follows. Let each of tho v parents ba involvod in the same number of
crooges 8, oo that the tolal number of crosses in the sample is va/2,
Clearly, o must at least be 2 and v and o cannot both be odd.
Thon Ino ) in crossod with linos k#,k¢2,.....,k¢0 whore ksl (v#l-o0).
Lino 2 is croosed with linag kt2,k+3,..... . k+o+l and 60 on, theznne
numbers beilng roduced modulo v when necessayy. Tho lonot square
equations for astimating genoral combining ability involve a circulant
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motrin which hap o for its eloments ¢n the muain diagonal and non-
diu;goml elomonts arc althe’r 1 o O anccording no tho corrcoponding
cro0o han boen gampled or not. Tho cropsos oo gonorated may rosulé

in a0 many ns v/2 difficrent cRandard errors for comparison of g.c.a. 0.
The axpectation of maan squares for the estimatos have baon prosanted.
Kompthorng and Curnow alao give the comparison of the ylolding
capacitios of tha croagen,

Curnow (1963) idantifiod the one-to-ona corgzoopondence
betwoen s partis) dinllol oroos of tho abovo typo and partislly balanced
tncomploto block doaign with two ploto por block and two associato
clagces with values of AcOondl. Crosoix]} occ::u"ﬂng in the samplo

.corrcopundn to troatmento § ond j oceurring togethoer in the gamo block
of tho PBEIB daoign. In tho notation of dinllol srbacas tho paramotors of
the PBIB dosign ard

veY L‘pl

b =2 vof2 A =0

rog 8y =0

kel ny avaegel
2 =o ,
Py =P

whoera the above A\'s corraopond to whothor a gropo 18 samplod or nos;

a i tho number of lincy erossod to beth lines | and § wharo eroon i1

io in the camplo ond B is the number of lnco crosscaed to both linao i

_aad J whero croos istj 1o no? {n tho sample, Making uwie of PBIB dasigns
lioted by Clatworthy (1988), Curnow wao able t2 Zind cortain two-varinnce
circulanmt camplon in addition to cgumorating soms mozo circalants.
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Samples fxom Trisngular and Factorisl Designe: Fife and

CGilbert (1963) have given twosvariance sample designs called tyiangulay
and factorial designs.

The formar designs era for N = -e:-n ( 1+l ) pavents, where
n 15 av intefer. The payenis are numbered off into aa (n-1) {n-})
trlangle. For example, if a 3 §, the ten parents are numbered 354,53,
82,51,43,42,41,32,31 and 21. Then each pavert is dencted as ab,
where a can take any valoe from 2ton, and d cantfaka any value from
1to (a-]). Then the partial diallel consists of uu,’::mseo abx cd,
where 8,b,c and 4 arvo all different. As uchl(&lo is igvolved in
--( ne2 ) (n~3) of the crosses in this deaign | tﬁera i{s a restrictica that
n must exceed 4. The complementary o:ttha above lmngain a triangulay
dealign, We mmay acte that this type of gmratlns crosges is divectly
related to 2 plot block PBIB designs obtainable through a triangalsr
association scheme (of. Bose et al 1934).

The factorial designs are for N = mn parents, where mand n
are integers. The parvents hsre are numhersd off into an m x a rectangle.
For examplo, if m = 4 4nd n 3, the twelve parents are mumber 13,82, 31,
41.12,22,32,42,1%, 29,33 and 43, Each parent is then denqted as ad,
where 1 (& & m andl £ b { n, and all the crosses abx cd ave
salected such that a ¥ c and b # d ; in this case every ling {8 {nvolvad
in (<) (n-1) crosses so that m,n must both excesd 2.
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Tho proesons work 10 an t:ﬁmnlm of tho author's provicus
divsortation on Slncomploto block dw@ and Paxtial dialio} erosoaon®,
which ho cubmitted ao partinl fulfilmens for tho award of M, Sg.
dogreo ot the Inottsno of Agwricoltural Reacareh Statiotico, Dolhi.
Tha corly pait of ehapiar IV of this velomo hao a boaring on tbhis

diacortation work., ( Also vofor Das and Sivarnm 1608 ) .

For  Luvtber wfersncs 'Plear.e see the
Dopesture ot *be end .



CHAPTER I

PRELIMINARIES

As most of tho subjoet matter in the subsequent pagos deale
With the application of partially balanced incompleto block designa, a
definition of thom becomes necoseary here. According to Boge and
Nair (1939), and latter Baso and Shimamato (1952), & PBIB design in
Ao agsociate claases iz an arrangomens of v treatmonts o' blocks,
9uch thas:
1. Each ofthe v trestments cccurs ¥ times in the ayrangement, which
Conslsty of b dlocks coch of which contbine k ewperimental unita. No
$rcatmant appears more than once in any block. ;
2. Evepy patr among the v treatments occurg toﬁéther in oither \ or
"z blogks ( and aro satd to bo i th assoaiases, l!;hey ocour together
la A blocks, 1 21,2). f
3. Thore existo & velotlonship of osaociation hatwoon eve‘ry pair of the
V treatments satisfying the following canditicna:
8. Any two treatmants axe cither first or sacond aasociatos.
b. Fach treatmeont bao a, fivet and n, sccond associotes.
¢. Given any two trcatmento that are i th asgociates, the numbor of
treatments common to tho j th associstos of tho fizst and k th

808 gggociatas of the second Is p‘jk' and this numbor i indepondent

of tho pair of troatments with which wo etazt. Fu:thertﬁapa.

Pl ﬂp;j (Lhok a2,2)

The cight parameters v,b,#,k M, ll.nl and ny are known a6
the Primary paramstors , and the parametero Pi;h (1., x =1,2 ) aro
Called the secandary pavametors. The socondary parameters may bo
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displayed as elemants of two symtrl;: oatricies,

7 P2 52 pt
o= v 1 sd P, = | M Y
Py L Pn Py

The following paramsetric relations are taus.

n ¢+ B, =v- 1
ah 'h-aamz » 2(k-1)
P "Ry ' !
T "‘J’ik //
and :pﬁ,f, “n -1 whea s //
= By otherwise. /

We shall uge thesa PBIB designs to ;cao/mo pllnf for partial
diallel croeses and give analyses to estimate ttie general combiging
abilitics, specific cembiniag abilities and maternal effacts (when they
occur) of the participating lines. Ve shall also use PBIB desigas ln
m-as3ociate claases, where m > 2, o gansrate plans which are more
flexible and broadly {adicate the method of analyses.

" Let there be v parental linas under considerstion. When {8
is cmcmphtedmhvonmmnmdtMcomvluaduudwhlchm:
total of v smmbey of crodses, four ditflerent cases arise according to
the following being truns.

Case (1): The experimant censists of » given partial set of the Fy's
oaly but does not include its reciprocals or parextal lines (i.e. selfings).

/
/
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Case (ii}: The experimen consists of & given partial aet of the Fy's end
alao 188 reciprocals , dut does not include parental Mnes,
Casa (ifl): The experiment consists of & given pastial set of the y's
only without its reciprocaband includes Eu parental nes.
Cage (iv): The experiment consists of a given pavtial cet of tho Fi's with
reciprocals and also with the parental lines.

Each cass nocessiates p different form of vaslysis.

B is the plant broeders or ganeticist who s loft with the problem
of choosing cre of the above four experimental mathods depeading upon
the aims 6f the experimont, sa%ng-ga&ag\ﬁb?
knowledge Lo has about the material. Il it Lo intended to estiziate the
yialding capacities ¢f the lincs, informxtion regayding the vm-.nongo
of the parental inbrede may be useful. When the data under investigation
provide good evidance for the existonce of maternal offects reciprocal
_ crosses may have to be undertaken. Kuowledge abots the cost of
experimentation, in paxiiculaz, cost per ¢crosa, may also detarmine to
certain extent the type of crosses to be performsd.

Aftar the plan of crosses kas boen selectad and the cyosses
grown, during the anslysis the componerts of ganctic variance are
datdrrained by equating tho expectation of mean squares dus to the difforent
affocts to those observed, Msasures of horitability, proportion of additive
genetic variance to the tctal genatyplc variance and the average degres
of dJominance may be calculated therveafior undar appropriate sasumptions.



15

The subseguant four chapters pertain to the four different
cases that arise as indicated above. The rest of the chapters deal with
the: dlocking of the diallel crosses in suitadle incemplets blocks and
theiy analyses.



CHAPTER IV

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

This/the caas (1) of chapter IU.

Let the v pazental lines be numbered at random from 1 to v.
We shall censider thom as the tréatments while refering to PBIB
designg. The fivet associatea {or second agsociates, whichever i»
convenient) of each lino (treatment) are written basido the line (treatment)
in an ascending order of magnitude. Any line 1 (4 21,3,...,v) is then
crossed with every line J (§ « § }, whore j is the firet (sgcond)
azgociate of . With the usual notations, therefore, we getﬁ,;‘/a or
vng/3 number of crosses according as the line § {g c\rol{ud with ito
fizst of second associate lines. We shall give: below the msethod of
ostima ting general combining abilities and spacific gembining abilitics
of tho participating 1ines agsuming that the raciprocal crosses are
identignl and that we Bre not interested in the performance of the
paroniel {nbreds thamselves.

It may bo stressed at this point that the above plans for
partial diallels and thelz analysis are entirely indopendent of the values
of A's and also of the oumber of replications in the PBIB design. Thus
PBIB designs even. with largo number of replications can be used
with advantage for obtaining plans for partial diallel crosses which |
otherwise would be nseleas for block experimentaticn. A further
advantage is achieved from the fact that for most of tho numbers ff .
lings PRID designs are available and therefore plans for partial dllli:l
crosses are also avallable for these numbers.
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As there are no reciprocal crosses and selfings, we make

/

use of the modal )

"?u afﬂetiﬁtj *o“'l»e“
with the usual assumyptions and get the following normal equations.
When tho 1 th lino has been crossed with its first asscciates, we have

/ Oyh + nit‘ + 51('1 ) =T (L21,2,...%) (4.1)

where p is the gensral mean, B:(t‘) denotes the sum of the g.c.s.'s
of linss which are the firss agsocistes of § uad'ithwl‘ﬂch the ith
lines is cvossed, and T, denctes the total yiald of all yho crosees with
the { th line. : "/

/

/
Mdmslmhcqmumotcrmmumsviﬁhvm ith

/
line i3 crossed, wo gt /

oyw + aSft) +ns + p:la‘(t‘] * pﬁlsa(a‘) s sl(r’,,) L @.2)
whare Ba(t’)hthemdg.c.a.'a of lines sct crossed with the § th
line and SI‘T:) is tho sum of the totals T"& of those lines with which
¢ho 1 th line o crossed.

Assuming E $, 50, wo got i s 3G/vay, where G is the grand total
of the ylelds of all ¢the crosses,and the equation (4. 2) reduces to
ogn+ (y - Dy )8+ (o oy -9 ) 5y () = §(E) (4.3)
Solving (4.1) and (4. 3), we get

. oyesh-sdiT -gem) - Bidh-g)
4 (o - 1) (o « Py ) + Py

‘ ﬂl.a...... v

’ (4. 4)

The sum of squares dus to the g.c.a.'s of the lines is
v
LS
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The variance of the d!ﬁoxma betwoon g.c.a. s of two lines

3. 2
En ¢
(1) which are nck crossed is (ﬂ pu pn)o'
(n‘-!)(ﬂ!-pa)u;‘p:l
2n 4 od o 2 3
(11) which ayc ¢rossed to (n! " Fn? o
(n‘-l)(u‘-vfl)*ﬂp:l

where ’3 iz the error variance.

Given any Mas the flrst expressicn above 18 nsed to c@lro
tho difforence of ite g.c.a. from the g.c.8.% of eachef n, Yinas and
the seacond, from each of nlnm. Thus we mga;’& weighted averago

of the above two variances taking a, and n, ae we;g'/hu. and this avorange
\

'

is given below, /

2 [(v-l)(nl*ph'9§13+n,]v3
1

(v-1) [ (nt-l)(n‘-vf,)ﬂlvu]

Average variance =

Fhe results of socond nseociste crossen 2o obininable from the above
reaults by replaciag 5y byny, Py be.py, 204 B by yy - The plan
got by croseing the secend associate Jines will bo complemontavy to
the one got through the fivst azaocinte linos,
Note: - iftho plan of crosses {3 obtained from a Group mvumio PBIB
design, st least one of the two associated croases will yield non.siagular
least oquares equations ¢o thas a sclmtion for §; existe,

Caons{daring thot tho above expariment is laid out {o & randomised
block design with wveplicaticns » such that gach block constitutes all the
viy/2 crosses, the estimate of tho specific combiaing ability of cross fu j



n-lgp
is simply the mean of the yields aver the replications and the variance
of the dlfference between any two 8.6.8.% 1o 202/ r. The sum of
squares due $0 8.0.8. is got by

8.8, dusto crosses - 8.8, duetog.c.a. ~ 8.85. dusto
erxor(zep x crosses).

; Now we shall consider finding of expectations of msan squares

dus to g.c.8., #.c.a. and error.

The sum of equares dus to t, (s, 88 indicated already,

> :, T, + Taking expectations, " ‘
is} /

/

2
o - py)
n 2 ] A
v /
wheze [\ is the dencminator in the estimste of t,, given in (4.4).

%

(1]
E(t,‘) a E(l“) ] E(ou } = O and the ¢,s and & quantitios are uncorrelated

and EG}) oo} . B(f) ) T mm(.;k) = o2, the following ts

otained. We shall write vz for v: + vﬁ .

Using thie model in which ¢t .3  and ‘li are random variables with

EETf oy [n:p;tn‘(n‘flkfén‘vz] /

ot s v | e (amah) e amyumy -sf] o ear’
and

B0’ o (Pud/apd + vad o2 4 (/1) o,

A
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L [gvnitqﬂ)(nﬁ{;-p%)-ml(zﬂ‘ -2 )-h, (’n P } 2
A n n) %
oty sl - s .

Hence the expectation of mo an sguares dus to g.c.a. {s

..‘-—-—- ‘ﬂ( 1 - 2 - 4 1 - 2 )
N ["‘x"ﬁ Moy tpy =Pyl - vay (2n, 45y, < 29y,
-h:(p:l-plzl ]J'€+'z .
2,0 .2 '
MEC R X AN
(v-1) Afve1) ,/‘
Since there axe r replications , th-emet;}/lnn o!mu squares due

tos.c.a. u-implyr +u3 lndthﬂqlmoq;ﬂvudmtoonor

(replications x crosses) is c Eqat;u the oburwd sum of
squares due to these effects to the nbwe expected oma. we obtaia the
2 B
utimusdc. T and t{.
When msan yields of the crosses, averaged over r repli-
caticns , are analysed then the analysis of variance table is as shown

balow,
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Asalysis of variance of Partial Diallel Crosses 1.

Scurce d.£, cted values of nwan zros
Replicates (z-})
2 , 1 2 2
Q.C.A. (v -.l) ’e“'zi; (—‘TW?) [l -4nl(pu-p I.IV Avl %%
8.C.A. . v(f-;l -l) .':0".
v 2 !
Rep.xcvosses (r-1)( i 8 1) ¢ o
]
Total rvn‘/ 2.1 ",
v
oo
Example /

/
In crdex to show how a plan of crosses for partiall diallel

can be got we shall furnish below an iJlustration uvsing the two-associate
cyclic PBIB dssign given by Bose ¢t al (1954). The dosign hae the
following paramsters.

val?,ba34, v a8, ka4, nius. n, s 8, llﬂi. \a a8,
3 4 4 4

P‘.L 4} " P"L 3} '
The associstion schems of this PBIB design has the property tht; the
first sssocistes of & treatment 1 are chtained by adding (i-1) med 17
to each of the first asscciates of treatment 1. Hence it s sufficient to
indicate the firet aspociates of tho treatment numbered 1, and they
are given below In an ascending order.
Treatmant No. First Associstes

i (4,6,7,8,13,12,13,15 )
Identifying the treatments with the indbred lines, line ) is crossed with
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oll its first associates J such that § >1, glving us the crosses
(Ixé) (1x6) Ax7?) (1x8) AxN) (I x12) (Ax13) (1 =15)
Repasting the provedure by writing down the first associstes of all the
other treatmeonts and making crosses as indicatad above we shall get
the total number of cresses for the partial diajlel.

For analysis we make use cf the data pertaining to a 4iallel
involving 17 lines of bajza (Feanisetum tyghoidos).. The character
unday study is productivity and is musnifgd by giving scores ranging
tromSto!Owuhrdem.tothtﬂdd//éc.M.s. 24A as the staadard
with a score of 5. The cbservations wére collected by G. Harinazsyana,

Genetics Division, LA.R.L, New Delbl. Thd analyais is based on means.

/ !

Tabls 3
Linos T, §,(&,) %,
1 26.0 229.0 -0, 354072
2 27.9 223.86 «0.142533
4 33.0 228.0 0.607468
8 29.0 227.5 0.078619
6 25,8 223.8 -0. 318610
7 51.0 324.8 0. 408542
8 30.Q 225.0 0. 261312
9 27.5 230.0 -0.171380
u 86. o 829-0 -0. 35‘0?3
13 850 0 234- 5 - 0. 4021‘9
13 28.9 23z2.8 -0, 084841
14 26.5 234.58 - 0. 392583
1S 30.0 282.0 0.126696
16 8.0 22%.0 0. 857466
1 28.0 224.8 Q.001696




=222
Table 1 shows the valuss 011“.5'('!“) and the estiroates
t, of the g.c.a. for all the 17 lises. The amiysis of variance is as
showa below and ft indicates that the g.c.s. effects are inaigaificass.
ANALYSIS OF VARIANCE TABLE

Scurce_ D.¥. 8.8 M8, 7
g~C- 8. 16 1. 188940 ‘0. 13 C.b *
8.C. 8. 5 61. 91346153 L2

Tl 67 93.63235294

!y
* Not significant /'/
/
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2. P.B.L B, DESIONS IN m-ASSOCIATE CLASSES AND PARTIAL
DIALLELS WITHOUT SELFINGS OR RECIPROCALS

In the previcus section we discussed the method of obtaining
plans for pa\rml diallel through P.B.1. B, designa in two associate
clagses. The sample was g0 formsd that each of the lines was crossed
with those appearing in ono of the two associats ¢lasses. This concept
may be generalized by uaing PBID designs with m-associate classes.
In this case, each line-is crossed with each of the lines presant in »
of the m sssociate classes. ’

Let us consider a PBIB design with v treatments (lnes
gumbeved in soms random ordar) in m-sasociate classes. Lat B
(§ =1:2,.....,m) dencte the number of 2ines wm‘m to the § th
associate class. Foreachlinei (i ¢),8,....,v) l'; given r apsociate
clagess among its m classes are chosen and all the lines in them are
pooled. The line 1 is then crossed with every line § in the pool
suchthat § > {. Thus wh will have s sample of crosses of sise ¥N/2,
whore N u-z)n‘ + X {implying the sum over tho salected r» associate
classes. For analysis wo shall assums, without loss of gm:alli/v-
thas cach lne is crossed with ita first ¢ (» { m ) associate Maes.
The normal equations for estimating the g.c.a. of the lines through
lcaat aquares techniqus taking the usgal model comes out as below.

Np+M, +E8,(8;) = = 7T, = (4.5)
AR ~

(’ “llalo-avnIQV)
whero 8y(t)) 1s the sum of the g.c.a. 's of liges which ave J th associates
of the nhuum'r, is tho total yield of the § th agscociate crosses
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involving the § th lins, Adding such equations over the first associate
lines of i, we get
1 2
m
+ (8”9 " 8., (t‘) & 3‘(0‘)
where 81 (Qi)lathamoﬂhaﬂ'l of Xinea which are jth associates
of the ¢ th lne, ‘
/
In general, adding such emng{uho cver the kth associates of
/

i, we have /

/
2
Mo ¢ NE(4) ¢ g):{, 88 + (3”9“’&;(0‘) ¢ .
) 3)"% St ®80)

h “Qagooooontm‘l’ (‘o"
v
Agsuming that A 2 O, equations (4.8) and (4.6) can be solved fort;

iq}
and the analysis completed in the usual Jines.

A perticular case: Uso of S-assoclate designs
When m = 3 and ¢ a ], we asrive as the eitmple case of generating
/

plans for partial diallel cyosses fyom a 3 asscciate FBIB do'algn by
crosaing any line with its first agsociate lines. The normal equations

for estimating general combining ability of the lines comea out as below
from (4.8) and (4.6).

nipl-nl%“tsl(tt) e T, (§31,2,00000,v) (4.7)
ey, + 500 + phsehs,ehs ) 25T)  (4.9)

end
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npags ¢ 3,8 ) + pig Sz('s”paazsa('g) + 9’” 8y(¢) =8,(T) (. 9)

Ageuming E t‘ a O,weget p= -39—-- tndfiromoqmtlm
V.
(4.9) . (4.8) we get ™
' = KSAaBs -aAB,IT, - BE(T) +48,(1) - 2L (A8,

- AsBa - nlBS + ulas )] /A (4.10)

where ,
=(n,-v3) : B s -p
Al 1 1, 12
Aaﬂlnﬁp:‘.-p:‘) ?/iﬂ(p{a-p:a)
2 3 g 8
Ag = lpy - Py ) //Bs"“’l""xa""u ) ead

/

AN By (4,B. +AB,) - (AlBBI-,'ASEI).‘

/ v
The sum of squarag duo to g.c.8. ofthe lineg s T ti 'rl. .
il

xr . O, no corrveciion factor need he subtracted.
The variance of the difforence betwean g.c.a. 's of two linas

fs now givea by

2
@ v -2,) = %‘Axna mAy8,+ 3B, )

!
when line L' is crossed with the { th line

20? -
(11) V(‘l! Y U ) o _A_— (Ang 'AaBg tAy )

when the line 1! {» not crossed with the i th
line but is cronaed to a line to which Mne |

i{s crossed

2
(ii1) V(tl -t ) = % (Azas - Agna )

when the line 1! {s neither crossed with the { th
line noy with a line to which i i» crossed.
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v2d -

Tha avarage voariance of the above thrae io “1:1:‘;3‘:2;: 2373
Through 3 asseclate PBIB designs we can reduce the

total numbser of crogsses whon there 13 a large number of linos. Thio

{s so becanse the tata) numbor of lines s .g. vn, whare a, is the

aombar of treatments in the § th associate clacs. Now if thorve be two

classes the valus of n; {5 likely to be large. But with the same v if

there be a design with theec agscciate clasces soma of the values of nl'a

ase likely to be smallor and these is more flexibility in the cholce of

tho assoclate clasgea. ‘/ ’

I3

CONNECTEDNESS

A plan of crasaes {a said to be connetted U for avery two
lineo, it ie possikle to paos from m;a to the other by forming & chain
conolsting of lines guch that any two consscutive lines are crossed.
While choosing a sapiple from a diallel {4 1s better to chooa¢ a-eample
which i connocted. Whenthe plan of crosses 1o disconnected , the

Uines will fall into sets 8o that no two lines from different seta are crosced.

Bus this ased not be o serious drawdack as in the casd of estimation of
trcatments through incomplete block designa, decause the cat'lmatioa of
g-¢.a. 13 gtill posaidblo through such disconnectad samples by following

the method discassed by Carnow (1963), I may bo pointed out that the
method of analysis prosented here holds even for disconnocted samplea,
though depending on the parameters of specific designg the valus of Ao

may be sero in some cases and hence no solution 16 available in such

cagan,
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CHAPTER _V

P.5.L B. DESIONS IN TWO ASSOCIATE CLASISES AMD PARTIAL
DIALLELS WITHOUT EELFINGS BUT WITH RECIPROCALS

When maternal effects are prescnt and so ths reciprocal
crossas ore performsed the diallel analysis differa oignificantly. Assume
ing that we are not interceted in the performance of the parents theme
selves, we ahall discuss this espect which 1a cited 5 case (il.) in
chapter Ill. The lincar modol for estimating the combining abilities
of the 1ines i» now given by

?uauutn’a-suom’qf?u i/
whssemj etands for the maternal effect df;iejthumapmtinsutha
fomale parent,

To ganerato plans of partial dialle} croodes PBIB deglgns with
two associate clasaes are again used. /As sarliey e{'ery line is written
besido ita firet asaocistes. Any line | as male lo then crossed with
each of its first associato lines as famales. Honce thore will be & total
of vy crosses, when the fizst aszociate lines are crossed, and each
line will be croased oy timos both as male and famale. _

The normal cquations for estimating the g.c.a. and maternal
effects through the leags squares technigue are ag follows, |

ngp oty + 80 ) 8 (my) =Ty (8 81sB0eversv)  (B.1)

and oy ¢ Gyt,) ¢ at +am, = 'r; (5.2)
wheve T ia the yield total of those crosses whaze the 1 th line is present

a8 male § similarly Ty i3 the total yleld from crogsas where the i{th
las occurs as female. 5,(4;) denotes the sum of g.c.s. effects of lgas
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ctoudwithtﬁolthuaeandsl(ml) ie the aum of maternal effects of
all the females crossed so the § th mals line. Adding equations {8.1)
and (8. 2) over 31l males and fermalos respectively which are fivst
associates of line i we obtain the equations (B. 3) and (B.4), under the
asaumptions Et’ s0and Zm, =0,

ofn + (n + 9% D4, ¢ (o + oy -0, )8 (4 ¢ oy -5 D

+loy -vp ) 8(m)  F5m,) (5.9)

7
o+ (o - o 0 4 g o o - B2 ) 80) vAB(m) s (5.0
/

From (8.1) and (8. 4) we have /

' o X ‘
Ty -8 ) =@~ vmyle - (o« 0] 180 ®.8)
Adding (B.8) over ail male lines which are crcssed with the 1 th line,
8)(%) - 0T - pnB‘(T' )- p 8, (‘1")

= (oo pihy ¢ [(af - 0+ o)), - vhi ] 50
(5.6)

Solving (8.5) and (5.6) givos us ,
o BTG o8 [mE(T) - Sl vty {5 pofe]

CD
(lnl.a......v) (5‘7)

where G denctes the grand toial of all the yiclds and
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As (o ety ) -0} -7f )

B=(p},-'p§,)

C = () - Mo, - py ) # npy

Dou‘l(nl--p}l-ﬁpa-l)*p:r
Herze el(r‘) and 91('11 ) have similar maaning in terms of total ylalds
assl(t‘). ‘Danmnsn"r‘-sl(‘r;)byoi. the gum of squarea due to
the g.c.o.'s of the lines adjusted for maternsl effects, ae each male
line {5 not coming with the same set of females, is L. :;:iin‘.

1
Alao fram (5. 2) and (5. 3) ;o0

/
140 - bn sl - k)40
;
+ (o} - epp tm - ] - P ) Gm)  .9)
Adding (8. 8) over oll lines which arve fepnalo and ﬂr\at associntes of
. lne i, we got equation similar to (58.6) but where (tttm‘)appeara in
place of $, and Bl(t") 4 Bl(ml) in place of Bl(t‘).

Then sclving we obtain axpression for (t,4my) locking similaz to "0
Haonce

SRR ARRE AL RN ‘
+8 [ oy {8(r])-8(r)] + (o - 0] ) (T} - T)

+ iy -oh) {80m) -sx3] seo (5.9)
Tho sum of squazes duotom, is L E:’B‘M‘,whaw
Y

Ml “ﬁ(";"ci)* Bl(ri)'sl('rl)
For comparing any two linas , tho varisnce of the difforenco betwoon
the g.c.a.'s is givon by
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A ol al!‘Al
V(t‘-tm) s, whan the { th and m th lines are pot
CD crossed

2
- an(Ac;B i when the i th and m th lines are crossed.

The average varisncs from the two expreasions comes out to ba

2o, [ Atvv1)-Bn et

CD (v ~13) '

+

The varlance of the di—ﬂaunco'betvoen maoternal effects of two lines

may similazly be writtea down. t

The vesults of second associate crou’;l are obtdln;d from the
chary st by seiacing 3y by e oy Uy vl 0 o by 5

When the orosses are obtained fyom a GD design whose associstion
schams has say, n groups of i treatmsants ¢ach 'and when either morn
ayuals 2, theh we get estimates of ;’:c.a. .for one of the two associate
crogses. t

Making use of the correspending rardom model in which
E{ti) a E(m‘) e E('U ) =B (c“ ) =20 andthet, maand e quun;lﬂn
are uncorrelated and E(if} ,“B. Ef(mf ) ucam. E(Q“B ) = ci and
E("Gh ) cr: . we obtain the expectation mean squares. When theré
are r rvoplications, the sxpected mean squares for gensral éomb&nin;
ability is given by .

e
2,

2 3 2 1 5.
og ¢ red m[ A ia‘(qlﬂ)-!nl (2,495 20 J0loy-pYy)”

+ n‘(n,‘*;ﬁ-pil 2 }
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+B [n{ (2n 03P ) - ay (oy#1)(oy-pf; )
s} - vy ) (Cayely 2o}y ) ~daled - o tayvy oy )
o) gl o 6 - o) e
* 25y {(H-P%’*ﬁ(ﬁ*vh-vﬁ’}] ]’.’

v
The enpectation of mean squares formi!.e. _..(.l_.)_ Ei: tgi M,
nlv-l

ie got ao
// 2.2
Gomde oo [ o (ol - it s onerrlind]

/
+ Bo} {(nlﬂ)(n;-pfl)-(npp;-pf‘ ,)'(B-nl-p{,)} :I ot
The expectations of mean squares (or 8.0.0, and‘ orror aro obtained

/
1

as usual.

USE OF 3 ASSOCIATE P, B.l1. B. DESIGNS

Earlier analysis allows generalisation in using three aasociate
PBIB designs for sitaining plans in this case ({i). Further gemeralization
ie complicated. If each line is crossed with linss present in any two of
tho 3 mssociate lines, the normel equatioas for estimaoting the effects

come out as shown below, !

op+ ot ¢ B‘(t‘) + Bl(ml) o '1" (8.10)
Adding (5.10) over all male lines which are first and gecond associates
of 1 th Hno we obtain (5.11) and (5.12).

ofe ¢ (ay = By Wyeloytly -9y )6, (6 Hoh -5R 5 (4

+ (o, )m‘*(pl, "u )5y(m,) + “’u - pn)sa(m‘) =§(T,) (8.1)



-38.
oyngh - 18Py, - Ppa) ifty) + (my40dy-py 15,08,)
oy, - PRIyl ol B, 08, (m) =By(T)  (8.12)

Also o *at ¢ S‘(t‘) toym, = T; (2.13)
Addiag (5.13) over all fomalo lines which are fixst and sccond asseociates
of the line §, wo ges (3.14) and (8.18).

afieloy s ¢ (oyvey = oy ) Syf) ot - oy 15, 0)

o (m) = gE) (5.14)
B8 ¢ (7], - By IS, 4140y 4p], - P:aﬁz(t‘}m@%(,ﬂl 8,(T!) (5.18)

It 1o obvious what tho aymbols stand for. /’

From (5. lO) and (5-16)

/

o Ty » By(T)) = (o = A0 + 5y - 4,) 5t) A58, (8) (8.16)

whore AI'AB'AS roapectively stand for the coofficients of ti.B‘(t‘).
8,(t,) in (5.14).

Adding such equations (8.16) aver oll male Hnes which are the first and
sccond agsociatos of tho { th line, wo get two moro eguations involving
t B'(t‘) and 83“1" These two together with (5.16) can be solved for';.
Also from (5.11) and (8,18) we get another oquation as follows:

0yT{ - 8(Ty) = (of - ARy ¢ (0y-4,)8)()) -A¢5,(8;)

s (o) - Aqlm +(0y -4, )9 (m, )4 4B 0, (5.17)
This {5 oxactly similor g0 (5.16) bus for tho foct that (¢,+m,) appears
in placo of t) and S‘(t’HSl(mi) appears in place of 8y{t;) etc. Solving
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this in similar lines we ges the estimate of ¢ mt' ¥rom the above two

3
wo can obtain the velue of m, by subtraction.
iu Qt etanda for L-n.'r‘ 'SI(T; ) ]th.n sum of squares dus to ¢,

will be J...Et‘Q‘.

4
Also 1f 3, stands for [nl('r; - T, HS(T})-8(T! ) _/ the sum

of aquares due to m, 1s —:':L- z &’lMl‘

Example , ‘

The following example indicates the woc”éme of analysing
tho partial 4lalls] crosaes when reciprocal crﬁp/uo bave beon made.
Jo view of the fact that real data was notavaﬂibln at hand, ficticious
data has baen made use of for this purpose. Appendiz | shows the
emall table of data , where oburnumhmtha rows sorrespond to
those of female lins progeny and cbservasions along columns to male
lins progeny. Since tho data may be assumed to consist of mean
observaticns, oply the astimates of g. ¢.s.2nd maternal effect of the
lines are given togathor with theiy sum of aquares.

A PBID design with the following parameters and structure
sarves to provide a partial act of &8 9 x § disllel cross. ’

!

vebo9, grakal, nluﬁ. B, =2, llnt.haaa.

L 6 o
IPl ] and Py = .
0 |
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The Design . Treatment Association
Number Schema
1 2 3 1 (2.2,4,8,6,7)
1 6 4 2 (1,3,4,8,8,9)
S 8 (1, 2,6,7,8,9)
6 8 3 ¢ (1. 2,6,7,8,9)
6 9 8 5 @, 2,6,7,8,9)
7 8 4 6 (1, 3,4,8,7.,9) ‘
2 8 8§ \J Q. 3.1;/5. 8,9)
7T 9 3 8 (2,9,4,5,6,7)
2 9 ¢ 9 (2./344.5.6.? )

ldentifylng treatments as porantal loes, each line §
(1 21,2,...,9) a0 mals 49 crossed with overy Mo § as fornale where
§ balangs to tho firet associate Hoso of L. Thaa thore will be 54 crosses
ia total, excluding salfinge, Table 2 shows T,.T{ which areé the yield
tetale of erosses havtné § th lins as m=le and female parent respectively.
It also gives 8y(T)) Sl('i'{ ) and values of the g.c.a, estimates ¢, 8]
of males and females and my, the estimates of maternal effect. The
analysis of variance is as shown balow, ;

Analysis of Variance Table

Sourca d.f. 8.8. M.S3. 8. L r
B=Ce 8, 8 84,6666 m05833 — 1.30
Mas. effect 8 e3.1un 1n.6389 1.43
Erncr{s.c.s.) 37 299.0849 8.082Y

Total B3 476.8323

In this axample both g.c.a, and maternal effects are not significany
as 8 per ¢ent level.



Table 2

xx&?o Tx T 8,(T;) 8,(T} ) t t} =t+m m,
 { 128 133 845¥ 865 -2.7407¢ -1.53703 1. 20370
2 146 144 853 843 0.92592 O.40740 -0.51851
3 139 143 882 842 -0.18518  0.29629 0.46148
4 143 142 852 842 0.485148  0.12962 -0, 35185

s 161 148 852 842 0. 14814 1.12962 0. 98148
6 133 149 883 843 - 1.264074  '1.24074 2.48148
7T 143 189 853 843 0.425925 -0,42592 -0, 85185
8 156 1L 845 865 1.92592 -0.20370 - 2,12962

‘9 146 136 845 865 0.25925 -1,03703 - 129629

Grand Total 1275.0

Correction Term = 30104.1667



CHAPTER Vi

P.B.1. B, DESIGNS IN TWO ASSOCIATE CLASSES AND PLANS FOR
DPARTIAL DIALLELS WHEN SELYINGS ARE INC LUDED BUT NOT
RECIPROCALS

1t oftettimos bacomas necensnry that wo atudy thes performanco
of tho parental fndbreda aloo in order that a bettor coamparison of the
combining abilitico among the bybrid combinations {s effectcd. Whon
the estimation of ylelding capacities of the crosscs, whether sampled
or unsampled, 1o enviaagad » lnformation vogarding tho performanco
of salfings would groatly holp in the selection. The yiclding capacities
of tho erossos may bo cstimated either through their mean yiolds ox
by adding the g.c.a. offoctoto the grand mean for any glven arosa,
Tho latter method ie capeciclly usefal in denling wigh the unsampled
cropses. Agsuming thot veciprocsl erésgcs n¥o identical, the present
situstion - caose (lil) of chaptor I « nacessiates that the plans of pastial
dinllele diacussed in chaptor IV qhould oaly bo supplomented by tho
polfinga. The analyaio ¢f sach plans when the flpgt assccinge Mnos are
crogasd and salfing oy included in nddition, 19 the following.

With the usual nototiens, there sre a totnl of .‘-’-nl +v
crosses in the diaflal, Tho normal equation for eaumazlan'g §+Co0. Of
a Une i3 given below. I ntw cansists o!'l’iwhichwthemmo!ﬂolda
of all intercronses with lna | and twice the ylald of aelfing of lne .
(nlfa)u % (nlM)t‘ ¢ 51(’1) w Ty (13,2,0000,v) {6.1)
Adding such equatiohs over all tho ny firss oogociotos of the {1 th
lina, we get
ooyl ¢ (rmy 8+ Esessh - pRIS) 2 5y(Ty (6.2)

gg & t‘ a0,
1=l
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Solving (6.1) and (b, 2) for t". we have

~ -8(‘1‘) (n,+2) (Avn,)
(o DT VR kw6

A“x""'“‘x -vy)
whers Aﬂ(nl'l'p{l-pﬁ#é) .
The estimate of p is, in fact, -f'l"/v(nl«tz) .

A 2G
f.e. o
- ¢ v(n+a )

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

1 .2 ’
‘. AT, - B(T)) a(pn.pnu)%/ 60
2 /- *
A(nl+4) (nl pu) /
The sum of squares due to g.c.a. is E 'l Ti‘ Lot the denominator

il
in (6.4) de denctpd by A . Mthocr:orvartme boc . Then

the variance of the difference between g.c.e.'s of any two lines which
are not grodsed is 2A0 / /\ and that of the difference between g.c.a.'s
of any two lines which have been crossed is 3(AHNS/ A . m

average variance cf the two comes out to be i( (V'I)A*nl‘/
(v-1) A\

The random model for analysis being

Yu a pit ﬂ’*su 1y (.} 51.3.-'“..7) ;

we may assume here that 5., =2 O. As usual we have E(t)) = E(au) s

it
E(eu) = O and the quantities ¢, s and o are uncorrelated having

26 ) s v:. E(sfj ) ae?, and E(efjks o’ + Wo shall now find the

expsctation of sum of squares dus to . g.o.n. which weo given by
v,

4T,
fq
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EEZ 4T, ts _15 E[ ABTE-Z T,8,(T,)-4( plu . Pu + 6N T

Now
EX T!. =v/ | (:Yfz) +{(nl+4) +nl} oo+ (n1+4)cr 7
B T,8)(7) v oyfa 2l {(nl*“‘)(n‘ ~ag )t nl(n{pn g+l
+!
2 73(1’1 + 2)8 7 "7

+2
EG® = pzi' v(nl-l-Z) o' + _IE‘}__.). o>
4 2

where a'z ao'z +u"z

Hence E = ti.Ti, is /

—i—fv {A (lliz + 9n1 +16 ) - (n1+4) (nl - 9;2;{.%_4(p;rp121“)(n1+z)g/i{} cr;:‘:
+{va (nlﬂ)~vnl-2(nl+2)(p:1 ..,p;"l +4) } &\2 7.,

/

or the expectation mean squares dt;.e to g.c.a. ta

“ oZy . 3 .2 2 e Tl
(v-l)AL Alny + 9o, +16) - (a +4)(ny pu) nlA-d(pu Py * 4)(my*2) /v _/\'rt
'Hl'z.
if the experiment is replicated r times, then
Sﬁ = X Vij/r and the sum of squares dus to 8.c.a. 18 obtained by
r
subtracting S.3. due to error and g.c.a. from the total 8.8. of the

mean ylelds. Then the expectation of mean squares dus to g{ c.a. is

2 2
Totro,

o (v_ L A(h; +9n, #16) -(n +4)(n, -p5})
. nlei(_p:'l-p.fli'ﬂ(nl-l-Z) 20 7 o%

where, as slready indieated, A = (nﬁpil- %M) and A aA(nIM)-(nl-pﬁ).
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Expectation of mean squares dus to 8.c.a. {8 0: + l’fz and
thasdmtoomrut:.
The second associate crosses are snalysed as usual.

Thse following example shows the aanlysis of the 17 x 17 diallsl
/crosses discussed in chapter IV when the parental inbreds ave
included. Table 3 gives the tatals T}, 5,(T,) and the estimates of

GeleBuy a‘n

Example /.

Thia mmpblathenmuthomakudy;évnwhha
plan Zor 17 % 17 diallel crosses using a PBIB du!énvtth paramsters
valt, b s34, f28, kadete. But here the g are also
\

inciuded so thas the total pumbsar of crosses }t as, {

i

Analysia of Variince Table

Source _B.¥. 8.8. M. 8, ¥
g:C. 8. 16 6. 7141 .42 0.3
$.C. 8, 68 93. 3033 1. 37

Togal 84 100.6%4¢
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TABLE 3
Grand Total = 286, 80
Correction Term = 268,67
Ty (%) Y

31.00 272.00 -0, 250919
36,50 270,80 0. 233458
$3.50 270.00 -0, 020480
$6.00 288 .GO 0. 225643
34.00 274. 80 -0.01263%
30.50 281. 50 - 0. 211856
35.00 270.50 0.104349
37.00 267.00 0.303768
32,80 268,00 . 0.0%0762
$7.00 275.GO 0. 241268
81,00 268,00 - 0.156231
32,00 266,50 - 0.122012
38, 30 274.50 0.116268
30.80 273,50 - 0. 308606
35,00 273.00 0.085018
34,00 272.00 - 0.000919
32,00 263,80 - 0.058578
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USE OF 3 ASSOCIATE P.B.1.B. DESIGNS

With no further diffculty the above analysis for partial diallela
when selfings ave tncluded ay be genaralined to the case of 3

, a8eociste PBID designs. When the {irst associate linss arc crossed,
- the normnl equations for estimating g.c.a. ere given by, assuming

Z =0, " .
(o * 2y e 08y(8 ) = T, | (6.8)
ry
3 1_3 £..8 .
n‘(nlfz)v.t(nl-pnh‘ﬂnlwu-pu’s‘(t‘mn Pu B;E.“I) 8fr,)
/ (6.6)

!

“a‘“;*"“’P:g';‘(P:,, . v:ah‘(tlmniwfz-vinﬂb;é(t,) s 8y(T.) (6.)

9 ; |
3
A =l -py) By = *p),
A, = (0,7} D5 #¢ ) By = (5}, - 9}, )
ey By sy 4

and sclving for ¢, we have

§y @ (AzB4-A.BIT, - By 8)(T WA 5, (T )o(0+2)/ A ;B A B, o0 B 4a,4 7
< [(a#€)a;B,-44B,) - (A, -AB) ]

Weo may ncte that Q o ZG/v(nlu). G being the grand tctal.

The sum of aquarec and standard ervors ate calculated in the usual
fashicn, -
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CHAPFER VI

CASE OF PARTIAL DIALLELS WITH PARENTAL INBREDS AND
RECIPROCAL CROSSES

Whaen maternal effocts are present and reciprocel crosses
are performed including sclfings, the estimates of g.c.n. and maternol
affocts are givea us shown below, This {» the case (iv) of chapter III,
Suppose each line 1, ocouring both as male and female, s crossed
ot each time with n, first asacciate lines and also Use i is crossed
with ieelf. This type of plan gt through a PRIB design is different
{rom the one presanted ia chapter v'cnxyzmnis congains selfings
too, Theve are v(n,+1) crosses that are sgmplod. Then, using the

y
randorn model with materaal effact, m{hw
/

(ay#alis & (o128 ¢ 33, (4 )45, (m) = T, (v.1)
where T, {2 the sum of chservations corresponding to crossas involv-
ing line t as mala (znd thls includes the selfing of the § th Yne) and the
othaz aymbola stand for the asual quantities,
Adding (7.1) over all the maloe lnes which aro fivss associates of the
f th oo,

(g1 + {’-(ﬂ,ﬁ)epﬁ} s (q%-pf‘ﬂ}sla‘)
Hoppgt) e, = pR e (m) 25T (1.2)

v
ag X ti = 0. Inm aituation %‘T‘) inclndos T‘ also,
i
Moreover, it T{ indicates the sum of obserwmtions of ¢rosses {nvolving
tho § th line as famale (and this sum inciudea the observation correspond-

to oolfing), we have
(ay 1) #2105yt ooy 38y = T (7.3)
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A

© Adding (7. 3) over all fomale lines which azo firat associates of tho
i ¢h line,

(nln)aﬂ + { 2(n1+1)-pn } t ""1”1\ p +3)3,(8,) +(n #1}m,

+ (nl+l)$|(m‘) = B(T' ), (7.4)
shore S‘('i‘; ) includes T? .
Now from (7.1) and (7.4)

(ayT;-Sy(T] ) o {lmshitmpra)-2lmpetieny T o - (o] nf e2isi)
= (af oy + g By - oy - 00 ) )

Adding (7.8) over all male lines which are crou?&/vm: line {,

(o 08y(Ty) - (o - 7 + 10T - (py - B2+ 205,710 - wha
= { (o nl*pn)-(nl ’n o -pﬁﬂ) } ¢
1 4 1 2 2 2
- {0} -#Ee2) 6}y - B 40 - Peyend ) B0 (1.0)
Equations (7.8) and (7.8) may be abbreviated as

Ap + By 8,() =X,
and Aat‘ + Bz 81";’ a ¥y

Henco 2‘ e ___!_:_B_!Zl . (i 51.3:0---.7’ (7-7)
ABy - 428 |
whoro
ayoloy 4 vuy) By < - - 7 * 2
Ay =(o - o} 1B +ay By <Ay -phHIB,

By = (o )T-Sy(T} )
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sud ¥ = (nl-&-l)sj('l“)-(nl-p:lﬂ)‘l';-[p{l-p;‘l'z)sl(r")- . ,;a.

Aas usual G deactesths grand total of all observations.
The estimate of maternal effects is given by
B.X! -BY!
;’i g5 Wi i

. L]
where x‘ and ?‘ are obtainaed from xi and Y‘ by replacing

(‘r; - Tt’ for Ty, (8‘('1'; ) - Bl('r‘))ior at('r‘) and ('-"t - T} ) for 'r; ’

(3, -8,(%}) ) tor 5T} ). o

Sum of squares due to t, is L Eﬁ* Q
{n,¢1) isl
where Ql = (nlﬂ)'ri - sl('ri )= X, 1 and sum of squares due to m, is
A=z S!x‘- . /

(nlﬂ )i=gd
The expreasion for expectation of mean squaras dus to g.c.a.
has & long form and comes cut te be

Feeel e (‘1*"(:’133"‘331) ["‘l’”(“xa +6n,+4) {Ba(n,+lh§,(q-9{l+l)]
. (Snlzi-hli-nlp l‘l -lulpil-lpglﬂ) {aaa(nﬁl)m‘(nlﬂ)a y
- By t)ey e emy el |
+ (Snf+nn!+n,p:l—5nlp;-4pfl+p§iﬁ) {Bz‘-B‘(p:ldp;ﬂ) }
* 4319:1(5‘41)‘
+ By(ny#1) %nl’mnfmﬂlm{p:l- anfpflwulp{l
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2 1 2 1 2 2 2
- 10n,p; taypyy = 2020y ¢ APy }

Byop {2y + 120} + beays2alpy - a5l
+2agh camplee] | o



CHAPTER VI

s

Diallel crosses are generally grown in tho field by following
o randomised block Jay-out . This being the practice so fav, it is
andorstandable that tho blocks become heterogeneous when the numboy
of crosses 19 considoradbly large. A cctmpleta diallel or even a partisl
diallel will involve snough number of crosses to be performed so
that thare s a necessity to shorten the sise of blocks by using
incomplete blocks. This chajtar deals with this aspect of the prodlem
and has three sections, In secticnl we give tmompletgblock plans
for complete diallel crosses by using BIB deaigns altni; with their
apalysis. Bection 2 partains to generation of such ;hn- for partial
diallel crooses; their construction and analysis Q'elpeud upon PBIB.
designs. Thia section hao two parto. While Part (n) deal\é with tha
use of ‘simple' PBIB designs, FPart (b) makes use of PBIB denigns
in tvlo associate clagees with eay velues of Ma. The last saction,
gection 9, indicatas broadly the method of constructing incomplato
block plans when reciprocal crosges are also present. In all the
following cages we shall assume that thero arve v parental lines undor
investigation which have been sumbored at random andlthat they havo
been {dentified with the numbor of trcatmenta of the incomplete Block
dosigns used. Tho words incs' and "treatmonta’ are synonymoun
throughous the chapter just as in tho carlier chapters.

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

Consfdor: o balanced incamgpleto block doaign with parametars
v,b, vk, A where v stands for the number of parortnl inbreds undar
consideration in coraplete diallel crogses. We shall essume thot
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voclprocal crosses are identical and that we are not interested in
studying selfings. I8 is required to generate a plan such that thosa
available crosses mey be grown on the field in incomplete blocks.
Tha method s as {ollows.

The lines (greatmaents) in cach of the blocks of the BIB design
are arranged in an ascaending ordéy. Eagh lins (treatment) 4 belonging
to a particular Mock io then cressed with every lins § in the same bloek
ouch that § ) &, Thus eoch block of the BIB design of sise k will ganerate
kc,_ croases which will form an incompleto set of all the'crosses,
Thorefore there will be b-& Cy crosses in al} gmrated by the bloeks
of the BIB design . In gensral, for a complete dtanel:ofv parental
lines a BIB design with parameters v,b, r, i, A\ will pszida a plan in
b blocks each consisting of U, ¢roascs such thot evary c:od‘p appesrs
A times in tho plan and each lino occurs in these crosses #(k-1) timeg,
in short o BIB dosign is first formeod with the inbred Hnos ag
treatments. Nexzt out of tho lince in each such block a full dialle}
crooo plan lo obtained obtaining thareby b dlocks each of sise kcz.
The analyois of such a plan is as fallows.

Ye ehall denote the yield of the crosa batweaen Ma iandm
in tho j th block by Vimy 204 cdopt the model

Vim) spbtg “m*“im*bj + %mj
whore pis tho gesosal mean, 4 is g.c.a. of the i th line, 6y, 1s
the 8.c.a. of the cross { { x m), b; ia the j th block effect and 8m i5
the vandom erroz. Then the normal equations to estimate the g«c.a,

of the lines by least aquares technique aze given by
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Ty o r(k-l)p ¢ r(k-1g,¢M Z=¢t_ )+ (k3) TP (8.1
"1 r(k1)p ¢ r(k-1)t, l(m’“m) (x 3(1)’ )

ilm. =l.3......v
j ﬂl;z.-oooob

N

where T‘hth.tmlwllld!remmthncrouu involving the ith lins

aadj(ﬁ indicates summstion over all auch blocks whare the i th
v A
:line occurs,  Assuming T t, 2O, we haye
idg

T, = (el + [rlked) o At + (k1) Jﬁ) b, (8.2)

Also, if Bj denctes the j th block total, we get //
,

M ps ) zey o XD b, 7 (8.9)
2 ACE) 2 /

where Zt I8 the sun of the g.c.a. effects of 1i2es occuring in the

Bj'

/

{ th block, ; i
Adding (8.3) over all the blocks where the particular treatment { cceurs,

ri(k-1) k(k-1)

LB pe(R-A)(m «2)¢ e T b, (8.4)
w2 M T 0

.! '1.!;.:0-;?0 f
Solving (8. 2) and (8.4) we get
/
¥/3 T, -mz)a B = A .,'5.. fr(eat) = A ] - (xt)z-N) Ty
L Tk ) :
A wii (8.8)
The estimate of p comss out to ;= , where G 1s the
bk(k-1 )
grand total of all the yields in the design.
The sam of equares due to the g.c.a. 1o gftT‘s as xi‘ aQ, no
i

correction factor nsed be subtracted.
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The variance of difference betwesn the g.c.a.'s of any two

linutngtvu\bv

V(Eg' ;m ) = é—::r;-)— « where ol i{s the error variance.

) If tha experimant had been in randomiaed blocks with the same
aumber of replications of the crosses A, the corresponding variance
of the diﬂ-nnco botwna ﬁo §-C.8.'s would have been z.‘/uv.a)
where 'i {s thu srvor vaviance for randomised blo&;‘kl Heace

the present design gives a more acourate upcrlm-m/(han that from

randomiged blocks if 7
a r
S ¢ de-2)
*n (v~ 2) \

\
/ \

This ia the efficlency factor of the desigs (plan of crasses).

Expectation of Mnan Squares

We shall now find out the ¢xpectationa of mean squarez for
the estimates of g.c.a..

The expectation of the sum of squares due to g.c.a. is given by

BEZ 4T, = [¥E 2T} -2E2 (2 B))T, ], /

ey )
13),2,00eeV

NowE ET> v [ A2l n2(v-2)el 4 Mv-1)ktoZerto-102 7

wherev ucah' .
[ T -]

BE(ZB )Ty =v/ + Me-2)(k x)(:-x)ca

(k) o2
1Y) 2

kik-1)A(v-l)
2

e (vl 7
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o on v-2) - 2 2
SEEYT, = --:2-)4 kMv-2)-2(k-1{(r-A} /o ¢ (v-N) .

Hence, writing c: soparately, the axpected value of mean squares

due tg g.c.a. ig

- — -2 2 2
(v«-l)(: ™ f’a ) Loaay-2 ) - 2(el)(z=N) S0 +o 40 .

The cnalysis of varianca for the plan of complete diallel

crosses in incompleteo blocks would be ap shown below.

Analyals of Varlance Table,

Seurce D.F, 8.8. EéM. 8.
3 P 2
Blocks (b =) —~w L B CF
k(k-1) 1
‘ v
g-c.a. (= =2) ft"r‘ E‘
Ezror B
9
blk(k«1)
Total i * § B « CF
T Py
Examplo

The example shows an incomplete block plan for & complete
dinllel cross experiment involving 6 parental lines. Thia plan is
obtatned by using o BID deaign with: the following pararmeters,

bolO,vab, r=8, k=landAal,

The blocks, both in BIB deaign and the plan of Diallel Croases, are

along the rows.
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B.1L.B.D, Plon of Diallel Crosses
1 4 3 1x3 Ixé Ixé
1 28 8§ Ixd I1x$ 2xb
1 & 4 in b 1x4 4u b
3 3 1 i1n 2 13 2x 3
1 5 & }x B 1x6é Bx 6
g &6 3 2n b 2xd 3a b
4 8 2 2xn 4 2» 8 é4x 8
2 ¢ 6 2x ¢ Ex 6 4= b
3 4 8 bx & In s 4n 5
g8 8 & i 8 Exbé6 3= &

Making use of somo {icticious dasa the following analysis i carkied ous.
Tablo 4 shows the treatment(line) totals, block totald where a particular
troatmant ocourd and tha estimates of g.c.a.

TABLE 4

Grand Total = 1730

Estimate of pp » 87,6866

No. Treatment Block A

Total T, Total = BJ
i) —-

1 866 852 -0, 8000
2 B84 822 9.0000
B 879 33Q 3.0833
4 873 8¥ - 1. 4366
5 532 936 ~10, 5000
6 574 859 0, 3333
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The azalysis of variance for the axample is as follows.

Analvais of Variance Table

gource D.F. 8.8. M.8.8. ¥
Blocks 9 958. 0000 106.44 0.5

.G R, $ 24,0000 4,80 0.0
Eryor 13 2853, 6666 1950, 57

Total 29 3840.6666

1

i

m mlyalﬂ inﬂiﬂfﬂ M‘h’ ‘I u.'/n m are ot .‘M'

/
cartly diffsrent. - //

RICOMPLETE BLOCKS FOR PARTIAL DIALLELS USING P.B .1 B.
PESIGNS \

Part (a): Simple PBID designs '

When a partial set of the disllel crosses is to De arranged in
{ocomplete blocks, then a similar method of generstion of crossas may
be adopted. Ia this caze a partially tulawged incomplete block design
i{s used and in the present sub-gection we shall diacuss the use of &
*simple' PBIB design. A partially balanced design with two associate
classes is said to bs simple if cither (i) xl{o. A 30 or (u);i‘ao.
Ay # O, ( Bese et 1 1954). The case (ii) con be reduced to (i) by
interchanging the designation of first and second associstes. Hance
case (i) will alcne be taken.

A plan of crosscs gonerated through a PBIB design of the
above type pu-o;ldoal.na asat form the blocking of tha partial diallel
crosses for which reciprocal crosses and selfings are absent. ldentify-
ing the treatments of the PBID design as lines, all possible crosses
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among the lines in each block are made and these crosses form the
blocks £ the diallel cross plan. As A ¥ O, A, = O the plan so gensrated
will have b blocks each of siue kca such that each cross 1s yeplicated
\lﬂmea. The analysis for estimating the genaral cornbiaing abilitias
of tho Hnes is presented bolow,
Let the parameters of the standard simple type PBIB design

be b,v,2,k, k‘c 5:313523

1 3 " 2 2

Pl ) Pu pu and PS = :Pu p‘la
1 ’ 2 ’

Paz 1 L

/
Using the same model as lo section 1, the normal equations for
estimating the g.c.a. effects of the lines Are as shown below.

!

T, = nlklu + n‘l‘t‘ + )&Sl(t‘) + (k-!)’(zz)bj (8.6)

ie= lga.iu s )V
where T, is the total ylald oi <1l crosses with line { and the other
symbols are the usuz] onos.

It B, denotes the total yleld of the j th block, we also have

B s WU k) = t, + ke-l) (8.V)
a .

] 2 1(4) 5

.' 31.8..-...5

where It ia tho eum of all g.c.a.'s of lines in tho § th block.
i)

Adding (8.7) over all the Mocks where a particular treatment(line)

appears,
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£8, s KBV ay [ easey e ZED oy 8.8
28 = wetud) [ ongep]s = PO
From equations (8.56) and (8.8) we get

¥, - Bj(S B, = \fe-2) l:nlt‘ '.'Sl(ti’] . (8.9)

Summing (8. 9) over all first associates of the £ th lne and letting
Z, atand for the L. H.8. of (8.9), we get

57 =\te2) [ (e 15,0 - (rle, | (8.10)

k- 4
as ¢t =0 .,
ga t

81(2‘) 15 the sum of all theoas Z's corvosponding to the fivet associste
A
lnes of the § th lino., Solving (8. 9) and (8.10) for ¢;, we have

.
g = Br-Puten )z, ¢+ 8(21) , (8.1)

A (k-2) ["l (n‘-p:l + pﬁ )-(nl-pfl ) ]

‘ 31,3...- ;V
v/\.
The sum of squares dua to g.¢.a. is 1/ 2 t2 .
i

The varionce of diffoerence botween g.c.s. ‘s of any two lines 15 now

given by 2 P
Ek(al-p}‘%pu-l)e

A
when the lines § and m oro cronsed

. B -P’n[; ue®

whan thoe lines 1 and m are not crossed.

A A
m

/\ denctaes the denominntor in (8.11) and ” 15 the error variance.
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We can find the average variance in the ueual manner. It

is given by

-1 (m-thepd)omle® .
(v-1) D
The estimate of mean s i s 20/bk(k~1), G boing the grand total of

all tho ylelds

Expectation of mean gquazes: » Wa shall now find out the expected

value of the mean aquares dus to g.c.a. The sum of squares due to

vﬁ
g-c.8. i known to be V/k E4,Z, where 2, =P « 22 Bj apd
i< 54

. {ay -y TPy ) 2, ¢ 5(2 )

t‘ts

-

(-2} (agto,ohy + o) - 0, < 50 ]

. A s w2 .

S EYRELZ, s ..;.l.z. [(n‘-p{l#'plal a7 ;:ie-szz‘sl(z‘)] .
Now

o5z svopy [y an® antoystiedayea ] o ¢ vapyuiieaie?,

ot indicating the error varionce. Axd

so that from the above two expressions

pyaziz, = AR 2t

Thersfore, the égpoctation of msan squares dus ¢o g.c.a. {8 given by

ke2
vnl\"‘(_" ) Qi + ‘e .
k{v~1)
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The analysis of variancs table {or the plan of partiall diallel
crosees in incomplete blogcka would look like the following.

Anslysis of Variance Table

Source D!F. 8.8, E.M.B.
" Blocks (b-1) 2 _3x8t.cr
, x(k-l) 4
- £% 1% (V"l’ .!k.‘ b tizl ES
Eyzorx Ee
Bk - 1) 2 /
Total — - 1 Yy “CF y

Part (b): Use of PBIB designs with any values of M, \

In this sub-section we shall discuss the chse of asing PBIB
designs, in two assoclate classes having both values of \'a positive,
in order to achieve an incomplete block plan for partial diallel czonses,
Under two important asaumptions regarding the parens PBIB des'ign
and the plan of grogses obtained therefrom we shall give the analysis
for estimating ths general combining ability.

Suppose that we ars making use of o PBIB design with v
trcatments having both values of Ma greater than sero for generasing
a plan of partial diallel in v parental lines, We identify as usual
the trestments with the linas. All treatmont paiys in each of the
block of the PBID design ore formed and gro designated as crossea.
These crossaes arrange thamseelves into b blocks eagh of sixe “cz and
they consist of both the first and second agsociats crosses.
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Omitting all the second ansociato crosoes wo will bo loft wigh tho
fiyst asgociato crosoea alono axzanged in the b fncomplote blooks
nocassagy for the partial oet of sho diallel. A» a reoult of guch
gminsion of all sccand asaceliate eroszses fvom cach of tho dlocha,
tho romaining dlock oino neod aot be constant. Buf we restrict ouy
invostigation to thoso cages only where the romaining aumboer of
croosen 1o tho samo {from cach of tho blocks, Wo thmy cangtrain
caroelvas to plano got through eraosing, oay, tho fivet gasociate
1inco and boving a constant block siss. Considor onithlno .
Lot ¢ ho tho number of $zcatmeoents cammon betwoaen the fizgt
agooclatso of tho 4 th trcotment and treagments ocouring with i in
any given block of tho PEIB dosign. Wo shall furthor apoums that
thio aumbor ¢ mmmemdtmmodth;uocktnwhich
it occurs. For partial dinllel plano obtainable through such deonigns
the analysio is as chown below.

Making uso of the modol

VW apty "m’sim’bj*ekqi’

Tho normal equations for cotimating tho g.¢.a. avo aa follown.

Ty @ nlxlg 4 nahlt‘ + Aiﬂl(t!) ¢ ouz‘)bj (8.12)
) 12),8,000.v
whoro Ty 1o the pum of all ylelds of crossos withtho ith linc and ¢

io tho conctans dafined earlicr. Also, we got
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Bj ske/2péc Dt + ke/2 b’ (8.13)
1)
j 4,2,.--.5
where B’ is the sum of oll yields in tha § th block.

Adding (8.13) over all ths blocks whare a particular line { occurs,

8;3 e N [ +A8,(8. ) s(c)]+ S b, (8.14)
- p [ +] R 4 ——————— M °
s 2 AR S

- v
From (8.13) and (8.14) wo have, agsuming Z¢; = O,
i<l

Z okT, - 2ZB, o - zC) P
1 | i(i)j “”l\

+ [ogreastenry),  [yeezey 0]

(8.18)
By adding (8.15) over all lines which are firat nasociates t\:ﬂhe {th
linc we get agothey oquation, on €he foft band éide of which we have
B‘(zl). Solving this equation along with (8.15) will give us the estimzsgo

o)) o (3006 oo

g

1 .o y.pia ool
+ 8D (g} -9 ) - D'lo, <5 ) (6.16)
‘lﬁl.a.....v

whera

4 =kiagly - rc )

B =k - 26 (r « ))

Dohlele(hy-hy) and

A = 2G/va)N, G being the grand total of all ylelds.

Sum of squares duatot, is I/k = ¢,Z,, and
i g o
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m[B w(p:' -pipo] o
A
whon the §inop § and m sro crosaoed

Ve -1y -

Z [ B 'H)(pil -yl o?

whan the l%ma 1 and m are not cronsed
whore A is the denominstor tn (8.18).
if tho socond aspoctato arosses have boen mado and thay form
tha contonts of tho blecks, through simitar argumsnts tho analysis
may bs prasontod.

INCOMPLETE BLOCR Pi.ANS WHEN RECIPROCAL CROSSES ARE
ALSO PRESENT

This aspect of the problom 44 discussod culy for tho caoe of
partial diallel croosos whese pians are obtainable throngh PBIB
dexmigno.  Honco maot of tho succesding argumonts havo o boaring on
thono of acction 2 of ¢hig chaptor.

When yociprognl croscas aro aloo porformoed similar mothodo
of genorating {ocomplcta block plans for tho partinl diallols ao
prosanted in soction & moy bo usod with elight modification to allow
for ¢ho reciprocals, Two cagas may orise. Firatly, tho comtant

¢ may be ovod. Thas i, thore avo oven pumber of tycatmonto
common botweon tho firat sosoclato of a particnlaz srcatmens, ooy i,
and the othor treasmonts occuring with 10 in any block of the PBIB
dosign. To allow gox tho rociprocals in thio ‘saation, the aambes of
blocks {n the plan will be doubled with the block-oize remaining tho
cama. Socondly, tho constart ¢ may bo odd. Inthis case -
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the block size of the plan is doubled, the number of blocks remaining
constans. The analysts fov the former o dlacucsed using PBIS
design with any valuss of Vs, while that for the latter caso 1o discussed
-only for o ‘simple* PBIB dosigu. I moay bo oean thas ¢ is eguivalent
to (B-1) for the PBIB dostign of simyplo type.
Cage 3t Whon ¢ is gven
The plan of ¢cvesscs azranged in iucomplete blocks and having
raciprocal arosses sloo, g obtnined from tho plon for croosas withous
rociprocals by woplicating cach Block twice. Brt hara the replicotion
of the blogk $8 affected in ouch o mennor that in cach of the ideatifal
blocks 5 Mne nppenrs half she numbes of times ae male and remalning
holf the number of $ixnas aa fyminlo, An iBustzation would batp undoye
ptond tha situation bettor.  Io tho following llusteation whero sho
oo ava Blocks, the PBID design 15 given along with tho plan of croseos.
Hore tho socend ceoociate eraedscs {la =1 ) ars omitted and tho flros
osoociate eroases (a, = 3)are vetalned and cach Block of the plan o
roplicated twice $0 nceammaodate the vociprocols.,

Poramatere of PHID Notos Each paiy of letters halow
Gealge indicesea o qross. The fizot
vih=9, r 2 0 g, lattor stands for wanle lno and
L 2, ka 3 W the socond for fomale Yino.

nl B na 2 4.

L
WY
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s

P, B.1.8.D, The Plan of Crogses
2 3 4 7 2a . 22 43 87
4 27 34 s
1 & & 8 15 81 38 53
51 18 83 38
1 2°86 9 1% o 63 29
) 61 9 . 28 92
I 8 6 1 15 61 8 6y
- . 5 % 8y %
2 ¢ 6 B 24 o8 84 68
42 26 43 86
3 4 8 9 2t 83 9% 89
ey 85 &5 ;9
1 4 8 9 18 .9 84 L 49
81 19 e / 9%
2 5 1 9 27 92 5 59
¥ 29 s ,/ 98
3 6 T 8 37 83 ™ 63
3 38 67 86

Considering the model ’

Vimy © “"l”m""sm’mm*bj*ew’:; ‘
L33 -: N P P
J2l2,0...,2
whese m,, stands for the matamal effect of the m th paront (appsaring
as faemale in the creas) and the meaning of othey symbols we already
know, the following normal equations may de written down. In the
goneral case for o plan of crosses froxm a PRIB design with ths ugus)

parameters wo have,

Ty sa\p ¢ e, ¢ z,a,(gimlsl(m‘) + clg.u!; hj (8.17)

where Ty is the yicld total of all the crosses invelviang { th line as
mala.
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T; so\p ¢ n‘x‘t‘m‘l,m‘ ¢ \B(t) + c/Bj (;z:)bj (8.18)
where T] {s ths total yleld of all the crosses {nvolving i th line as
female.
Abo
’ ke

B’ e e,“?)g‘ + cﬂl;)ml + .% bj (819)

’alfz.oli Eb.
where B hthotaalylcldhthejthbhckandzmii i defined similay

J
to é:)ti for the maternal effects. Addiag (8.19) ovu iil the blocks where
§ /
a particular line { occurs, we have ?
/l
m)a, = rhou ¢ 20 [ (r-MRpe(N A )S,0) | |

/ '
+e/3 [(v-\zhnlq»(ll-lé)sl(m")]#ke/zja‘-)bj' (8. 20)
From (8.17), (8.20) and (8.18) wa get

X, oXT - 2B, = Kok ~rc ) pemhk-2c(redy) | 4

it
¢ [axeze )]s -oﬂu-w
¢ [nx - e/2(0-2y) |5 (m, ' (8. 21) ’
and
Y, o kT} ;(3 By akia\-vc)s + [nl\‘h-&:(rvkz)] Yy
v [k - 2z ny) 80 ¢ [k /2(ran,) | my
- of2 (y-0g) 8y(m)) (6. 22)

Then sclving (8.2]1) and {8.22) we get



£2-
. EpereEl) (Y - XD 48 (%, - X, )

qﬂ
iy (oyley - oy + 0y ) - o - ;)]

S D P PORPIRIIR 4
whoro B‘(Y‘ - x‘) iz the sum of the differonces (Y‘ - l'ti ) correapanding
to.the firct ascocicte of the 1 th line, The ootimatc of ¢, hao tho follow.
ing form and o ragher combursame. )

1 3 . .
[og * oglry - 7y ] 7, - 048,9)) - o, [oy¢ oglefy -7y )-myeye, ]

e, (03¢0, @, - nfl)] -of (ay */152‘ )

 § 3‘|a|op’o--.!7.

g, ©

1

whoro

Ol 94{18 » dng . 0a ﬂdzda .',dédb' . 93‘? dade - 6467
. z
dl.s oy [es(p:l *Pu ) - 84 - nfl{as;]

43 o0,(0g (9:1 P ) - 8g] - agag (my-pf )
dy = «(aga, + agdgl

] .
4, =0, [ns(pu-pﬁ)-ac:\ +853(nl-p!a1)
4g =ay [og - 0y (5} - vy )+ ayaq]

, 1 2
4 <o, [36 -~ Qny (pu - Py )]# By (nl-pf‘ )
d?. Bogm, + 8504

dg =3¢ [“6"-"7(1’:,'93’] - ag oy ~ 9}y )

al nk(nxkl - 20)s 8y @ nlllk-zc(:-\z)
ag = llk - zc(ll-\z) s Oy @ G/a("'lz)
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a5 nk)a‘ - c/g(‘l-kz) . ¥ nank -cf2 (!-lz)-
a, =c/2(\‘-ka) and

W\i = daz‘ + ddz{ ’

1 2 P
2, = [o, oy - oy ) -0 ] X - 88X )

1 .2
Z; a [a6 - 8, (pu - pu )] Y‘ + 8751(Yi)' andﬁhe oestimats of p ia

/

; s 2G/ke, G donoting the grantitotal oé'] all the yields,
Bum of Squares ductot, is T Qix‘/k.
Ezamplo

This examplo will show all the comrputational stepe neecd to
anaolysa a partial dizllcl with rociprocal crosses which has boen raised
in ap incomplete block plan. The plan is given in the next page. The

normal equations for the analysis are ao follown:

Ty = bp +68 + s.l('t) "31(‘”1) +j g:) bj - {E.))

T! abp + 6, +6m 4S8 )+ D B.2

B, 23p+2 5, + B + (E. 3)
1 o ™ S

o EB, s18u+2/ 6t +25(t) 74/ 3m +8 / 435D (E.4)
j([)’ (] L 1 231( i) ../ L m‘ ‘(m‘) -/ j(l)’

X, 23T, - EB o6t +3(t) 3m +25(m ) (E.8)
i i 3(1) [} 1 sl i i 28y 1
Y, =3T] - ZB =6t - 8,(t) +15m, -sl(ﬁ:!) (E.6)

TS
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Po Bu!o B-D: The phn
1 2 3 12 31 23
21 13 32
1 6 4 14 61 &b
4 1B &4
)| 7 8 18 n 87
81 17 75
8 6 36 83 68
63 3838 86
5 6 9 56 93 49
68 &§9 o6
4 7 8 47 8¢ 18
4 48 87
3 9 7 at 93 19 !
™ 8 g7/
@ 5 8 25 82 88 /
' 52 28 8§ /-
2 4 9 24 92 4%
42 20
N
Parametors of the PBIB deaign‘b sy = 9, 7 =k a3, L.sl, A =0,
3 Lo
nlub ny 32, Pls( ) P( . ).
8)(Xg) = 95(8y) - 93,(@,) (E.7)
Bl(Yi) = 9sl(ti) + lasl(mi), es £$, =Zm, =0, (2.8)
R zsl(xi) = Bit, - z'lmi + 9:31&1:‘) (E.9)
IBYI + 81('?1) = 103:.1 - 781{'1 )y # avom{ (E.10)
From (E.9) and {E.19)
Z = 90X, + 203(X;) + 18Y +5;(Y,) = 6488 +615,(8,) - (E.11)

. 4082, - 81 8y(z,)
‘. . i i
- By(Z) = 40854} . S 4 2 15 R
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Also (Y - xi) = lﬂml - le(mt)

Sm s ‘9(Yi - x! ) + sl(Y‘ - x]_ ) .

i 162

For actual data handling the following takla wounld help.
/ =

No. T T! =B X Y st(xt) S‘(Yi) z S (z

Al
£y S S

Case 2. When ¢ ils 0dd

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
/s
second assoclate crosses are omitted. Thus thc; b blocks so geaerated

in the plan are cach of size kec. We give ths anélycia below for such
a plan when a simple PBIB design ie used for which ¢ squale (k-1).
/ |

On the earlier model, the normal equations taks the following

form

= n U+ M+ 8y (8 4N\ S (m ) +(k- I)L‘b (8.23)
iﬂ,?-...--.v'

where Ti is the total yleld of crosses involving i th line as the male

parent

'ri = nlh‘p. + n‘\‘tiw "131“9‘“‘1"1“‘ + (k--l)j (!:) (8. 24)
where Ti is the tor=l 414 »f cresoes involving i th line as the famale.
By = k{k-1)p+20 k=128, + (k<1) £ m, + k(k-l)hj ‘ (8. 28)

1) - i)
j 21:8,000.0D
"3 (BB ) = TRkt we2tu-y) [ nt, *\sl(‘s)] +0x-1) [ rmy+)8,(m,)]
+ :m:«x)J g)bj (8. 26)
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3:79 (8. 23), (8. 24) and (8. 26) wo have

X =kT, - 2Dy = rk-A)(k-2), - N(k-2)S,(t,) ~z(k-1)m,

#35, (m, ) (8.27)

Y, =BT] - Z B = s(k-H(ke2}, - L;(k-z}sl(tikr(k-!)zmi

. \‘(k-l)sl(m‘) (8. 28)
Adding (8.27) and (8. 28) separately over thoe first associate linos
- ofthe 1 th line we obtain 5,(X,) and 5,(¥ ). p
Then, f w ‘lndicatea the valge [nl(q‘.pil + pifl) .(..,.p;’-l) 7. we have
Zy = (a2 * 7 I, + (X)) = \yfk-2het « Ny (8.29)
and

Zy wln - p:l + p; Y, +5,(¥)) = \(xet)ot, ¢ (e-1)\vm, (8. 30)

Solving (8.29) and (8. 3D), we obtafn

» )%
- (k-1)%pn + 25,

t [ ] m
K(k2)w

A zzl '
n& a(k-?.}ti- ——— s i 31.3.-.-..1?
w .

Sum of squares duo to g.c.a, is iszthlx‘.

.....



APPENDIX 1

Table showing data corrvesponding to 9 x 9 diallel including selfings
and reciprocals.

1 2 3 4 8 b T 8 9
1 (2 21, 20 19 22 25
2|24 20 22 28 25 24 23
319 23 19 28 23 20 24
4 24 2% 22 i 24 24 20
B |Bd 25 21 24 19 BB 2
6 |19 28 W 24 igo 23
72 24 1 2 28 ,,’/n 28
8 2% 2 27 30 ® 20 2
9 22 @ 2 24 29 28 .24

/




SUMMARY
e

Tho role of pastial diallel crosses in plant and onironl breeding
enpariments {5 wellinown. The plans for partial diallel crosses
hitherto have been generated by using partially balancad incompleta
block dosigas in two plot blocks and two cesociate clasees. But these
plans are not froe from certain restrictions which the abave two
plot<block dasigns bmposs.

In the present {avestigation new mathods of evalving plans
for partial dinllels are suggestad which prove to gortain extont
more flexiblo than the sarller cndo, Making we of PBID designs .
with any block sice and any numks: of asdaciatp classos, the plana
have heon gonorated to suit analysts when regiproenl croéses are
also porfoyrmod. Metbods of analysis for astimating genoral and
apecific cembining abilities and matetaaljeflecm are presented
along with standnrd errors for camparigon. Expectation of mean
squares dua to genaral and gpecitic combining abilities and ersor
havo been calculated. Difforent coden according to whather parentsl
inbredns with/without the reciprocal Fy's are tncluded or not have
been discussed in chapter IV through chaptor VI

Tho necessity for shorter blocks in the layout of the experimeont
becoming evident, mothods foy growing partlal and complate dialla)
¢roases in incomplete Blocks are lodicated . The anmalyses of such
incormpleta blocks of crogses are ahown in chaptar VIII and they

inciude the case whan reciprocal crosses are alao prossnt.
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Annexture to Chapter Il
The author's attention has been brought to a paper by Hinkelmann
and Kempthorne (Biometrica (1963), 30, p 281) who have considored the
correspoadence , in thd usuzl sense, between partial diallel crosses and
PBIB designs with m aseociste ciasaes’. The bl ock size of the PBIB's

remaing two ss was the caso carliar aad theyprasent analysis ina

geaeralized fashion. Maternal effacts and other related extensions have

not boon considored by them.



